





substantially deintegrated in a very few years.cBytrast, the degree of deintegration by non-
divesting utilities declined only modestly—from @ercent to 61.3 percent--during the study
period. Figure 1 shows the precipitous naturdnefdecline in the degree of integration for all 73
utilities, for those that divested, and for thdsat tdid not.

We are interested in comparing the efficiencyigésting utilities with that of comparable
non-divesting utilities. We also distinguish thgerience of utilities for which divestiture was
mandated by the state public utility commissiotegrslative action, versus those undertaken at
the utility’s own discretion or at most involvinggaiid pro quo. This distinction was made based
on analyses of the public utilities commission rdscand in some instances direct inquiry to the
PUC. Of the 28 divesting utilities, eight involvethndatory divestitures, the remaining twenty
non-mandatory. Data for utilities in these categgare also reported in Table 1.

B DATA ENVELOPMENTANALYSIS

The analytical methodology used in this studyatacenvelopment analysis (Coelli et al,
1998). DEA uses observed inputs and outputs asidecmaking units (DMUS) or firms in the
sample to construct a best practice frontier. @jp@mn of each actual firm is then compared to a
linear combination of best practice firms which gmaduce the same amount of output as the
firm in question, but generally with lesser amoohinputs. Figure 2 illustrates relationship
between firm 1's input utilization relative to besactice production of output amount X, the

latter defined by DMUs labeled 2 and 3 and 4. fukal distance from the best practice frontier

® That is, if generation plant went from 40 to 2@qest in the first year, and then 20 to 10
percent, the year of the first reduction was takethe major divestiture. Controls for the second
year in such cases made little difference in tlsalts.
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to any non-frontier firm 1's input usage measunestéchnical inefficiency for firm 1.
Specifically, the ratio OD/OR measures the relagéitfeciency for all firms outside the frontier,
with a “1" denoting a best practice firm and “O&tlowest efficiency score possible (although no
actual utility approached this lower bound).

Mathematically, the efficiency scores are cal@daby solving linear prograref the
form shown in Equation (1) below. Assuming that tinm uses K inputs and M outputs, X and Y
represent K« N input and Mx N output matrices, respectively. The input antgboticolumn
vectors for the ith firm are represented hpxd y, respectively, and represents an N1 vector
of constants. Then for the ith firm in a sampléNdirms, the program solves for a scalathat

equals the efficiency score, as follows:

ming, 0 s.t. (1)
-yi+YA>0
OXp-XpA>0
A>0

This optimization is solved once for each firm &daulate the efficiency of the firm with respect
to all other firms in the sample. The DEA scorakulated in this manner represent technical
efficiency®

Relative to other techniques for measuring efficie DEA has several advantages

® This discussion of the linear program draws froaitéti et al (2005).

19 Cost as well as allocative inefficiency requirptinprices, beyond the scope of the
present inquiry.
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(Jamasb and Pollitt, 2001). It is non-parametiocthat it avoids the need to choose the functional
form. It handles multiple outputs quite readilyyseful capability in the present context. And it
allows for a straightforward calculation of techaliefficiency. Alternative techniques such as
corrected ordinary least squares and stochasttiéraanalysis also have their distinctive merits,
but in comparing the performance of these threlenigaes, Jamasb and Pollitt (2003) find that
results are highly correlated. We therefore takeaatage of DEA, with the expectation that
other techniques would show similar results.

Application of data envelopment analysis requives additional choices—input vs. output
orientation, and constant vs. variable returnstdes We employ what is termed input oriented
DEA in order to measure the efficiency of firm ogi@yn in minimizing inputs to produce a given
level of output. This is more suitable to the matof distribution utilities that meet largely
exogenous demand, than would be output oriented DRBh measures the efficiency of firms in
maximizing outputs from a given level of inputslséd, we assume constant returns to scale in the
belief that units undergoing divestitures or otsieuctural changes are making precisely the kinds
of decisions that ensure they remain at optimurtesddoreover, many of these distribution
utilities are subsidiaries of holding companieg thelp ensure realization of any scale economies
not readily achieved at the unit level. Finallye tvariable returns to scale assumption compares
each firm to different best practice firms, tendihgreby to attribute any efficiency differences to
scale differences and obscuring underlying relgtedormance.

Our DEA model specifies three output variables—M8&tes, number of customers, and
distribution network length. Each of these repres a cost-causal feature of distribution utility

operations: Costs rise with output, but they aise with the number of customers to whom that
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output is delivered and sotdand with a greater number of distribution milesowhich that

output is supplied. These factors have been foofe important in previous empirical studies in
the literature (e.g., Jamasb and Pollitt (2001)pKav(2006)). Two alternative input measures are
employed—one for short-run variable costs, therathpturing longer-run cost considerations.
Both use a single variable—the value of input castthe relevant measure, thus aggregating fuel,
labor, materials, and (in the case of long rung)astpital expenses. This aggregation is
appropriate so long as input tradeoffs are wealh@gsurely are between fuel and labor costs,
fuel and materials costs, and labor and mater@dtssqJamasb and Pollitt (2003)). On this
assumption, such measures have been found todasd basis for comparison of real resource
usage.

The short-run variable co®IPEX measure consists of total non-capital costs of
distribution, defined as the sum of distributiorsts) plus customer service costs, plus a prorated
share of total administration costs. The proratagjor is the ratio of wages in distribution plus
service, to total wages in operations and maintessnLonger run costs should include some
measure of capital costs. The most obvious measnpaited capital costs—has a number of
significant deficiencies in the present contextis kensitive to assumptions concerning capital
valuation and rate of return. In electricity, inpd costs can be so large as to dwarf operating
expenses, making their sensitivity to assumptiopstantially serious flaw. And perhaps most

importantly for our purposes, since distributiopital—wires, etc.--is so long-lived, it can

1 We use the number of residential customers, waitiount for the vast majority of total
customers.
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scarcely be altered by a utility in the relevantqu of time.

Accordingly, we take as a measure of long-runsctis# sum of operating costs plus the
utility’s current capital expenditures. The use of current capitpkenditures has two advantages
as a measure of relevant costs: It is indisputaldgntrollable expenditure in the relevant time
frame, and it is clearly related to the capitalestiment program of the utility. Of course, current
capital decisions are influenced by factors othantefficiency, including such things as market
conditions, investment opportunities, and stratelgicisions. For all these reasons, the results on
total controllable cost§CEX, while illuminating, should be interpreted withuti@an.

C. REGRESSIONMODEL

The second step involves the regression analysieea@omputed DEA scores for 1994-
2003, to test for the impact on distribution utl# of major divestitures of their generation plant
Our dependent variable is the DEA-based efficiestmyre ranging from 0 to 1. The independent
variables of interest include a variable for thetpaivestiture years for those utilities that
underwent major divestiture during this period.e3é results compare divesting utilities’ post-
divestiture experience to the control group thataerwent no major divestitures. Alternative
specifications of two kinds follow. The first inles two variables for divesting utilities, one for
those that underwent mandated divestitures andanddor divestitures that were not mandated.
The former are less likely to represent utilitiesin preferences and perceived self-interests and
thus more likely to sacrifice efficiency of perfoamce. The second variation introduces a set of

post-divestiture year dummies, instead of a sipgi-divestiture variable, in order to test for

2 For a similar approach, see Jamasb and Polli@&R20
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time-dependent effects from divestiture. Other et®@@xamine separate subsets of the data for
each type of divestiture. Finally, the regressiontrols for the ratio of residential sales to kota
sales, denoteBRES-PCT, since the provision of residential sales is patéirly costly due to
additional infrastructure and service requiremem#& shall discuss the definitions of these
variables as they arise in particular regressiodetso

The structure of our data and our model raise sesues of the appropriate estimation
technique. We note in particular that DEA scomescgnsored at 1, a characteristic that might
suggest use of tobit analysis. In the present, ¢eseever, this censoring is not a constraint on
the observed outcomes of a behavioral relationgiaipmight logically produce values in excess
of 1, for example, excess demand for a good oiicEwhich is not observed due to fixed supply.
Rather, the upper bound of 1 is the result of #ut that DEA scores are definitionally bounded at
0 and 1. Since this is not the data generatingga®that underlies tobit, that technique is neithe
necessary nor appropriate. Moreover, none of biserations involving the divesting firms that
are our primary focus involve values of 1.

Accordingly, the regression analysis proceedsgu&hS estimation with fixed effects.
Fixed effects control for any unobserved differenamong the utilities, thus helping to ensure
that the reported results are not simply reflecingh other characteristics. Results using random
effects, arguably useful given the fact that ounsie does not include many utiliti€sare not

substantially different and are available upon estu

13 For discussion, see Greene 1993), pp 469-471.
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V. RESULTSAND DISCUSSION

We begin by examining the effects of major divteséis of generation on short-run
operating efficiency of distribution utilities, ariden turn to longer run efficiency as measured by
controllable costs. In each case we examine altiespecifications and subsets of the data in
order to determine the importance of the type wésliture and the time path of effects.
A. OPERATINGEFFICIENCY AND DIVESTITURE TYPE AND TIMING

The initial cut into the data is simply a regressof DEA scores of operating efficiency
OPEX on two variables—the dummy varial#®ST-DIVEST that takes on a value of one for each
post-divestiture year for the 28 utilities that expnced a major divestiture, and a variable fer th
percent residential sales of the utiliBES-PCT). The results of estimating this model are given
in Table 2, Column (a). With respectR&S-PCT, we note that here and in most results, this
variable behaves predictably: DEA-measured efficyas lower for utilities whose customer
base is more heavily residential. Hence, we vatldiscuss this variable furth&.In this most
general form, the coefficient d#OST-DIVEST is negative but lacks statistical significance (t=
.67). This result obviously does not suggest gromant effect of divestiture, although the next
two specifications reveal more of the actual effect

The specification in column (b) replaces the \d@a&OST-DIVEST for all divesting
utilities with two variables.POST-MAND is a dummy variable that takes on a value of one f
the post-divestiture years of those eight utilindgse divestiture was mandated, while the

dummy variabld?OST-NON is the analogous dummy variable for the twentltieis that
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divested but not under a mandate to do so. A déi@rence now emerges in the post-divestiture
efficiency experience of these types of divestituandated divestitures are associated with a
.029 point drop in efficiency relative to the baseup of non-divesting utilities, whereas non-
mandated divestitures had essentially no effecheasured efficiency scores. Despite the
uncertain statistical significance BOST-MAND, this does indicate some negative effect from
divestiture policy for the subset of utilities thetd divestiture forced upon them by state action.
The estimated effect of -.029 points representsialoar percent of the overall average DEA
efficiency in the data base of .69. In contrastestitures that were strictly voluntary or invotive
some quid pro quo exhibit no real difference fréma tontrol group of non-divesting utilities.

The coefficient oPOST-NON is .001 with a t-statistic of .09.

A further variation on the initial specificatioakes into account the fact that divestiture
policy, like many others, is unlikely to have itdlfeffect immediately. Accordingly, we define a
series of timing dummieBOST1, POST2, .. POST6 for successive years after the particular
utility’s major divestiture.POST1 equals one for the first year after divestiti?®ST2 for the
second year, and so forth. These variables effdgtdisaggregate the single variaB®ST-
DIVEST in the earlier model. Column (c) reports the ltssof this estimation.

While none of the estimated coefficients achiestasistical significance, the results
suggest that timing may well matter. Initiallyieféncy appears essentially unchanged, as
indicated by the small and insignificant coeffidiem POST1. This is probably due to the fact

that the very first year is a transition perioduhich both operations and accounting reflect the

14 Elimination of this control variable does not aff¢éhe results in any substantial way.
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utility’s immediate past history. Beginning withet second post-divestiture year, however,
suggestions of possible effects of divestiture g@meMeasured efficiency in that second year is
.015 lower than prior to divestiture, with subsagugears .022, .005, and .027 lower. The year-
six results indicate an efficiency improvement, this result is based on exactly two data points
where POST6 equals one. Since this is likely alsmanbers quirk rather than a meaningful
substantive phenomenon, we do not focus on thidtriesre or in later results.

The results in column (b) and those in columrréa)force the conviction that divestiture
type and timing matter. This becomes yet more iggopan the results in Table 3, which splits the
sample into utilities that divested under a mandatesus those that divested but not as a result of
a mandaté> Their efficiency performance is now starkly aighgficantly different. Column (a)
re-estimates the model in the last column of tleegding table, which utilized the dummy
variablesPOST1, ..POST6 to capture the time path of divestiture effectstiitiency. For these
utilities that divested under mandate, after taagition yeaPOST1, their measured efficiency
declines precipitously—by .160 points in year Aofged by .125 points, .243 points, and .244
points. All of these estimates are statisticaliyngicant, with t-values no less that 2.80. Quite
clearly, mandated divestitures have adversely edfteatilities’ operating efficiency.

Column (b) respecifies the previous model in ameamtended to summarize the post-
divestiture experience of utilities undergoing matody divestiture. Specifically, we define

POST26 as a dummy variable taking on a value of thie second through sixth post-divestiture

Nor does the inclusion of other possible controls.
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year® Together witlPOST1 (held separate based on past results), this nmestimated and
the results reported in column (b). As bef®®ST1 is insignificant both in magnitude and
statistical reliability. POST26, however, is highly significant, and its magnitualies that
across all post-divestiture years starting withry&aneasured efficiency of distribution utilities
falls by .148 points, or about twenty percent, assalt of mandatory divestitures.

As might be expected from previous results, the-povestiture efficiency experience of
non-mandated divestitures is quite different. @uoiuc) of Table 3 reports the results of
estimating a model analogous to that in columrdiajnandatory divestitures, but in contrast to
those results, the estimated coefficient®@ST1, .. POST5" are all small, positive-valued, and
statistically insignificant. It seems clear thdtexre utilities choose to divest or are willing o d
So as part of a larger bargain with the regulagggncy, their efficiency experience was quite
different—not necessarily positive, but certainkpiaing the sharp declines experienced by
mandated divestitures.

For symmetry with the column (b) specificationluron (d) aggregates all the post-
divestiture effects (including in this case thathe first year) into the single varialiST15.

Given column (c) results, it is not surprising thia estimated coefficient d?OST15 is small,

1> gplitting the sample examines the effects of dite® on each sample separately, given
that such divestiture has occurred to those @tdlitiThis avoids possibly biased estimates from
any endogeneity.

16 Since POST6 is based on exactly two observatibakpuld not be interpreted as truly
indicative of a sixth year effect. We nonethelesfude it inPOST26.

" The only two observations ¢tOST6 are for mandated divestitures, so that variable
drops out of this regression on non-mandatory divess.
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positive, and statistically insignificant. The oping efficiency of utilities undergoing non-
mandatory divestitures is essentially unchangethatydivestiture. Their efficiency is little
different after divestiture versus before—but qudiféerent from that of utilities undergoing
mandated divestiture.

Overall, we conclude that divestiture has a sultistleadverse effect on the operating
efficiency of utilities that were required to ditekeir generation assets. This adverse effet doe
not arise in the case of non-mandatory divestituk&e next turn to the issue of the effects of
these same divestitures on total controllable costs
B. ToTAL CONTROLLABLE COSTS ANDDIVESTITURE TYPE AND TIMING

As discussed previously, total controllable c@stsa broader measure of utility efficiency
than operating expenses insofar as they includemtucapital expenditures to represent
discretionary capital costs. Data envelopmentyasmabf total controllable cosTCEX generates
a set of efficiency scores for all 73 utilities tbe years 1994-2003, much as@PEX. This
section reports the results of regression analysg®se scores.

Regression analysis ®CEX scores utilizes the same model specificationsestichation
method as in the case OPEX. The results largely track the findings of thedieaanalysis, as
well. Table 4 examines the full sample of utiktievhile Table 5 splits the sample into utilities
that underwent mandatory divestitures vs. thosk man-mandatory divestitures. Column (a) of
Table 4 estimates the sparest model, withR@S$T-DIVEST and the control variablRCT-RES
as explanatory variables. There is no indicatromf the estimated coefficient ®OST-DIVEST
that divestitures overall altered the efficiencytfities, as measured by TCEX.

That conclusion is subject to revision based darna (b) results. This specification finds
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significantly lower efficiency scores for utilitiesxdergoing mandatory divestiturdJST-
MAND) but no significant effect—albeit a slightly pos# coefficient--for those which undertook
divestiture largely at their own initiativ€QST-NON). As withOPEX; it seems clear that
mandated divestitures represent structural chathgesre not in the interests of the affected
distribution utilities. The final set of results this table, in column (c), reports on the efinag
effects of divestitures on a year-by-year basise results are broadly similar, though weaker,
than those found fAdDPEX. POST1, the variable for the first post-divestiture ydaas a positive
but insignificant coefficient, followed by a seriebyear dummies with negative coefficients.
Only one of the latter approaches statistical $icgmce, so as witOPEX, there is only modest
indication of time-dependent effects for divestutijties.

Table 5 disaggregates those utilities into thosevhich divestiture was mandated vs.
those that divested largely at their own discretidhe model in column (a) estimates the year-
by-year model for mandatory divestitures. Apaotirthe first year after divestiture, which again
has a weakly positive coefficient, efficiency isvier in all years from the second through the
sixth after divestiture. Four of those five estiathyearly effects are significant or nearly sahwi
magnitudes in the range of .119 through .182. Als @PEX, mandated divestitures have
adverse effects on distribution utilities. Thisuk is corroborated in column (b), which combines
POST2 throughPOST6 into a single summary variable for those ye&®©ST26 emerges with a
negative and statistically significant coefficiert 109, leaving little doubt about the reductian i
efficiency following such divestitures.

Non-mandated divestitures are examined in colufonand (d) of Table 5. Since there is

little evidence of effect—either positive or negatifrom such divestitures in the preceding table,
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or for that matter with respect @PEX, a reasonable expectation here would again bétferif

any effect. Indeed, that is the case. Columin(irates a negative but generally small and
insignificant effect of non-mandatory divestitu@sa year-by-year basis. Only one year dummy
out of five—specificallyPOST3--carries a t-value in excess of one. Columnégprts the results
of combining these five year dummies into a sirmmgist-divestiture variablBOST15. While the
coefficient is negative, its t-value is only .78atling again to the conclusion that non-mandated
divestitures do not have a clear effect on utpigyformance.

In summary, we conclude that with respect to oaasare of overall costs, the results are
quite similar to those for operating costs onlyped@fically, divestitures that were mandated by
state regulatory authorities after the first yesttuce utility efficiency by a substantial amound an
for a significant period of time. In contrast, éstitures undertaken largely at the utilities’ own

initiative are not associated with such adversectdt

V. SUMMARY AND CONCLUSIONS

The large number of divestitures in a relativéigrs period of time is nearly
unprecedented in any single industry. In the Bl&ctricity sector, these divestitures were largely
the result of public policy that sought to fostempetition among independent generators.
Considerably less attention was paid to the passfiects of this policy on the simultaneously
created standalone distribution utilities. Thisdstrepresents the first evaluation of the latter
sector in light of divestiture policy.

We have found that divestitures mandated by stgelatory authorities had adverse

effects on efficiency, measured both by operatmgjsand also by total costs including capital
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expenditures. These effects have been both lardisignificant, casting considerable doubt on
the policy of forced divestiture. Notably, howewvetilities that undertook divestitures that were
not the result of mandate did not experience angiaeé effects on their efficiency.

These results raise questions about the merdscehterpiece of electricity restructuring
namely, mandated divestitures in order to creaedstione generation sector. The resulting
standalone distribution utilities appear to suffem significant and persistent reduced efficiency.
Taken by itself, this represents a cost of divestipolicy, but it also raises a question about the
overall benefits of the policy. Whatever the bésedt the generation stage, these must be
weighed against the costs to distribution utilitire®rder to arrive at a comprehensive judgment
about divestiture policy as a whole. That judgmemiot rendered here, but is certainly a subject

that needs to be on the policy agenda.
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TABLE 1
All Utilitiesin the Sample

Degree of Vertical Integration

Mean Total
Category Number  Sales(M MWh) 1994 2003
All 73 22,200 0.696 0.450
Non-Divesting 45 19,900 0.700 0.613
Divesting 28 25,900 0.691 0.188
Mandatory 8 17,200 0.621 0.288
Non-
mandatory 20 29,300 0.719 0.148
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TABLE 2
Regression Analysis on OPEX: Full Sample
(a) (b) (€)

POST-DIVEST -.008
(.67)
POST-MAND -.029
(1.45)
POST-NON .001
(.09)
POST1 .001
(.08)
POST2 -.015
(.82)
POST3 -.022
(1.05)
POST4 -.005
(.22)
POST5 -.027
(.85)
POST6 150
(2.47)
RES-PCT -.198 -.209 -.187
(2.56) (2.69) (2.37)
CONSTANT 740 743 737
(32.0) (32.0) (31.2)
R .031 .030 .037
F 8.15 7.63 6.20
N 730 730 730
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POST1

POST2

POST3

POST4

POST5

POST6

POST26

POST15

RES-PCT

CONSTANT

T

Mandatory
@

014
(:44)

-160
(4.93)

-125
(2.80)

-.243
(5.38)

-.244
(3.79)

-.206
(3.07)

-.698
(3.68)

829
(15.9)

.080

7.98
80

TABLE 3
Regression Analysison OPEX: Split Samples

(b)

016
(.53)

-.148
(4.92)

-553
(2.98)

792
(15.3)

347

8.50
80
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Non-Mandatory

()

017
(.66)

026
(.89)

051
(1.51)

067
(1.66)

.086
(1.63

236
(1.51)

581
(12.8)

.050

1.92
200

(d)

023
(1.01)

153
(1.03)

603
(13.9)

.059

2.38
200



TABLE 4
Regression Analysison TCEX: Full Sample

(@) (b) (€)

POST-DIVEST -.003
(.22)
POST-MAND -.055
(2.16)
POST-NON .020
(1.10)
POST1 .018
(.84)
POST?2 -.004
(.18)
POST3 -.042
(1.57)
POST4 -.004
(.13)
POST5 -.036
(.88)
POST6 .100
(1.30)
RES-PCT -.150 -.178 -.162
(1.53) (1.82) (1.61)
CONSTANT 784 792 787
(26.8) (27.0) (26.3)
R? .084 .079 .092
F 12.2 11.8 8.83
N 730 730 730
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TABLE S

Regression Analysison TCEX: Split Samples

POST1

POST2

POST3

POST4

POST5

POST6

POST26

POST15

PCT REG

CONSTANT

Mandatory
(a)

.055
(1.32)

-146
(3.52)

-.014
(.25)

-.182
(3.16)

-.130
(1.58)

-119
(1.40)

-.807
(3.33)

1.01
(15.1)

429

6.63
80

Non-Mandatory

(b) (¢

023 -.015
(.62) (.42)
-.017
(.41)
-.078
(1.59)
-.033
(.57)
-.063
(.82)
-.109
(2.89)
- 754 220
(3.25) (.97)
992 653
(15.3) (9.94)
400 064
7.40 2.50
80 200
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(d)

-.024
(.73)

276
(1.29)

638
(10.2)
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