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REx Incentives: PBR Choices
that Reflect Firms’ Performance

Expectations

A class of incentive menus, called revealed expectations
incentives, are structured so that it is in the self-interest of
a regulated firm to choose the incentive option that reveals
the firm’s own performance expectation.

Johannes P. Pfeifenberger, Paul R. Carpenter, and Paul C. Liu

Incentive regulation (also
referred to as performance-
based ratemaking, or PBR) is
increasingly popular with public
utility regulators as a substitute for
traditional cost-of-service regula-
tion and as a tool to facilitate the
transition to more competitive
markets. In restructured utility
industries, PBR is becoming the
most prevalent mode of regulation
in industry segments where com-
petition remains weak or absent
(e.g., transmission and distribu-
tion). Incentive regulation imple-
mented in the United States

and the United Kingdom has
employed a variety of approaches
such as price caps, rate case mora-
toria, earnings sharing mecha-

nisms, rate-of-return adjustments,
and other performance-based
schemes.!

Incentive regulation rewards (or
penalizes) regulated firms for per-
formance relative to specific tar-
gets. For example, under price cap
regulation, a utility may realize an
increase in its earnings if it can
reduce costs relative to the
indexed price cap;* however, one
of the challenges regulators often
face with PBR is the selection of
appropriate performance targets
given incomplete information
about the regulated firm and its
likely future performance. In
response, the concept of provid-
ing firms with a menu of “incen-
tive options” has gained some
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support. Sappington and Weis-
man, for example, explain that by
offering regulated firms a choice
among two or more incentive
plans, regulators can increase con-
sumer welfare by implementing
more demanding incentive sys-
tems for some firms without rais-
ing concerns about causing finan-
cial distress in others.?

This article discusses a specific
class of incentive options designed
to reveal the expectations of the
regulated firms. These incentive
options are structured so that it is
in the self-interest of the regulated
firm to choose the option that
reveals the firm’s own perfor-
mance expectation. In lieu of an
established descriptive term, we
refer to these incentive systems as
revealed expectations (REx) incen-
tives.* In addition to actual
rewards that increase with a regu-
lated firm’s actual performance,
REx incentives maximize expected
rewards for the firm'’s choice of the
incentive option that corresponds
to the firm’s expected perfor-
mance. As a result, the selection of
the highest realistically achievable
performance target-—a target con-
sistent with public interests—also
coincides with the firm’s self-
interest. This coincidence of pri-
vate and public interests is a
highly desirable feature that is not
generally achieved by traditional
regulatory practice.

In the remainder of this article
we discuss the challenges faced in
the implementation of perfor-
mance-based regulation, summa-
rize the benefits that REx incen-
tives can offer, lay out the design of
REx incentives, and review exam-
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ples of REx incentives and other
incentive options.

L. Challenges in the
Implementation of PBR

The primary challenge in design-
ing incentive plans is to set realistic
performance targets. Information
asymmetries between regulators
and the firms they regulate make it
difficult for regulators and regu-
lated firms to agree on the neces-

Incremental
performance
improvements may
be more difficult

| for firms that are

already efficient.

sary parameters for use in both
incentive regulation and tradi-
tional cost-of-service regulation.
For instance, the desirability of
price caps depends in part on the
likelihood that reasonably un-
biased estimates of expected pro-
ductivity gains can be obtained.
Similarly, cost-of-service regula-
tion often requires accurate esti-
mates of a company’s expected
costs to set rates that are fair to the
company and its customers. The
situation also arises in the context
of deregulation, where estimating
companies’ stranded cost exposure
requires a significant amount of
company-specific knowledge.

Without properly structured incen-
tives, opposing parties in rate
cases can be expected to provide
cost estimates which are most ben-
eficial to their respective interests
and which, therefore, may be
biased. If such estimates are over-
stated, high rates will be costly to
customers. If they are understated,
the firm may find itself in financial
distress—a situation that, ulti-
mately, will also harm customers.

he administrative challenge in

implementing performance-
based regulation can also be con-
siderable, because regulators often
are responsible for regulating
many firms with very different
cost structures and different poten-
tials for productivity gains. For
example, costs may vary consider-
ably across otherwise similar firms
simply because of vintage differ-
ences in the firms’ assets or
because of differences in customer
mix.> Also, incremental perfor-
mance improvements may be
more difficult for already efficient
firms than for firms that are still
relatively inefficient. As a result, a
one-size-fits-all approach to incen-
tive regulation frequently is unfair
and undesirable. However, the
obvious alternative, implementing
company-specific incentive struc-
tures, will be unattractive if regu-
lating each firm individually
imposes considerable administra-
tive burdens on regulators.

II. Benefits of REx Incentives

REx incentives can overcome
these frequently faced challenges.
REx incentives can be used both to
obtain unbiased performance esti-
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| mates (e.g., cost estimates) from
| regulated firms and to recognize
| inherent differences in the cost
structure and performance poten-
tial within groups of regulated
firms. For example, REx incentives
can give regulators a tool to obtain
from the regulated firm unbiased
estimates of capital expenditures,
| for the purpose of cost-of-service
regulation, or expected productiv-
ity gains, for use in price caps. REx
incentives can also be used to
encourage utilities to reveal their
true estimates of stranded cost
exposure and, at the same time,
provide incentives to minimize
such exposure.
Even in applications where
“up-front” revelation of
expected performance is of little
explicit value, the range of inter-
nally consistent incentive options
in a REx system allows regulators
to encourage firms, on a voluntary
basis, to select more aggressive, yet
achievable, performance targets.
Furthermore, offering incentive
options on a voluntary basis is
likely to reduce the litigious nature
of many regulatory proceedings,
thereby reducing administrative

costs.

REx incentive systems are not
limited to regulatory applications.
REx incentives can provide similar
benefits for performance-based
compensation in commercial set-
tings, such as commercial contracts
or employee compensation. For
example, obtaining unbiased esti-
mates of expected sales from sales-
people (who tend to be most famil-
iar with the specific characteristics
of their likely performance within
a particular market area), allows
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the firm to improve budgeting,
production planning, and inven-
tory management. Similarly,
obtaining un-biased forecasts from
employees can also be very valu-
able for project management.

IIL. Design of REx
Incentive Systems

To realize these benefits, REx
incentive systems present regu-
lated firms with a menu of

The choice of an
incentive option

will cause firms

to reveal their
unbiased performance
expectations.

performance-reward options that
cover a range of performance tar-
gets. Such a menu is structured to
achieve two goals. First, each
menu choice provides firms with
strong incentives to achieve and
exceed their performance targets.
Second, the choice of an incentive
option from the menu will cause
firms to reveal their unbiased per-
formance expectation because
expected rewards will be maxi-
mized for the incentive option
that corresponds to the firm’s own
best estimate of expected perfor-
mance. This is achieved by mak-
ing it attractive for firms with
higher incremental performance

potential to choose the incentive
options with more demanding
performance targets.

REx incentive systems can be
simple incentive options, as
shown with examples and appli-
cations in the next section. These
incentive options, however, must
be structured to.meet three condi-
tions that relate to rewards for
both expected (ex ante) perfor-
mance and actually achieved (ex
post) performance.®

First, each incentive option
must offer rewards that increase
with achieved performance. This
is simply the general rule for
performance-based ratemaking,.
Firms need to have the continuing
incentive to improve actual perfor-
mance, regardless of which incen-
tive option they may have chosen.
If X is the firm’s actual perfor-
mance, and R(E,X) is the reward
offered by incentive option i
(which corresponds to the firm’s
estimate of expected performance
E,), then this condition can be sum-
marized as

R(E;X,} > R(E; X,) for all E;
and all X, > X;.

Of course, as with any other PBR
plan, the incremental rewards
offered by each incentive option
must not exceed the value of incre-
mental performance. This simply
assures that a win—-win situation is
created for both the regulated
firm’s shareholders and its
customers.’

Second, firms that choose and
achieve higher performance targets
must realize higher rewards. If
R(E,E,) represents the reward for
incentive option i where the actual
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performance X is equal to the ini-
tial estimate of performance E,
then this condition can be
summarized® as

R(E,E;) > R(ELE,), for all E, > E,.

Third, expected rewards must be
maximized for the incentive
option that corresponds to the
firm’s estimate of expected perfor-
mance. This will give a firm the
incentive to choose the menu
option with the performance target
that corresponds most closely to
the firm’s unbiased estimate of
expected performance. For exam-
ple, suppose that a firm is given
the choice of two incentive options
R(E.,X) and R(E,,X). If the firm
expects to achieve a level of perfor-
mance X equal to E,, then the firm
must expect to earn a greater
reward from choosing R(E,, X) than
from choosing R(E;,X). This condi-
tion can be summarized® as

R(E,E;) > R(E,E;), for all E; # E,.

IV. Examples and Applications

Table 1 provides an example of a
REx incentive system to reward
performance for capital project
investments. This REx system can,
of course, be applied to any PBR
application that rewards cost
reductions. It consists of five incen-
tive options, A through E, that
reveal a firm’s cost expectation
while rewarding the minimization
of project cost. These rewards (or
penalties, if negative) are provided
to the firm in addition to the full
recovery of actual project costs
(including the recovery of, and a
fair return on, investment).

The example shows that for each
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Table 1: Menu of REx Incentive Options

Rewards Offered after Project Is Completed

Realized Costs

{incertive Options A—E Are Chosen by Company Before Project Start)

(After Project Is

Completed) A B G D E
$ 50.00 17.00 15.50 13.00 9.50 5.00
60.00 $12.00 11.50 10.00 7.50 4.00
70.00 7.00 $ 7.50 7.00 5.50 3.00
80.00 2.00 3.50 $ 4.00 3.50 2.00
90.00 —3.00 —0.50 1.00 $1.50 1.00
100.00 -8.00 —4.50 —2.00 —0.50 $0.00
~13.00 —8.50 —5.00 —2.50 —1.00

110.00

Note: Boldface indicates highest expected reward for each level of expected costs.

of the incentive options A through
E, lower costs yield higher
rewards. In addition, expected
rewards are highest for the incen-
tive option that corresponds to the
firm’s expected performance. The
incentive system is structured so
that Option A offers the maximum
reward for expected costs of $60
and Option B for $70; Options C,
D, and E offer maximum expected
rewards for expected costs of $80,
$90, and $100, respectively. If a
company expects it could complete
a project for a total cost of $80, then
Option C will offer the highest
reward, equal to $4, if the project
actually can be completed for $80.
Importantly, once Option C is cho-
sen, the firm will continue to have
the incentive to exceed its ex ante
performance estimate and avoid
cost overruns relative to this initial
projection—the firm'’s rewards
increase if costs can be reduced
below $80 while, symmetrically,
the firm’s rewards decrease if costs
end up above the initial projection
of $80.

REXx incentive systems or similar
menus of incentive options have

been implemented in a variety of
settings. REx incentives have been
applied in a pilot project in Ger-
many concerning defense procure-
ment contracts and by IBM to pro-
vide incentives to its sales force. As
we discuss some of these applica-
tions below, we will also show that
different functional forms can
achieve all of the above REx prop-
erties. We then discuss REx-like
incentive options that were imple-
mented by the Federal Communi-
cations Commission for the price
cap regulation of local access
charges and by the UK. regulator
for the regulation of the National
Grid Company. In addition, a num-
ber of REx incentive systems have
been proposed for gas pipeline cap-
ital expenditures, generation plant
investments, and the restructuring
of purchased power contracts. A
REXx incentive system is also used
by the authors’ firm, The Brattle
Group, to compensate its partners.

A. Application: Government
Procurement Contracts

The REx incentive system illus-
trated in Table 1 is based on a func-
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tional form first proposed by Stefan
Reichelstein and Kent Osband in
1984 for application to government
procurement contracts.'® The
authors posited the following
specification, with R(E,E) convex
over E, and R(E,X) linear in X:

R(E,X) = a(E) + b(E) X (X — E)
with a’(E) = b(E) and b'(E) > 0.

The general shape of this REx
incentive is illustrated in Figure 1
for two incentive options, R(E;,X)
and R(E,,X). Note that rewards
increase with performance (both
before and after selection of a par-
ticular incentive option) and that
expected rewards will be maxi-
mized if the chosen incentive
option reflects the true estimate of
expected performance. For exam-
ple, if a firm’s expected perfor-
mance is equal to E,, the firm will
maximize its expected rewards by
selecting the incentive option
R(E,,X). If, however, a firm expects
to be able to achieve the higher
performance target, E;, then the
firm (and its consumers) will be
better off by selecting the more
demanding incentive option,
R(E,, X).

Reichelstein (1992) discusses the

R(E.X)

Reward

application of this incentive sys-

| tem in a pilot project for defense

procurement contracts of the Ger-
man Department of Defense, a set-
ting similar to capital investment
incentives.”! According to the
author, however, the pilot project
failed in part due to the regulator’s
inability to commit to the agreed-
upon structure. We identified other
shortcomings. For instance, the
structure of incentive payments
had poor intertemporal properties.
In particular, it included an “up-
front” payment prior to the start
of the project, followed by a
“reward” payment for achieved
performance relative to the initial
estimate, to be paid at the time of
completion. Compared to the up-
front payments, the present value
of the “reward” payments
declined with a project’s increas-
ing delay, thus diminishing and
distorting the intended incentives.
This problem, however, can be
avoided if, as in the example of
Table 1, incentive payments are not
separated into two such parts.

A number of potential applica-
tions for REx incentives based on
the above functional form {also
referred to as “optimal menus of

E, Performance

Figure 1: REx System First Proposed for Government Contracts
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linear contracts”) are discussed
extensively by Jean-Jacques Laf-
font and Jean Tirole.'* An applica-
tion of the above system was also
proposed by Lorenzo Brown,
Michael Einhorn, and Ingo Vogel-
sang for the regulation of natural
gas pipeline capital expenditures.*®
Brown, in testimony before the
Federal Energy Regulatory Com-
mission (FERC), proposed such an
incentive system for Palisades
Generating Company to provide
incentives to control costs of capi-
tal additions for the company’s
nuclear power plant,'* and Paul R.
Carpenter proposed this type of
incentive system for Florida Gas
Transmission Company’s capital
expenditure incentives."
Osband and Reichelstein'
proved that, with risk-neutral
firms, the conditions specified
by the above functional form are
both necessary and sufficient to
give a firm with any performance
distribution (i.e., the distribution
of uncertain performance out-
comes) the appropriate incentives
to reveal its unbiased estimate of
expected performance. This bene-
fit, however, is offset by some dis-
advantages. For example, the fact
that more aggressive incentive
options will impose more risk on
the regulated firm through increas-
ingly “steeper” reward functions
(as illustrated by the solid lines in
Figure 1), will result in selection
bias if firms are risk averse.”” In
addition, this functional form also
limits the range of performance
targets that incentive options can
span. This range is limited because
(1) the reward function, R(E,E),
must be positively sloped to give
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meaningful performance incen-
tives even for the lowest perfor-
mance targets, (2) more aggressive
performance targets require
increasingly steeper slopes, but (3}
: the maximal slope for the highest
performance target is constrained
| by the requirement that incremen-
tal rewards do not exceed the
value of incremental performance.

B. Application: Salesperson
Compensation

Jacob Gonik describes a REx
incentive system used by IBM to
reward salespeople for accurate
sales forecasts and for giving
incentives to exceed their own ini-
tial forecasts.'® Gonik used a menu
of incentive options 7 with the fol-
lowing functional form:

R(E,X) = aXxE;+ (a—b) X

(E; — X),withl>a>b>0
for X > E,

and

R(E,X) =axE;+{a+ ¢) X
(E;—X),withi=(a+c)>a
for X <E.

The general shape of this specifica-
tion is illustrated in Figure 2.
Again, the chart shows a choice of
two incentive options, R(E;,X) and

R(E,, X). This application of incen-
tive options is noteworthy because
it is one of the few examples that
are not based on the previously
discussed functional form of linear
contracts. As can be seen from Fig-
ure 2, however, it nevertheless sat-
isfies all three REx conditions.

his functional form of a REx

incentive system has the
advantage that (1) the reward
curve, R(E,E), does not need to be
strictly convex; and (2) each incen-
tive option can have the identical
sharing function (i.e., the slopes of
the solid lines in Figure 2) relative
to the incentive option’s target pet-
formance. As a result, this specifi-
cation is not limited in the range of
performance targets it can span.
Although the asymmetric nature
of the sharing function has the
disadvantage that it decreases
expected rewards for uncertain
forecasts of performance, the
choice of an incentive option will
still appropriately reveal the
expected range of a firm’s perfor-
mance." Importantly, the fact that
identical sharing functions can be
used for each incentive option and
performance target avoids the
selection bias that the linear speci-

R(E.X)
REE
’,(E }
-E R(E21X)
3
=]
R(E X}
B E, E, Performance

fication (Figure 1) exhibits in the
presence of risk aversion.

C. Other Applications of
Incentive Options

Menus of incentive options have
been evaluated and implemented
in a number of regulatory settings,
including the price-cap regulation
of U.S. telecommunications car-
riers and the regulation of the
transmission system operator in
the United Kingdom. While these
incentive systems do not satisfy all
of the REx conditions specified
above, and thus do not reliably
reveal the regulated firms’ perfor-
mance expectations, they never-
theless provide many of the previ-
ously discussed benefits.
Asystern of incentive options

was implemented first by
the FCC in 1991, and later revised
in 1995, in combination with the
agency’s price cap regulation of
interstate access charges by local
exchange carriers (“LECs,” includ-
ing the seven Regional Bell Oper-
ating Companies and GTE).? The
LECs were given several choices of
X-Factors (two in 1991 and thxee
in 1995), with different sharing
arrangements associated with each
choice. Companies choosing more
aggressive X-factors were allowed
to keep a higher proportion of real-
ized savings. The reasons given by
the FCC for offering these choices
were (1) to encourage LECs to
reveal their true X-Factors and (2)
to allow for inherent variations in
the performance of individual
LECs independent of the LECs’
efforts. David Sappington and
Dennis Weisman describe this
experience further and discuss a

Figure 2: REx System of the Type Used by IBM
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number of design issues.”!

Although this mechanism was
designed with the intent to reveal
the LECs’ expectations, we found
that some of the provided choices
were inferior to others irrespective
of the companies’ true expecta-
tions. This is consistent with the
fact that the LECs chose only
the least and the most aggressive
incentive option (but not the mid-
dle of the three options) that were
provided in the 1995 incentive
system.
he Australian Competition and
Consumer Commission evalu-
ated a similar menu of three price
cap options with different produc-
tivity targets in its issues paper on
the regulation of transmission ser-
vice providers, recognizing that
[d]ue to the information asymme-
try disadvantage a regulator expe-
riences it may be desirable to offer
a menu of options to the owner of
a transmission network. . . . For
such a regulatory system to work
effectively it must be structured so
that in selecting from the menu of
options NSPs [network service
providers] will reveal their true
performance expectations. It must
also provide NSPs with continu-

ing incentives to exceed their per-
formance expectations.”

Most recently, the U.K. Office for
Gas and Electricity Markets
(Ofgem) issued its final proposal to
implement a menu of four incen-
tive options which cover the
National Grid Company (NGC)
external System Operator (SO}
costs.? In justifying this menu-
based incentive proposal, Ofgem.
noted that it

... believes that NGC has been

unduly pessimistic in its forecast of
balancing costs under NETA [the
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new electricity trading arrange-
ment] and thus that its proposed
target for the initial SO incentive
scheme under NETA is too high . ..
Ofgem recognizes that there is a
significant gap between our and
NGC's view of possible balancing
costs under NETA. In order to
bridge this gap, Ofgem proposes
four options for NGC's incentive
arrangements under NETA.*

Each of these four options
includes performance targets,
sharing arrangements, and caps

and collars to provide a range of
performance, risk, and reward
options that were designed to miti-
gate the initial uncertainty faced
by NGC under the new electricity
trading arrangement. Since the
NETA was implemented only in
April this year, experience with the
SO incentive system is not yet
available. Nevertheless, this and
the previous examples of incentive
options and REx incentive systems
clearly show that these forms of
incentive regulation can help
accomplish a variety of regulatory
objectives and offer important
advantages over more traditional
regulatory approaches.

V. Conclusions

One of the primary challenges in
designing incentive regulation sys-
tems is the selection of appropriate
performance targets given regula-
tors” incomplete information about
the regulated firms and their likely
future performance. By offering
firms a choice of two or more
incentive plans that cover a range
of performance targets, more
demanding incentive options can
be provided to some firms without
raising concerns about causing
financial distress in others. A class
of such incentive menus, which we
call revealed expectations incen-
tives, are structured so that it is in
the self-interest of the regulated
firm to choose the incentive option
that reveals the firm’s own perfor-
mance expectation. Such REx
incentives can be used both to
obtain unbiased performance esti-
mates from regulated firms and to
recognize inherent differences in
the cost structure and performance
potential within groups of regu-
lated firms.

REx incentive systems allow reg-
ulators to encourage firms, on a
voluntary basis, to select more
aggressive, yet achievable perfor-
mance targets. This is realized by
making it attractive for a firm with
higher performance potential to
choose the incentive option that
coincides with its own best esti-
mate of likely performance. As a
result, REx incentive systems offer
the prospect of increased efficiency
and consumer welfare, while also
rewarding firms for superior per-
formance. Thus, the resulting regu-
latory regime better approximates
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the results that would be obtained
in competitive markets. By offer-
ing incentive options on a volun-
tary basis, REx incentive systems
facilitate agreement between regu-
lators and regulated firms on real-
istic performance targets and, thus,
help reduce the litigious nature of
many regulatory proceedings. The
variety of applications of the
incentive options discussed in this
article illustrate the potential value
of this approach in regulatory as
well as commercial settings. B
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