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Abstract - This paper analyzes whether current practices in estimating 
incremental costs for regulated telecommunications companies pro­
vide them with efficient investment incentives. In implementing the Tele­
communications Act of 1996, regulators are using incremental cost stud­
ies, with some markup for shared costs, to establish prices for intercon­
nection, reciprocal compensation, unbundled network elements, and 
universal service. Regulators use these incremental cost estimates, which 
come from proxy cost models, to set upper bounds on these prices.This 
is a significant change from past practices, where incremental cost stud­
ies were used for setting price floors for competitive or potentially com­
petitive services. 

This new application of incremental costs has prompted new debates 
about cost studies. The applicability of real options Investment analysis 
is one of these debates.The use of real options is analyzed by consider­
ing a model in which the regulator affects ILEC investment decisions 
and market outcomes through price controls. It shows that existing TELRIC 
models tend to discourage efficient ILEC investment by understating 
incremental costs and that the inefficiency is not as great as the real 
options proponents claim. 

This paper analyzes whether current U.S. practices to estimate incremental costs 
for telecommunications companies provide efficient investment incentives to regu­
lated incumbent local exchange companies (ILECs). The implementation of the 
Telecommunications Act of 1996 (Act) has raised this issue.^ In implementing the 
Act, the Federal Communications Commission (FCC) and many state public util­
ity commissions (PUCs) are using incremental cost studies, with some mark-up 
for shared costs, to establish prices for interconnection, reciprocal compensation, 
unbundled netwotk elements (UNEs),^ and universal service.'' Regulators use these 
incremental cost estimates, which come from proxy cost models,' to set ceilings 
on these prices. This is a significant change in regulatory practice. Before the Act, 
regulators used incremental cost studies to set price floors for competitive or po­
tentially competitive services. 
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This change in the use of incremental cost studies has affected stakeholder interest. 
Previously, ILECs had an incentive to keep the cost estimates low in order to ob­
tain more flexibility to lower their prices in competitive markets. Now these com­
panies' interests are to keep the estimates high to obtain greater flexibility in pro­
tecting revenue streams and affecting competitors' costs. This does not mean that 
ILECs would always choose to price at the ceiling if the ceiling were high. ILECs 
may price below the ceiling to discourage the development of competitive net­
works or simply to meet competition for UNEs. Even if the ptice ceiling were 
highet than the price the ILEC actually charged, the higher ceiling still has value to 
the ILEC because it gives the ILEC the option to raise prices should the market 
situation change. Also, when incremental cost studies formed the basis for price 
floors, some ILEC competitors wanted high cost estimates to secure price umbrel­
las in competitive markets. Now competitors want to keep the estimates low to 
decrease the payments that they have to make to their competitors, the ILECs. 

This new stakeholder dynamic has prompted new investigations into the appro­
priateness of how regulatois perform and apply incremental cost studies. The cur­
rent debate focuses on total element long-run incremental cost (TELRIC) studies 
because the FCC and many PUCs are adopting them (Jamison, 1998b; Salinger, 
1998). One element of this debate has concerned the applicability of real options 
investment analysis.*" This debate has raised concerns that TELRIC-based prices 
do not induce efficient investments on the part of ILECs because TELRIC studies 
do not reflect the economic depreciation of ILEC investments, uncertainty in de­
mand, and inter-temporal opportunity costs. 

This paper analyzes these issues by considering a model in which the regulator 
affects ILEC investment decisions and market outcomes through price controls. 
By comparing this model to TELRIC practice, this analysis shows that prices based 
on existing TELRIC models could discourage efficient ILEC investment by un­
derstating incremental costs. These models understate ILECs' incremental costs by 
inappropriately updating input prices without adjusting depreciation and by over­
stating expected demand. This paper also shows that the inefficiency is not as great 
as some claim. For example, Hausman (1996) states that TELRIC models omit 
depreciation, demand uncertainty, and real options. The fitst two claims are incor­
rect and the effect of omitting real options is ambiguous. 

The remainder of the paper is organized as follows. Section 1 describes the eco­
nomic model. The term "model" is used to characterize this paper's stylized as­
sumptions about how regulators regulate ILECs, how ILECs make investment 
decisions, and how ILEC competitors buy UNEs. This is a non-technical explana­
tion that non-economists should find readable. The Appendix contains the tech-
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nical explanation. Section 2 examines how various properties of TELRIC models 
affect the efficiency of ILECs' investment decisions. Section 3 is the conclusion. 

1. THE MODEL 

This section describes the model and applies it to identify efficient prices. 

1,1 Description of \he Model 
This paper's model considers an ILEC that produces multiple products and that 
makes investment decisions subject to regulatory price controls and uncertain de­
mand.' It assumes that the ILEC enjoys economies of joint production from pro­
ducing multiple products, but makes no assumptions about whether the ILEC is a 
natural monopoly; i.e., it does not assume that a single ILEC could serve the entire 
market demand more efficiendy than two or more other firms (Baumol, 1977; 
Jamison, 1998a), although it does not preclude it. The ILEC produces both retail 
products and UNEs. Some of the ILECs retail products are subject to universal 
service obligations (USOs). A product subject to USOs is defined as a product 
where the regulator requires the ILEC to charge a price that is lower than what 
would be found in a perfectly competitive market. In other words, the ILEC can­
not charge the regulator's mandated price without an external source of funding or 
without charging supercompetitive prices for other products. If demands are inde­
pendent, then by definition, the per-unit funding needed to allow the ILEC to 
charge the mandated price and earn its cost of capital is the difference between the 
competitive market price and the mandated price. 

The model assumes that the ILECs prices and investment affect demand, that 
demand is stochastic, and that buyers buy less at higher prices than they do at 
lower prices, all other things being equal. ILEC investment affects demand be­
cause higher levels of investment improve the quality of the UNEs and retail prod­
ucts, making customers of either type of product more willing to buy from the 
ILEC. 

This paper further assumes that the quantity produced and ILEC investment de­
termine the ILECs production costs.' Increases in the quantities produced will 
increase costs. Investment is also a cost, but one that lowers other production 
costs. In effect, this assumption means that the ILEC can trade sunk investments 
for variable costs and vice versa, although the trade may not be one-for-one. 
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The ILEC's decision to produce or not produce a product, even if the regulator 
makes the choice for the ILEC, changes the ILEC's costs and revenues. The change 
in costs is called the incremental cost of the product. The incremental cost covers 
the ILEC's entite production of this product. For example, if the ILEC produces 
ten thousand unbundled loops in a market and this causes the ILEC's total cost for 
all products to increase from $900 million per month to $900.2 million per month, 
then the incremental cost of providing unbundled loops in this market is $200,000 
per month. Likewise, this model considers the ILEC's change in revenues from 
providing a product to be the incremental revenues for the product. As in the case 
of incremental cost, it is the change in the company's total revenue that is impor­
tant. So the incremental revenue from the product is the change that it causes in 
the ILEC's total revenues. To simplify discussion, this section generally assumes 
that adding or dropping a product does not affect demand for other ILEC prod­
ucts. This assumption allows a discussion of prices rather than incremental rev­
enues. The discussion on real options drops this assumption. 

The model has the regulator, the ILEC, and the customers make decisions in se­
quence. The regulator makes the first decision. She selects the prices for UNEs and 
USOs using TELRIC models. Because the regulator uses these models, prices are 
tied to neither the ILEC's actual economic costs nor its earnings as in rate of return 
regulation. It is assumed that, properly applied, it is technically feasible for the 
TELRIC model to reliably estimate the ILEC's incremental cost.' Also, the regu­
lator enforces her other price requirements by setting maximum prices and not by 
rate of return regulation. 

The ILEC makes the second decision. It chooses whether and how much to invest 
and executes its investment choice. The ILEC knows the regulators' price ceilings, 
but does not know the quantities that UNE and USO customers will buy. It is 
assumed that the ILEC and the regulator know the minimum and maximum 
amounts that these buyers could purchase and the probabilities of them buying 
any particular amount between the minimum and maximum. The regulator re­
quires the ILEC to supply all that customers want to buy from the ILEC. It is 
further assumed that the ILEC wants to maximize expected profits and is risk 
neutral. 

Customers make the last decisions. They make their buying decisions based upon 
the prices the ILEC charges, the investment-induced quality of the ILEC's prod­
ucts, and other factors. These othet factors were unknown at the time that the 
ILEC made its investment decision. This gives demand its stochastic properties. 
Once these buyers make their putchasing decisions, the ILEC incurs the remain­
der of its costs tor providing the products and receives its revenues. 
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To simplify the analysis, the model assumes that the demand and supply effects of 
investment are such that the ILEC sells no products and incurs no incremental 
costs if it chooses to make no investment. 

This model is a reasonable approximation of what is happening in telecommuni­
cations in the United States. Regulators are setting UNE and USO prices using 
TELRIC models, generally with contributions to shared costs. Even though these 
prices apply to ILECs' existing networks and not just new investments, the prices 
signal how much profit the ILEC can expect from new investments that may be 
used for UNEs and USO products. Also, investment can increa,se quality and lower 
other production costs. Furthermore, ILECs do nor know demand with certainty 
when they invest. ILECs invest to replace facilities serving current demand and to 
serve projected new demand. In the case of existing demand, ILECs can have a 
reasonable amount of certainty that demand in the near future will be similar to 
what they are experiencing today. However, it is always possible that demand will 
decrease if competitors place facilities that eventually serve existing demand, or if 
customers move to other locations.'" Projected new demand is also uncertain. 
Population shifts, housing developments that do not live up to forecasts, and slow­
downs in economic growth can all result in realized demand being less than fore­
casted demand. Also, new demand may not last for the entire average economic 
life" of the facilities for the same reasons that current demand may decline. 

1.2 Application of the Model 
Assume that the regulator wants the ILEC to choose an investment level, /*, that 
maximizes the total benefit that ILEC investment can bring to the economy. The 
benefits of/* are the decrease in ILEC unit production costs and the increase in 
the value of ILEC products brought about by the increase in ILEC product qual­
ity. The cost of/* is simply the cost of the investment. If the regulator had com­
plete and perfect information, as well as complete control over the ILEC and cus­
tomers, the regulator would choose /*and the optimal quantity, q*, by equating 
marginal benefits with marginal costs and requiring the ILEC to make the invest­
ment /*and customers to buy q*. But in the real world, the regulator does not have 
complete and perfect information and does not have complete control over the 
other players. Instead, the tegulator must use incentive mechanisms to induce the 
ILEC to choose /* and customers to buy cj*, or at least to induce them to choose 
amounts close to /*and q*?^ 

To determine which price ceilings will induce the most efficient investment, the 
regulator uses backwards induction; in other words, she starts at the end of the 
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sequence of decisions that will take place in response to her price controls and 
works backwards through the decisions to determine which price control will give 
her the most desirable outcome. She begins by considering the ILEC's customers' 
situations. These customers will choose quantities of ILEC products based upon 
the prices the ILEC charges and /. However, because there is a stochastic element 
to demand, the regulator does not know with certainty how much customers will 
purchase at particular price and investment levels. Instead, like the ILEC, she knows 
how prices and investment affect demand and has expectations about the stochas­
tic effects. She bases her expectation on her knowledge of the range of possible 
quantities demanded and the likelihood of each potential level of demand. 

Having formed her expectations about how customers will respond to the ILEC's 
prices and investments, and knowing that the ILEC shares these expectations,'^ 
the regulator considers how the ILEC will respond to her price controls and their 
shared expectations about customer demand. From the ILEC's perspective, once 
the regulator establishes her price ceilings, which are called p^, where A/represents 
all of the ILEC's products, the ILEC chooses its investment level, /^, to maximize 
its profits. The prices that relate to UNEs and USOs are called p^^ where S repre­
sents the UNEs and USO products. The ILEC's actual profits will be the differ­
ence between its realized revenues and the sum of its realized production costs and 
investment. However, at the time the ILEC makes its investment decision, it does 
not know what its actual profits will be because it does not know how much cus­
tomers will buy. So the ILEC bases its investment decision on its expected profits, 
which are equal to expected revenues minus the investment and the expected pro­
duction costs. 

Next the regulator attempts to choose the price that induces /"* and ^*. Unfortu­
nately, there is no price that does this because the regulator has only one tool and 
is trying to determine two outcomes. The tool is the price per unit sold.''' The two 
outcomes are the investment made and quantity sold. If the regulator had a two-
dimensional price - one dimension that reflected quantity sold and another that 
reflected quality - then she might be able to achieve her efficient outcome. This 
paper does not model this possibility because no regulators appear to do this in 
practice (Jamison, 1998b). 

What the regulator does instead is choose a price that maximizes total social sur­
plus subject to the ILEC's and customers' decision-making processes. Total social 
surplus is the difference between the value customers place on UNEs and USO 
products and the cost of providing them. The amounts they choose are /„*and q* 

As the next subsection explains in more detail, the regulator chooses a price that 
covers the ILEC's expected incremental cost. The effects that price changes have on 
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investment determine whether the price is above or below the ILEC's marginal 
cost. If price increases lead to increased investment, then the optimal price is above 
marginal cost. The reverse is true if the price increases decrease investment. The 
Appendix describes this in more detail. 

1.3 Cost-Based Prices 

Now consider how the regulator's efficient price control compares with the ILEC's 
costs. Recall that the ILEC chooses / by equating the investment's marginal effect 
on expected revenues with its marginal effect on expected cost. The marginal effect 
on revenues is simply p j times the expected marginal effect on demand. The mar­
ginal effect on cost is simply the marginal effect on expected production costs 
(including effects on demand) plus the marginal investment. This means that p^^ 
must reflect the expected marginal cost. Because the ILEC cannot charge directly 
for quality, it chooses investment levels that cause marginal costs to be either above 
or below p -̂ . The direction and magnitude of the deviation from marginal cost 
depends on how investments affect demand and costs. The interactions among 
demand, costs, and investment are complex, but in general, large investment-in­
duced changes in demand cause the ILEC to keep marginal costs below p ^ , espe­
cially if investment causes the demand curve to become steeper.'^ Both of these 
conditions might occur if quality is important to customers, especially at higher 
prices. This necessary relationship between prices and marginal costs is called the 
optimization constraint. 

The optimization constraint induces the ILEC to make an efficient investment 
only if the ILEC is willing to invest. The regulator ensures that the ILEC is willing 
to invest by applying the same process that she used to develop her optimization 
criteria, but with two slight differences. The first difference is that she must con­
sider the total effect of the investment, and not just the marginal effect. In other 
words, she must consider the investment's total effect on the ILEC's expected rev­
enues and the investment's total effect on the ILEC's costs to induce the ILEC to 
invest. The second difference is that she does not need to concern herself with 
equating the effects. She only needs to ensure that the revenue effect is at least as 
great as the cost effect. As long as this is true, the ILEC is willing to participate in 
the regulator's mechanism. This is called zheparticipation constraint. With a small 
amount of algebraic manipulation, which the Appendix shows, the participation 
constraint can be expressed as p^ being greater than or equal to the expected incre­
mental cost of the ILEC choosing /^ = I^* over I^ = 0, divided by the expected 
demand. In other words, the regulator's price ceiling must be greater than or equal 
to the ILEC's expected TELRIC (which may be different from the regulator's esti­
mated TELRIC) divided by expected demand. 
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Salinger (1998) applies a dynamic model to provide a useful explanation of the 
ILEC's incremental costs. He explains that the incremental cost is a current price 
that makes the current value of the incremental revenues just equal to the current 
values of the incremental operating costs and incremental investment, given that 
these values will continue to be equal in all future periods. In other words, the 
optimization constraint and the participation constraint should be understood to 
imply present values of prices to be charged, expected quantities to be sold, and 
expected production costs over the life of the investment."' He also shows that the 
assumption that the expected life is known (which is the rypical assumption in 
TELRIC studies) understates incremental cost. He further demonstrates the pos­
sibility that technology improvements will increase the capacity of assets and de­
crease incremental cost. 

1.4 Real Options 
Now consider the effect of real options on the optimization and participation 
constraints. Real options theory states that, if investing at the current time creates 
or destroys future opportunities, the foregone or gained value of these opportuni­
ties should be considered in estimating the value of the investment decision 
(Trigeorgis, 1996). To examine this effect, let \j/ represent the products associated 
with the ILEC's alternative investment, which the ILEC cannot make because it is 
investing for S. \\f could be another set of products or simply a change in the 
timing of an investment to provide S. That is to say, V|/ could represent the same 
products as S, but the products are provided on a different time schedule or in a 
different way. \)/ might also include retail products that other firms sell in compe­
tition with the I L E C ' ' Regardless of whether \^ represents a temporal or inter­
temporal difference from S, or both, it is possible to re-express the optimization 
and participation constraints to explicitly include real options. Doing so changes 
the optimization constraint to the requirement that p̂ ^̂  must equal the expected 
marginal cost, plus the adjustment for the ILEC not being able to charge directly 
for quality, plus the expected marginal unit value of the foregone options. The 
participation constraint becomes the requirement that p ^ be greater than or equal 
to the expected incremental cost of the ILEC choosing /^ = I* over I^ = 0, plus the 
value of the options that are foregone by increasing investment from 0 to /*, di­
vided by the expected demand. In other words, the regulator's price ceiling must be 
greater than or equal to the ILEC's expected TELRIC plus the change in option 
values, divided by expected demand. 

Incorporating real options improves ILEC incentives to invest efficiently, but the 
effect on the optimization and participation constraints is ambiguous. Hausman 
(1996) argues that real options values are positive, meaning that investments al-
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ways foreclose options (Salinger, 1998). If this is the case, TELRIC-based prices 
induce ILECs to invest too little. Other writers (Trigeorgis, 1996) point out that 
real options values can be positive or negative. In the context of pricing UNEs, real 
options might be negative if the investment cteates opportunities. For example; 
the investment might be necessary to maintain a market presence and avoid costs 
of re-entering a market. Because the direction of the effect on p "• is ambiguous, 
regulators would need to assess the effects of real options on a case-by-case basis if 
they choose to consider real options in regulating UNE and USO prices. 

1.5 Real Options as ECPR 

Incorporating real options into UNE and USO pricing is effectively an applica­
tion of the efficient component pricing rule (ECPR), which was developed in the 
context of contestable market theory. The ECPR, which is also called the Baumol-
Willig rule, recommends that competitors pay ILECs their opportunity costs. In 
other words, the prices an ILEC would charge to competitors would ensure that 
the ILEC would make the same amount of profit regardless of whether it succeeds 
in the competitive portion of the market. The ECPR formula for setting UNE 
prices (called wholesale prices in the formula) is (Baumoi and Sidak, 1994): 

Wholesale price = Retail price - [Retail IC- Wholesale IC\ 

Or alternatively. 
Wholesale price = Retail markup + Wholesale IC (1) 

Where IC is the acronym for incremental cost and Retail markup = Retail price -
RetailIC. Comparing Equation 1 to the participation constraint with real options, 
Wholesale price represents p^ (setting aside USO products for the moment), Wholesale 
/ C represents the incremental cost of 5, and Retail markup represents the real op­
tion value of \|/. 

Because real options is an application of the ECPR, several conclusions from the 
ECPR literature may applicable to real options. Examples that may need to be 
considered include: 

• The underlying model assumes that competitors are fringe competitors that 
can offer only some subset of what the ILEC produces (Willig, 1979) 

• Retail markup should contain no monopoly profits (Tye, 1994; Baumoi and 

Sidak, 1994) 
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The retail market should be homogeneous, or the Retail markup should be 
adjusted for the differences in value to customers (Willig, 1979; Armstrong 
and Doyle, undated) 

The ILEC is less likely to try to protect markets from competition and dis­
criminate against competitors than with a lower Wholesale price (Ordover, Sykes, 
and Willig, 1985). 

2. HOW TELRIC PRICES AFFECT INVESTMENT INCENTIVES 

This section describes how various properties of TELRIC studies affect ILEC in­
vestment incentives. It describes the relevant features of TELRIC studies first. It 
then discusses the concerns with economic depreciation, demand uncertainty, and 
real options. 

2.1 TELRIC Studies 

The basic TELRIC formula begins by estimating the incremental capital expense 
(CAPEX) that q^ causes. The formula then multiplies an annual carrying charge by 
the incremental CAPEX. This carrying charge consists of the cost of capital, in­
vestment-related taxes, and depreciation expense. The result is an annual carrying 
cost of the CAPEX. The formula then adds annual operating expenses to this an­
nual carrying cost and expresses the result on a relevant unit basis (for example, per 
imit per month). 

Traditionally, CAPEX has been the main driver in incremental cost studies. This 
was because analysts assumed that CAPEX drove almost all carrying costs and 
expenses, or at least that there was a strong positive correlation. Critical assump­
tions for CAPEX calculations have been: 

/. Technology - By necessity, a TELRIC study assumes a particular technology is 

used to provide the network elements. Assumptions can vary, but the FCC 

prefers to assume that studies assume the most efficient or least-cost technol­

ogy that is generally available. 

2. Network architecture - TELRIC studies tend to assume a scorched node; i.e., 
existing central office locations and cable routes are assumed to be fixed, but 
technologies can change. 

3. Utilization or fill factor - "Utilization" or "fill factor" refers to the percent of 
the capacity of a facility that the study assumes will be used. For example, an 
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assumption of 50% utilization of a 200-pair cable means that it is assumed 
that 100 pairs are used. The FCC appears to favor average fill. However, calcu­
lating average fill is very difficult because, in practice, every node and link has 
a different fill and the fills change on a regular basis. The last time the author 
examined TELRIC models, the HAI (formerly Hatfield) TELRIC model in­
terpreted average fill to mean that the scorched-node network would be opti­
mized with respect to fill, but with the constraint that network facilities must 
be purchased in standard sizes. So, for example, if a cable route needed 202 
copper pairs, the model would use the next size cable above 200 pair for esti­
mating TELRIC." 

4. Depreciation - The models use whatever depreciation rates the regulator sets. 

5. Cost of capital-The models use whatever cost of capital the regulator sets. 

6. Operating expenses - Traditionally, incremental cost studies estimated operat­
ing expenses by multiplying CAPEX by an expense/asset ratio calculated from 
ILECs' accounting records. This appears to be the method used by the TELRIC 
models that the FCC is considering. Recently, some ILECs have begun using 
activity-based costing. 

2.2 Comparison of Economic Principles with TELRIC Practice: 
Depreciation 

Hausman (1996) argues that TELRIC studies do not include depreciation, or at 
least include too little depreciation. The previous subsection described how TELRIC 
studies incorporate depreciation on assets. With respect to the amount of depre­
ciation, Hausman (1996) is correct thatTELRIC studies should include economic 
depreciation and the effects of decreases in input prices. These effects are part of 
incremental cost. It is unlikely that the studies do this because, even if they use 
appropriate depreciation lives and depreciation methods, the studies' technology 
assumptions continually update the investment amounts according to technology 
and price improvements. As technology becomes more efficient and unit prices 
decline, updating the technology assumptions lowers depreciation expenses, all 
other things being equal. Unless this effect is incorporated into the depreciation, 
this updating causes TELRIC models to understate depteciation. Regulatory de­
preciation practices do not appear to consider this dynamic of using depreciation 
in TELRIC models. As a result, there is a risk that prices will be too low. 
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2.3 Comparison of Economic Principles with TELRIC Practice: 
Demand Uncertainty 

Hausman (1996) also argues that TELRIC studies do not adequately reflect the 
effects of demand uncertainty on ILECs' irreversible investments. This appears to 
be at least partially true, but not to the extent claimed. 

This paper's model incorporates demand uncertainty and irreversible investments. 
In the model, the ILEC makes the investment before it knows demand and is 
unable to reverse the investment. The participation constraint states that the price 
must be greater than or equal to expected average incremental cost. The numerator 
for the average incremental cost includes all of the costs the ILEC incurs to provide 
q^ including costs incurred for demand that does not materialize or that does not 
remain for the entire economic life of the plant. The denominator is the expected 
sales. As a result, average incremental cost represents an average over projects that 
live up to their demand expectations, projects that exceed their demand expecta­
tions, and projects that fail to live up to their demand expectations. All irreversible 
investments are covered in the participation constraint." Likewise, the optimiza­
tion constraint incorporates expected demand and costs over all projects incorpo­
rating the UNE or USO. 

Unfortunately, it appears that the TELRIC models that the FCC is considering do 
not live up to the optimization and participation constraints with respect to un­
certain demand. As Section 1.1 above explains, the FCC has determined that 
TELRIC studies should assume an average utilization amount. This results in per-
unit TELRICs that are equal to average incremental costs. However, the imple­
mentation of this decision in the HAI model does not take into account all factors 
that cause utilization to be less than optimal.^° Specifically, by optimizing the 
network based on current demand and future growth, the studies do not consider 
projects that fail to live up to the investors' demand expectations. As a result, the 
application of the TELRIC models understates average incremental cost and mar­
ginal cost. 

Hausman (1996) also states in the context of uncertain demand that TELRIC-
based prices truncate the amount of profits that ILECs can expect from innova­
tion, thus discouraging innovation-related investments. His assertion is correct. In 
fact, any regulation that limits the amount of profit that an ILEC receives from an 
investment has this effect. TELRIC-based prices are more onerous than, for ex­
ample, regular price cap constraints in that normal price caps allow companies to 
adjust prices and so earn extra profits on a particular service should market condi­
tions permit. However, the problem is with price limits on innovations, not with 
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demand uncertainty. At least in theory, the proper remedy for this problem would 
be to have few, if any, price constraints on innovations. In practice, it is difficult to 
determine when something is an actual innovation and not just an opportunistic 
use of regulatory rules. 

2.4 Comparison of Economic Principles with TELRIC Practice: 
Real Options 

Hausman (1996) also asserts that TELRIC studies understate incremental cost 
because they fail to reflect the value of real options - inter-temporal investment 
options foreclosed when the ILEC chooses /. This may be true in some instances, 
but it is difficult to imagine that the effect is large. 

The ECPR equations in Section 1 illustrate that an ILEC's choice to make UNE 
and USO product investments, P, must provide more profit than the ILEC's best 
alternative investment, I^, that /jj'forecloses for the ILEC to choose I^. The ECPR 
equations also illustrate how real options created by /flower the profit needed 
from P to induce the ILEC to make the investment. To foreclose investments, I^ 
must occupy some space that I^ requires. This space could be: 

/. Physical. This would be space in, for example, conduit, buildings, or radio 
spectrum, that /'•' could occupy in the future. If this is the only available space 
forl^, then the full value of/' ' is in the real option. "Value of 7^"''"means the 
net present value of cash and options from I^. If there are other spaces that 
I^ could occupy, then only the incremental loss of/^"''s full value would be 
included. 

2. Capital. This would include the consumption of capital that could not be 

replaced in the future except at a higher cost. 

3. Demand. The investment I^ might supply some consumer demand that could 
be served with higher-valued investment sometime in the future. 

4. Cost. The investment I^ might supply consumer demand that could be served 

with lower-cost investment sometime in the future. 

5. Rights. The investment I^ might cause the ILEC to lose some legal right that 
has value. For example, if a rural ILEC purchased other exchanges in its state, 
it might become sufficiently large to lose its rural ILEC status. As a non-rural 
ILEC, the ILEC would be subject to the unbundling and other local exchange 
competition requirements of the Act. 
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An investment creates an option when it presents an opportunity that did not exist 
previously. For example, an investment in opening local exchange markets to com­
petition creates a long distance option for Regional Bell Operating Companies, 
which are currently prohibited from providing this service. If/„^ does foreclose or 
open a profitable investment /^, it may be necessary to apply something like the 
ECPR to give the ILEC an incentive to make the investment.^' 

If it is necessary to consider the opportunity cost of a foreclosed investment in 
pricing interconnection or USOs, it is also necessary to incorporate all of the cost 
and revenue effects of taking the foreclosed investment. For example, if the alter­
native investment is a delayed investment in cable used to serve a particular mar­
ket, then the cost of re-entering the market should be incorporated, as should the 
revenue loss from helping competitors increase their market penetration. 

Also because the inter-temporal opportunity cost applies only to certain condi­
tions and can be positive or negative, it should be modeled separately from the 
TELRIC cost. A general adjustment to all TELRIC estimates would not necessar­
ily improve investment incentives. Also, making the inter-temporal opportunity 
cost a separate model makes it easier for regulators to assess the validity of the cost 
and the assumptions made when estimating it. 

2.5 Comparison of Economic Principles witfi TELRIC Practice: 
Other Factors 

There are other factors that affect the appropriateness ofTELRIC practices. These 
may also decrease investment incentives below an optimal level. 

One factor is the application of the markup above TELRIC. Some regulators omit 
the markups. Others provide markups only to cover shared costs. The first practice 
provides an inefficient incentive to decrease investment and the second practice 
might also do this. Recall that TELRIC is the sum of all marginal costs. The com­
mon assumption in telecommunications is that marginal costs are constant as pro­
duction increases. In local exchanges, production economies come from density 
and scope rather than scale. If higher prices induce greater investment, which is 
also a common assumption, then the efficient price is above marginal cost and, 
therefore, above TELRIC, expressed on a per-unit basis. Contributions to shared 
costs might provide the appropriate markup, but this would only occur by acci­
dent because the formulas for spreading shared costs do not consider an investment's 
effects on quality. 
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Another factor is the omission of the effects of rivalry on appropriate prices. If 
ILECs are subject to general multilateral rivalry, the rivalry forces ILECs to price 
below stand-alone cost for individual products and for groups of products. This, 
in turn, means that ILEC prices for individual products and for groups of prod­
ucts must exceed TELRIC for the ILEC to remain financially viable. Also, the lack 
of opportunity to charge for quality may lower the quality of services customers 
ultimately receive because ILECs benefit from investing in quality only through 
increased demand. This increased demand passes along to the ILEC only a portion 
of the value that the investment creates. This may provide companies with an 
uneconomic incentive to merge in areas with large amounts of network intetcon-
nection because the merger allows the merged company to internalize some of the 
benefits of investment in quality. 

The last factor is that the regulatory process for using TELRIC models affects risk. 
This paper assumes that the regulator commits to a price schedule that the ILEC is 
certain will hold over the entire life of the investment. This is unlikely to be true. 
U.S. and international experience with such models indicates that regulators can 
cause wide swings in cost study results by changing a few critical assumptions. In 
the days of rate of return regulation, assumptions in fully distributed cost studies 
and rate cases primarily affected when costs would be recovered and from what 
service. While these issues were important to market efficiency, they did not rise to 
the level of today s use of cost studies where changes in assumptions determine 
total revenues without a clear remedy for inter-temporal errors, except to seek 
stranded cost recovery. If ILECs believe that regulators will act arbitrarily or op­
portunistically with the TELRIC models, then the ILECs will underinvest. 

3. CONCLUSION 

This paper considers issues that the real options debate has raised regarding the 
estimation and application of inctemental costs. It shows that current TELRIC 
models underestimate incremental costs, but not to the extent that some claim. It 
also shows that concerns with inter-tempotai opportunity costs are effectively an 
application of the ECPR. This means that some of the literature about the ECPR 
should be applicable to this issue. 

There are othet issues that this paper has not discussed or modeled that also influ­
ence the effects of using current TELRIC models for pricing UNEs and USO 
products. One such issue is the effect of stranded cost remedies on ILEC invest­
ment decisions. Economic literature on contract breach remedies appears to imply 
that some stranded cost remedies would alleviate underinvestment concerns and 
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may actually encourage overinvestment. Customer contributions for line exten­
sions and contributions by real estate developers may also have these effects. 

This paper's model does not consider rivalry in the ILEC's markets. As the previ­
ous section mentions, multilateral rivalry would provide alternatives for both the 
ILECs and customers. This would generally create additional pricing constraints. 
Also, customers' opportunities to self-provide UNEs affect outcomes. Reciprocal 
compensation also affects the economics of buying and selling UNEs. 

Also, this paper's assumption about the nature of investment is quite specific. It 
assumes that investment both produces quality and reduces costs. This may be 
true for some investments, but not for all. A more thorough study is needed that 
considers both specific and joint investments. 

Last, this paper does not address whether the regulator should try to estimate 
TELRIC accurately, or try to overestimate or underestimate TELRIC. This paper 
assumes that the regulator can come fairly close. It may be that the regulator, know­
ing that she has a probability of error, should seek to overstate TELRIC or under­
state TELRIC because one has less of a negative effect on efficiency. 

APPENDIX 

This model considers a multiproduct ILEC that makes investment decisions sub­
ject to regulatory pricing constraints and uncertain demand. The ILEC produces 
products MczN, where A'̂ is the set of all products In the economy. The ILEC's 
products 5 c Mare products that fall either into the category of UNEs or into the 
category of products subject to USOs. A product /' is subject to a USO if the 
regulator requires the ILEC to charge a pricep^' < ())', where (|)' is the price the ILEC 
would charge in a perfectly competitive market. 

Demand is given by q(p, 8,1), where nature determines 9 and /represents invest­

ments that the ILEC can undertake. Investment improves quality, so q^ (p, 6, /) > 

0, where subscripts denote first derivatives. Also, dij'ip, 6, Ij/dp' < 0, y i^M. 

Ciq'', D is the ILEC's cost function and AC(q^, F) = C{if, I) - C(q*«, I) < CCq̂ , D 
is the incremental cost of producing q .̂ Assume that C^ < 0, AC^ < 0, 3C(q'^, / ) /9^ 

> 0, and 9^C{q'^, Ij/dq' 3 /< 0, V € M- The incremental revenue effect of produc­

ing q' is: 

AR5(p^ e, 7) = q'^(p^ 6, D • p'*^'- q'^^(p^ d,Dp ,M\S 
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Assume there are no demand cross-elastic effects between S and AA5, so 
AR^(p^ e, 1) = q^p-̂ , e, D • p\ 

Assume that if the ILEC makes no investment, it produces no UNEs and USQ 
products because customers would not buy them. In other words, q^(p^, 6, 0) = 0 
and AC(0, 0) = 0. 

Competitors' profits are suppressed here by assuming that they operate in perfectly 
competitive markets. Also assume that the regulator wants to maximize weighted 
surplus 

where w"-^^ and w'- are the weights given to ILEC profits and customer surplus, 
respectively, and Viq^, 6, /) is the customer's gross surplus. For simplicity, assume 
that these weights are equal. This simplifies the regulator's problem to maximizing 

Z s J ( v ( q ^ e , / ) - A C ( q ^ / ) - / ) i F > 0 (2) 

There are three time periods. In the first, the regulator selects the price vector p^ for 
UNEs and USOs using TELRIC models. The regulator does not know / or 0. 
However, the regulator knows that 9 6 [0""", Q"""] and is distributed according to 
the cumulative density function F(0). The regulator also knows that the ILEC is 
profit maximizing and risk neutral, so the regulator can accurately estimate the 
ILEC's best response function to customer demand and the regulator's price con­
trols. The regulator also selects the price vector p ^ ^ using some price capping 
mechanism and not rate of return regulation. The purpose of this assumption is to 
remove opportunities for cost shifting and incentives for padding the rate base. 

In the second period, the ILEC chooses I^. The ILEC knows p j . The ILEC does 
not know q, but knows the range and density function just as the regulator does. 
In the third period, nature chooses 0^, customers buy q^(p^, 0(,. /^ , and the ILEC 
receives incremental revenues of q^(p^,0^, I^ • p^. 

To solve Equation 2, the regulator chooses the optimal price vector, p^*, by back­
wards induction. For simplicity, the model represents the group of customers as a 
single customer. The regulator calculates that in the last stage of the game, this 
customer maximizes utility according to 
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V.^,?^"]^**'''^"'')"''^**'^"'^'''^-'' 

The customer's first order conditions are 

V,{q\e,l)=p' VieS 
1 ^ 0 ' 'o 

(3) 

Assume that second order conditions are satisfied. Equation 3 implies an optimal 
quantity choice q^*(p, 6, /) . 

The regulator then calculates the ILEC's best response function to the customers 
choice. The ILEC maximizes profits according to 

max 
/6lO,/~") 

ix̂  K{q\9jh] [q-(p;,0,/).p;-c(q-(p;.0,/),/)]jF-/>O 

Isolating S gives 

max n{q\ej)s [ q'* p ' , 0 , / . p ' - A C q ' M p ' , 0 , / l / l / F - / > 0 
/6|0,/""" 1 ' J >• ^ 0 ' 0 ^ ^ 0 ' " 

because of the assumption that demands are independent. 

This gives the first order conditions 

9r(p;,e,/-)-;>;-Ac^,(9'-(p;,e,/-),/-).9r(p;,0./-) 
- AC, Kp;,e,/•),/•) o ^ J dF-\ \/ieS (4a) 

or 

, E(Ac,(^'-(^;./-)./-)gr(^;,/-))+EAc,fc-(,>;./-)./-)^i 
p = '-^ iV—; V 2 V te S 

E,r (p , /•) 
(4b) 

where Ii{arg) is the expected value oiarg. Equations 4a and 4b are the optimiza-
t-ion constraints and imply an optimal investment /*(p^). The ILEC is willing to 
make the optimal investment as long as these hold and 

.^EAc(g ' ' (p ' . / • ) . / • )+/• 
V / G 5 (5a) 
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which is the participation constraint. 

If the regulator were able to choose investment directly, the regulator's choice would 
be to optimize Equation 2 with respect to quantity and investment. This would 
give the first order conditions 

0= llv.{q\e,l)-AC^.{q',!)]dF 
e"" 
9"" 

0= l[v,{q\d,l)~AC,{q\l)]dF-l 

(6) 

(7) 

The regulator is unable to satisfy these conditions in this model. This is shown by 
combining the regulator's first order conditions with the customer's and ILEC's 
first order conditions. Combining Equations 3 and 4a gives 

0-J 
' ? ^ t . 0 . / " ) • k . ( q ^ 0 . / ) - A C , { < , ' • ( r . ; , e , / • ) , / • | 

- AC, (9 ' -{p; ,0 , / • ) , / • ) 
dF-l V / € 5 (8) 

From Equation 6 

V , ( q ^ 0 , / ) - A C , ^ • ( p ; . 0 . / • ) , / • ) = O 

so Equation 8 becomes 

-EAC,(^ ' " (p^ ' ,6» , / ' ) , / ' )= l \/ieS 

which means Equation 7 becomes l/(q, I) = 0. So the regulator can satisfy her first 
order conditions only in the special case where the customer's marginal value of 
investment is zero and investment's marginal effect on the ILEC is to decrease cost 
dollar for dollar. 

Because the regulator cannot dictate quantity and investment, the best the regula­

tor can do is maximize the following 

max jHq-(p\0,/-(pO)/'(pO)-AC(q-(p\0,/-(pO)/-(pO)k-/*(pOsO 

which gives the following first order conditions 
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f '̂, q''. +V .q': I'.+V. I', - A C , q'. - A C , q'i I'. -AC, / ' , W - / ' , =0 Vie S 
J'- II ' p 'I " p ' p <i ^ p 'I " p ' p ^ p 

(9a) 

Assume thar second order conditions are satisfied. 

To isolate price, the customers first order conditions from Equation 3 are used to 
obtain 

'/(// -q^;. -Ac ,̂.?;: +v, •/;,)/F+/;,[}(/''•?;"-AC,, -^li'-Ac,)dF-\\ = o v,6s 

From the ILEC's first order conditions in Equation 4a, the value inside the {) is 

zero, so the regulator's first order conditions become 

j ( ^ ; : ( p ' - A c J + V , •/;,)//=• = 0 V / e 5 (10a) 

_ , E{AC .•q'',)~EV,-I , 

Eq'. 

Equation 10a shows that the regulator's optimal price ceiling will equal marginal 
cost only if the customer's marginal value of investment is zero. By assumption, V^ 
> 0 and ef' <0, so the sign of/* determines whether the optimal price ceiling is 
above or below marginal cost. The regulator's optimal price ceiling is above mar­
ginal cost if an increase in price increases investment, and the regulator's optimal 
price ceiling is below the marginal cost if an increase in price decreases investment. 
To determine the sign of/* , divide the total derivative of the ILEC's first order 
conditions (Equation 4a) with respect to price by the total derivative of its first 
order conditions with respect to investment. In other words, 

n, , 

n,i 

From second order conditions, JCI^KO, so the sign ofK^ ^ determines the sign of/" .̂ 
TC, and is 

f W,'. -p' +q','-AC ..q'; q'^-AC , -q' -AC 
, ™ 

dF V i e 5' 
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Rearranging terms and reversing signs to get rid of the negative sign in front of the 
quotient gives 

1 k * K „ ' - ^ C , , -^rK^iViAC, -p^)-ci';}iF Vies 

The sign of the first expression depends upon the sign of the expression inside the 
parentheses because 9' - < 0. The second expression's sign depends upon the sign of 
q"'^ because the sign of the expression inside the parentheses depends upon the 
sign of r . If r > 0, then the regulator's price is above marginal cost and the 
expression is negative. If/" ^ < 0, the reverse is true. ^'' is positive by assumption. So 
sufficient conditions for /" > 0 are 

AC ,, •<?;• > -Ac , , 
'III ^' I'I 

>0 
(11) 

AC, , q'.' <-AC, . 
• I ' l " III 

p 
•I 0 

(12) 

AC, , -q]' >-AC, , 

; ; , (Ac,-^;)-<jr<-<?;,(Ac„,-AC,, , , .<?;•) <?,„. 

(13) 

Conditions 11 hold if the extra marginal costs caused by the investment-induced 
demand growth dominate the investment-induced decrease in marginal costs, and 
if investment causes the inverse demand curve to be steeper. Conditions 12 hold if 
the investment-induced decrease in marginal costs dominates the extra marginal 
costs caused by the investment-induced demand growth, if investment causes the 
inverse demand curve to be steeper, and if the combined effects of the steeper 
inverse demand curve and price exceeding marginal cost dominate the other ef­
fects. Conditions 13 hold if the costs caused by the investment-induced demand 
growth dominate the investment-induced decrease in marginal costs, if invest­
ment causes the inverse demand curve to flatten, and if the combined effects of the 
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marginal cost decrease and demand changing with price increases and investment 
increases dominate the other effects. 

Sufficient conditions for /" < 0 are 

AC, , gf <^AC, , 

q' >0 (14) 

AC, , q' >-AC, , 
IIII ^ I III 

"l"A^C,^, -AC ,,̂ , q-i^q'; <q:,{AC, ~ p) 

(15) 

AC, , -q'' <-AC , 
IIII " III 

i':i,'<^ 

-C (^c,/ - ^')+<?;• <-?;' (AC„, -AC ,̂ , .<?;•) 

(16) 

Conditions 14 hold if the investment-induced decrease in marginal costs domi­
nates the extra marginal costs caused by the investment-induced demand growth, 
investment causes the inverse demand curve to be steeper, and investment's effect 
on demand is dominated by all other effects. Conditions 15 hold if the extra mar­
ginal costs caused by the investment-induced demand growth dominate the in­
vestment-induced decrease in marginal costs, investment causes the inverse de­
mand curve to be steeper, and the combined effects of the steepening inverse de­
mand curve and price exceeding marginal cost dominate the other effects. Condi­
tions 16 hold if the costs caused by the investment-induced demand growth are 
dominated by the investment-induced decrease in marginal costs, investment causes 
the inverse demand curve to flatten, and the combined effects of the marginal cost 
decrease and demand changing with price increases and, investment increases domi­
nate the other effects. 

Now consider the effects of real options. The customer's first order conditions in 
Equation 3 still hold. However, the ILEC's maximization problem and first order 
conditions become 



Does Practice Follow Principle? 71 

max ax 7r{q',ej)s \L''{p\0j)»p'~Ac(q''(p\ej\lhF-[±p>0 

»-[-AC, (^'ip'.e,/•)./•) 
dF-\±pi \fieS (4c) 

where p is the net absolute value of the real options foreclosed or opened by I^. 

Give p a plus sign if the net value of the real options is positive and give p a 
negative sign if the net value of the real options is negative. 

Assume that some portion a e [0, 1] of r is a social benefit or cost, so 1-a of p is 
private to the ILEC. The regulator's maximization problem and first order condi­
tions are now 

J" 
V . a': +V . q] I . +V, •/ , - A C , q'. 

-AC, q'', l'. -AC, •/", 
dF-l'tapi-r, =0 V I G 5 (9b) 

where the first order condition solves to 

7(<,(p'-AC,)+/;,(V,±(a-l)p,)VF 
e"* 

+ /; . j(p' q'; -AC^. q'i -AC,)dF-]±p\ = 0 V / 6 5 

which, when combined with the ILEC's first order conditions, becomes 

J t ; : (p' - A C ,)+ /; , {V, + ( a - l ) p , ) ) / F = O V/e 5 

or 

E{AC , •q'',).l'JEV,±(a-l)p,) 

H 
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Because p,> 0 and a - 1 < 0, the effect of real options is to decrease the mark-up 
above marginal cost if the real option is opened by investment, and to increase the 
mark-up above marginal cost if the real option is foreclosed by investment. Real 
options do not affect the sign of/' . 

The participation constraint becomes 

Lg [pi 
V / s 5 (5b) 

which is the ECPR. 

NOTES 
' The author would like to thank David Sappington, Tracy Lewis, James Allenian, William Sharkey, Steve 

Slutsky, and William Baumol for their helpful comments and suggestions. Any errors are my own 
responsibility. 

- Telecommunications Act of 1996, RL No. 104-104, 110 Stat. 56(1996). 

^ Interconnection, reciprocal compensation, and UNEs all involve a competitor connecting to the ILEC's 
network. This paper addresses UNE pricing. Models for reciprocal compensation are more complex 
than this paper's model because both ILECs and new entrants pay for and receive reciprocal compensa­
tion. 

•* In this paper, "price" for universal service means the compensation that the regulator allows the service 
provider to receive in exchange for charging subcompetitive prices. Section i explains this in more 
detail. 

' A proxy cost model is a cost model that computes cost for a non-existent representative company rather 
than for a specific company, which used to be the practice. 

'• For examples of this debate, see Hausman (1996) and Hubbard and Lehr (1996). The issues this paper 

addresses are based on the issues raised in these documents. 

' In this paper, the term "product" is used to infer a product being sold in a particular market. So, for 

example, a UNE in one market would be considered a separate product from the same UNE sold in 
another market. Defining products this way segregates products along the dimensions of technical 
characteristics, geographic market, customer type, and distribution channel. 

' For simplicity, this paper assumes that investment both improves quality and decreases operating costs. 
An example of such an investment might be the purchase of a digital switch, which offers a higher-
quality signal than older technologies and also has lower prices for spare parts. Not all investments do 
both. 

' Without this assumption, the effects of miscalculating incremental cost would be ambiguous. Regulated 
prices cause overinvestment or underinvestment in specific regions. Miscalculating incremental cost 
provides incentives for inefficiency if and only if the miscalculation prompts the regulator to move 
regulated prices from one region to another. 

'" Telecommunications plant has only limited potential for serving demand in more than one geographic 
location. The most fungible equipment is circuit equipment. Technicians can remove this equipment 
from one location and place it in any other location that uses the same technology. Some switching 
equipment can also be moved to another location that uses the same technology. Feeder cable can be 
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used to serve any demand that occurs in the feeder planning area. As a result, if demand decreases along 
part of the feeder cables route, the idled portion of the feeder cable becomes available to serve demand 
in another part of the route. However, feeder cable in one route cannot be moved to serve demand in 
another feeder route. Distribution cable has limited fungibility. 

" Regulatory accounting applies one depreciation life to all telecommunications of a particular type. Evert 
if this depreciation life is correct on average, it may be too long for sonic locations and too short for 
others. 

'- There may be constraints that keep the regulator from inducing the 1 LEG to choose/*. For example, the 
lEEC may possess private information about how much /lowers operating costs. Also, the Act requires 
regulators to base prices on cost. In certain situations, such as when cost-based prices provide ILEC 
customers with surplus at the margin, this restriction may cause the ILEC to underinvest. 

'̂  In practice, the regulator may have less information about customers than the ILEC. In such a case, the 
regulator will have to allow the ILEC to earn extra profits in order to induce efficient investment 
decisions. But even with this, the ILEC will underinvest. 

''* According to Jamison's (1998b) international survey results, prices for interconnection and network 
elements are generally linear, but not always. This paper assumes linear prices for simplicity. 

'̂  The Appendix provides sufficient conditions for when the ILEC would choose to keep marginal cost 
above price and for when it would choose to keep marginal cost below price, 

"' This does not mean that prices have to be constant. Rather, it means that the regulator and the company 
view the regulator's price control decision as establishing current prices and prices for each period over 
the life of the asset, allowing that the prices may change from period to period. 

'"̂  This is effectively a static treatment of a timing issue. While this has been a standard approach in 
investment analysis in telecommunications for a number of years, it is unclear svhether it captures the 
full effect of the timing issues in real options. 

'" In a dynamic sense, this creates a simultaneity problem because price affects quantity'demanded. TELRIC 
models are static and so ignore this problem. 

''̂  Even though using average fill would remedy the irreversibility of investments for individual projects, it 
does not remedy irreversibility for the ILEC's investment as a whole. This irreversibility should be 
reflected in the cost of capital. Henry Ergas (1998) argues that traditional cost of capital tools such as 
CAPM do not adequately reflect this irreversibility. Hubbard and Lehr (1996) argue that they do. Not 
being an expert on cost of capital, the author leaves this debate to others. 

'" According to an FCC staff report, the BCPM2 model uses similar fill factors. 

-' However, as has been shown in the ECPR literature, it is inappropriate to consider any portion of these 

higher profits that represent monopoly profits. 
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