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Abstract

After booming in the second hdf of the 1990s, the tdecom indudtry has fadlen on
hard times. Hundreds of large and smal telecom firms that attempted to compete with
the incumbent loca exchange carriers (ILECs) have gone broke. Others are close to that
fate. The ILECs blame this outcome on the CLECs (competing exchange carriers). The
CLECs blame it on the ILECs.  While the two Sdes and therr supporters have been
arguing, a ray of light has sarted to shine a the end of the industry’s tunnd. The market
share of new entrants has finaly begun to increase sharply.

Is that increase a temporary phenomenon or a sgn that markets are evolving as
economic theory would predict? As demondrated in this paper, strengthening
competition in the tdecom sector is the key to restoring teecom invetment. Doing so
has ramifications that range far beyond that particular sector. About two-thirds of our
economy’s growth is driven by innovations in information technology.? Telecom plays
an essntid role in information acquidtion and dissemination and accounts for the lion's
share of IT invesment and innovation. A vibrant telecom sector is thus vital to the short-
and long-term success of the economy.

This paper reaches its pro-competitive conclusons after consdering the empirica
evidence, reviewing basc lessons about monopoly behavior, and exploring a more
redigic modd of the industry and telecom policy. The empirica evidence connecting
competition to tdecom invesment is driking. During 1996-2000, over a third of gross

invesment was done by the CLECs even though ther revenue was only one fifteenth that

2 See Jorgenson, Dale, “Information Technology and the U.S. Economy,” American Economic Review, vol.
91, no. 1 (March 2001), £32. The Commerce Department’'s estimate of the contribution of information
technology to economic growth issmaller.



of the ILECs> In 2000, a the pesk of the invesment boom, CLECs invested $25 hillion,
which amost matched the $27 billion of gross ILEC investment.

This evidence is hard to ignore, but is it a fluke or to be expected on the basis of
economic theory? The answer requires modding the tedlecom market in detall. Doing so
is a chalenge. The tedecom market is characterized by imperfect competition, regulation,
advanced technology, network externdities, strategic gaming, and entry.  Policymakers
who subdtitute their intuition for careful modeding of this market do so a their own peril.
The same is true for tedecom economists who rely on smple static models that miss the
fundamenta dynamics of markets of thistype.

The arguments againg unbundling are reviewed below, and we find that they rely
exclusvely on such datic modds. Worse yet, they discuss ILEC invesment as if the
ILECs were standard competitive firms that are smply being disadvantaged to a grester
or lesser extent by government regulators. Indeed, many of the papers make no mention
of the fact that the ILECs are essentidly monopolists who achieve that position through
their control of our locd communications pipdine.  Nor do they acknowledge that
government regulators have been setting tariffs for use of that pipeline since the 1890s to
keep ILECs from manipulating telephone prices by redtricting supply.

In this paper we condruct and Smulae a drategic equilibrium modd in which
ILECs, CLECs, and cable companies compete over time for market share in interrelated
and patidly regulated locd tdecom services markets. Our modd can study market
dynamics under a vaiety of potentid industry dructures and handle critical factors

overlooked in previous anayses.

3 Hall, Robert E. and William H. Lehr, “Rescuing Competition to Simulate Telecom Growth,” mimeo,
September 28, 2001. Revenues refers here to receipts earned from operations in the local telecom market.



Though highly stylized, our framework suggests a number of interesting results.
Fird, tdecom invesment and output generdly incresse sgnificantly and telecom prices
decrease dgnificantly when new firms enter a market. This is true whether or not the
entry occurs because of norma economic forces or as a result of wholesding
arrangements under which competitors rent access to customers from incumbents. The
improvement in market conditions can be quite driking, with cepitd investment, for
example, increasing in some smulaions by 40 to 60 percent while prices for loca
telephone service drop in the same smulations about 30 percent. Second, unbundling
(forcing the ILECs to rent to the CLECs dl or pat of ther network eements) can
dramaticdly increese CLEC entry by lowering their costs of doing so.  Third,
competition rases consumer welfare rdative to having a regulated monopoly in locd
voice and an unregulated duopoly in broadband.

Findly, declines in ILEC profits and share vauations can actudly herdd good
news for the telecom industry as a whole as well as consumers. When we cdibrate our
mode to current pricing conditions, competitive entry reduces monopoly profits.
Nonetheless, the ILECs in our mode typicaly do what they did in the red world, namely
respond to increased competitive pressure by increasing, rather than reducing, ther
invesment. The reason is tha, in the presence of competition, investing less and,
thereby, withholding product from the market no longer pays off in teems of higher
prices.

Our modd is highly sylized and does not yet incorporate the profits that the
ILECs receive from being dlowed to enter the long distance market in exchange for

unbundling ther networks.  Still, the modd’s prdiminary findings that ILEC monopoly



profits from loca voice service may drop in response to even nascent competition may
help explain the ILEC's sharply increased efforts in recent months to overturn TA96, as
market conditions have begun to move in the direction implied by our theory. Indeed,
when we incorporate unbundling in our modd, our smulations are highly consstent with
the empiricad evidence, cited below, that TA96, when properly enforced, leads to sharp
reductions in telecom prices, dgnificant consumer savings, and mgor increases in
telecom investment and output. The very recent experience in sate markets such as New
York and Michigan that have experimented with low unbundling prices looks very much
like our dmulaions. Our modd suggests that rigorous enforcement of TA9 in
combination with the same type of low cost dectronic switching of service providers that
occurs in long disgtance could restore the levels of tdecom investment to those observed

in the late 1990s.



Introduction

A vibrant tdecom indugtry plays an important role in accderating the diffuson of
new technology and increasing productivity and economic growth. The sector's recent
woes ae widdy known. Three of the country’'s mgor telecom firms -- WorldCom,
Globa Crossing, LTD., and Qwest Communications Internationd Inc. — are bankrupt or
close to it. Another 250 of the 330 CLECs (competitive local-exchange carriers)
operating in 2000 have closed ther doors. These falures as wel as the struggles of
ongoing telecom firms have, by one recent edimate, put a haf million Americans out of
work.* Teecom company stockowners have adso been hit very hard. In the past two
years, telecom shares have declined by more than two thirds, with the loss in absolute
dollars exceeding $2 trillion  The collgpse of the industry has decimated telecom
investment. Capitd spending by tedecom firms fdl by a quarter last year and will fal by
asmilar percentage this year.”

On the other hand, a number of indicators have begun to suggest that competition
may findly be taking hold. As documented below, entrants are acquiring a rapidly
increesng share of the locd phone market. Clearly, restoring telecom investment has
ramifications that range fa beyond that particular sector. Our economy’s growth is
increesngly driven by innovations in information technology. In the past decade,
roughly two-thirds of U.S. economic growth resulted from that source® Telecom plays

an esentid role in information acquistion and dissemingtion and accounts for much of

4 “As It Deepens, Telecom Bust is Taking a Heavy Human Toll,” The Wall Street Journal, August 19,
2002, p. 1.

> “FCC's Powell Says Telecom ‘Crisis May Allow a Bell to Buy WorldCom,” The Wall Street Journal,
July 15, 2002, p. 1.

® See Jorgenson, Dale, “Information Technology and the U.S. Economy,” American Economic Review, vol.
91, no. 1 (March 2001), £32. The Commerce Department’s estimate of the contribution of information
technology to economic growth issmaller.



the invesment and innovation in the information technology sector. A vibrant teecom
sector is thus vitd to the long-term success of the economy. It can aso play a mgor role
in jJumpgtarting the economy in the short run.

In this paper, we do three things. First, we describe the recent rise and fdl of
telecom investment. Second, we examine the argument that the Tedecommunications Act
of 1996 (TA96) is respongble for the industry’s recent distress.  And third, we develop a
modd that alows us to evauate the impact of TA96 on the industry as well as the results
of recent empiricd work and investigate whether there are Sgns that the Act is beginning
to work as intended.

Our conclusons are fourfold. Fird, there is emerging empiricd evidence that
telecom competition promotes telecom investment. Second, there are solid theoreticd
arguments to explain that outcome. Third, the policy debate on telecom investment and
regulation has been framed within a datiic modd that fals to capture the dynamic and
highly uncertain entry, pricing, and invesment game being played by the ILECs, CLECs,
and cable companies. Consequently, it is difficult to assess the relevance of many prior
telecom sudies to the actud telecom market. Findly, a mode rich enough to capture the
complexities of the telecom industry must @ be solved on the computer and b) carefully
cdibrated if it is to provide red ingght into the policies and other factors affecting that

critica market. We view this paper as afirs step in that direction.



The Telecom Investment Boom, Bust, and I ncipient Rebound

Table 1 shows tota tdecom investment since 1990 as wdl as the investment of

the CLECs and ILECs. The first point to note is that TA96 triggered a huge expansion of

invesment.

access to the local network or components (elements) of the local network at a reasonable
price and on a timely badss.

telephone poles, underground conduits, and switches that connect the American public to

It did so by promisng competing telecom companies that they would receive

The loca network refers to the locd tdephone lines,

the outside word.
Tablel
Telecom Gross I nvestment, 1992-2002
(billions of dollars)
Y ear CLECs ILECs
Total

1992 Na 17.5 17.5
1993 Na 17.5 17.5
1994 Na 17.5 17.5
1995 Na 18.0 18.0
1996 Na 20.8 20.8
1997 5.0 21.5 26.5
1998 9.2 22.2 31.4
1999 16.8 22.8 39.6
2000 21.7 27.8 49.5
2001 12.3 28.1 40.4
2002 10.7* 24.2* 34.9*

Source: ARMIS data provided by William Lehr. ILEC investment includes investment by GTE.




Estimate for CLECs provided by William Lehr.
Estimate for ILECs based on a May 8, 2002 Banc of America Securities.
Na-— not available, * indicates preliminary estimate for the year from those sources

TA9% expanded use of this vitd communications pipdine bottleneck by a)
eiminating the ILECs legd status as monopoly franchises and b) requiring the ILECs to
rent access to the locad network to incipient, would-be competitors. The act further
required the ILECs to rent access to (to unbundle) the loca network on ether a
component-by-component basis or on a package-of-components basis as requested by
their competitors.” Finaly, rents were to be set a a compensatory price that included a
fair profit.

With regard to dimulating invesment, the Act at firsd appeared successful.
During the 1996-2000 telecom investment, over a third of gross and over one haf of net
investment was done by the CLECs even though they were fifteen times smdler then the
ILECs when messured in terms of revenues® In 2000, at the pesk of the investment
boom, CLECs invested $25 hillion, which dmost matched the $27 hillion of new ILEC
invesment.

Despite investing two-thirds of their revenues, as compared to one quarter by the
ILECs, the CLEC investment boom left them at the end of 2000 with only 8.5 percent of
nationwide access lines and only 4.6 percent of resdentid and smdl business lines. The
explanation for this is draightforward. CLECs concentrated their invesment in dense

metropolitan areas to @) capture scale and density economies and b) bypass ILEC control

" Because local network assets were acquired by the ILECs under concessionary conditions and paid for by
the public over decades in the form of very high, regulated telephone rates for local and long distance
telephone calls, even these “compensatory” rents may be too high.

8 Hall, Robert E. and William H. Lehr, “Rescuing Competition to Simulate Telecom Growth,” mimeo,

September 28, 2001. Revenues refers here to receipts earned from operations in the local telecom market.



of the locd network via the condruction of ther own pipeines feeding into high-traffic
office buildings. CLECs attribute this need to bypass the ILECs to the fact that the
ILECs used and continue to use a vaiety of mechanisms to redrict access to the loca
network.  Their proposed lig of abuses here includes charging exorbitant prices for
unbundling their components (elements), delaying the trandfer (handoff) of loops (wires)
from their own switches to those of competitors, usng dow and error-prone manual
rather than eectronic handoffs, charging high prices to CLECs for renting space in ILEC
loca sarvice offices to collect these loops, and smply opting to pay fines rather than
obey the lawv. Ther clam is tha the ILEC practices succeeded in killing off the lion's
share of competing local exchange cariers.  While there has been a great ded of turmoail,
the latest data indicate that today there exists a core of reslient CLECs that are making
money and gppear to have a viable busness plan for success assuming TA96 is
enforced.”®

This latest development is likely attributable to the reaction of severad date public
utility companies (PUCs) to the demise of most of the CLECs. They have begun to
enforce TA9 more vigoroudy. PUCs in New York, Cdifornia, lllinois, Michigan and
other dtates have taken the lead in lowering the prices charged by ILECs for unbundling
ther facilities and in requiring them to expedite their unbundling processes. These efforts
have begun to sgnificantly dter the dructure of the tdecommunications indudry in these

dtates, with CLEC market share rising and local voice and broadband retail pricesfaling.

° Hall, Robert E. and William H. Lehr, “Rescuing Competition to Simulate Telecom Growth,” mimeo,
September 28, 2001.



To give some examples, one recent estimate finds that local phone customers that
switch to CLEC providers can save $11.40 per month in Caifornia'® This price
reduction will save date resdents an edimated up to $527 million per year on loca
phone sarvice, depending on customer actions, according to an edimate by the
Tdecommunications Research and Action Center (TRAC). In New York, where the
PUC has been paticularly aggressve in enforcing TA96, more than 5 million consumers
have recently changed their loca or long distance phone company to CLECs and are
projected to save as much as $324 annudly per line. Aggregate consumer and business
savings in New York could reach $416 million a year on locd cdls according to
TRACM

The surge in teecom invesment in the last decade was not unique to the United
States.  According to a recent Organization for Economic Cooperation and Devel opment
(OECD) review of tdecommunications policy in OECD member nations, “The evidence
indicates that opening access networks and network elements to competitive forces
increases investment and the pace of development. Nearly dl OECD governments have
aready introduced such policies or taken decisons to introduce such palicies, in respect
to telecommunications networks.”*?

This evidence is, however, anecdotal. There have been few careful atempts to
measure the effects of unbundling on price and invetment. One exception -- Willig,
Lehr, Bigdow, and Levinson (2002) -- gathered detailled data on ILEC invesment and
regulatory regimes and found that lower UNE (unbundled network eements) prices are

associated with higher ILEC invesment in a ddidicdly dgnificant manner.  CLEC

10 See http://www.trac. policy.net/proactive/newsroom/rel ease.vtml 2id=18900.
1 source: http://www.trac.policy.net/proactive/newsroom/rel ease.vtml 7 d=18740.
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activity was found to follow the same pattern — a pattern, which, incidentdly, is predicted
by the moddl we present below.

Empiricaly, then, TA96 appears to have sparked an investment boom on the part
of both the ILECs and the CLECs. While that boom could be attributed to other factors,
Willig et al’s work suggests that the regulatory regime may well be the most important
factor. Second, the investment boom ended when most of the CLECs left or were driven

out of the market

ThelLEC View

As one would expect, the ILECs have a much different view than do the CLECs
of the 1996-2001 Tdecom boom and bust. Ther explanation of CLEC business falures
is that these companies had bad business plans, over-invested in tdecom, and were
poorly managed. With respect to their own investment, they argue that absent TA9 and
its associated TELRIC (Totd Elementa Long-Run Incrementd Cogt) pricing, they would
be introducing broadband much more rapidly throughout the country. Indeed, the ILECs
ae increedngly blaming thar current low leves of profitability on the Act, lobbying
intengvely for its explicit or implicit reped, and daming tha the Act is gregly limiting
their incentivesto inves.

The intellectua bads for this postion is speled out in a number of papers
prepared by ILEC experts. It is beyond the scope of this paper to address their arguments
in detall, but a brief overview of ther genera gpproach clarifies the need for improved
modeling. The ILEC's centra argument is developed by Jorde, Sidak and Teece (2000),

Hausman (1997, 1998, 2000, and 20002), Kahn (1998), and Sidak and Spulber (1997)

12 See Organization for Economic Cooperation and Devel opment (2001), p.4.
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and involves a explicitly or implicitly a cost of capital approach. Under such an approach
investment occurs up to the point tha its expected margind return just equals its margind
cos. The term expected return refers to the return the invesment will generate on
average. Investment itsdf is viewed as a one-shot decison determined on the basis of the

following condition:
1D 1,MRMPK,+I MR,MPK, =c,

where | y, is the probability of the bad state with low demand and | ¢ is the probability of

the good date with high demand. The tem MR MPK, references the margind revenue

eaned by capitd in state i. Theterm c is the cost of using an additiona unit of capital.
The condition dates that the expected margind return from invesment (acquiring and
usng an extra unit of cgpitd) equas the margind cost of purchasng and inddling that
capita.

The product MR MPK; for i=b or i=g depends on the amount of capita the firm
acquires, i.e, the amount it invests. Given the sze of c, firms adjust ther investment
until the vaue of this product comes into line with (exactly equas) c. The levd of
invetment (the choice of cepitd) that ends up satidfying the equetion is the optima
amount because it maximizes profits®® If the left-hand-side of (1) were larger than c, the
expected return from an extra unit of capital would exceed the cost of the extra unit, and
the firm would make a profit by acquiring that extra unit!* On the other hand, if the left-

hand-d9de of (1) is sndler than c, the margind expected return from an extra unit of

13 Because capital takes time to install, the decision about how much capital to acquire (how much to
invest) must occur before the firm knows the state of nature. The same may or may not be true of the
decision to hirelabor.

1 This statement holds MR, fixed, but since MR, also changes when firms alter their investment, the impact
of investing on thistermsis also taken into account.



capitd is less than its margind cogts, and there is money to be made by cutting back on
the amount of capital to be acquired and used.

In the product MR xMPK, , theteem MR, stands for marginal revenue in déte i.
It indicates the additiond total revenue associated with sHling an extra unit of output in
that state. The later teerm MPK, is the marginal product of capital in date i — the
additiona output in State 1 that can be generated by using an extra unit of capitd, given

the amount of labor being hired. Stated differently, MPK, indicates how much extra
output is generated by having an extra unit of cgpita, and MR, indicates how much extra

revenue each of those additional units of output will generate. The product of the two
terms is caled the marginal revenue product of capitd and indicates the extra revenue
generated by having one more unit of capital.

In conddering this equation, the above-cited authors proceed on the bass of a
citica, but ungated assumption, namdy that under “prope” TELRIC pricing of
unbundled dements, each of the terms on the left-hand and right-hand sides of equation
(1) would have exactly the same values as would arise with a benevolent unrestricted
monopoly. Put differently, the andyds applies in the nonexigent case where the actions
of the monopolist reproduce the outcome of a competitive market place, and hence are in
the public good. This view of TELRIC pricing is certanly not what the government hed
in mind when it enacted TA96. The underlying rationae for TA96 was to ensure tha
equation (1) was satisfied with vaues that conform not to the dictates of a monopolized
market, but to those of a competitive market.

Pursuing this line of argument further, the daim is made that TA96 & lowers

ILEC vdues of the left-hand dde of equation (1) a any given vaue of capitd and b)

13



rases ILEC c, the margind cogt of capitd, via severd different channdls. In both cases a
and b, the actuad vaue of capitd that ends up making the left-hand side of the equation
match the right-hand sde is smdler than would otherwise be the case.  This forms the
bads for saying that TA96 lowers ILEC invetment. Numerous extensons of this basc
point have been made, with additiona arguments suggesting that TELRIC prices may be
st too low and that “cherry picking” might be a potentid problem. However, dl of these
sudies take entry as given, ignore strategic/game theoretic consideraions, and appear to
ignore a crucid textbook lesson about the regulation of monopoly — a lesson to which we
now turn. This lesson provides key intuition for the more complex mode we introduce in

the subsequent section.

What Textbook Analysis TellsUs About Telecom I nvestment

As indicated, the above-cited papers discuss ILEC invesment as if the ILECs
were standard competitive firms that are Smply being disadvantaged to a greater or lesser
extent by mindless government regulators.  Indeed, many of the articles make no mention
of the fact that the ILECs are essentidly monopolists who achieve that postion through
their control of the local network pipeline.

It's worth, therefore, reviewing the basc message of economic theory about the
effects of imposng competitive pricing on a monopolist through either regulation or the
direct introduction of competition. Figure 1 shows the demand curve, marginad revenue
curve, and margind cost curve facing a monopolist. In a competitive equilibrium, the
economy operates a point A, where there is a reatively low price and a rdativdy high
output. The monopolist increases its profits by raisng price aove margind cost, moving

the economy to point B, where margind revenue equas margind cost. Since output is

14



low and price is high, consumer wefare drops, and there is a role for price regulation.
An dterndive is to have the regulators force the monopolist to dlow entry. In this case,
the new entrants and the monopolist play a Strategic game over the market place, with the
games outcome generdly entalling more output, a lower price, and higher consumer

welfare than at point B, that is, the equilibrium will fall somewhere between B and A.

‘\\\\ Figure 1 Textbook Model of a Monopolist
Pm B

\ Marginal Cost
A
pe Average Cost
\%
Demand
Marginal Revenue
Qm Qc

In the case of tdecom, figure 1 might need to be redrawn as figure 2 since the
local network pipeline may represent a natural monopoly. The key characteristic of a
naturad monopoly is that average cost declines over the range of output around which the
demand curve intersects the average cost curve. For pipdine providers, a declining
average cost curve is what one would expect. There is a fixed cogt to ingdling the

pipdine. If the margind cost of adding more usars of the pipdine is condant or, as

15



drawn, declining, average cost pe trangmisson will fal the larger the quantity of
transmissons.™

This is ds0 citicd informaion As in the former case, absent regulation, the
“natura” monopolist will redtrict production to raise the price it receives for its product.
In figure 2, the monopolist produces quantity Qm, because a that quantity margind
revenue equas margind cost. If the monopolist were to produce more than Qn, the cost
a the magin of doing so would exceed the additiond revenue earned, and the
monopolist’s profits would fal. If the monopolist were to poduce less than Qm, the loss
of revenue would exceed the cost saving, and again, the monopolis’s profits would fdl.
Note that in setting output a Qm, the monopolist is able to secure a price of Py, and earn
postive profits snce this price, which is received on each unit sold, exceeds the average
cost incurred by the monopolist on each unit sold.

The economic problem with the monopoly outcome is not tha the monopolist
makes money, but rather that the level of production is economicaly inefficient. At Qm —
the point a which the monopolist produces -- the price consumers are willing to pay for
an extra unit of the product — Py, — exceeds the margind cost of producing that extra unit.
Hence, producing more output is socidly beneficid. Indeed, as long as the price
consumers pay exceeds the margind cost of production, it's economicaly efficient to
produce more. In the figure this occurs through the output level Qe, which is the
efficient leve of output. If regulators were primarily concerned with maximizing socd

wefare, they would require the monopolist to produce Qe and sal product at price Pe.

15 Average cost can decline over awide range of output even if marginal cost rises provided marginal cost
isrelatively low relative to the fixed cost and doesn't rise too rapidly.
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The practicd problem with this socidly optimd form of regulation is that the
monopolis will incur a loss if it produces Qe because average cost per unit sold at that
quantity of output exceeds the price receved per unit sold. The solution is for the
government to provide the monopolist with a fixed payment to make up the loss.  This
requires an externd revenue source that is collected without engendering efficiency
loses that exceed the efficiency gans from imposng marginal cost pricing on the
monopolis.

When regulators don't have access to outsde funds to cover monopoly losses,
they may choose to set a price a which the monopolist just breaks even. In the diagram,

this price is Py, and the quantity that the monopolist produces under such average cost

pricing is Q.

Pm

Demand
Figure 2 Textbook Regulation of Natural Mono

Average Cost

Marginal Cost

Marginal Revenue
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While the FCC has the ability to raise access charges to cover potentia ILEC
losses associated with pricing unbundled dements a their true margind codts, it hes
chosen ingtead to establish TELRIC pricing, which prices these dlements at average cost.
Hence, from the perspective of economic efficiency, TELRIC pricing, as defined by
statute, is too high, a least if its implementation accords with the theory. Indeed, it
gopears to be far too high snce the margin costs of usng many of the dements of the

local network are close to zero.

Applying the Textbook Lesson to Telecom

The key point of both diagrams is that lowering the price facing the monopolist
(moving from A to B in figure 1 or from Pp, to P; or, even better, Pe in figure 2) leads the
monopolist to produce more, not less, output. Producing more output requires employing
more inputs, which means hiring more labor and acquiring more capita (engaging in
more investment).

Intuitively, monopoliss are highly sendtive to the impact tha producing more
output (pushing more product on the market) has on the price they’ll recelve, not just on
the lag unit, but on dl units they sdl. Sated differently, monopoligs limit ther
production to jack up product prices. Such an outcome if not farfetched in this particular
goplication. ILECs, for example, cannibaize ther own second-line and T1 services when
they roll out DSL. If customers are captive, then such cannibaization can lead to very
dow deployment of DSL.

Regulation changes this cdculus by changing the shape of the demand curve

facing the monopolig from a downward doping curve to a horizontd line intersecting the

18



verticad axis a the regulated price. Faced with a flat demand curve, a monopolist can no
longer hope to raise price by cutting back on production. Instead, it acts like a price taker
and does its best to maximize profits under this condition.*®

Hence, requiring the ILECs to price a closer to competitive levels will, absent
entry, lead them to invest more, not less. TA96 achieves this end dbeit indirectly with
the help of the market. That is, it leads to lower prices, but dso yieds market share to
new entrants. In this case, total market capitd must increase, but depending on the share
captured by the CLEC, ILEC capitd may go up or down. Rather than mandating prices
for a variety of tedecom products below the levels the ILECs would voluntarily charge,

TA9% uses competition from the CLECs to achieve this retail price reduction.'’

18 For example, if the regulator sets the price at P, the monopolist will produce up to Q;, because marginal
revenue up to that point is just P,, which exceeds marginal cost. Producing beyond Q; isnot profitable for
the regulated monopolist because it would entail lowering the price below P,. Doing so would not only
entail positive marginal costs, but, as the diagram indicates, it would generate negative marginal revenue.

" How does this diagram and discussion square with the marginal investment criterion in equation (1)?
How can it be that lowering the price received by an ILEC raises the left-hand side of the equation for any
value of k and leads to more investment? Phrasing the question differently, won't lowering the price
received by the ILEC reduce the left-hand side of (1) by lowering the prices ILECs receive for their
products and thus reduce the marginal revenue they earn at any given level of output? The answer is that
the marginal revenue an ILEC earns from hiring additional capital consists of two components. Thefirst is
the price at which the ILEC can sell the extra unit of output. The second is the reduction in price needed to
sell the extra unit which then is applied (multiplied by) al units to be sold. Equation (2), which
decomposes marginal revenue into these two components, makes this clear.

DTR, DP
—2(Q(K, L)) —(QQ(K,L
&) 0O (Q(K, L)) IO(Q)+DQ(Q)Q( )

The telecom investment papers focus on p(Q) -- the first term on the right-hand side of equation (2),

DP
arguing that TA96 lowers its value. But the second term, E (Q)Q(K, L), is of mgjor import. The

DP
term E(Q) is determined by the slope of the demand curve. It indicates how much producing an extra

unit of output will lower the price at which not just the marginal, but al infra-marginal units of output as
well are sold. These infra-marginal units are captured in the term Q(K, L) that multiplies the price

change term. The key thing to notice here is that TA96 eliminates this second term for the simple reason
that prices are set by competition, rather than by the monopolist. Hence, while TA96 lowers the first term,
it eliminates the second term, which is a negative number. As the diagram indicates, the net impact of this
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Moreover, and this is very important, TA96 makes the ILECs wholesale producers with
respect to ther transactions with the CLECs. Consequently, much of the fina output sold
by and attributed to the CLECs must instead be attributed to the ILECs because their
vadue added, in the form of pipdine services, comprises a mgor component of the tota
value added of the products the CLECs are sdling. This point is important in assessng
the unbundling smulations presented below.

To summarize, TA96 needs to be understood as pat of a generd draegy of
redraning a naurd monopolig from exercisng monopoly power.  The unbunding
requirements of TA96 enforce competitive pricing. While this lowers the prices the
ILECs receive for their products, they are il likely to produce and invest more, either
directly or through their sde of inputs to the CLECs, as they redize that limiting supply
to increase prices will no longer work. Thus, when one frames the discusson of TA96 as
pat of a policy to restrict monopoly power and compares the impact of TA96 with the
price fixing and cutbacks in supply that its absence would fodter, the concluson tha
TA9% dimulates overdl tdecom output and investment is unavoidable and the

proposition that it even simulates ILEC production and investment is highly plausible.

Analyzing Telecom Investment as a Dynamic Game

The previous section provided the intuition for many of the results we generate in
our modd of the tdecom sector. The ability of TA9 to redran the ILECs from
monopolizing the pricing of telecom products depends critically on the degree to which

the law encourages CLECSs to enter and compete in locd tdecom markets. In this section

policy in the standard natural monopoly case is to make the right hand side of equation (2) larger, not
smaller, which leads the ILEC to produce and invest more, not less.
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we develop an economic modd that accounts for these factors and report on the
preliminary results of someinitid smulaions.

A serious gpprasd of TA96 and its impact on investment, product pricing, and
consumer welfare requires a dynamic mode that incorporates multiple telecom products,
entry and exit decisons heterogendty in locd tdecom demand, the firs-mover
advantage of the ILECs, the ability of multiple competitors to unbundle and use the loca
network pipeling, the cost of unbundling, competition from cable companies, the naure
of locd tdecom competition a any point in time given current entrants, the degree of
economies of scde in entering and investing in geographicaly adjacent telecom markets,
and the option values of both waiting to invest and not waiting to invest.!® The remainder
of this section outlines such a modd. A formd presentation of the mode is relegated to
Appendix.

Besdes helping us see how dynamic consderations can influence policy impacts,
the modd’s presentation makes clear that the workings of the telecom market are highly
complex and cannot be completely understood via a datic andyss. Presenting our mode
a0 darifies the range of issues that need to be confronted before one can hope to have a

fully informed discussion of the impact of TA96.

Players, Products, and Location

Our modd is written to accommodate a variable number of players, products, and
locd makets. But for illudraive purposes let’s assume that there are three players — an

ILEC, a CLEC, and a Cable, three products — locad voice, data, and TV/video, and N

18 Hausman's concern about option values affecting telecom investment decisions is certainly appropriate,
but there is no way to evaluate TELRIC pricing without a fully articulated dynamic model in which the
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locd tddecom markets located on a grid. The players need to decide each period whether
to reman in squares in which they have been operaing or whether to enter sguares in

which they haven't been operating. *°

The Sructure of Demand

Demand differs in each sguare and can change over time.  Specificdly, we
assume that each square can have a different number of comsumers with a different leve
of per cgpita income. The following grid illugtrates this point by showing pictures of
cties and towns with different population sSzes and living standards & a given point in
time.

The Telecom Board Game

-- Illlustrating the Distribution of Demand

options available to both the ILECs and CLECs are made explicit. Since Hausman fails to present such a
model, he provides no substantiation for his allegation that TELRIC prices are set too low.

19 This sequencing of decision-making over grid positions suggests calling our model the Telecom Board
Game.



The Sate of Entry

At the beginning of each period, there is a state of entry that indicates which players were
operating in the square in the previous period. In the grid diagram below, blue denotes
loca telephone service, red denotes broadband, and green denotes TV\video. Hence, the
middle square indicates that a the beginning of the period being consdered there is an
ILEC and a CLEC competing in the locd telephone market, an ILEC, a Cable, and a
CLEC offering broadband, and a Cable and a CLEC offering TV/Video. Note that, in

theory, there may be some squares where no broadband being offered.?°

The Telecom Board Game

-- Illugtrating a State of Entry

ILEC ILEC ILEC
CLEC
ILEC
CABLE CLEC
CABLE
CABLE CABLE
ILEC ILECs CLEC ILEC
CLEC
ILEC ILEC CABLE
CABLE CLEC
ILEC CABLE CABLE
CABLE CLEC
ILEC ILEC CLEC ILEC
ILEC CABLE ILEC
CABLE CABLE CABLE

Note: Blue denotes local telephone service, red denotes broadband,
and green denotes TV\video.
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Entry and Exit Decisions

At the beginning of each period, the three players decide whether or not to offer
each of the products in each of the squares. There is a fixed cost for entering a square
and offering services if the player is not dready operating there®* We refer to this cost as
the fixed entry cost. There is aso a fixed cost per service offered of operdting in a given
square in agiven period. We refer to this cost as the service-oecific fixed operating cost.

The fact that incumbents don't need to pay an entry cost, while new entrants do,
captures the advantage of moving first (being an incumbert). And the fact tha the entry
cost per sguare is independent of the number of products being offered means there is an
economy of scope with respect to producing multiple products.

Entry codgs differ across players and are influenced by policy. In addition, the
fixed entrance cost may be lower if the player is dready operating in an adjacent square.
This captures the economies in investment associated with inddling infrastructure in
nearby markets. We mention this in passng, but reserve the investigation of this location
externdlity to future work.

Payers tha exit a market are assumed to abandon ther infrastructure.  Hence, if
they choose at a future date to enter a square, they will need to repay the fixed entry codt.
This festure may lead players to remain in a square in the short run even if they are losing
money on current operations.

Since there are saverd products, an “in or out” decison on each, and multiple
gquares, there are many different entry dStrategies over which each player must choose.

This choice is whittled down by solving for the set of pure strategy Nash equilibria,

20 We abstract here from saellite and wireless telecom and TV/video services as well as long distance
phone service, but those products could also be included in this framework.
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which refers to the st of draegies in which each player is making a st of entry
decisions with respect to each product and each square that generates the brgest expected
profits, measured in present vaue, given the entry decisons (the drategies sets) of the
other two players.

The reason that players consder not just their current profits from entry, but adso
their future profits reflects the fact tha once a player enters a square, shelhe can remain
there indefinitdly without incurring the fixed entrance cos. Hence, the one-time entrance
cost needs to be st againg the potentid ongoing stream of profits associated with

remaining and competing in the square through time.

Multiple Equilibria

In entry games of this type it's common for there to be a large number of Nash
equilibria  This is referred to as multiple equilibria.  Intuitively, if player A enters a
market it may be optimd for player B to stay out. But if player A days out, it may be
optima for player B to go in. Which outcome arises (which equilibrium ends up being
played) can be thought of as a fluke of timing since there is nothing in the modd we ve

developed to tell us which equilibrium is selected.

Resolving the Problem of Multiple Equilibria

Our method of resolving the problem of multiple Nash equilibria in a given period
is to assume that each of the Nash equilibria is played with the same probability.? The

players redize tha this randomly determined correlation on particular Nash equilibria

21 Establishing each service entails paying adifferent fixed cost.
22 This assumption that a particular equilibrium of the many available is selected is Aumann's (1974)
correlated equilibrium
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will occur not only in the present, but dso a every future date. And they take this into
account in determining their best current entry srategy for each of the possble current

entry drategies of their fdlow players.

Within-Period Product Competition

Once entry and exit decisons have been made, the players operating in a given
square must decide how much to produce. We assume that each player decides on her/his
output taking the output decisions of the other producers of the product as given. This is
the wdl-known Cournot Model of oligopolistic competition. It has the reasonable
property that, other things equa, the more players there are in a square sdling a given
product, the lower will be that product's price. Hence, the more entrants to a given
square, the more competition that will preval and the better off will be consumers?®
Ancther agppeding feature of the Cournot within-period equilibrium is that producers
with lower margind costs produce more output than those with higher marginad cog.
Findly, the Cournot Modd ddivers the result that the reduction in product prices
associsted with more competition can lead the ILEC to invest more and produce more
outpuit.

While the Cournot modd has lots of appeding fesatures, it doesn't include the
bundling of products that players would likely use to achieve a compstitive advantage.

Such product bundling will aso be examined in future work.
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Option Valuation

The mode is solved using dynamic programming, which garts in the modd'’s last
period and works backward to the present?* This dynamic program captures dl the
options avalable to the players with respect either to ddaying or acceerating their
invesment decisons.  Consequently, it deds explicitly with the concerns raised by
Hausman (1998, 2002) that evduating TA96's effects requires incorporating into the
andysis the fact that ILECs have the option to wait to invest. While our model does not
formdly incorporate exogenous pricing uncertainty, future prices are uncertain because
of the corrdation on randomly sdected equilibria, and hence, there can be a vaue to

waiting in order to ascertain whether other firms choose to enter asquare.

Preiminary Findings

This model could ultimately be cdibrated to capture highly disaggregated
investment patterns by letting each square be a county, for example, with characterigtics
that determine the profitability of entry and operation. Our ongoing work attempts just
such an gpplication. But in this paper we seek to understand the likely range of results
one can plaushly generate within such a modd, using current prices and cost data as an
anchor for our investigation. We begin with a 1-period static verson of the modd and
then consder a 3-period verson. Both modds yidd smilar and interesting conclusions,
but a great ded of caution in interpreting the magnitude of our effects is certainly in

order.

23 This assumes that new entrants do not have higher marginal costs, on average, than incumbents.
241 the last period is set sufficiently far into the future, its choice will not affect the model’s predicted
current behavior.
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To focus the model on the current debate, we asume that there are two markets,
voice and data, and that the ILEC offers voice in each square (i.e., the ILEC has entered
each square in the initid period's date of entry.) In some smulaions the ILEC has
dready entered the data market as well. There is a CLEC, which can enter either product
market, but with higher fixed costs. When the ILEC is the sole provider of locd voice
sarvices, we assume it faces a regulated price that is a markup over its average cost. In a
moment we will introduce a cable company as well, and discuss the impact on our results
of its presence.

We assume four squares, located on a 2 by 2 grid. Income differs in each square,
but preferences are the same. By varying income across squares we are able to capture in
a gdylized fashion the impact on different potentid equilibria of locd conditions that
affect profitability. We chose the variation that we do in order to document the different
possble equilibria  How closdy each square captures rea world circumstances is an
empirica issue that we return to after presenting our results.

We congder two policies — no unbundling and unbundling.  With unbundling the
CLEC can access the ILEC's infrastructure, but must pay a rentd cost for use of the
ILEC's cgpitd. With no unbundling, the CLEC must pay its fixed entry cogt to enter a
square and, in addition, pay its fixed and margind operaing costs. We assume that the
fixed entry and operating codts facing the CLEC ae dgnificant, but that its margind
costs are lower than those of the ILEC, reflecting the fact that the CLEC has access to a
less expensive workforce and, potentidly, more advanced transmission technology.

Consumers are assumed to spend three percent of their incomes on telecom

communication products (roughly matching data from the Consumer Expenditure
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Survey), with three quarters of this expenditure spent on loca voice and one quarter spent
on data This share determines the Cobb-Douglass preference parameter that helps pin
down demand in each market.

We assume that there are 10,000 identica households in each square and that each
household has an income of $20,000 in square 1,1, $40,000 in sguare 1,2, $30,000 in
square 2,1, and $160,000 in square 2,2. We dso assume that the initial market condition
is a regulated monopoly with an initid price of $30 per month for voice services and $50
per month for data At these prices the local monopoly is highly profitable given our
other assumptions. It is worth noting that any benefit from unbundling will be smdler to
the extent that regulators have established the pre-unbundling price closer to the societd
idedl.

In determining the UNE-P (the unbundling price charged to receive dl network
elements comprisng the local loop) price we have used empiricd data taken from Willig
et al. (2002). These data are dso used as a guide to the setting of our fixed and margina
cods, dthough there is not enough information available to fully cdibrate our modd with
certainty. In these firg tables, the fixed entry cost for the CLEC is $3,000,000. The fixed
operating cost for the ILEC and the cable company is $1,000,000. It's $2,000,000 for the
CLEC. The margind cogt for the ILEC is $10 in the case of voice and $20 in the case of
data The margind cogt for the cable company is $20 in providing data And the
marginad cogt for the CLEC is $8 for voice and $17 for data We assume that for every
four dollars of output produced by each of the three types of firms, a dollar of capitd is

required. This assumption permits us to connect production to capita acquisition.?

25 Additional calibration information and the computer program for the model are available from the
authors upon request.
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In modeding unbundling of loca voice, we assume that the CLEC pays a $12.50
unbundling price for voice to the ILEC. We further assume that this is for hdf of the
CLEC's output and that the CLEC pays its own margina cost to produce the other half of
its output. Findly, we assume that the CLEC pays the ILEC’'s margina cost for data plus
2 percent for haf of its output and pays its own margind cost for the other haf of its data
output. These assumptions capture the fact that the CLEC will have to invest in order to
offer sarvice, and the ILEC mugt invest in wholesde capital in order to provide service.
Since we are unaware of there being any data avalable to guide these proportions, we
chose 50-50, but are examining dternative shares in our ongoing sengtivity andyss.
Clearly, any theoretical predictions about ILEC capita will depend on this proportion.

Table 2 provides results for a 1-period modd in which the ILEC and CLEC are
the only players, i.e, there is no cable company. The table assumes that the ILEC has
entered voice and data markets in each square. Given this, the CLEC chooses whether or
not to enter in each of the four squares and given entry, whether to supply voice and/or
data. In these smulations, the entering CLEC acquires a share of the market, but dso
expands the sze of the market sze by enforcing a lower price. With the unbundling
policy, this CLEC entry leads to less ILEC retall sdes of tdecom services, but more
wholesale sdles.

Table 2 contains results for this setup assuming no unbundling. Because of the
high entry cos it faces, the CLEC enters only in the higher-income squares. When the
CLEC enters, it has a dgnificant impact on the price of locd voice and data service snce
it has lower margina cods of ddivering both services. The price of locad voice drops 40

percent, and the price of broadband service drops 26 percent. The entry adso stimulates a



dgnificant increese in overdl indudry investment, with margind capitd (not counting
fixed costs of investment) increesng by 61 percent. Interestingly, relaive to the

monopoly case, ILEC profits drop sharply, even though output and investment surge.

Table?2

One-Period Modd with No Unbundling and No Cable Company

(al variables measured relative to monopoly outcome unless otherwise noted)

Location

1,1 1,2 2,1 2,2
Voice Price 1.00 1.00 0.60 0.60
Broadband Price 1.00 1.00 0.74 0.74
Voice Output 1.00 1.00 1.67 1.67
Broadband Output 1.00 1.00 1.35 1.35
ILEC Profit 1.00 1.00 0.26 0.29
CLEC Profit * 0 0 0.60 111
Tota Capita 1.00 1.00 1.61 1.61
ILEC Capitd 1.00 1.00 0.72 0.72
CLEC Capitd * 0 0 1.24 1.24

* Measured relative to ILEC valuesin this equilibrium.

In table 3 we present the same datic gmulation for the case with unbundling.
Recdl, in these smulations, the CLEC pays a UNE-p rate of $12.50 to the ILEC to rent
haf its capita, and its own margind cost for the other haf. We make these assumptions

to capture the fact that the CLEC will ill have to invest in a workforce and in capitd
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beyond the “last mile” In contrast to the previous case, the CLEC now enters a market
that it previoudy avoided. Interestingly, the result is more output in that market, but less,
relaive to the previous case with no unbundling, in the very high-income square. This is
because of our assumption that unbundling forces the CLEC to pay, a the margin, not
just its own margind operating codt, but dso an additiond margind cost representing its
rent payment on the ILEC capitd. Hence, CLEC margind cods ae higher under
unbundling in squares they would otherwise have entered in the absence of unbundling.
Since very little CLEC entry was observed prior to TA96, this possbility is likdy of little
empiricd dgnificance, but does help refine our theoretical understanding of the possble
effects of unbundling.

Nonethdess, in dl of the sguares that the CLEC operates in, prices are
ggnificantly lower, and output and capitd dgnificantly higher than in the regulaed
monopoly case. The voice price drops by 32 percent and the data price drops by 23
percent, while total capita increases by 45 percent. Even though monopoly profits drop,
ILEC investment surges.

The increase occurs because of the provison of wholesde capita. The sze of
this demand reative to the CLEC's own demand for capita is not a known parameter,
however. To the extent that the CLECs meet the demand for their product with their own

capitd, this result could be reversed.
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Table3

One-Period Modd with Unbundling and No Cable Company

(all variables measured relative to monopoly outcome)

Location

11 1,2 2,1 2,2
VoicePrice 1.00 0.68 0.68 0.68
Broadband Price 1.00 0.77 0.77 0.77
Voice Output 1.00 1.48 1.48 1.48
Broadband 1.00 1.29 1.29 1.29
Output
ILEC Profit 1.00 0.34 0.38 0.40
CLEC Profit * 0 0.44 0.72 0.82
Total Capita 1.00 1.45 1.45 1.45
ILEC Capitd 1.00 1.09 1.09 1.09
CLEC Capitd * 0 0.33 0.33 0.33

* Measured relative to ILEC valuesin this equilibrium.

Table 4 returns to the no unbundling assumption, but adds a cable company that
operates in each grid. Given our modd’s preference structure, there is a connection
between the state of the cable market and the decision of the CLEC to enter. The CLEC
will earn lower profit in the data market because of the presence of the cable company.
Hence, it may be discouraged from entering squares and, thus supplying voice and data,
if the revenue from sdling both loca voice ad data no longer cover the squares fixed
entry costs. Clearly, this interconnection arises not because of the structure of demand,
but rather because of the structure of supply, namely the ability of a CLEC to economize
on entry cods by offering loca voice and broadband in the same geographic location.

While theoreticdly possble, for the base-case parameters we have chosen, this outcome



does not arise.  Instead the CLEC enters squares 2,1 and 2,2, and stays out of 1,1 and 1,2,
with effects on prices and output that are Smilar to those in the previous smulation.

Table 5 replays table 4's modd, but incorporates unbundling. Now we have
CLEC entry into the three highet demand markets and very sharp price reductions in
broadband and local voice prices. Clearly, the presence of the cable company does not
have a sgnificant effect on the equilibria given our base-case parameters.

Table 6 extends the model to three periods, and for brevity we begin with the
gmulation that includes the cable company and unbundling. That is, it festures an
incumbent cable company marketing data in each square as well as an incumbent ILEC
marketing data and loca voice in each square. Since there are more periods over which
the CLEC can recoup its fixed entry codts, the CLEC now has a greater incentive to
invest on its own. As the table shows, the CLEC enters the three best markets. The price
of voice drops 32 percentage points, and the price of data drops 27 percent. Output of
voice increases 48 percent, and output of data increases 36 percent. Thus, unbundling
unambiguoudy improves consumer welfare, asin our earlier amulations.

Sengtivity andyss (not reported) suggedts that this result is not, however, a
theoretical necessty. Since the importance of fixed entry codts diminishes as more
periods are added, it is again possble that unbundling could lead to a less desirable
equilibrium, but this possbility is redricted to circumstances where the CLEC will enter
the market even if there is no unbundling, and unbundling increases the margind cost of
the CLEC. Since there was essentidly no CLEC entry prior to TA96, we conclude that
unbundling has unambiguoudy increased entry and, thereby, lowered consumer prices.

Thisview is srongly supported by the Willig, Lehr, Bigelow, and Levinson (2002) study.



Table4

One-Period Modd with No Unbundling and a Cable Company

(al variables measured relative to monopoly outcome unless otherwise noted)

Location

11 12 2,1 2,2
Voice Price 1.00 1.00 0.60 0.60
Broadband Price 1.00 1.00 0.71 0.71
Voice Output 1.00 1.00 1.67 1.67
Broadband
Output 1.00 1.00 1.40 1.40
ILEC Profit 1.00 1.00 0.25 0.28
CLEC Profit * 0 0 1.47 154
Total Capitd 1.00 1.00 1.61 1.61
ILEC Capital 1.00 1.00 0.75 0.75
CLEC Capitd * 0 0 1.26 1.26

* Measured relative to ILEC valuesin this equilibrium.




Tableb

One-Period Modd with Unbundling and a Cable Company

(all variables measured relative to monopoly outcome unless otherwise noted)

Location

1,1 1,2 2,1 2,2
Voice Price 1.00 0.68 0.68 0.68
Broadband Price 1.00 0.73 0.73 0.73
Voice Output 1.00 1.48 1.48 1.48
Broadband
Output 1.00 1.36 1.36 1.36
ILEC Profit 1.00 0.33 0.38 0.41
CLEC Profit * 0 0.31 0.66 0.79
Total Capital 1.00 1.46 1.46 1.46
ILEC Capital 1.00 1.14 1.14 1.14
CLEC Capital * 0 0.33 0.33 0.33

* Measured relative to ILEC valuesin this equilibrium.




Table6

Three-Period Mode with Unbundling, ILEC Initially in Data and Voice, and a
Cable Company

(all variables measured relative to monopoly outcome unless otherwise noted)

Location

1,1 1,2 2,1 2,2
Voice Price 1.00 0.68 0.68 0.68
Broadband Price 1.00 0.73 0.73 0.73
Voice Output 1.00 1.48 1.48 1.48
Broadband
Output 1.00 1.36 1.36 1.36
ILEC Profit 1.00 0.33 0.38 0.41
CLEC Profit * 0 0.31 0.66 0.79
Total Capital 1.00 1.46 1.46 1.46
ILEC Capital 1.00 1.14 1.14 1.14
CLEC Capital * 0 0.33 0.33 0.33

* Measured relative to ILEC valuesin this equilibrium.
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Table7

Three-Period Mode with Unbundling, ILEC Isnot Initially in Data, and a Cable
Company

(all variables measured relative to monopoly outcome unless otherwise noted)

Location

1,1 1,2 2,1 2,2
Voice Price 1.00 0.68 0.68 0.68
Broadband Price 1.00 0.59 0.59 0.59
Voice Output 1.00 1.48 1.48 1.48
Broadband
Output 1.00 1.70 1.70 1.70
ILEC Profit 1.00 0.36 0.43 0.47
CLEC Profit * 0 0.38 0.76 0.88
Total Capital 1.00 1.61 1.61 1.61
ILEC Capital 1.00 1.27 1.27 1.27
CLEC Capital 0 0.36 0.36 0.36

* Measured relative to ILEC valuesin this equilibrium.

So far, the discusson has only consdered cases where the ILEC has aready
entered, and hence does not have a srategic motive to preempt CLEC entry. Thus, our
amulaions can be viewed as characterizing a “mature’ market.  Such a drategic motive
can eadly be introduced into the model, however.

Now tha the ILEC is choosing to enter, there is the possbility that there will be
multiple equilibria.  For example, depending on the characteristics of the square that is
“in play” it is possble to congruct equilibria wherein the CLEC will enter if the ILEC is

not there, and where the ILEC will enter when the CLEC is not there. Thus, there may be



multiple Nash equilibria, which, as mentioned above, we assume is resolved by random
chance.

Since our game is dynamic & well, one can find parameters for which the optima
drategy may incdude the posshility of preemptive investment. Such investment may
occur if, for example, income is growing over time in a square, and profits in the future
will be very high, but profits currently are negative. If a player takes losses today, it can
make sure that the future Nash equilibria that may arise are ones where it has entered the
market ether by itsef or with a smdler set of competitors.  Notice that this Strategy can
lead to sometimes paradoxicd results.  Unbundling, for example, may increase the
incentive to invest preemptively, since it increases the probability that a monopoly may
face a future competitor.

For our base case parameters, however, these new runs basicaly support earlier
tables. Since the ILEC is dready providing voice sarvices in every square, it turns out
that the choice to enter the data market is an easy one, except for the case of the lowest
income squares. Table 7 provides the results for this case with ILEC entry. Once again,
we find for our base case paameters that CLEC entry sgnificantly reduces consumer
prices and increases capital and output, with these effects roughly the same sze as in
earlier smulations.

Thorough sengtivity andyds of these possble cases leads to an interesting
concluson. To the extent that one can generate dynamic Smulaions wherein the
introduction of unbundling reduces capital in a market, those equilibria have a particular
form. Such an eventudity can occur if the ILEC has a lower entry cost, and hence has a

preemptive motive to invest ealy (and teke short term losses) in order to acquire
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monopoly in the market in the future profitable periods. In this case, then the
introduction of unbundling can make it no longer profitable for the ILEC to invest
preemptively, which will lower or diminate investment in the non-profitable periods.

If, for example, an ILEC finds it optima to take losses in period 1 0 that it can
have a monopoly in period 2 if there is no unbundling, then unbundliing can, in theory,
lower cepitd investment in period 1 by precluding the posshility that the ILEC earns
monopoly profits in period 2. With unbundling, the ILEC waits until period 2 to invest
(and a that point the CLEC enters) since there is no point earning losses in period 1.
This is an andyticdly plausble outcome, but one can easly see why it has not been
adopted as a theoreticd argument by the ILECs. Unbundling unambiguoudy incresses
consumer wdfare (and cepitd) even in this specid case in peiod 2. The lower
investment is atemporary phenomenon that does not characterize the Steady State.

It is dso possble for the modd to produce unusud equilibria in the opposte
direction. Suppose that the demand for data services is growing over time, and the ILEC
incurs losses if it enters in the current period, but profits later on once it has entered and
demand is higher. In such a case, unbundling can nonetheless induce the ILEC to move
today in order to gain a foothold on a square and not lose the entire square to a strategic
CLEC entrant. One mugt, of course, be careful moving from this theoretica discusson to
red world gpplication. But having a well cdibrated, reasonable modd of dynamic entry
tha fully incorporates both the options of early and delayed entry seems an improvement
over the casud discussons of option vaues presented by Hausman (1998, 2002) and

others.



Clealy, the modd’s smuldion identifies the potentid for improving market
equilibria via rules that make it easier for entry, but the practica success of such efforts
will depend critically on the ability of regulators to vigoroudy and competently enforce
such rules. One possible explanation for the bust in the telecom market is that amorphous
rule enforcement raised costs and uncertainty for entrants to such an extent that the
CLECs began to fdl by the waysde. Many consarvaive critics of regulators argue
persuasively that indecison limited TA96's potentid to foster competition, and that
regulatory errors are S0 endemic that theoreticaly appeding policies are not implementd.
Such views, if well founded, suggest two possble drategies. One, shuttering the FCC, is
unredidic. The dternative would be deviang rules and sysems that can essly be
enforced, with the ultimate objective of moving sufficently far in the direction of the
competitive market place that regulaion is no longer needed. This has dready mosly
occurred in the long distance market, and recent penetration ky CLECs into loca markets
suggedts thet it may be happening there as well.

To foster this process, the state PUCs as well as the FCC could gtart requiring the
BOCs to provide dectronic rather than manud switching of loops, and dSgnificantly
lower the fixed cost of CLEC entry. As described in Kotlikoff (2002), the costs of
implementing such Electronic Loop Provisioning (ELP) are very low redive to potentia

benefits.
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Conclusion

In the late 19" Century, thousands of loca telephone companies operated in the
United States and, having worked out their interconnection problems, competed with one
another.?® But in the early 1900s, the Bell System began to creste a monopoly, both by
denying these smdl companies access to long distance and by aggressvely purchasng
them. Almost a century later, the Telecom Act of 1996 attempted to create an
environment where smdl, medium, and large companies could once agan enter and
compete.  The find results of this policy remain to be seen, but our smulaions and the
evidence from a variety of dates suggest that the policy may well be beginning to work.
The recent experience in markets that have experimented with low unbundling prices
looks very much like our smulations. When CLECs enter because of unbundling, prices
decline, output and investment increase, and ILEC monopoly profits and share prices
decline.

While the ILECs are undergtandably chagrined to lose any of their monopoly
rents, their increesingly loud complaints about TA96 ae a cler dgn that the law is
working and that the public is benefiting. An even dronger Sgn are the price reductions
and cog savings that the public is enjoying in daes that are aggressvely enforcing
TA9. It's too early to know whether this incipient rebirth of telecom competition will
soread to the entire county. But if it does, it will not only rguvenate the tedlecom industry

but aso help revive the overdl economy.

26 See Barnett and Carroll (1993).

V)



Refer ences

Aumann, Robert, “ Subjectivity and Corrdation in Randomized Strategies,” Journal of
Mathematical Economics, 1: 67-96, 1974.

Barnett, William P., and Glenn R. Carroll. “How Ingtitutional Congraints Affected the
Organization of Early U.S. Telephony.” Journa of Law, Economics, and Organization
9:98-126, 1993

Hal, Robet E., “Rescuing Competiton to Stimulate Telecom Growth,” mimeo, Stanford
University, September 28, 2001.

Hausman, Jary, “The Effect of Sunk Cods in Tdecommunications Regulation,” mimeo,
MIT, October 2, 1998.

Hausman, Jary, “The Effect of Mandatory Unbundling on Investment in Broadband and
Other New Technologies,” mimeo, MIT, April 21, 2002.

Hubbard, Glenn R. and William Léhr, “Tdecommunications, the Internet, and the Cost of
Capita,” mimeo, Columbia Univerdty, May 4, 2000.

McDondd, Robet and Danid Segd, “The Vdue of Wating to Inves,” Quarterly
Journal of Economics, 101, November 1986, 707-23.

Jorde, Thomas M., J. Gregory Sidak, and David J. Teece, “Innovation, Investment, and
Unbundling,” Yale Journal of Regulation, 17 (1), Winter, 2000.

Katlikoff, Laurence J, “Teecommunications Policy — Promoting Invetment and
Vigorous Competition,” mimeo, Boston University, April 23, 2002.

Organization for Economic Cooperation and Development, “The Development of
Broadband Accessin OECD Countries,” October 29, 2001.



Appendix
Modeling Telecom Investment as a Dynamic Game

The Framework
Timegoesfromt=1tot=T.

There are Z players. (We gart with three—alLEC, a CLEC, and a Cable.)

There are V transmisson products. (We dart with two — locd voice and data and
consider adding TV/video, wirdess, and long distance.)

Thereare F = H x M squares, where H is the number of north-south squares and M isthe
number of east-west squares. For each product and for each player, there are N=2"
possible states of entry a the beginning of any period, where a date of entry is a
description of the squares in which the player has dready entered.

Entry Space

The possible states of entry of any player i with respect to any product k a the beginning
of ay timet are given by the N rows of the N x F matrix E, which are given below. A
vadue of O indicates entry has not yet occurred. An vadue of 1 indicates entry has
occurred. Notethat there are F dementsin each row vector — one for each square.

e = (0,000,...,0)
& =(1,000, ...,0)
e; = (0,1,0,0,...,0)
e = (1,1,00,...,0)
e = (0,0,1,0,...,0)
e =(1,0,10, ...,0)
e =(0,1,1,0, ...,0)
QB =

(1,1,1,0,...,0)

v = (L1, ...1)

The State of Entry

Let my denote the entry state of player i with respect to product k at the beginning of time
t. The vdue of my is a number ranging 1 through N indicating which of the N row
vectorsof E isapplicable.

The entry dae of dl players a the beginning of time t is given by the Z x V matrix A,
whose row vectors (one for each player) are given below.



agr = (Ma1e, Mot -.., M)
a2t = (m21ta m22t! ey rnZVt)

az = (Mzat, Mzay, ..., Man)

Each dement in A; can take on N different values. Hence, there are N different possible
dtates of nature (A; matrices) a timet.

Strategies

In each period each player can play any of the rows of E; i.e, players can stay where they
are in terms of entry, chose to leave squares they entered in the past, or choose to enter
squares in which they were not operating in the previous period.

There are G = N different strategies for each player because there are V products and N
possible entry vectors for each product. Index these strategies by g, where g = 1, ...,G.
Let syiy refersto strategy g undertaken by player i a time t, where strategy vector Sy(iy =
(gt » Jgtiy2t » ---igiywe ), for g(i)= 1, ..., G. This vector indicates the entry decisons made
by player i a time t for each product given tha player 1 is playing srategy g(i). For
example, suppose there are three products (V equals 3) and consider gy = (4,7 ,2). This
drategy entails player i

a) entering the market for product 1 in dl the squares determined by
the row vector ey.

b) entering the market for product 2 in dl the squares determined by
the row vector e;.

c) entering the market for product 3 in dl the squares determined by
the row vector e.

Determination of Entry at TimeT

The determination of entry decisons a time T needs to be made for each possible state of
entry matrix Ar. For each possble state of entry matrix we caculate dl the economy’s
pure drategy equilibria a time T. We then assume that each of these equilibria arises at
time T with equa probability; i.e, that there is a random corrdation mechanism that
chooses the equilibrium.

Cdculating Pure Strateqy Equilibriaat Time T




Let pit (g1 S@)2n-- S@2z0 A) forg(l)) = 1..G; 92 =1..G, ..,; ... 09 =1.G
specify the net income earned by firm i in period t given the dae of entry is A; from
playing srategy Syir given that player 1 plays Sy)1t player 2 plays Sy2)2t, €tc.  For (Sy1
Sy(2)2Ts- -+ Sq(i)iTs -~ Syz)zT; Ar) to beapure strategy at T, it must be the case thdt,

Pt (ST ST+ Sy@Ts A1) 2 PaT(ST) Sy@ T+ Sy Ar) for all j g(1).

P21 (ST Sy Su™s AT) 2 Par (ST ST+ Sy Ar) for all j 1 g(2).

Pzr (ST ST+ ST AT) 3 Pz (ST So@) 10+ §T Ar) for all j 1 g(2).

Determination of Entry at t<T

The determination of entry decisons & time t needs to be made for each possible state of
entry matrix A; For each possble dae of entry matrix we cadculate al the economy’s
pure drategy equilibria a time t. We then assume that each of these equilibria arises at
time t with equd probability; i.e, that there is a random corrdation mechanism that
chooses the equilibrium.

Cdculating Pure Strategy Equilibriaat Timet

Let N¢(A;) equd the number of pure strategy equilibria a time t given that the entry date
atimetisA. Letn = 1,...,Ni(A) reference these equilibria

Define Vi((A;) as the expected present value of net income earned by firm i caculated at
the beginning of timet given the entry Sae a timet isA:.

NtéA) i ; d\/'t+1 +1\"7t
V.(A) = aﬂp.t(nA);(A)(A ()

where ViT+ 1(AT+ 1) =0.

The teem d is the discount factor. The index n;, which references the pure drategy
equilibrium played & time t, determines the entry dtate tha will preval a time t+1.
Hence, A1 iswritten asafunction of .

For (gt Sy)ts- - Syties -+ Syt Ar ) to be apure strategy at t, it must be the case that,

P1t (St @)+ Syt A )t Va1 (A 1(Sy) 16 Sg)2t-- - So@)z1) 2



P1t (S1t Sg2)2t:- - Sy@zts Ar) + Vi 1 (A 1(S1s Sy)2n--» Sy2zr))  for all j* g(l).

P 1t (Syn)1t Sy2)26-- - Sy@zts A ) AV 1 (A 1(Synyt St - - o)) 3

P1t (St @)t Syt Ac) + Va1 (A 1(St S+ Suz))  for all j* g(2).

Pt (St Sg@ts- - So@ts A )+ Ve 1 (A 1(Syyts Syt So@)t) 2

Pt (St Sy@t-- - So@t Ac) + AV (As 1 (S Sy §)) - for all j2 g(2).

The equations for finding the pure drategy equilibria are the same as for time T except
that the players condgder not smply current net revenue from playing a particular
drategy, but aso the present expected vaue of future revenue associated with entering
the next period from the entry state to which their own drategic entry decisions as well as
those of their competitors lead.

The Structure of Demand and Supply

Asume the utility of agents is Cobb-Douglas in communications, ¢, and other goods, d,
where

U(c,d) = c*h?

Each agent's demand for communications is given by ¢ = ay/p. ,where y stands for
income and p; dands for the price of communications. Each agent produces
communications based on a Cobb-Douglas production function that takes as inputs the V
communications products that include locd telephone and datar Each agent’s production
function isgiven by

=v

c=Ha " g2 "% ...qv°Y, where by = 1- S b
i=1

Cos minimization implies tha input expenditure shares equd ther production
coefficients.

pigi = bi E
The constant returns property means that total costs equal total expenditures. Hence,
pcc = E , where p; isthe price (user cost) of input i.

And since pcc = ay, we have
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pigi =biay

or

g =biay/pi

The aggregate demand for telecom input i in the telecom market in question, Q; , isthen,
Q =b;aY/p , whereY isaggregate incomein the loca telecom market.

The Cournot Game
A player | producing telecom input i playing Cournot will set
hai =(pi —mai)/pi ,
where h is the inverse demand dadticity in the market for the input, g is the
output share of player j in the production of good i, and mg; is the margind cost
of player j in producing input i. In this modd, h = 1. Summing the above
equation over dl playersj, we have that
Vi

pi= S mc;/ (vi — 1), wherev; isthe number of playersin the market.

=1

Summarizing and Evauaing the Solution

This solution is dmple.  In each sgquare for each configuraion of entrants being
consdered, we smply add up the margind cogs of the players, divide by one less than
their number, and that's the price that will prevail. The formula, Q =b;aY/p; can be used
to determine Q and each entrant j's output can be determined by multiplying g=0q;Q;,
where g=(pi — mc;i)/pi. Player j's profit for operating in the square in the period in
question is given by pig; —fec; — foc; — mcg;, where fec; refers to the fixed cost of entry for
player j if she hasn't dready entered the market and foc; stands for player j's fixed
operating cost.

The downsde of this method of modding demand is that the solution is not well defined
in the case of a monopolist because the demand dadticity for each telecom input equals
unity. We can assume tha when there is a sngle player supplying an input in a given
market, that the player is forced by regulators to price at prices chose to roughly match
current actud circundtances. This solution has the property that a player’s profits in
producing one telecom input don’'t depend on the amount of the other telecom inputs he
supplies in the market (square). The reason is that the demand curve for input i depends
only on its own price and not the prices of the other inputs. Were this not the case, a
Cournot player in a square supplying more than one input would have to consider how
her supply of one input dtered the price and thus demand for the other input(s) she
supplies.  Entertaining different preferences or production functions for communications
will generate this problem and make things very complicated.



