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Abstract

Recently, investments in new generation networks in Germany have been curtailed, since potential
investors required this new network be unregulated. To develop a regulator’s strategy that allows
investments to occur but prevents monopolistic prices, we model an investor’s decision problem
under a threat of regulation. We show that the mere threat of a regulator’s intervention may prevent
supernormal profits without actual price regulation. The regulator, on the other hand, can influence
both the investment decision and the investor’s price via her signals on regulation probability and
price.

1 Introduction

In summer 2005, Deutsche Telekom announced its plans to build a new generation
broadband fiber optics network. The initial investment was said to be around 3 billion
euros. However, Deutsche Telekom decided as a precondition for this new network not to
be regulated with respect to pricing and third party access.

German regulation authorities announced their refusal to concede to Telekom’s
pressure. They suggested that Telekom and its competitors, mostly service providers that
rent capacity from the dominant incumbent, agree on rules as how to manage access to the
new infrastructure. Following this, Telekom let it be known that they were unwilling to
share the new capacities with competitors, claiming that competitors should undertake the
irreversible network investments (sunk costs) by themselves. Unless the new
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technologically-leading infrastructure was exempted from regulation, Telekom threatened
the investment to be made in other areas or countries. Hence, the German regulator faced a
difficult situation: allowing Telekom to have its way may endanger future competition on
next generation networks in telecommunication in Germany. However, if the regulator
decided access regulation to hold, the infrastructure would not be set up.

In summary, the regulatory agency faced an issue of first and second degree errors: if
she regulated an area which — from the economic point of view - should be left
unregulated, such an over-regulation may foreclose welfare enhancing investments. If,
however, she did not regulate an area which required regulation, under-regulation could
inhibit competition and facilitate market power exploitation.

In this paper, we analyze investment decisions on new generation networks. Therefore,
we model a firm’s decision problem under a threat of regulation in a game-theoretical
context. The decision whether to invest or not depends on the probability of regulation and
its assumed impact on investment returns. Depending on the investor’s expectation on
these parameters, he will decide whether the investment is favorable or not, and which
price is optimal. This price can be expected to be lower than a non-regulated profit
maximizing price, since the potential investor presumably tries to circumvent regulation
and reduce the probability of intervention, respectively. Thus, the mere threat of a
regulator’s intervention may prevent supernormal profits without actual price regulation.
The regulator, on the other hand, can influence both investment decision and the investor’s
price via his signals on regulation probability and price. These signals can be considered
optimal if they simultaneously allow investment and minimize the investor’s price.
Accordingly, wrong signals by the regulator may prevent investments. Hence, we model an
investment decision under uncertainty (of regulation) to develop a welfare maximizing
regulation strategy.

Previous research on the relationship between investment and regulation has discussed
either impacts of specific regulatory regimes or incentives of underinvestment due to
policy or market uncertainty. In his seminal work, Dixit (1991) pointed out that transparent
price ceilings in a market with uncertain demand can reduce investment. Only the
observation of an even higher shadow price may trigger investment in such a setting.
However, as Dixit assumed a competitive market, his work does not consider investment in
natural monopolies, such as is the case for particular network industries. Therefore, we
extend Dixit’s analysis to cover this situation. Other research on dynamic efficiency issues
of regulation by Mandy and Sharkey (2003), Littlechild (2003), and Evans and Guthrie
(2005) address the negative incentives on investment imposed by regulatory pricing
constraints. Specifically, Evans and Guthrie consider total element long run incremental
cost (TELRIC) pricing, and find that within such a pricing framework, capital asset pricing
issues necessitate a risk premium for sustainable investments. Indeed, their models provide
interesting insights into the investment incentives of specific regulatory regimes. However,
unlike the present paper, they assume a universal service obligation as well as a general
revenue regulation.

A second strand of literature discusses policy uncertainty or — more specifically —
regulators’ ex-post opportunism (potential hold-up). Recent work on different network
industries, for example, Ishi and Yan (2004), Saphores et al (2004) and Dobbs (2004)
confirm the hypothesis of delayed infrastructure investments, as addressed by Teisberg
(1993), who showed that rational firms may delay investment when facing uncertain or
asymmetric profit and loss restrictions. However, this research has to a certain extend
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neglected welfare enhancing aspects of regulatory uncertainty and the issue of regulatory
threats, which is basically the threat of governmental intervention in case of inefficient
price levels.! The intention of regulatory threat is to encourage firms to restrict their prices
voluntarily (the so-called light-hand regulation approach, see Glazer and McMillan (1992),
and for an overview on network industries see Haucap et al, 2006). There have been
numerous applications to different network sectors (for example, of the British airport
sector, see Starkie (2001), and Acutt and Elliott (2001) for the experiences of the UK
electricity generation industry). Brunekreeft (2004) translates the idea of regulatory threat
into the threat of ex-post antitrust intervention, whereby under certain conditions, the latter
can work in similar fashion and also induce a voluntary price cap. The theoretical work on
regulation by the threat of intervention has neglected to emphasize its relevance for
infrastructure investment decisions, especially under asymmetric information.? This paper
fills that void. It contributes to the analysis of regulatory options for next generation
networks and regulation’s effects on dynamic efficiency and innovation (see, for example,
Baake et al, 2005). The paper provides a feasible solution to the trade-off between static
(or allocative) efficiency and dynamic (or innovative) efficiency.

The remainder of this paper is organized as follows: the analytical background and
model are presented in Section 2, followed by Section 3, which discusses the results and
highlights policy implications and directions for future research.

2 Analytical background and model

Consider a firm facing the decision of an ex-ante profitable investment in a new network.
The strategic problem is that this infrastructure may be regulated in the future. What
factors determine the firm’s decision and how do these parameters influence the potential
returns?

Suppose that the firm can choose to invest either | or nothing into a new, welfare-
enhancing infrastructure. This investment is a necessary precondition for selling a new
service or good. Consequently, it increases market size and decreases pressure, allowing
the skimming off of innovation rents by the investor. In doing so, the firm faces certain
risks, in particular the risk of being regulated once others have not invested being probably
the most critical one.®

! Admittedly, Sappington (1986) deals with regulatory uncertainty, although from a different perspective. He
analyzes the positive effects of information asymmetries on firms’ investment, not the idea of putting a
company under regulatory risk, as we do.

2 There has been some research on a phenomenon called trigger price regulation, which is somewhat
comparable to our approach. In a seminal article, Salant and Woroch (1992) introduce the phrase and show,
given perfect information, the regulator can allow for new investments while not directly regulating. A
credible commitment of not exploiting producer’s rents is, however, very sensitive to their assumption of
symmetric information, which is rather strong.

% Furthermore, the investing party has to bear the risks of technological obsolescence as well as simple
economic default. We refrain from discussing these risks to reduce complexity but it is clear that expected
future profits have to cover these too.
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Initially, the firm has zero marginal costs and revenues R =R(l, p), where | €{0, f}
denotes the new investment taken by the firm and p the price of the new good. The
following characteristics apply to the revenue function:

e without investment (I1=0), revenues are independent of price,
oR(1 =0)/0p =0, and are equal to R, =R(l =0, p),

e with investment (sz), revenues are higher than without investment,
R(p)=R(l =1,p)>R, for p>0,

e with investment (I = f) and increasing price, revenues rise until p., (price of
>0,if p< p
maximum turnover) and fall beyond that, aa—zl =0,if p=pu
<0,if p> pug

In case of investment, I , there is an optimal price Py for the investor which can thus

be considered as an unregulated benchmark case. The investment is assumed to be welfare
enhancing and increases investor’s profit without (the threat of) regulation.

Now, the regulator faces the dilemma between enabling the infrastructure investment
and avoiding super-normal profits. More precisely, she has — ideally — to define a
regulation price, pg, which just covers the total investment cost. Under asymmetric

information, she does not know which investments are essential for accessing new
customers and which is the level of efficient costs. Thus, the regulator is unaware of the
long-run welfare maximizing price. Therefore, she can signal her acceptance of prices
within a certain tolerance bracket, with d expressing the distance between the regulation
price and an intervention price, p. For any price p, chosen by the investor above that

upper limit p, the regulator will intervene with a probability of 1, setting the regulation

price pg.

However, if the regulator signals the intervention price perfectly, the investor would
invest, setting exactly that price or — in the case of an unfavorable low intervention price —
neglect the investment. If the investor cannot make a perfect announcement he has two
options: i) he may either invest and set a price which is above intervention price, making
the regulator set the regulation price; or ii) threatened by a possible regulation, the investor
sets a price which is below the intervention price. In both cases, the resulting price is lower
than the intervention price and is welfare-enhancing. Therefore, the regulator has an
incentive to mask her signals to a certain degree. This enables the regulator to make the
investor reveal his true cost, at least to some extent. However, investment under regulatory
risk may be prevented, if the firm’s perception of the intervention price is below a cost-
covering level. Such an underinvestment should be just as well avoided as monopoly
exploitation by the investor, likewise.

A necessary precondition for any kind of investment is the regulator’s commitment not
to hold-up the firm. In a static game, a regulator could ex-ante signal a price tolerance
enabling investment. After investment, she may hold up the firm by ex-post reducing her
tolerance, identifying the investor’s price as intolerably high and intervening by setting the
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regulation price. This price may be set welfare maximizing, which is equal to marginal
cost. Since the firm would anticipate such a lack of regulatory commitment, he may omit
investing.

Therefore, the regulator has to credibly commit and refrain from usurping the firm’s
returns. Salant and Woroch (1992) developed a model called trigger price regulation in
which they show that in a long term relationship between regulator and firm the regulator
has an incentive — and the possibility — to credibly commit to cut prices down to operating
costs in case of inefficient behavior only. However, Salant and Woroch do not consider the
regulator’s uncertainty about the firm’s cost. Introducing information asymmetry in our
model, we take Salant and Woroch’s findings into account and consider the regulator as
long lived with sufficient concern about future market developments and consumer
preferences, thus preventing her from strategic hold-up.

Now, given such a benevolent regulator, the investor’s decision whether to invest or
not depends on his expectations about the intervention price, the regulation price and the
regulator’s tolerance. Technically, the firm builds up an expectation of the density function
f(d) of the regulator’s tolerance interpreting her signals. We define o® =Var(d) as the

variance of that tolerance. This variance is assumed to increase with weakening signals.
Since the firm obtains information about the regulation price through signals, he can
estimate a density function over the intervention price f(p)= f(d + pg). For any price
below that price (but above the regulation price) that the firm sets, the regulator refrains
from intervention, tolerating a certain deviation due to uncertainty. For any price above the
intervention price, the regulator intervenes and sets the regulation price p;.
Recapitulating, the firm ex-ante knows by assumption the regulation price but neither
does he know the regulator’s tolerance nor her intervention price. Therefore, depending on
the signals given, the firm can only derive a density function of that intervention price. For
simplicity, we assume that density function to follow a symmetric triangular distribution:

56;5’R Jif pp <P < py ++/6o,
1) f(p)= pR+2\/€20_ﬁ Jif Py ++/60 < P< p, + 2460,
(e
0 Jf p<pgorp> pR+2\/§a.

The investor hence expects the regulator to intervene with a probability of
F(p,) = prob(p < p,), where p, is the firm’s price after investment. That probability can

be derived from the intervention price’s density function and shows the following
properties:
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F(p) = [ (00

0 Jf P, < Pg,
2 - p:)’ .
2) % Jif Py < p, < pg +60,
], (pe+26o-p)?
1- 1207 Jif py ++/60 < p, < pg +2v/60,
1 f p, > pR+2\/60'.

The expected intervention price p° = pg ++/60 increases in accordance with the
regulation price p, and with the regulator’s tolerance, expressed by the variance of the
density function, o*. For a given investor’s price, the probability of intervention increases
with a decreasing regulation price or tolerance. A perfect signal sets the variance of the

expected tolerance to zero (o°=0) and equates expected intervention price with
regulator’s intervention price.
Figure 1 shows the relationship between the regulation price pg, the intervention

price’s density function f(p) and the probability of regulation F(p,).

Fodt
1 =

Pr i) .M

Figure 1: Intervention price

The sequence of decision in the investment game is shown in figure 2. In a first step,
the regulator gives a perfect signal about the regulation price p, and a signal of her

tolerance. Interpreting that signal, the investor develops his expectation about the
intervention price’s density function f(p). Then he decides whether to invest or not.

Deciding not to invest provides him with a profit of 7z, =R,. If he decides to invest, he
will set a price p,, causing the regulator to intervene or not.
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no regulation

) L= F_(Elf}f' Ry(p1) — 1
I=1I,p Rogulator{i::
Regulator— ] Firm < F('}.HIJ iy T Rulpr) -1
. signals — ~_ regulation
PR: d Pr, f(P) ;_ o o Ry

Figure 2: The model

2.1 A market with symmetric information

To illustrate the decision mechanism and its relevant parameters, we first analyze an
investment decision under symmetric information as a benchmark. If the regulator knows

about the total cost of investment, she is able to determine a minimum price p,”, making
the firm indifferent between investing and not: R, = Ri(pl**)— | . To allow investment and

minimize the price afterwards, the regulator sets exactly p, , and signals perfectly her

(zero) tolerance. The firm receives that signal and calculates a probability function of
regulatory intervention:

0,ifp, <p/,
F(pl): . ' 1**
1,ifp, >p .

The optimal price after investment then is p; = p,” : a price p, < p, would lead to lower
revenues, hence a profit lower than without investment R,. A price p, > p, on the other
hand would not be accepted and would be reduced to p;” by the regulator. Thus, in a
market with symmetric information and the regulator giving a perfect signal about the
regulation price p,” and her tolerance of zero, the firm invests, setting exactly that price.
With perfect information potential regulation — that is the threat of regulation — is

equivalent to actually enforced regulation.
2.2  Aregulated market

Introducing the realistic assumption of asymmetric information, the regulator faces the
problem to decide which signal to give. To answer that question, we have to clarify the
firm’s incentives. His optimization problem is as follows:

(3) max ﬁe:{F(p)Rl(pR)+(1—F(p))R1(p)—I ifl =1,

1{0, 1}, p R, ,ifl=0,
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where z° is the firm’s expected profit, influenced by his investment decision and price.
We denote p, as his optimal price under investment. The first order condition for the firm

in case of investment is

£ (pr)[R (pe)- R (b )]+ (- F(pf))%(pf)io.

This can be rewritten as

dF (p;)
dp;

@) (1—F(p:))%(p:)=

[R1(p1*)_R1(pR)]'

A price increase leads to a revenue increase with a probability 1- F(p;) (left hand side
of equation (4)), hence an increase in expected revenues.* In equilibrium, this increase has
to be equal to an expected increased drop in profit due to regulation (right hand side of
equation (4)).

As shown for a situation with symmetric information, the price p,” is defined as the
break even investment (minimum) price with R, =R (p,”) - I . Since revenues increase for
any price, p, < p < Py,  rational investor invests if the optimal price under investment is
higher than that minimum price p; > p, .

Proposition: An investor’s optimal price p, under investment in case of price

regulation is:  p =py  for  pe2py, >F(pe)=0 or in  range
p, e[pR,min{pR +/60, p,’;R}} with the following characteristics ap; /ap, >0 and

op; /6o >0 for p, < Prg.

In the second case, the firm’s expected profits under investment increase with an
increasing regulation price and a higher regulator’s tolerance.

The proposition shows that the investor’s optimal price is lower than the expected
intervention price. Realistically, this price lies below the investor’s profit maximizing price
in the absence of regulation (Cournot price).” Since the investor’s optimal price (and —
through that — his profit) is a function of p, and o, it rises with an increasing regulation

price as well as with an increasing tolerance.

For the regulator, the proposition’s results indicate that once uncertainty about the
actual characteristics of the investment — for example, efficient costs or future earnings —
increases, she should either raise the regulation price or signal an increasing tolerance with
respect to upward deviations from that price. However, the better the regulator is informed,
the lower she may set the tolerance and the closer she can place the regulation price to the

minimum investment enabling and long-run welfare maximizing price p, .

* Note that in case of regulation, revenues are independent of that price.

> Only if the regulator overestimates the cost of investment or underrates the expected revenues and therefore
sets a regulation price above the firm’s unregulated optimal price, Cournot charging would be favourable to
setting the regulation price.
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Sappington (1986) shows that given a perfectly informed regulator, firms will have no
incentive to invest in efficiency enhancing investments since the resulting cost-savings
would be completely transferred to consumers. Therefore, they suggest that the regulator
may abstain from better information. As we consider a regulator with long-term orientation
as introduced by Salant and Woroch (1992), these results do not directly contradict our
analysis. The regulator in our model allows for positive expected returns to provide an
incentive for new infrastructure installation rather than holding up the firm.

In such a setting, actual regulation becomes unnecessary. The mere threat of regulation
prevents monopolistic prices while it allows profitable investment — if her signals are not
to restrictive and therefore foreclosing.

3 Conclusion

This paper has modeled the trade-off a regulator faces when a firm intends to invest into a
new welfare enhancing infrastructure. On the one hand, the regulator tries to anticipate
market-power exploitation, on the other hand, she has to consider that the threat of
intervention may prevent the investment. Our model shows that the more the regulator’s
uncertainty about the lowest investment-permitting price increases, the more she should
signal an increased tolerance against deviations from that regulation price. This indeed
raises the intervention price and consequently, the firm’s profits. Nevertheless, the mere
threat of a regulatory intervention may make an investor set a tolerable price even without
actual price regulation. Given the corresponding limitation of abuse of market-power, ex-
ante tolerance of super-normal profits can, from a welfare economic perspective, be
considered to be preferable compared to the preventing of the investment. Moreover, the
regulator could thereby reduce information asymmetries and decrease the optimal level of
tolerance, resulting in a more precise intervention price and an effective regulatory threat.

Recapitulating our findings, we state that as long as the regulator is uncertain about
cost and demand structure in the market of the infrastructure to be enhanced, she should
not be acting too intolerantly, since such behavior may prevent a welfare increasing
investment. These results are consistent with previous research on the effectiveness of
regulatory threats in particular. Concerning the case of Deutsche Telekom, the German
regulator should — ex ante — leave the infrastructure investment unregulated and signal the
regulation price. This should encourage Deutsche Telekom to invest while preventing it
from exploiting its monopolistic power. From a dynamic perspective, such a light-handed
regulation may encourage additional — and competitive — infrastructure investment,
increase technological development, economic welfare and make regulation redundant in
the future. Therefore, our findings show that the concept of regulating by the threat of
intervention is not only applicable to existing infrastructure but also to new investments as
well.

This work described a regulator’s optimal strategy concerning welfare enhancing
infrastructure investments in a static game-theoretic setting, showing that the mere threat
of regulation may be preferred to an actual regulatory intervention. Future research should
analyze the effectiveness of regulatory threat on investment in a dynamic context.
Additionally, demand risks could be introduced to model a more realistic investment
decision. Over and above, further models should allow continuous investments and address
the issue of regulation-investment sensitivity.
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5 Appendix: Proof of propositions

Investor’s optimal price

Case 1, pg > Py This situation is comparable to that without regulation threat. Thus,
the optimal price is p, = pyg -

Case 2, Py < Pyg: We show by contradiction, that p; < py, in a second part, that
P, < p, ++/60 and in a third part, that p, > p,.

Case 2a, p;, < Py : If we assume that p; > pys, Ppe Would increase profits:

m(p) =F(p)R(pr)+@—F(p)R(p,) -1
< F(Pyr)R(PR) + A= F(Pe)R(P) =1 =7, (Pyg):

because
[F(p)=F(pie) ][ Ri(Pe) = Ri(Pra) |~ [ 1= F (pI) ][ Ru(Pie) —Ru(p;) | <O.
This indeed is a contradiction, hence p; < pys-

Case 2b, p; < ps ++/60: If we assume that D, > Pr ++/6c, then equation (3) in

conjunction with equation (1) can be written as following:

2
P + 23/60 — p, (PR+2\/60—P1) oR,
R “R -0
60> [(pR) (pl)]+ 1262 op,
Pg + 260 — p, OR,
R —R(p,).
(Pe)+ =5, ~R(R)

This equation cannot be hold because:

% OR oR
R(p,) = R(pg) + p{&dx > R(pe) + (P = PR)

pR"‘Z\/EO'_ p, R
2 oxX

> R(pg) +

This is a contradiction, hence p; < p, + Jéo .
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Case 2C, P, > pg: As pg < P, @ Price p, < p, cannot be an optimum because

R, /op; > 0.

Reaction of the investor’s optimal price

To proof the reaction of the investor’s optimal price, we use the implicit function

theorem. We write equation (4) as:
o = 1 (B)[R () =R (0] (- F(0D) (i) =0

At first, we will proof that og /apl* >0 and analyze how g reacts on p, and d after
that.

Reaction of g to p,: From the proof of the investor’s optimal price (Case 2c), we

know that p; < p, ++/60 . Thus,

<0 >0 <0

o W e e R e Re o
apf—dpl(pl)[Rl(pR) R (pi) -2 (p)) o (P (-F(D) o (pi)<0

Change in expectations regarding the regulating price:

og of . . " 0 0
B R ()R 0 o 00 (2 () 5 >

P _ % fog
leads to 7= = - o >0.

Change in the expected tolerance:

>0 <0

oy of ) R
a(g; oo (pl)[Rl(pR)_Rl(pl)] (pl)apl(p)>0

leads to & = — ag/ >0.

Reaction of the expected profit after the regulation price increases

We define p;* as the price chosen by the investor and z;* as the expected profit in

case of the regulation price py. Furthermore, we specify p,> as the price chosen by the
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investor and 7z;? as the expected profit in the case of the regulation price pi with
Py < pi . The following can be reasoned:

*

2 (p) = F(p)R(PR) + @~ F (P )DRi(p ) — |

<FA(pR(pR) +A-F2(p))R(p) - |
<FA(pHR(PR) + A-F2(p)R(p) -1 ==2(pY)
<z (p),

because oF /dp, <0, R (pr) <R.(p") and R (pg) <R (pa).

Reaction of the expected profit after an increase of the regulator’s tolerance

Analogues to the previous, we define p;* as the price chosen by the investor and 7'
as the expected profit in the case of expected tolerance o*. Furthermore, we specify p;” as
the price chosen by the investor and z{* as the expected profit in the case of the expected

tolerance o with o* < . The following can be reasoned:

i (py) =Fp)R(PR) + A= FH(p )R (p) - |
<FAPpR(PR) + A-F2(p)R(P) -1 =772(pY)
<z (p;),

because oF /0o <0 and R (pg) <R (p;).
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