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	Unnecessary Regulations and the Value of Spectrum:  
An Economic Evaluation of Lease Term Limits for the Educational Broadband Service


Abstract:  Licensed to nonprofit educational entities, the 2500-2690 MHz band of spectrum has been plagued by overly intrusive governmental policy since its inception over forty years ago.  As a consequence, this spectrum is woefully underutilized.  In 2004, the Federal Communications Commission recognized that private sector investment will help fulfill the educational mission of this spectrum and took several important steps to create a “secondary market” for leases of this spectrum.  However, some organizations have now proposed that the Commission limit the length of those leases to 15 years.  In this Bulletin, we find that a lease term limitation may lead to reduced private sector investment in and inefficient use of this important band of spectrum.  
I. Introduction 

An important component of the Federal Communication Commission’s current spectrum policy is the promotion of “secondary markets” for spectrum.  The Commission has written rules to facilitate leases of spectrum by private parties that would create a free market.  The rules aid this creation by allowing those private parties to exchange access to spectrum and grant considerable flexibility in the uses and trading of spectrum rights.
  The purpose behind the Commission’s spectrum leasing policy is to improve the efficient use of spectrum; a lease helps ensure that spectrum will be employed for the highest-value purpose.  In 2003, the Commission’s so-called “secondary market” rules for the Wireless Communications Service were finally adopted
—forty-four years after Nobel Laureate Ronald H. Coase first proposed similar private ordering measures in a seminal article published in The Journal of Law and Economics.

The Commission’s secondary market rules are broad.  Licensees of the Wireless Communications Service were provided the flexibility to “lease any or all of their spectrum usage rights (i.e., in any amount of spectrum, in any geographic area covered by the license, and for any period of time during the term of the license) to third-party spectrum lessees.”
  In 2004, the Commission extended aspects of the secondary market rules to two additional services:  the Broadband Radio Service (BRS) and the Educational Broadband Service (EBS), which share the 2500-2690 MHz band.
  An interesting development in spectrum policy is that some organizations have asked the Commission to reconsider these secondary market rules for EBS licensees and instead adopt a new rule that would limit the maximum term of spectrum leases (including automatic renewals) to 15 years.  

In this Policy Bulletin, we show that applying a 15-year lease limit to EBS licenses is not in the public interest and threatens the efficient use of that band.  We present a theoretical argument illustrating the relationship between lease term limitations and investment.  Under plausible conditions, the lease term limitation reduces investment in the EBS band and would therefore undermine the Commission’s goal of achieving full utilization of the EBS spectrum.  

Licensees in the EBS band are nonprofit entities who are to use the spectrum for educational and cultural purposes, and the Commission envisions that private sector leases of this spectrum will help these entities construct new and innovative educational networks.  Further, we find no evidence of a market failure or defect that justifies regulatory intervention.  Intervention, by nearly any theory of regulation, is justified only when there is some market defect rendering private agreements incapable of reaching an efficient solution.  

II.   Background

In 2003, the Commission adopted broad “secondary market” rules that opened a new path toward the deployment of new wireless services.  These rules were designed to tear down prohibitions or strictly limited leasing of spectrum rights by a licensee to another entity.  After extensive review by the Commission’s Spectrum Policy Task Force, the Commission concluded that open, secondary markets for spectrum will: (a) “enable existing providers and new facilities-based entrants to gain more ready access” to spectrum;  (b) allow parties to “be better able to design arrangements that meet their respective business plans and thereby enable them to bring additional wireless services to the public”; (c) “help achieve fuller utilization of the spectrum resource”; and (d) promote other Commission goals, including “encouraging the availability of broadband services for all Americans; promoting increased, facilities-based competition; ensuring the provision of spectrum-based services by small businesses; and, enabling development of additional and innovative services in rural areas.”

The Commission’s rules for the Wireless Communications Service permit broad leasing of spectrum—as noted above, licensees now have the “right to lease any or all of their spectrum usage rights (i.e., in any amount of spectrum, in any geographic area covered by the license, and for any period of time during the term of the license) to third-party spectrum lessees” pursuant to Commission rules.
  The Commission expected that licensees would “enter into a wide range of leasing arrangements . . . anything from a small amount of spectrum in a small area for a short period, to a large amount, over a large area, for up to the term of the license.”
  However, the Commission has made clear that while the term of a lease may not exceed the term of the license, spectrum leases may provide for renewal terms that will commence automatically, subject only to renewal of the license by the Commission.

The Commission’s open spectrum leasing rules present a sharp break from the past.  For most of its history, the Commission awarded exclusive licenses to commercial firms to use spectrum for specific tasks after writing extensive service rules and reviewing applications.  The Commission’s old rules did not generally permit leases of spectrum, and the Commission had the authority to approve or reject transfers of control of spectrum licensees.  Approved uses for spectrum sometimes bordered on the absurd—the use of one band was actually limited to ice delivery companies.  This command and control approach was criticized by a number of commentators, including Nobel Laureate Ronald H. Coase in 1959, but significant change in Commission spectrum policy, including spectrum auctions, did not happen until the 1990s.

In addition to spectrum auctions and flexible use policies, the Commission’s spectrum leasing rules are an important component of contemporary thought regarding spectrum policy.  But the transformation brought about by the Commission’s new spectrum policy has not taken hold over the all wireless services, and vestiges of the prior, rigid approach remain.  In particular, 2500-2690 MHz (now called the “Educational Broadband Service” or “EBS” band) has stood as a veritable poster child for the antiquated command and control approach first criticized by Coase.

Policymakers have continually tinkered with the spectrum now comprising the EBS band.  It was first established in 1963 for the purpose of transmitting instructional video programming to schools and colleges, but digital uses of this spectrum were not permitted until 1996; two-way services were not permitted until 1998; and mobile services were not permitted until 2001.  While private-sector leases of EBS spectrum were first permitted in 1983, over the subsequent two decades, such leases were subject to extensive regulation (including lease term restrictions) that often precluded efficient use of the spectrum.  In 2004 the Commission stated that “the regulatory history of the band has been marked by changes and sometimes conflicting policy goals, which have tended to suppress investment, innovation, and responsiveness to changes in wireless technology and demand for services.”
  The Commission found that the band was underutilized and “plagued by instability, uncertainty, filing freezes, and burdensome rules”
  As a result, in 2004 the Commission made important changes to the EBS rules and moved dramatically to give licensees greater flexibility in using this spectrum.  Some organizations oppose one particular aspect of this market-oriented spectrum policy and have called for limitations on the length of leases to EBS licenses.
  

Re-imposing lease restrictions on the EBS band could undermine the Commission’s vision for enhanced and more-efficient use of this band.  The Commission recognized that fulfilling the “educational” purposes of the band requires the expertise of the private sector.
  In addition, the Commission maintained its requirement that only non-profit educational institutions be eligible licensees because it believed that its secondary market rules “are sufficiently flexible to allow market forces to push the [EBS] spectrum toward its highest value use.”

As the Commission recognized in the Secondary Markets Order and the Wireless Broadband Access Task Force Report, expanded availability and improvements in advanced wireless services are important to consumers and the economy.  Education is important, too.  Since license holders of the EBS spectrum can lease portions of their spectrum without harm to their educational mission, it seems that these lease arrangements are a win-win for the U.S. economy.  Certainly, society as a whole gains from the expanded use of limited spectrum resources, and these lease arrangements allow for expanded output in some markets (e.g., advanced wireless services) without output reductions in others (e.g., education).  The ability to produce a greater quantity of services from a scarce resource (spectrum) is, of course, highly desirable.  It follows, then, that rules that would effectively limit the use of spectrum resources would be detrimental.  

III. Lease Terms and Investment:  A Theoretical Analysis

Below, we provide a detailed technical analysis of the relationship between lease terms and investment.  But first, we summarize the intuition of this theory for those not interested in the technical details of the problem.  

A. Overview of Theoretical Model

Proponents of a lease limitation essentially want the government to mandate that EBS spectrum leases be renegotiated at least every 15 years, even if the project envisioned by the licensee and the lessee has a longer time horizon.  This limitation has an impact on the bargaining positions of a potential private sector lessee that is considering whether to engage in a long-term project and what the price for leasing the EBS spectrum from the licensee will be.  A rule that mandates that renegotiation happen at least every 15 years will clearly have an impact on the bargaining behavior and strategies of both the licensee and the potential lessee.  We are interested in whether this change will ultimately have an impact on investment and output.  Stated another way, will the mandated renegotiation adversely affect private investment into and use of the band?

Our theoretical model approaches this question as one of game theory.  We consider the decisions that two entities (the EBS license holder and the private sector lessee) will make in two time periods, t1 and t2.
  The lease contemplates a payment of some sorts from the lessee to the EBS licensee.  This price will can vary in the two time periods.  In the first time period, the license holder can charge price P that covers the lease over both periods.  Alternately, the license holder can charge price P1 in t1 and price P2 in t2.  In this scenario, renewal of the lease in t2 is not automatic, and we assume that P2 will be negotiated at the end of t1 and prior to t2.
  Additionally, allow there to be uncertainty (for both parties) regarding the contribution of the lease to the profitability of the lessee.  This uncertainty is resolved at the end of t1 by observing the lessee’s profits.  We are interested in the level of investment, so assume that the lessee must make (partially) sunk investments of K dollars in assets with useful lives longer than t1.

It is incorrect to consider these investments merely in terms of physical plant.  Rather, these investments will also include such items as training of personnel (human capital), brand image, and a firm’s commitment to network evolution or particular related services.  These assets may have exceedingly long economic lives. Also, our analysis applies to physical assets with economic lives shorter than the lease term.  For example, say you have two lease terms of 12 years and the investment is solely in an asset that has an 8-year economic life.  At the end of the first life, the firm must make a decision about re-investing in a second asset to cover the remaining four years of the lease term.  To some extent, we can think of this as an asset with an economic life of 16 years.

The question is:  How does the investment level differ between the one-price and two-price regimes?  The theoretical analysis that follows reveals that there is less investment in the two-price regime, and this is true because the re-negotiated price P2 is used by the license holder to extract surplus from the lessee.  Surplus sharing is possible only in the two-price regime, because the uncertainty regarding the lessee’s profitability of the lease is observed at the end of t1.  The standard economic reasoning applies—by reducing the lessee’s marginal benefits from investment by extracting its surplus, a reduction is investment naturally follows.  Thus, the term-limit may reduce investment below its socially optimal level.  Investment is below the social optimal because the extracted surplus is not merely a transfer, but actually reduces total surplus by reducing investment at the margin.

B. Technical Analysis

While this presentation is technical, the idea discussed here is very simple.  When the lease term is less than asset life and some assets are (at least partially) sunk, then at such time as the initial lease expires, there will be re-negotiation caused by the governmental mandate.  At re-negotiation, the license holder now has the opportunity to capture some of the profits produced by the investment, lowering the marginal return on the initial investment, and thereby discouraging such investment.  Thus, the theoretical analysis below shows that re-negotiation lowers investment relative to a longer lease term and that the investment is sub-optimal from the social point-of-view.
  

We have a two-stage game, with two players including the lessee (B) and the license holder (H).  In the first-stage of the game, the license holder leases the spectrum to the lessee for some price P.  In the second-stage, the lessee selects its investment level K, and then market conditions (() and payoffs [((K, ()] are revealed.  At the end of the lease term, either re-negotiation of the lease occurs or it does not.  The payoff ( is the variable profit (excluding K) made possible by the investment K in the leased spectrum and by the general market conditions that determine profitability in the lessee’s product market (().  Market conditions are unknown in Stage 1, but all players know that ( is a random variable with a probability distribution function f(() and cumulative distribution function F(() on [image: image1.wmf][
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.  That is, there is uncertainty regarding the profits of the lessee prior to signing the lease. 

Now, consider two possible pricing scenarios under these conditions.  First, P1 is the price for the first lease term, and P2 is the price for the second lease term.  For present purposes, we can think of these lease terms as two consecutive terms of length chosen by a regulator (or the parties).  Alternately, the price P covers both lease terms (50 years).  The price P2 is selected at the end of the first lease term after both K and ( are determined (though ( need not necessarily be determined prior to re-negotiation).  

There are various models describing how ( is formulated and how P2 is negotiated, but all these possibilities have a basic mechanism.  First, consider the determination of P, the single price covering both lease periods.  Let [image: image2.wmf]P

 be the “competitive market” value of P; then P = [image: image3.wmf]P
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Eqs. (1) and (2) merely state that the firm’s objective is to maximize its surplus (or profit), where surplus is the gross margin from the service (() minus the capital investment in the project (K) and the lease price (P), but choosing the appropriate level of capital investment (K).  The gross margin is a function of the level of investment (K) and market conditions (().  Eq. (1) is maximized when the optimal level of investment K* is chosen (across all potential values of K).  Notice that K* is not a function of [image: image6.wmf]P

 (in Eq. 2), so long as the lessee actually leases the spectrum.
  

To continue, assume the following:
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These conditions are intuitive.  Eq. (3) states that gross profits rise as investment rises, and Eq. (4) states that gross profits rise as market conditions improve.  Finally, Eq. (5) implies a declining relationship between changes in investment and profits, so that ( is concave in K. Under these assumptions, K*, the socially optimal investment level, is unique and solves
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Eq. (6) merely states that for all possible values of K, it is K* that maximizes the firm’s expected payoffs. 

Now consider the alternative case where the price is re-negotiated at the end of the first lease term, with P1 the price for the first term and P2 the price for the second.  P2 is determined after both K and ( are observed (or, at least ( is observed).  Using the bargaining solution set forth by mathematician John Nash,
 P2 will be selected to maximize the product
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Equation (7) essentially is a “sharing rule” between the lessee and license holder, where net surplus is the difference between surplus with a bargain and the threat point payoffs (i.e., [image: image15.wmf]p

 for the lessee, [image: image16.wmf]P

 for the license holder).
  The threat point is the value at which one or the other party refuses to enter the agreement.  Put simply, Eq. (7) states that the lessee and license holder, both now knowing (, will attempt to divvy up ( at the re-negotiation.  

In essence, what we learn from Eq. (7) is that P2 is a linear function of (, so that we can write P2 = a + ((, where ( is independent of ( and 0 < ( < 1.  Effectively, ( represents the surplus sharing rule, meaning the share of surplus extracted by the license holder when re-negotiation occurs at the end of the first period.  In a Nash Bargaining Solution, ( = 0.5, but what really matters is that ( < 1, whatever the bargaining solution. The Nash Bargaining Solution is a commonly used assumption in non-cooperative bargaining situations, and it based on a set of axioms that should be satisfied by any reasonable agreement.  In effect, the Nash Bargaining Solution holds that parties equally share the benefits of an agreement.  Other theoretical bargaining solutions exist, but adopting one of these alternatives provides no additional information for this problem.  As mentioned, what really matters is that ( < 1, which is true for any bargaining solution.  

With re-negotiation at the end of the lease term, the lessee selects an investment level K’ to solve
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and
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Eqs. (8) and (9) are nearly identical to Eq. (1) except for the addition of the ( term that enters due to the re-negotiation of the lease agreement prior to the second term.  Under our assumptions listed above, K’ solves
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Now, compare Eq. (10) to Eq. (6).  These two expressions represent the condition for the optimal choice of K under the two regimes.  The two equations are nearly identical with the exception of the preceding ( in Eq. (10).  Since ( < 1, it must be true that K’ < K* (investment is less than the optimal investment K*).  So, investment declines below the optimal level K* with re-negotiation because some of ( is expropriated by the license holder at the end of the first lease term and prior to the second.  K* is more socially desirable than K’ because the extraction of surplus at re-negotiation is not merely a transfer, but actually reduces K, thus rendering less total surplus than the case with a longer lease term.  In other words, our analysis shows that mandating a re-negotiation does not simply shift the economic surplus from private uses of the spectrum from the lessee to the licensee—it actually reduces this economic surplus by reducing the optimal level of investment.  By injecting itself into the licensee/lessee negotiation process, there is a large risk that the government policy will reduce output and private sector investment in the band.
C. Why Re-Regulate the EBS Band?

The theoretical model above shows that adoption of a 15-year lease restriction for EBS licenses could result in lower private investment in the band.  This reduction is concerning, because the Commission has recognized that the educational community requires the expertise of the private sector to realize fully the potential for this band.
  The EBS band is significantly underutilized by its nonprofit sector licensees, and the only reason the Commission maintained its rules (that only permit nonprofit institutions to hold these licenses) was its view that its leasing policies would be “sufficiently flexible to allow market forces to push the ITFS spectrum toward its highest value use.”
  But our model shows that a 15-year lease limitation would undercut this justification and essentially undermine the business case for private sector investment.

Of course, such a reduction in investment by a government mandate might be acceptable if another countervailing purpose were advanced by that mandate.  However, our analysis of the purported justifications for the 15-year lease limitation uncovered no valid justification for regulatory intervention.  Normally, one would expect an agency to regulate only in order to remedy some market imperfection that renders parties to an exchange unable to reach an efficient outcome. But no such “market failure” or “market defect” argument has been articulated by the Commission itself or those who support a 15-year limit on the term of an EBS lease.  

1. Is a Lease Limit Needed to Protect Licensees from Themselves?  

A length-of-time limit on EBS leases essentially requires that nonprofit licensees and private firms renegotiate terms at least every 15 years.  Proponents of such a lease limit argue that this mandated renegotiation would ensure that the nonprofit licensee have “an opportunity for educators to reevaluate their educational use and leasing activities on a periodic basis.”
  This is essentially a paternalistic argument—those that make it must hold the nonprofit licensees in such low esteem that the licensees essentially cannot be trusted to protect their own interests.

There is no reason to think that a nonprofit licensee, absent the 15-year lease limitation rule, does not have the bargaining power to insist on periodic revisiting of the lease terms.  There is no market defect—such as market power or information advantages on the lessee’s behalf—that prohibits or even limits an EBS license holder from self-imposing a lease-term limitation.  Indeed, given that spectrum is a scarce resource, one would expect that license holders would be in a relatively strong (or at least equal) bargaining position vis private entities.  Regardless of idiosyncratic preferences, it is their spectrum and their decision to make regarding the lease term, as they know best what will suit their needs.  In some cases that lease term will be long; in others it will be short.  Indeed, the entire purpose of a “secondary market” for spectrum is for buyers and sellers to act independently and to establish “market clearing” prices and terms.  A 15-year lease limitation would intrude on that bargaining process without any market power or market defect justification.

Why policymakers should reject the paternalistic aspect of the 15-year lease term was articulated best by the Diocese of Lafayette (La.):

[By considering a 15-year maximum term,] the Commission is indicating to the EBS industry that EBS licensees are not able to make the business decisions that they believe are the most appropriate to meet a licensee's individual needs and educational mission.  We know how to best utilize our spectrum, and craft our leases with commercial operators to do just that.  As long as we continue to meet the educational needs of our students and remain in compliance with the EBS rules, we do not believe that a regulatory restriction on lease terms is necessary.

Like the Diocese of Lafayette (La.), not all EBS license holders feel that they need regulatory intervention in order to make decisions customized for their own needs.  For these licensees, the lease term restriction reduces the ability to satisfy their educational mission.  

2. Will Lease Limits Promote Competitive Entry?

One might consider whether a lease term limitation would be pro-competitive because it would periodically give new firms access to the spectrum.
  Government restrictions on lease terms would prevent one group of private sector firms from locking up EBS spectrum through long-term leases so that no new company would be able to provide services over this band.
Once again, though, this position fails to articulate a market defect or failure.  For better or worse, licenses granted by the Commission are, in practice, essentially perpetual.  For example, while the Commission is required by law to review the qualifications of broadcast license holders every eight years, that review process “is a slam-dunk.”
  Accepting the argument that competition requires that spectrum leases be of short duration would dictate that the Commission not grant any spectrum license for a period of more than 15 years.  Quite simply, there is nothing unique to the EBS band to warrant this concern.

Moreover, there is no indication that long-term leases would deter more entry or “new uses” than short-term leases.  The purpose of a secondary market spectrum leasing policy is to promote the highest-value use of spectrum.  If a new entrant has a higher-value use for the EBS spectrum, then it would have the ability to negotiate with the licensee and the current lessee to propose to use the license in that particular, higher-value way.  If the new use of the license indeed has a higher value than the current use, then these negotiations should result in a new lease and the entrant using the spectrum (with the higher profits being divided between the entrant, licensee and lessee).  This process would happen in virtually the same way if the original lease were 6 years as opposed to 16 years.

Neither of these arguments for a lease-term restriction suggests any market defect—such as disparate bargaining position, market power, or externalities—that would result in inefficient lease terms.  Indeed, the license holder can impose any lease term restriction it prefers.  In such a situation, prohibiting a lease longer than an arbitrary period of time would seem only to have adverse results.  If a licensee desires a shorter term, the lease restriction has little effect.  But if a licensee desires a longer term (perhaps to ensure a flow of revenue and capital to a long-term educational project), then the rule prevents it from locking in a source of private capital.  The artificial lease limit would seem to have little, if any, benefits but certainly has costs.  If the lease term reduces investment in the spectrum, as our analysis shows above, then the rule reduces the efficient use of the scarce spectrum resource.  

IV. Conclusion

In the last decade, the Federal Communications Commission has taken a number of steps to adopt a market-based spectrum management policy.  In order to promote more efficient utilization of spectrum, the Commission has auctioned licenses and granted licensees greater flexibility in using spectrum.  An important component of this policy has been the creation of a “secondary market” for spectrum, which involves free and open leasing of spectrum from licensees to private firms.  The Commission has found that it is in the public interest for licensees and private firms to “enter into a wide range of leasing arrangements . . . [ranging] from a small amount of spectrum in a small area for a short period, to a large amount, over a large area, for up to the term of the license.”

These actions are a direct departure from the past, in which the Commission undertook a strict, command and control attitude toward spectrum uses and licensees.  Critics of this approach can hold up the Educational Broadband Service (EBS) as a poster child for the failure of this approach—over forty years from its inception, this large swath of spectrum remains a vastly underutilized resource.

In 2004, amid a flurry of publicity surrounding the potential of wireless broadband service, the Commission took several actions to reform the EBS band.  However, some now want to roll back the clock and re-impose a lease term limit on EBS licenses that harkens back to the Commission’s former command and control regime.  As we show in this Bulletin, reverting to the policies of the past once again threatens the development of services that use this spectrum.  For example, the Diocese of Lafayette (La.) has noted that, “without such long-term leasing arrangements, a commercial operator will be much less likely to invest capital, and take the risk of construction and operation of a wireless system.”
  

However, until now, the relationship between investment and the lease term has been merely an assertion.  The theoretical analysis presented above provides a description of the mechanism linking investment decisions to the lease term limitation.  Theory shows that lease term limitations may lead to reduced investment and inefficient use of the scarce spectrum resource.   Combined with the lack of an affirmative case for regulatory intervention, a lease term limitation for spectrum seems to undermine the Commission’s goal for the EBS band.  
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