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Abstract

This paper examines the dependence and tradeo�s between
investments and price cap regulation, quality aspects, as well as
market concentration. For this purpose, we use a real option
approach which enables us to derive investment triggers. By
considering a model without regulation, we �rst show how quality
parameters in
uence investment behavior and how di�erent levels
of market concentration a�ect these results. We then enhance
the previous setup by creating a framework with price cap
regulation, in order to derive optimal investment decisions under
regulation. By matching investment triggers of both frameworks,
we can connect the level of market power an unregulated �rm
must have, with the level of price caps. Our model allows the
regulatory authority to test their regulatory setup ex ante as well
as ex post in order to quantify the consequences of their activities.
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1 Introduction

It is commonly accepted among economists and regulators thatregula-
tion has an impact on investment decisions and the timing of investment.
Among �rms subject to this regulation, it is a common opinion that
a regulatory framework is likely to generate non-optimal investment
behavior. Over the last decades. the in
uence of regulatory behavior
on investment costs and regulatory risks have been intensively studied.
Furthermore, incentive systems and dynamic regulatory mechanisms
have been developed in order to assure adequate levels of investment
and network reliability, which can directly be linked to quality. If �rms
do not invest in a proper manner, the level of security of supply may not
be maintained. On the one hand, regulatory action aims at diminishing
the power of natural monopolies, while on the other hand it focuses
on establishing secure and reliable networks. Consequently, regulation
cannot be seen as a non-recurring action rather than a dynamic
development towards competitive markets. Due to this development,
regulatory authorities are confronted with di�erent stagesof market
integration and market concentration which must be taken into account
when setting modulatory action.

In this paper we focus on particular aspects of this debate, namely invest-
ment decisions and quality assurance1, and their dependence on di�erent
levels of market concentration2. Basically, one can picture this �rst, by
considering a �ctitious (unregulated) market in which multiple network
operators compete. In this case, the price charged by these operators
when selling capacity usage rights, is determined by supply and demand
(and therefore directly depends on the degree of competition). Second,
by setting up an enhanced model in which the regulator can exogenously
set the price for capacity, it is possible to analyze investment behavior of
the (regulated) network operators. The comparison of these twoframe-
works then allows to draw conclusions on the degree of competition which
can be reached by di�erent levels of regulation.
Therefore, we incorporate the above mentioned parameters for quality
and market concentration in a real options model mainly basedon
Dobbs(2004). In a �rst step, we model investment decisions in a market

1Over the last few years, models with provision for quality parameters were in-
troduced in practice. In this context we refer to the regulatory practice in Norway,
Austria, and several other European countries. There are many di�erent ways to
include quality aspects in practice; for a good overview seeSaphores et al.(2004).

2It is assumed that market concentration can be seen as equivalent to stages of
liberalization. This means a fully liberalized market is said to be perfectly com-
petitive, whereas a monopoly market is assumed to be equivalent to highest market
concentration.
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with a varying number of identical market participants, which determine
concurrently the level of market concentration. The analysis starts at
a demand function which is driven by demand stochastics, prices,and
especially a quality parameter, and ends up at revenues that trigger
investments. Second, we provide a similar model for a price regulated
market, which enables us to compare a �rm's investment behavior
in a framework without regulation to the behavior under price cap
regulation. Hence, the impact of regulation on investment decisions as
well as the interdependence of investment triggers, quality,and market
concentration can be analyzed.

The �rst contribution of this article is the analysis of the impact that
market power can have on investment decisions. Herein, we also measure
the e�ect of quality parameters on the investment triggers. The second
contribution is the derivation of how e�ciency scaling - as a measure
for quality - can help to overcome underinvestment and how this
parameter can be used to provide incentives for socially optimal behav-
ior. In general, our results provide assistance for best practiceregulation.

We start our analysis with a literature review. Herein, the major aspects
concerning regulation and investment behavior are summarized. Section
3 introduces the main determinants for the price process and the model
itself. As we provide a real option setup this also includes a description
of the main market dynamics and processes for further derivations. In
section4 and 5 we build up the two di�erent frameworks and derive the
optimal trigger investment quantities separately. In the latter section it is
also highlighted how regulatory authorities can use this modeling tool in
order to assist their future decisions and to meet several pre-de�ned ob-
jectives. Section6 visualizes the results by means of comparative statics
analysis. The �nal section summarizes the �ndings and concludes.

2 Literature Review

When regarding price cap literature in general, the approaches under the
use of real option theory have increased in the last years. In regulatory
research, several aspects of liberalization and regulation have been
analyzed with static and atemporal models. An enhancement of these
approaches introduces time as separate factor into the analysis, which
allows the use of standard asset pricing theory or, more speci�cally, of
real option theory.

Price Cap theory itself was �rst introduced by Littlechild (1983).
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During several years of regulatory practice, comparative analyses
of di�erent regulatory regimes such as price cap or rate of return
regulation, which are the two most common types, have appearede.g.
in Beesley and Littlechild (1989) or La�ont and Tirole (1993). Most
of these studies deal with static models which give only a hint ofthe
impact of regulation on markets. One of the �rst articles introduc-
ing uncertainty and leaving the static world behind was written by
Brennan and Schwartz (1982). More recently Biglaiser and Riordan
(2000) analyzed the dynamics of price regulation for companies which
are confronted with exogenous technological progress.

Additionally, work dealing with intertemporal regulation and real options
theory was introduced byDixit (1991) and Dixit and Pindyck (1994).
They studied the impact of price control and found that regulatory in-
terventions lead to disincentives for investment. Other models in this
context have been introduced byLa�ont and Tirole (2001), Dobbs(2004)
or Clark and Easaw(2007), who analyze the intertemporal price or price
cap regulation and its impact on investment behavior. The fact that
competition reduces the value of an option to wait is derivedin Williams
(1993) or Grenadier (2002) and Lambrecht and Perraudin(2003). This
article is built on these �ndings and bridges the gap between real options,
regulation and the possibility of measuring the impact of market power.

3 The Fundamentals of Demand Dynamics

In a market with perfect competition the price is set where marginal
revenue equals marginal costs. Assuming further that only variable costs
are relevant in a company's investment decision, these marginal costs
equal average costs per unit and are hence, equivalent to variable costs
(operating costs)3. Therefore, we setpt = Ct , wherept denotes the price
for the good at timet and Ct denotes the average production costs at time
t.4 In order to be able to analyze di�erent market concentrations. We
follow the approach ofLerner (1934). He introduced a markup parameter,
which provides conclusions about the markets competitiveness.

3Hence, we assume a linear cost function.
4We assume that a �rm's current operations are mainly driven by variable costs.

Consequently, investment decisions which are based on revenues are also determined
by these. This assumption is not quite remarkable. Considering for example the
market for electricity, the observable prices are divided into peak and base prices,
which arise at di�erent timeslices and di�erent stages of scarcity. In order to model a
discrete investment decision the base (load) price is taken into consideration, which
covers variable costs. By contrast, the �xed costs recovery occurs through additional
participation in moments with peakloads and hence peak prices.
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3.1 Price Process and Market Power

The most popular measure for market concentration is providedby the
Lerner index (Lerner, 1934), which has only low data requirements (prices
and costs or prices and elasticities).
The Lerner index, denoted byL, measures the mark-up on marginal
costs. This index is given by

L =
p � MC

p
(1)

with MC equals marginal cost of production andp stands for the market
price of a certain product.

For the following framework the operating costs (given by thevariable
costs) are time dependent and their level is described by a deterministic
process:

dCt = � �C tdt: (2)

The costs decrease at rate (� � ), which signals the existence of a learning
curve.5

Recall, that in a perfectly competitive environment, the price is set equal
to marginal costsCt . With pt = Ct equation (2) becomes:

dpt = � �p tdt: (3)

We introduce the Lerner index in a slightly adopted version as amark-
up-ratio on costs, such that it ful�lls the following criteria:

ˆ The price decreases as the number of market participants, denoted
by � , increases.

ˆ As soon as perfect competition occurs, the markup tends towards
zero and the producers without any market power are not able to
sell their goods at a price above the marginal or average unit costs.

The adapted Lerner index is given by
�

1 + 1
�

�
with 1=� as additional

markup. By using the above mentioned ratio, we can now compute
the market price depending on the number of market participants (� ),
ranging from 1 to 1 . Consequently, the price at timet, denoted bypt ,
is set equal to the costs at the same point,Ct , but multiplied by the
modi�ed Lerner Index (which corresponds to 1 +1

� ).

5For detailed discussions dealing with the learning curve seeAbel and Hammond
(1979), Henderson(1980), and Porter (1980).
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Thus, equation (3) turns into:

dpt = �
�

1 +
1
�

�
�p tdt: (4)

For � ! 1 the mark-up vanishes (i.e. the term in brackets becomes
equal to 1) and the price equals the unit cost of production. Inthis
case the market is perfectly competitive and no market concentration is
observable. On the other hand, if� = 1 which means there is only one
agent in the market (then called the monopolist), this leads to prices
twice as high as the costs (i.e. a markup equal to 2)6.
Summing up, the modi�ed Lerner Index therefore takes valuesbetween
1 and 2 depending on the extent of competition in the market.

3.2 Demand Process with Quality Restrictions

As mentioned before, we model two di�erent setups. The �rst one isa
�ctitious market, which acts as a benchmark for our regulatory setup.
The demand for capacity is in the core of our analysis and de�ned in the
following way:

Qt = A t � (ptqt )
 ; (5)

where Qt denotes the demand for the considered good. The parameter

 , representing the price elasticity of demand, is assumed to be constant
for the considered timeperiod7.
The use of such constant elasticity allows the derivation of closed form
solutions (see for exampleDixit and Pindyck (1994), Grenadier (2002),
Dobbs (2004), or Roques and Sava(2006)). Several empirical studies
deal with the estimation of certain price-, quality- or demand- elasticities
in the electricity sector. Bohi (1981) for example mentions that the short-
run elasticity for aggregate electricity varies between� 0:03 and 0:54. In
the case of long-term elasticities, he found values ranging from � 0:45 to
� 2:1. In recent years, the measures for elasticity include furtheranalysis
of time-of-use pricing. Herein, the demand elasticities are divided into
peak, o�-peak, as well as private and business customer elasticities, which

6The assumption that a monopolist charges twice the price of a perfectly compet-
itive �rm may be adapted when more speci�c information on �rm behavior in the
market is revealed. A change in this assumption would e�ect our results in terms
of scaling issues only; the fundamentals of the model would nevertheless remain un-
changed.

7The price elasticity is de�ned as the percentage change in quantity demanded,
divided by the percentage change in price. A good is assumed to become more inelastic
as the price elasticity approaches zero and more elastic as it reaches higher absolute
values.
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range from � 0:02 to � 2:57. A sample of studies and their results are
listed in La�erty et al. (2001)8.
The demand for capacity is further driven byqt , which indicates a quality
measure. It is assumed that consumers do indeed prefer higher to lower
quality and it is further assumed that the consumers are also willing to
pay higher prices for higher quality. The idea of quality regulation en-
tered regulatory practice as part of the reform initiativesin the early
1990's. Aiming at overcoming the tradeo� between cost-e�ciency and
quality of services, studies such asWard (2001), Giannakis et al. (2005),
or Growitsch et al. (2005), which deal with quality regulation, came up.
In these analyses, as well as in regulatory practice, quality regulation en-
tered the frameworks together with the so called incentive regulation.
Herein, the incumbent �rms were often subject to a speci�c type of
benchmarking, which creates the possibility of ranking these �rms and,
consequently, setting tailor-made regulatory action or regulatory prices.
The �rm with the highest e�ciency provides the benchmark and is said
to be (relative to others) 100% e�cient. All other companies are scaled
relative to this benchmark company.9

In our model qt represents a certain quality parameter which signals a
price alignment that allows companies to diverge from marginal costs.qt

is time dependent and driven by� , such that:

dqt = �q tdt: (6)

The previously mentioned e�ciency score enters the quality function
through the drift parameter � , which determines the yearly price
alignment. For our model, the company with the highest e�ciency score
is allowed to set� equal to 0:1, the company with the lowest score gets
ascribed an� of zero.10 It follows that all other �rms (lying between
these two extremes) have� 0s within this range.

The uncertainty in the demand function enters into equation(5) exclu-
sively through the level of the demand variable,A t which is described by
a Geometric Brownian Motion (GBM) of the form:

dAt = �A tdt + �A tdWt : (7)

8Given that the demand elasticity for �nal consumers determines the demand for
the �nal good and given further that this a�ects the demand for capacity, we assume
that the elasticity of business consumers provides a realistic proxy for the elasticity
of capacity demand.

9In practice, this e�ciency analysis can be accomplished by Data Envelopment
Analysis or Stochastic Frontier Analysis.

10In regulatory practice, an e�ciency score of 0 cannot be reached. We assume
that the lower bound of � lies at 2 percent. Consequently, the impact ofqt increases
per year by an amount between 2 to 10 percent (0:02 � � � 0:1).
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The drift � is the expected growth rate in demand level and� the
corresponding demand volatility. The former can be of eitherpositive
or negative sign, depending on whether the market is confronted with
increasing or decreasing demand over time.

4 Solutions under the Absence of Price
Caps

In this section we derive the benchmark model for our analysis. Con-
sidering the previously introduced processes, the evolution ofQt is
determined by the evolution of the pricept , the demand parameterA t ,
and quality parameterqt .

Applying Ito's Lemma yields the expression11:

dQt = Qt

�
� +

�
1 +

1
�

�
�
 + �


�
dt + �Q tdWt : (8)

By de�ning � Qt as:

� Qt = � +
�

1 +
1
�

�
�
 + �
; (9)

the demand process forQt can further be simpli�ed to:

dQt = � Qt Qtdt + �Q tdWt : (10)

Based on a standard derivation such as inDobbs (2004), the �rm is
assumed to maximize the expected present value of the revenue attime
� , denotedV� during an interval of non-investment. The revenue at time
� is simply de�ned as the product of the pricep� and quantity denoted
Q� , i.e. revenue� equalsp� Q� . The point in time ~t denotes the end of
the non-investment period, which corresponds to the timestampat which
investment is triggered. The value functionV(�) is consequently of the
form:

V(p� ; Q� ) = max E �

" Z ~t

�
ptQte� r (t � � )dt + V(p~t ; Q~t )e

� r (~t � � )

#

: (11)

Where E � stands for the expected value formed at point� and r denotes
an appropriate discount factor.12

11This derivation can be found in a more detailed form in Appendix 1.
12In standard frameworks, this factor corresponds to the risk free interest rate, since

it has been shown that the impact of the discount factor on the �nal results is small.

8



In order to analyze an investment-framework relative to costs,we divide
the revenue by the costsC� . As far as there are no explicit investment
costs, it follows that investment is triggered as soon as the demanded
quantity is high enough and allows the generation of pro�ts. Hence,
we end up with a relative revenue function which does also indicate the
break-even-point for further expansions13:

v(Q� ) = E �

" Z ~t

�

� + 1
�

Qte� (r � � )( t � � )dt + v (Q~t )
�

1 +
1
�

�
e� (r � � )( ~t � � )

#

:(12)

The arbitrage equation for solving this optimization problem becomes:

(r � � )vdt =
�

1 +
1
�

�
Qtdt + E(dv); (13)

when the function v(�) of Qt

�
1 + 1

�

�
is, for convenience, denoted by

v and the derivative �v
�Q is denoted byv0, the expected valueE(dv) is

determined by:

E(dv) =

"

v0

�
1 +

1
�

�
� Qt Qt +

1
2

v00

�
1 +

1
�

� 2

� 2Q2
t

#

dt: (14)

Combining equation (13) and (14) yields to the following di�erential
equation:

(r � � )vdt =
�

1 +
1
�

�
Qtdt

+

"

v
�

1 +
1
�

�
� Qt Qt +

1
2

v00

�
1 +

1
�

� 2

� 2Q2
t

#

dt: (15)

The solution to this ordinary di�erential equation (ODE) tak es the

13This derivation is based on Dobbs (2004) who bases his �rst step on the fact
that the value function is homogeneous in prices. Our derivation is somewhat similar,
whereas we work with the 'per unit cost' value function v(�). While Dobbs (2004)
�nds a relative trigger price, we look for relative quantity in in this paper . A more
detailed derivation of the following steps can be found inAppendix 2.
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form14:

v(Qt ) = C1Q� 1
t + C2Q� 2

t +
(� + 1) Qt

(r � � � � )� � � Qt

: (16)

The arbitrary constants C1 and C2 remain to be determined by boundary
conditions. The smooth pasting and value matching conditions for this
case are given by:

v(Q� ) = 1 (17)

v0(Q� ) = 0 (18)

The �rst condition states that the net present value, at which investment
is triggered, is zero.
Consequently, the second condition stated in equation (18) is obviously
clear. The derivative ofv(Q� ) has to be zero.

Given that � 1 < 0 and with Qt ! 0, it must hold that C1 = 0, or
the solution explodes (for this so called no bubbles condition, seeDixit
(1993)). Equations (17) and (18) turn into:

C2Q� 2
t +

(� + 1) Qt

(r � � � � Qt )� � � Qt

= 1 (19)

� 2C2Q� 2 � 1
t +

(� + 1)
(r � � � � Qt )� � � Qt

= 0: (20)

Hence, the expression for the optimal trigger quantityQ?
t is given by:

Q?
t =

� 2

� 2 � 1
((r � � � � Qt )� � � Qt )

1
� + 1

: (21)

It can easily be veri�ed that decreasing market power (increasing � )
leads to earlier investment than under a market system, which isless
competitive. In order to clarify the impact of certain parameters and
the interdependence among them, the comparative statics of section 6.1
give a deeper insight. Upfront, however, in the next section we derive
the solution for the model under price cap regulation, using a similar
procedure.

14Where � 1 and � 2 are the two roots of the equation and given by:

� 1 =
R1 �

p
R2

1 + R2

� 2(� + 1)

and � 2 =
R1 +

p
R2

1 + R2

� 2(� + 1)
;

with R1 = � � Q t � +
1
2

�� 2 +
1
2

� 2

and R2 = 2 � 2� 2(r � � ):
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5 Solutions under Uncertainty and Price
Cap Regulation

In order to model the regulatory framework, we strongly referto section
4. In addition, we now postulate that a �rm acting in a goods market
where selling prices are capped, willalways set the price at the highest
possible level, i.e.pt = �p 8 t.

The reason for the above statement to hold is as follows. When setting
a price cap, the regulatory authority aims at limiting the upside price
potential that a monopolist can exploit due to his market power. Hence,
a �rm can only maximize its �rm value if it sets prices at the highest
possible level, which corresponds to the price cap. In real life, this is
indeed the case for most regulated natural monopolies. Another reason
for setting prices at the maximum level is given by the fact that, in
practice, price caps are calculated due to the estimated company costs,
i.e. under adequate regulation the cap has to re
ect a company's costs,
such that setting prices below the cap will result in de�cit performance.
Nevertheless, it may be argued that, given a highly elastic demand,
there are incentives to di�er from setting prices at the cap level, but for
the further analysis we will abstract this.15 Hence, under regulation, we
assume a constant price �p.

The demand function is still given by equation (5). We can now directly
replacept by the constant value of the price cap �p which yields:

Qt = A t � ( �pqt )
 : (22)

The value function is thus given by:

V(�p; Q� ) = max E �

" Z ~t

�
�pQte� r (t � � )dt + e� r (~t � � )V(�p; Q� + ~t )

#

; (23)

where the �rst term on the right hand side corresponds to the expected
cumulated returns up to the time point~t at which investment is triggered
with installed capacity Q~t . The second term on the right hand side
of equation (23) represents the discounted expected value at~t. As in
section 4, we solve the above mentioned problem in order to �nd the
critical trigger quantity demanded, denoted byQ~t .

Therefore, we �rst de�ne the function  , which is linear in Qt and then
normalize the return by costsCt such that:

15A discussion of this fact can be found for instance inLittlechild (1983).
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 (x t ) � Ct � Vt (�p; Qt ) (24)

wherex t �
�p � Qt

Ct
: (25)

The variable x de�ned in equation (25) corresponds to revenues per unit
cost. We can now rewrite equation (23) using the previously de�ned
function:

 (x t ) � Ct = max E �

" Z ~t

�
�pQte� r (t � � )dt + e� r (~t � � )  (x � + ~t ) � C� + ~t

#

: (26)

After further derivations, which can be found inAppendix 3, we get the
di�erential equation satis�ed by the function  :

 00(x) �
�
x2� 2

�
+  0(x) � x � (� + 
� + � ) �  (x) � (� + r ) + x = 0: (27)

The ODE in equation (27) is of rather standard form, its solution is
composed of two parts: the homogenous and the particular solution16.

 (x) = B1x � 1 + B2x � 2 +
x

r � 
� � �
: (28)

First, due to the no bubbles condition, the termB2 which involves the
negative root � 2 must equal zero. In order to �nd the investment thresh-
old relative quantity x? we make use of the boundary conditions. They
re
ect the fact that, at the point of investment, the present value of fu-
ture revenues must be equal to 0. Therefore we get the following two
equations:

 (x?) = 1 (29)

and  0(x?) = 0 : (30)

Hence, after combining equations (28) to (30), the trigger value is given
by:

x? =
� 1(r � � � 
� )

� 1 � 1
: (31)

16Where � 1 and � 2 are the two roots of the equation and given by:

� 1 =
1

2� 2

�
A1 +

p
A2

�

and � 2 =
1

2� 2

�
A1 �

p
A2

�

with A1 = � 2 � � � 
� � �

and A2 = A2
1 + 4 � 2(� + r ):
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6 Comparative Statics

Having derived the theoretical results, this section will give the reader a
feeling about how various factors in
uence the investment decision.

In the following subsections we provide an overview of the impact of
certain parameters on trigger values for the framework without and
with price cap regulation. Therefore, in our ceteris paribus analysis, the
demand parameterA t is chosen to have a standard value of volatility�
of 0.2 and a growth rate� of 0.05. The drift for the price process� is
�xed at the 5 percent level. Additionally, the price elasticity of demand,

 , is set at a level of -217, while the yearly risk free interest rate is 5%.
The parameter � , indicating the change in the quality levelqt , equals
0.1 in our sensitivity analysis.18

The arising questions in this context, which are analyzed in the following
comparative statics are therefore:

ˆ How is our model able to describe the impact of competition
(through � ) on the investment behavior of unregulated �rms?

ˆ How can a regulatory instrument such as the price cap �p in
uence
the timing of investment decisions?

ˆ Is there an optimal level for the price cap, that reduces the loss in
social welfare19?

ˆ How high must this price ceiling be in order to assure investment
behavior such as under perfect competition?

6.1 Investment Decisions in an Unregulated Market

There is a perennial debate about the impact of market power on prices
and the possibility of setting adequate regulatory action. By taking
option values into account, the model in this paper analyzesthe e�ect
of market power on investment incentives and further the impact of
quality remuneration on these upcoming results. In this sectionwe

17Recall that this value is in line with the empirical �ndings for price elasticities
mentioned in section4.

18Remember that 0:1 signals that the considered �rm provides the highest level of
quality.

19We assume that the optimal level of social welfare is reached under perfect com-
petition. The fact �rms do not adequately invest in their network, would lead to a
loss in social welfare.
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�rst show how the basic parameters, such as volatility or the qual-
ity parameter, in
uence the trigger quantity, if market power decreases.20

We begin our sensitivity analysis in an unregulated environment using
the above mentioned parameter values. These results should thengive
the opportunity to serve as benchmark, in order to be put inline with
�ndings in our regulated model later on in section6.2.

6.1.1 Increasing the Number of Market Participants

The �rst �gure highlights the impact of competition on investment de-
cisions. It shows the relationship between trigger quantityQ? and the
number of market participants (� ).

Figure 1: Investment triggering under di�erent levels of competition

The downward sloping curve indicates clearly that an increasing number
of market participants leads to a decreasing trigger quantity, which
approaches asymptotically the trigger quantity under perfect competi-
tion. This means that �rms with high market power can a�ord to wait
until demand Q? reaches a very high level before they choose to invest.
However, when agents are facing a considerable amount of competition
in the market, they are forced to invest earlier.

20Recall that decreasing market power is equivalent to an increasing number of
market participants, denoted � .
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This is intuitively clear and, besides, a well known e�ect in economics.
In his work, Grenadier (2002) showed the impact of competition on the
option to wait. What he found was that the existence of market power
leads to later or lower investments than in perfect competition. Our
model serves this results.

6.1.2 Variations in Market Power and Quality

The following graph shows the impact of an increasing number ofmarket
participants in combination with increasing levels of quality.

Figure 2: Investment triggers when competition and� are varying

Increasing � , which signals a high level of quality, leads to increasing
trigger quantities Q?. This means that high levels of quality lead to the
situation that no further investment is needed and consequently, the
trigger quantity has to increase which is equivalent to laterinvestment
timing.21 On the other hand, reducing the quality in our setting leads
to lower trigger quantities and, therefore, earlier investment. Hence, the
alpha-parameter in the demand function can act as a negativeincentive
for triggering investments. In this context, the previously mentioned
in
uence of � can also be observed. The degree of competition has a
constant impact on quantity when� varies.

21Herein, a tradeo� between quality and prices occurs. A high level of quality
implies higher prices, such that demand decreases and vice versa.
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The arising question is now, whether there is the possibility of using
the existence of this quality parameter in order to reduce theimpact
of market power. As previously mentioned, lowering alpha actsas an
investment-accelerator (implying investment at lower quantities). The
usage of an additional weighting parameter in order to exalt alpha, could,
on the one hand, reduce the trigger quantity and, on the otherhand, also
reduce the impact of market power.
Theoretically, this additional weighting parameter couldbe included into
an incentive regulation mechanism, such that investment is triggered
earlier.22

6.1.3 Increasing Number of Market participants and Volatil ity

For the following parameters a similar picture occurs. The graphic below
highlights the connection between the number of market participants and
the volatility in the unregulated framework.

Figure 3: Investment triggers when competition and� are varying

As mentioned in La�ont and Tirole (1993), Dobbs (2004) and several
other studies, an increasing level of volatility delays investment and
increases trigger levels. The rami�cation of the volatility parameter
is much more thoroughgoing than the impact of the above mentioned
quality parameter.

22See for exampleWeisman (2005).
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Again, the increasing number of market participants leads to areduction
of the e�ect volatility has had.

In the next section, we will provide evidence of how price cap regula-
tion changes the above mentioned results and how optimal regulation
should work, in order to avoid truncation problems and underinvestment.

6.2 Comparative Statics under Regulation

In section 5 we computed the optimal revenue relative to costs, denoted
x? in equation (31), when the price was constant and equal to the cap
�p. We can therefore visualize the e�ect of a varying price cap onthe
optimal quantity demandedQ? (relative to costsC).

Figure 4: How the price cap a�ects investment behavior

The intuition behind �gure 4 is nevertheless quite obvious. Figure4
shows the level of demand quantityQ=C which triggers investment while
the price is capped at certain levels �p. This so called trigger demand
is, not surprisingly, a decreasing function of the price cap. Whenever
the regulatory authority, which is responsible for the heightof this
cap, reduces the latter, it is clear that the operating �rm has reduced
potential for future revenues. This will make the �rm wait until the
demand reaches higher levels before it is willing to invest into additional
capacity. Therefore, a too restrictive regulator can, by setting a lower
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cap, force �rms to reduce investments.

Next, we extend the analysis of �gure4 by a third dimension re
ecting
the elasticity parameter 
 , which had previously been assumed to be
constant and equal to� 2. Recall that we had de�ned 
 as the price
elasticity of demand in equations (5) and (22).

Figure 5: Investment triggers when price cap and elasticityare varying

Figure 5 shows to which extent the elasticity can delay investments. But
the e�ect of decreasing elasticity becomes more and more weighted as
the price cap is set low. This means that a combination of a low price
(cap) and very elastic demand induces extremely high triggerquantities
and, therefore, causes underinvestment. When elasticity is very close to
zero, the impact of variations in the price cap vanish.
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Figure 6: The e�ect of increasing quality and volatility

In �gure 6 we analyze the relative revenuex? for various levels of� and
� . Recall that � is the volatility parameter or demand shock variable for
A t de�ned in equation (7). The interpretation of the results visualized
in the above �gure is a quite important feature in investment theory:
when uncertainty in the market increases, and notably companies face
high demand uncertainty, �rms become vigilant. Consequently, they wait
for a signi�cantly higher level of relative revenues before they decide to
invest into further capacity. The second point made in this analysis has
already been highlighted in �gure2 when we stated that, for higher levels
of quality (i.e. higher � ), �rms tend to invest later.

6.3 Competition Meets Price Cap

In this section we extend our analysis to illustrate in which waya
regulator may set price caps in order to be able to simulate di�erent
market environments. This can be done by considering the ratioof
the price cap to the costs denoted �p

Ct
. Its value can be derived from

equation (31). When the ratio is larger than one, this implies that the
price cap is set in a rather unrestrictive manner. This is equivalent
saying that companies are allowed to charge prices above average costs.
The case of a ratio smaller than one is equivalent to a cap set below
the average costs, hence, the �rm faces negative returns. In practice,
it is often the case that the regulatory authority closely considers the
average production costs when determining the price cap. Therefore, we
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expect an optimal value of �p
Ct

close to 1.

For a parametrization determined by � = 0:03, � = 0:05, � = 0:2,
� = 0:1, 
 = � 2 andr = 5% we therefore answer two essential questions:

ˆ What is the degree of competition in an unregulated market, corre-
sponding to a scenario where the regulatory authority sets a price
cap such that �p = C?

ˆ How must the price cap be determined such that a world of perfect
competition can be simulated?

In order to shed light on these two questions we use the previously com-
puted trigger quantities Q? as a function of� in the unregulated market.
Next, we consider the trigger quantitiesQ? as a function of the price
cap (or more speci�cally, the ratio �p

C ) in the regulated market. Last, we
collected the results of �p

C and � for which the trigger quantitiesQ? out of
both frameworks are equal. These collected values are presented in table
1:

� 1 2 4 8 9.80 30 100 1,000 10,000
�p
C 0.803 0.906 0.964 0.994 1 1.017 1.022 1.025 1.025

Table 1: Values of � and �p
C

We want to pick two speci�c values out of the above table. First,where
� reaches the value of 9.80. Hence, if the price cap is optimallyset equal
to average costs, this would lead, given the parameter values above, to
a situation similar to an unregulated oligopoly with almost 10 market
participants.
For the second point of interest, we want to determine the pricecap
relative to cost at which the regulator can create investment activity as
under competition. In order to do so it su�ces to look at an � value of
100. This already re
ects a fairly high degree of competition, if not to
say even perfect competition. This degree can be reached by setting a
price cap relative to cost of 1.022.

To recapitulate, one can say that strict regulation resulting in low price
caps (and �p

C < 1) makes �rms wait fairly long before they invest into
new capacity. When the regulator sets the price cap at the level of costs,
the agents act as if they were in an oligopoly with a total of almost 10
competitors. It must be the goal to set the price cap such that natural
monopolists expand as if they were facing competition. To achieve this,
with our parametrization, we �nd that a relative price cap of 1.022 gives

20



the �rms a su�cient possibility to pro�t. Consequently, a fair pr ice cap
which allows companies exactly the compensation for costs, does neither
lead to social optimal investment values or investment timing,nor to
socially optimal security of supply.

In this context it is possible to highlight the European concept of e�ec-
tive competition. Since the existence of regulation, concern has increased
over the fact that perfect competition might not be a possible and reach-
able aim for regulated markets as it is made up of several restrictive as-
sumptions. The independent regulatory group (IRG) thereforedeclared
that not perfect competition but rather e�ective competition might be a
better and feasible benchmark for regulated markets. E�ective compe-
tition was �rst introduced under the perception "workable competition"
by Clark (1940) and further adapted until today. E�ective competition
as mentioned inShepherd(2004) implies:

ˆ the existence of several market participants (at least �ve),

ˆ competitive equilibrium (no participant has a market-shareexceed-
ing 40%23),

ˆ the entry of new competitors must be possible.

Assuming this concept as reference model, a ratio of�pCt
= 1 does indeed

lead to a social welfare and optimal investment triggering.

7 Conclusion

In this paper, we focus on the dependence and tradeo�s between
investment decisions, quality assurance and di�erent levels of market
concentration. We compare investment decisions of �rms acting in
a �ctitious unregulated market to decisions of �rms under price cap
regulation. Herein, we model the demand for capacity and compute the
levels of demand at which a �rm decides to invest into further capacity
for both frameworks. Investments are of major importance, since proper
investment timing guarantees a certain quality as well as security of sup-
ply. Our framework also allows to take into consideration an individual
quality parameter as it is well known in practice for incentive regulation.
This quality parameter is assigned by the regulatory authority and
enters the demand function by allowing intertemporal pricealignments.

23The European Union reduces the market power expressed as market share up to
25%.
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When considering the unregulated �rms, we make use of the Lerner
Index which enables us to introduce various states of competition. This
allows us to look at investment triggers, starting from a monopolist
and ending at a market with perfect competition. In a second step, we
compare the investment timings resulting from di�erent levels of price
cap regulation. Furthermore, by matching investment triggers of both
frameworks, we can connect the level of market power an unregulated
�rm must have, with the level of the price cap. This implies that it
is possible to determine the price cap which simulates a market with
perfect competition. We refer to this case as the socially optimal
scenario. An additional �nding is that �rms ensuring a high quality
standard do not have to invest as early as �rms with low network
quality. This means, high levels of quality lead to a situationin which
no investment is needed momentarily. Consequently, companies with
lower quality receive an incentive for investments.

To conclude, our model allows the regulatory authority to test the impli-
cations of setting a speci�c price cap. Thus, regulators can ex ante get a
feeling for the consequences of their actions and adapt theirapproaches
given certain parameter constellations.
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Appendix 1

Derivation of the dynamics of Demand:
Having de�ned Qt as a functionF of A t , qt and Pt , we apply Ito's Lemma
to the function F such that

dF = FA dA + Fqdq+ Fpdp+
1
2

FAA dA2 +
1
2

Fqqdq2 +
1
2

Fppdp2

+ FAqdAdq+ FApdAdp+ Fpqdpdq;
(32)

where FA denotes the partial derivative of the functionF with respect
to A. These partial derivatives are given by

FA = ( ptqt )
 (33)

FAA = 0 (34)

Fq = 
p 

t q
 � 1

t A t (35)

Fqq = 
 (
 � 1)p

t q
 � 2A t (36)

Fp = 
q 

t p
 � 1

t A t (37)

Fpp = 
 (
 � 1)q

t p
 � 2A t (38)

FAq = 
p 
 q
 � 1
t : (39)

The derivatives FAp and Fpq are not used for calculation as these terms
go faster towards zero than dt. Therefore, the process of the function F ,
dF can �rst be simpli�ed to

dF = dQt =( ptqt )
 (�A tdt + �A tdWt ) + 
p 
 � 1
t q


t A t

�
1 +

1
�

�
pt �dt

+ 
q 
 � 1
t p


t A t �q tdt
(40)

and then further to

dQt = ( ptqt )
 A t [�dt + �dW t +
��

1 +
1
�

�
�
 + �


�
dt]: (41)

De�ning � Qt for notational reasons as:

� Qt = � +
�

1 +
1
�

�
�
 + �
; (42)

then dQt can be written more shortly as

dQt = � Qt Qtdt + �Q tdWt : (43)
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Appendix 2

Solution of the di�erential equation in the unregulated mar ket:
The arbitrage equation corresponds to

(r � � )vdt =
�

1 +
1
�

�
Qtdt + E(dv): (44)

For convenience we denote the functionv(�) of Qt

�
1 + 1

�

�
as v, such

that:

dv = vQdQ +
1
2

vQQ dQ2 (45)

vQ =
�

1 +
1
�

�
v0 (46)

vQQ =
�

1 +
1
�

� 2

v00: (47)

The partial derivatives, vQ and vQQ are made up of inner and outer

derivation. The inner derivation is given by
�

1 + 1
�

�
, while the second is

�
1 + 1

�

� 2
. Let therefore denotev0 and v00the derivations for the �rst and

second derivative. Thus, the evolution ofv is described by the following
process:

dv =
�

1 +
1
�

�
v0(� Qt Qtdt + �Q tdWt ) +

1
2

�
1 +

1
�

� 2

v00� 2Q2
t dt: (48)

Taking expectations, this yields:

E(dv) =

"

v0

�
1 +

1
�

�
� Qt Qt +

1
2

v00

�
1 +

1
�

� 2

� 2Q2
t

#

dt (49)

which, in combination with the arbitrage equation, leads tothe following
ordinary di�erential equation:

(r � � )V dt =
�

1 +
1
�

�
Qtdt +

"

v0

�
1 +

1
�

�
� Qt Qt +

1
2

v00

�
1 +

1
�

� 2

� 2Q2
t

#

dt:(50)

And then, after reformulation, we can write:
(

(r � � )v �
�

1 +
1
�

�
Qt �

"

v0

�
1 +

1
�

�
� Qt Qt +

1
2

v00

�
1 +

1
�

� 2

� 2Q2
t

#)

dt = 0(51)

�
1 +

1
�

�
Qt +

"

v0

�
1 +

1
�

�
� Qt Qt +

1
2

v00

�
1 +

1
�

� 2

� 2Q2
t

#

� (r � � )v = 0:(52)
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The solution to this ODE in (52) is given by:

v(Qt ) = C2Q
1
2

( � 2�� + �� 2+ � 2+
p

4� 2 � 2 � 4�� 2 � 2+8 � 2 r� 2+ � 2 � 4 � 8� 2 �� 2+2 �� 4 � 4�� 2 � + � 4 )
� 2 � ( � +1)

+ C1Q
1
2

( � 2�� + �� 2+ � 2 �
p

4� 2 � 2 � 4�� 2 � 2+8 � 2 r� 2+ � 2 � 4 � 8� 2 �� 2+2 �� 4 � 4�� 2 � + � 4 )
� 2 � ( � +1)

+
(� + 1) Q

(r � � � � )� � �
(53)

which can further be simpli�ed to:

v(Qt ) = C1Q� 1
t + C2Q� 2

t +
(� + 1) Qt

(r � � � � )� � �
(54)

with � 1 =
R1 �

p
R2

1 + R2

� 2(� + 1)
(55)

and � 2 =
R1 +

p
R2

1 + R2

� 2(� + 1)
; (56)

whereR1 = � �� +
1
2

�� 2 +
1
2

� 2 (57)

and R2 = 2� 2� 2(r � � ): (58)

Appendix 3

Derivation of the ordinary di�erential equation under regu la-
tion:
It is necessary to de�ne another new functionv such that
v(x t ; Ct ) �  (x t ) � Ct . The no arbitrage equation is of the form

r � v(x t ; Ct )dt = �pQtdt + E[dv(x t ; Ct )]: (59)

Taking into consideration that v is a function of Qt and Ct (recall the
expression forx t in equation (25)) and applying Ito's Lemma, we get for
dv:

dv = vCdC + vCC dC2 + vQdQ + vQQ dQ2 +
1
2

vCQdCdQ (60)
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With the partial derivatives

vC =  (x t ) �  0(x t ) � x t (61)

vCC =  00(x t ) �
x2

t

Ct
(62)

vQ =  0(x t ) � �p (63)

vQQ =  00(x t ) �
�p2

Ct
(64)

vCQ = � x t
�p

Ct
�  00(x t ) (65)

Applying Ito's Lemma to the demand for capacityQt in expression (22),
the processdQt is described such that

dQt = � QQdt + � QQdW (66)

with � Q = � + 
� (67)

and � Q = � (68)
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