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Summary

We examineweight restrictions in the DEA model for distribution netwotieking as the
starting point the NVE model with one input, total cost, and several outputhe
unrestricted DB models,we notice large differences in absolute and relative shadow
prices, andor some companiegxtremewe i g ht on fAgeographyo vari
norms. Thereseems to be a tendency that companiis a large weight on geographic
variables and / oa low weight on ransported energy and customéecome super
efficient. This seems unreasonable, and one remedy may be to restrict prices / weights for
individual outputs, or combinations of outg. We consider absolute, relative and virtual
weight regrictions andshow how to formulate the LP problems and how to interpret the
restrictions. We discuss the relative price restrictions suggested for geography and high
voltage variables by NVE (2008), and consider an alternative approach, using virtual
weight restrictions on the combinatiohtbe three geography variabldsrest, snow, and

coast. Comparing the effects of the virtual approach to the relative, we notice that with
relative weight restrictions, more companies are affected, but to a lessat. gxn
important task when introducing weight restrictions in the DEA analyses is to determine
the specific limits on the weights. Finding reasonable limits, depends on which type of
weight restrictions that areonsideredand should be based on knowledyf cost and
technology in the industry. An advantage of the virtual weight restrictions is that they are
on a more aggregated level than the relative ,canedit may be easieto establish limits

on the overall effects on the total cost norm from a stbsf outputs, rather than
reasonablepair-wise comparisons of outputsveights Finally, the report discusses
implementation of DEA models with weight restrictions, and gives a short oveofiew
available software
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1. Introduction

In the Norwegian electricity sector, network companies are regulgtecheans of a
yardstick model. Annualewvenue caps are determinéat individual companies bad on
a combinatiorof actual cost and cost nornag,cording to the following formula:

IR=K+r(K" - K)=rK" +(1- r)K,

wherelR is the revenue caf is the actual cosK’ is the cost normands | [0,1] is a
factor that specifiethe strength of thencentivesin the yardstick modeli.e. the weight
that is attributed tahe cost normFor 2007 and 2008; is equal to 0.5, however, it is
supposed to increase to OA&tual cost and cost nars are updated annualblthough in
practice, due to accounting procees and the need fsecuring the qualitpf the data,
there isa time lag in the application of cost dafs present (since@7) the cost data
used forcalculating actual cost arahalyzingrelative efficiencyis 2 years, i.e. the input
for calculatingcost data and performance for ygas data from yedr2.

More specifically, actual total company colst estimated for yeat consists ofa
combination ofregistered and calculated cqodtased on accounting values in yea.
Operation and maintenamaosts (OM)from yeart-2 are adjusted for inflation (KPI),
depreciation (DEP) equals the accounting valnegeart-2, while network losses (NL)
are found by taking the losses in MVithyeart-2 and multiplying byan averagerea
price (collected from Mrd Pool Spot)for yeart. The cost of capital is found by
multiplying the book value (BV) of the company assets at 31.12 inty2hy the NVE
rate of returnynve Thisregulated rate of return is determined annually, basealrmk
free rde of returnand a risk premiunFinally, the value of lost load (VOLL) is added to
the cost base. VOLL is calculated as lost load times a price, with different prices for
various customer groups.

For distribution companies and regional transmission companies, thaaros K, is
calculated based on relative efficiency scores found by DEA (Data Envelopment
Analysis). Therare separate DEAlodels for distribution functions on the one hand and
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regional transmission / central grid functiooa the other harld The appied DEA
models areost efficiencymodels withCRS(constant returns to scaland a single input

equal to total coskK, i.e. both operating and capital expenditures are included in the
performance evaluationsA variant of superefficiency is implementedsuch that
efficiency scores may be higher than 200(a company that performs better than the
other companies and improves over tim@jhen evaluating rative efficiency with

DEA, average(industry) efficiency will depend on implementation details lilker
instancethe number of evaluated companies (the size of the data set), the number and
specific choice of outputs, assumptions about scale efficiency, and whether super
efficiency is modeled or noln order to seureefficiencyimprovements over time arah
attractiveness of the industry to investors and employees, it is important that particularly
efficient companies casarn more then the normal rate of retufihus the efficiency
scores are calibrated such that teeresentative company eaths nomal rate of return.

Since 2007 the representative compa is the averagely efficient company, and
consequentlythe efficiency nmbers found from the DEA analysare calibrated such
thatthe cost weighted average efficiensgoreis 100% (Bjgrndal and Basrndal (2006)

and NVE (2006ab). This also implies thaiK = 4K, whereK™ is the calibrated
normalized cost norm.

Finally, due to the time lag in the use of accounting da¢ay investments must be
compensated in order to earn the normal rate afré a representative companphis

is accomplished through aadjustmentparameter JP (this parameter and its uss
discussed in Bjgrndal et al. 2008 The formula for establishing the revenue of a
company in year can then be writteas

IR = 7K, +(@- r)Ke, +IP=rE K, +(1- r)K., +JIP

where K,_, is the price adjusted cost baserfi yeart-2, E, , is thecalibrated efficiacy

score of the company, aridl”, is thecorrespondingalibratedcost norm

! Also for Statnett, the system operator and main owner of the Central grid, revenudderedStatnett is
alo benchmarkedelative to other European system operafBGOM / ECOM+).

Z1n Bjegrndal et al. (2008) we discuss the combined effect of normalization of efficiency scores and
adjustment parameter for new investments, and that the compensation for tilmddéga back in a
second calibration procedure. In this report we will not discuss this issue any further.

2



SNF Report No 33/08

The DEA model usedbr efficiency analyses has a single input equal to total cost, but
many output s, that can be interpreted as co
at t r i likel dekbver@éd energy and the number of customer connections. However,
others are exog®us or endogenous factors that are included in order to take into account

di f fer endegree ol nf ft ihrepuoliding etwork services in variodgense
areasSome of these outputs are in fact i1input
for environmental or geographic cost drivers relatedcustomer densitytopology

weather conditionsandsimilar. After the introduction of the new regulation model from

2007,it has been a worry thaionproduct outputsare allowedoo large weighgin the
analysesandthat the consequence is overcompensatianofmp ani es t hat ar e
(having few peerto compare withrather than efficient

In this report we discuss methods to alleviate this problem, with special focus on weight
restricionsonigeogr ap hy o fEA enbdelifos distibutiont netevork®Iin
section 2 the DEAnodelfor distribution networkss described, andpplied to industry

data from 2005 and 2008n section 3 we describe different sems of weight
restrictions, and whanterpretation they may have in a DEA model with cost as the only
input factor.In section 4 we outline the restrictions proposed by NVE (2008), and we
evaluate and suggest a revised version of those restrictions that are related to the
geography variabkk. In section 5 we propose alternatives, and we comparetththe
restrictions in the NVE proposdh section 6 we discuss how to determine the specific
limits on weights, and in section 7 we touch upon some implementation issues, including
available sftware. Finally, conclusions and recommendations are found in section 8.
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2. The DEA model for benchmarking distribution companies

2.1 Modelspecification

For distribution companiesh¢ efficiency scoregor yeart are estimated usingn input
orientedCRS modelwith data from yeat-2°. The model hasotal cost, including capital
costs, as thenly input and9 output variablesas shown idigure 2.1 below.

Variable Unit of measurement
Energydelivered MWh
Customergexcept No. of customers
cottages)
Cottage customers No. of customers
High voltage lines Kilometers
Net stations No. of stations
(transformers)
Interface Cost weighed sum okquipmenin the interface between the
distribution network and the regional transmission network
Propation (0-100) of area with higlgrowth forest x HVlines
Forest .
through air(kilometers)
Average precipitation as snow (mmH¥ -lines through air
Snow .
(kilometers)
Coast Average wind speed (m/s) / Average distance to coast (met

x HV-lines through air (kilmeters)

Figure2.1: Outputvariablesof the DEA model

The output variables do not, with the exception of energy delivemedthe number of
customers connectedneasure direct outputs from the production activity of the
distribution companies, but rathepresent structural and environmental conditions that
may influence the cost of the companies. Three of the variabledirfely/ net stations,

and interface) are in fact input variables. Their role in the DEA model, however, is to

¥ NVE uses an average over several years to represent the VOLL cost in their DEA analyses. For the 2008
revenue limit calculations, the averagéaken over the years 20@®06. However, final efficiency scores

for inefficient companies, i.e. those with an efficiency score of less than 100 %, are adjusted to reflect the
actual VOLL cost in yeatr2. In practice this is done by replacing average V@bt with the actual

VOLL cost for yeatt-2, and then recalculating the efficiency score for each company. Although this
adjustment can have a significant effect on the efficiency scores of individual companies, the effect is not
systematic, and we havegrefore chosen to use the average VOLL cost in our calculations.

4
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represent demographicahd topological conditionsas well astransmission functions

that influence the costs of a particular company, and for which a better representation
could not be found. The last three variables (forest, snow, coast) describe environmental
conditions thatmay influence the cosif the companies, and are the only variables that
are not based on data reported by the companies.

The selection of output variables was one of the most challenging issues when the new
regulation model was developed prior to itgaduction in 2007. In NVE (2006a), the

regulator formulated three criteria that should be met if an output variable was to be
included in the model: Firstly, the variable shobbe as ol i d fit heor et i cal al
foundation Secondly, it should hawee statistically significant effect on company costs in

SFA model test, as well as on the DEA efficiency in OLS regression tests. Thirdly, the

variable should also be statistically significantinthesal | ed ABanker testo,
(1993). Hence, althah a large number of candidate variables were considered initially,

the final set of variables was determined mainly based on statistical tests. For example, a
variable representing low voltage lines was rejected based on the Banker test, whereas the

high voltage line variable passed the test and is included in the model. Since the statistical
correlation between the two variables is high, this may seem quite unproblematic.
However, since the companies to some extent will view the two types of lines as
subgitutes, the omission of one of them on the output side of the model may tilt the
investment incentives of the companies in favor of the other one. The fact that the DEA

mod el to some extent i's Aincompl eteod, i . e.
omitted because they are correlated with variables that are included, must be taken into
account when considering relative weight restrictions such as in NVE (2008). We will

come back to this issue section5 where weproposevirtual weight restrictiongs an

alternative to the relative restrictions in NVE (2008)

Companies are aeed to be super efficient, i.efficiency scores may exceed 100 ¥t.
orderto avoid very high efficiency scores, super efficient compaaresreevaluated
against a data sétom the year($) precedingt-2. The DEA model in the second step
includes data for the company itself, hence a company can only appear as super efficient
if it has improved its performance relative to the previous year(s). In this rejgoonly

* For 2007, which was the first year of the new regulation model, the second step DEA analyses were based
on data from 2004~or 2008 thesecond step used average data from 2Il6.

5
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considerthe DEA analyses performed in the first step, i.e., a super efficiency model
based on data from yeg®.

2.2 Efficiencyscores

In figure 2.2 we have plotted the efficiency scores for 2005 and 2006, and we sderthat

the 127 companies in the data 3¢t® efficiency scorebe in the range between 60 %

and 140 %, with a cost weighted indysaveragesomewhat above 90 %. We also notice
that, although the efficiency scores for individual companies in the two years seem to be
highly correlated, there iasiderable variation fromne year to another

—— 2005 (average =92.7 %) —=— 2006 (average =93.6 %)

150 %
140 %
130 %
120 %
110 %
100 %
90 %
80 %-
70 %-+

Efficiency scort

— N~ M N A N~ M O I N~
O O T IO O ON~NMNMNOWO OO O +H N N
D B B B B |

Companie:

Figure 2.2: Efficiency scores for 2005 and 2006

In figures 2.32.7 we show that the effects on the efficiency scores from introducing
geography variables as outputs are considerabis.i§ so for each vaable, as well as
the combined effect.

® Thereare134 and 136 companies in the data set2®®5 and 2006, respectivelyytwe have omitted
some of them because of data quality issues. The omitted companies constitute less than 1 % of the total
cost base for the industry.

6
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Figure2.3: Total effect frongeography outpuis forest, snow, coaghame shown if
effect is at least 20 9soints)
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140%

Fusa Kraftlag
4 @rskog Energi

120%
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A

40%
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Figure 2.4: Effect of forest variab{game shown if effect is at least 1586ints)
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—a—Without snow —— With snow

160%
Evenes
140% Kraftforsyning
. Modalen Kraftlag Tydal Kommunale IA
120% Neftieid Energiverk
l Kraftforsyningslag A
100%

ol

Efficiency score

=S

&0

60 %

40%

Companies

Figure 25: Effectof snow variabldname shown if effect is at least 15p6ints)

—a— Without coast —e— With coast
160 %
Rodey-Lurgy
Kraftverk

140% ]
@ 120% Trollfjord Kraft e
Q
E Mel@y Energi
2 100% Fiti
2
2 Austevoll Kraftkg h
n80%

60% -

40 %

Companies

Figure 2.6: Effecof coast variabléname shown if effect is at least 15@6ints)
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Without With all

geography With forest With snow With coast geography var.
Weighted average 89.8 % 91.1% 91.5% 912 % 93.6 %
Simple average 82.8 % 85.5 % 86.2 % 86.0 % 91.5 %

Figure 2.7: Average effects of geography variables

2.3Marginal values ofoutputsi output weights

Looking at the shadowrices of the outputs for different companies, we notice huge
differences from one company to another. This is true both for the absolute forche
relative prices and for the combined effect of prices and outputs on cdthiedive
function (thetotal cost norn).

Absoluteprice levels

In figure 2.8 we presensome statistics fathe outputprices orweights.For a particular
output, itsprice orweight can be interpreted as the maagin change i n the <ca
cost nornt, given thatthe company increases its output ditgnby one unit. When
calculating thecost norms in the DEA modé&br eachindividual company weightsare
chosen such that the efficiency of the camyp is made as high as possible, given some
restrictiond. In general, it willtend tobe beneficial for a company to choose high
weights for oyputs of which it has relatively much, and low weights for other outputs.
Figure 28 shows that the variation in observed weights agnthe companies isdeed

very large For example, the average weight per customer in 2006 was NOK 510, less
than 1/5 of the maximum weightVe also seehiat many of the weights aegual to zero,
which is related to the existence of slack. A company with a weight of zero for a
particular owput will normally have slack with respect to that outpw, the company
produces less thate reference companiyrhus,it is possible to produce more of the
output (thanthe reference company e® without charging the total (minimized) cost,

and slak can be interpreted as i h i d d e n oncy,iimthef dense that iis not
measured by thefficiency score of the company.

®In the EMS software sl by NVE, the output weights are normalized, and can be interpreted as the
mar ginal effect of an cefiidepcydcore ncrease on the company¢
" See the mathematical formulationSection3.

9
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Average (NOK) Max (NOK) No. of zeros

2005 2006 2005 2006 2005 2006
Energy 21 32 93 92 68 48
Customers 605 510 2343 2671 73 82
Cottage customers 1531 1165 7 848 7 264 67 69
HV-lines 4 864 8 735 32 457 44 683 88 63
Net stations 15979 12 896 45 769 52 548 50 59
Interface 1174 1300 7 032 7 701 69 51
Forest 29 284 28184 222056 215491 44 57
Snow 18 445 24193 109824 123595 73 58
Coast 22 847 22700 148469 165919 82 81

Figure 28: Output weights (shadow prices) for 2005 and 2006

Relationship btween prices

Comparing shadow prices on one outfmuthe shadow prices on &fdrent output, we
notice also that the relative prices vary a loEigure 29 illustrates this forthe Forest
variable and the output variable High Voltage (HV) lin€ach point represents a
company, and for some companiesdabrhas the highest prioghile for others it is the
HV variable. Moreover, nany companies have a shadow price of zero for at teesif
the outputs, indicating slack.

10
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Figure 29: Shadow prices on Forest and High Voltage lines

Virtual weights

In orderto assess the relative impact of the différemtputson the cost normsve note
that thecostnorm of a company can be obtained by multiplying all its output quantities
with the correspondinghadow prices oweights, and summing over the outputs. An
examplefor Trollfjord Kraft, based on @06-data, is shown ifigure 2.10. There are four
outputs with positie weights, and the five other ones have positive stauk zero
weights Note that Trollfjord Kraft has nothing of the interface output, so evemgtho
this output has a positive weigiitthas no influence on theostnorm of Trollfjord Kraft.
The totalcostnormis 3197 MNOK, and since the reported cost is 28.MNOK, the
efficiency score of this company Wide 120.3% (=31.97/ 2658). Coast anenergy are
the most impdant output parameters for thenmpany, making up 43.% and 42.9% of
the costnorm, respectively, while siwo accounts for the remaining ¥3%. The product
of an output quantity and its weight is sometimes referred to as thalvoutput
guantity, and the corresponding percentage weigtdlisccthe virtual output weighsee
Thanassoulis et al. (1987).

11
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Physical Weight  Costnorm  Share of
quantity Slack (NOK) (1000 NOK) cost norm
Energy 147 367.0 92.1 13 580 42.5 %
Customers 4 670.0 596.1
Cottage customers 494.0 431.3
HV-lines 348.0 68.6
Net stations 287.0 41.4
Interface 0.0 905.4 0 0.0 %
Forest 101.6 512.0
Snow 136 382.9 321 4 375 13.7%
Coast 22.3 627 772.6 14 019 43.8 %
Sum 31973  100.0 %

Figure2.10: Computation otost nornmfor Trollfjord Kraft (2006)

In figure 2.11 we show the composition of theostnorm for all the companies in the
industry. Each column in the figure corresponds to one company, and since the width of
the column is equal to thmstnormfor the company, the area of the entire graph is equal

to the totalcostnorm for the industry. The vl output weights for the industry are
given in brackets, and we see that energy and custdogatherconstitute 596 of the

total costnorm for the industry. The geograptgriables on the other hand, accouot

only 10% of the norm, which may noeem very dramatit However, some companies
have very high virtual weights for tbe three variablesisthe 10% are distributed on
many small companies that represent a relatively small share of the total industry cost

but with large individual virtualveights

8 This does not mean that the industry cost norm incréms&8 %-pointswhen the geography variables
are introduced. As shown in figure 2.3 and 2.7, many companies are affedtaderage efficiency in the

industry increases from 899 to 93.6%, i.e. the cost norm incread®g3.8 %-points

12
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Coast (2 %)
Snow (5 %)
m Forest (3 %)

Interface (4 %)

B Net stations (16 %)
B HVtlines (11 %)

Cottage customers (3 %
B Customers (27 %

B Energy (29 %)

Relative impact of output parameters

0 1000 2000 3000 4000 5000 6000 7000 8000 9000

Cumulative norm cost (MNOK’

Figure 2.11: Virtual output weight$or 2006

Figure 2.12show companies with a virtual weight wiore than50% on the geography
variables.There are 13 such companies, and we see that some of them are highly super
efficient (efficiency scoresra shown in bracketsfor thesel3 companies, more than

half of the cost normwill be determined by # geography variables. Although it is
clearly difficult to distinguish between reasonable and unreasonable weights, we think
that many will agree thathe examples shown ifigure 2.12 are unreasonablefigure

2.13 shows companies with a weight of less than 10 % on energy and customers. There
are 21 such compées, and again we see that soofighese have very high efficiency
scores.

In the 2006 data3l companies are super efficient, and 12 of them are represented in
figures 2.2 and / or 2.8. Similarly, figure 2.14 shows all companies with efficiency
scores of at least 110 % in 200®&ere are 16 such companies, and 8 of these can also be
found infigure 2.12 and/orfigure 2.13, i.e., companies with extreme weights seem to be
overrepresented in the group of highly super efficient companies. This points towards a
link between very high efficiency scores and extreme output weights, and this tendency is
corfirmed infigures 2.5 and 2.8, which show the relationships between virtual weights

on geography variables and energy / customers on the one hand, and efficiency scores on
the other hand. We notice that a larger virtual weight on geography variablesdend

13
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give higher efficiency scores, while it is the opposite for companies with large weight on
the energy and customer variables.

Rauma Energi AS (88 %)

Indre Hardanger Kraftlag AS (99 %)
Trollfjord Kraft AS (120 %)
Repvag Kraftlag AL (73 %)
Austevoll Kraftlag BA (83 %)
Fitjar Kraftlag BA (93 %)

Serfold Kraftlag AL (99 %)
Ballangen Energi AS (97 %)

Fusa Kraftlag (128 %)
Rodey-Lurgy Kraftverk AS (137 %)
Nesset Kraft AS (120 %)

Tysnes Kraftlag PL (108 %)
Modalen Kraftlag BA (117 %)

M Energy (29 %)

B Customers (27 %)

W Cottage customers (3 %)

B HV-lines (11 %)

W Net stations (16 %)
Interface (4 %)

W Forest (3 %)
Snow (5 %)

Coast (2 %)

0% 20% 40% 60% 80% 100%

Figure2.12 Companies with more tha® % weight ongeography2006)

14
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Bindal Kraftlag AL (88 %)
Nord-@sterdal Kraftlag AL (107 %)
Gauldal Energi AS (85 %)

Vokks Nett AS (95 %)

Fusa Kraftlag (128 %)

Aurland Energiverk AS (69 %)
Ser-Aurdal Energi BA (74 %)
Sjofossen Energi AS (78 %)
Hemne kraftlag BA (83 %)

Klepp Energi AS (108 %)

Evenes Kraftforsyning AS (144 %)
Tregstad Elverk AS (121 %)
Drangedal Everk KF (108 %)

Nore Energi AS (74 %)

Rollag Elektrisitetsverk LL (74 %)
Nord-Salten Kraftlag AL {130 %)
Vest-Telemark Kraftlag AS (99 %)
Suldal Elverk (92 %)

Nesset Kraft AS (120 %)

Tysnes Kraftlag PL (108 %)
Modalen Kraftlag BA (117 %)

H Energy (29 %)

B Customers (27 %)

B Cottage customers (3 %)

W HV-lines (11 %)

W Net stations (16 %)
Interface (4 %)

W Forest (3 %)

= Snow (5 %)

Coast (2 %)

0% 20% 40% 60% 80% 100%

Figure2.13 Companies with less than ¥ weight m energy/customers (2006)
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Tydal Kommunale Energiverk KF (110 %)
Fredrikstad Energi Nett AS (115 %)
Rgros Elektrisitetsverk AS (115 %)
Askoy Energi AS (116 %)
Hafslund Nett AS (116 %)
Modalen Kraftlag BA (117 %)
Lyse Nett AS (117 %)
Trollfjord Kraft AS (120 %)
Nesset Kraft AS (120 %)
Trogstad Elverk AS (121 %)
@rskog Energi AS (123 %)
Fusa Kraftlag (128 %)
Nord-Salten Kraftlag AL (130 %)
Krgdsherad Everk KF (134 %)

(

(

B Energy (29 %)
W Customers (27 %)
m Cottage customers (3 %)

m HY-lines (11 %)

W Net stations (16 %)
Interface (4 %)

W Forest (3 %)

B Snow (5 %)
Coast (2 %)

Rodey-Luray Kraftverk AS (137 %)
Evenes Kraftforsyning AS (144 %)

0% 20% 40% 60% 80% 100%

Figure2.14 Companies with efficiency scores of more than 110 % (2006)
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Virtual weight on geography variables

Figure 2.15Efficiency and geography variabl€2006)
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40% R?=0.031
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Virtual weight on energy/customers
Figure 2.16Efficiency and enayy/customerg2006)
2.4 Summary

The examples ifigures 2.112.16 show that extreme weights may be a problem in the
present DEA model for the distribution companies, and that this phenomenoartaia c
degree may explain the @arence of very high efficiency scores. In the following
sections we look at possible resdies for this problem. In thBEA literaturethere exist
several methods for handling the problem of extreme input/output weights. The most
prominent method is to impose restrictions on the weighthadow prices in the DEA
model, andin the following we concentrate on different types of weight restrictions.
However, other methods do exist, such as adjusting the data set by adding artificial data
points or adjusting DEA efficiency scores for slackn overview of the different
methods can be found in d@hassoulis (2004).
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3. Weightrestrictions

Generally in DEA, the efficiencyof a company is defined as the ratio of a weighted sum

of outputs to aveighted sum oinputs. When computing the efficiency, therednplete
freedom to choose the weights asated with eachinput and/or output so as to
maximize the relative efficiencyof the company This complete flexibility in the
selection of weights is especially importdot identifying inefficient compang as the

DEA formuldion demonstrates that tleescompanis cannot achieve the maximum
efficiency score even when they can choose the weights that show them in the best
possible light.

However, thecomplete flexibility may result in some inputs and/or outputs being
assigned a zero or negligible weighiganing that these factors are in fact ignored in the
efficiency assessmenMoreover, the weights may vary a lot from one company to
another, and they may be in conflict with a priori beliefs about relative weights or rates of
substitution.One way to linit the range of values that the weights can take is to use
weight restrictions. Literature reviews on the use of weight restrictions in DEA can be
found in Allen et al. (1997) and Thanassoulis et al. (2004).

Several tpes of weight restrictionbave been qoposed in the DEA literaturdn this
section we explain different versions of weight restrictions, and their interpretation in the
DEA modeling frameworkOur starting point is the DEA model specified for Norwegian
distribution networks, as outlined ihd previous section.hlis, our focus is on weight
restrictions that fitinto a cost efficiencymodel with a single input, total cost, and a
number of outputs, consisting of product characteristics, like energy transported and the
number of customers serveahd environmentajeographyariables, to account for the
difficulty of providing network services in different concession ate@ke resulting
DEA model for evaluating a specific mpany can be formulated as a lingaogram,
either with an objective uinction that minimizesthe efficiency scoreor one that
minimizes cost thus establishing the corresponding cost norm for the evaluated
company. We formulate the min cost variant in the following, in order to obtain a dual
formulation with weightg prices that can be interpreted in monetary units.

° See Dyson and@ihanassoulis (1988) for a discussion of the shigpeit model.
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A linear program for determining the cost norm of comgais;

(LP1) M/in a*/ixj
).l
S.t.
a/jy”. 2 Y, r=1,..,s
i
/,20 j=1,..n

There aren companies pragacing s different outputs. The total cost of compagnig X

while company producesy; units of output. The variable/; is the weight of company

in the reference set of the evaluated companyhe model is CRS (with constant returns

to scale/; 2 0) and we assume supedficiency (sum ovey exceptj ). The interpretation

of the linear program is that in the performance evaluation of compamg find the
reference company, as a linear combination of the other companies in the industry, with
minimum cost, such that it produces at least as much of each output as the evaluated
company.

Alternatively, we may formulate the dual problem of LP1:

(LP2) Mpaxa Yy Py
S.t
a vy;p, ¢x iL
Py 20

The decisia variables are the pricgg+ for each output of the evaluated company, and

the linear program can be interpreted so as to find prices for comp#rat maximize
revenue, and at the same time assure that none of the other companies exceed their total
cost at these prices (they are within a budget limit). The ppigeis problem LP2 are the
shadow prices of the output constraints in LP1, @misequentlyp;- gives the increase

in minimum cost due to an increaseyii, and is a local per unit cost outputr.

Except for the budget constraint and the -negativity constraints in LP2, there is
complete freedom in choosing the shadow prices in the dual problem LP2. This may
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result in prices that are in contradiction to prior views or additional nmdtion. It may

for instance be that the prices of different outputs turn out to be illogical. With slack in
the inequality constraints in LP1, the corresponding shadow prices in LP2 will be equal
to zero, and as a consequence, the minimum cost can benidettrmore or less
completely by the weights of only a few outputs.

One possible solution to problems with the values of the weights is to limit the values that
the prices can take in LP2. There are different versions of such weight restrictions, both
restictions on absolute prices and on the relationships between prices are possible.
Moreover, it is possible to introduce restrictions on the products of prices and quantities.
In the following we will show how weight restrictions can be formulated in tiagbr

and dual LP problems of a benchmarking model of the NVE type, and we will give
interpretations of the restrictions that we put on the weights.

3.1 Absoluteweight restrictions

Absolute weight restrictions are upper or lower bounds on the absoluts alithe
shadow prices in LP2. Let us consider absolute weight restrictions on the shadow price of
outputk, i.e.

C°¢p,. ¢CF

These restrictions can be included in the dual program LP2, to give the following, more
restricted linear program

(LP3) Mgaxar‘ Yy Py
s.t.
& Y,p, % ) ()
p, ¢C* (")
- p, ¢-CL° (°)
Py 20
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Introducing more restrictionmto the maximum problem, the weight restrictions on the
shadow prices of output will have a norpositive effect on the optimal objective
function value, i.e. the cost norm will be reduded stay the same)ynd the weight
restrictions lead to strongefficiency requirements. This is intuitive when we look at the
effect on the corresponding primal cost minimization problem (taking the dual of LP3),

with decision variables ;, n}", and n7}°, thelatter two being the shadow prices of the

added weight restrictions in LP3.
(LP4) Ming /;x +m"Cr - m°C°
m

s.t
é. /]ykj +ntjp- ,7#0 2 yij

i

é./jyrjzyﬂ* r, Kk

i

/,.mF a2 0

From LP4 we see that an interpretation of the regiristionthe absolute value of the
shadowpricesof outputk, is that it is possible to buy and sell outgut pricesC,” and

C.°, respectively. In other words, the peers of the evaluated company can either produce
output k itself or engage in an external market, buying® and selling 74° at
prespecified pricesC” and C°. This can also be interpreted as introducing another
peer (the extrnal market) that can provide outguat priceC.” per unit and take care of

any surplus at pric€° per unit.

3.2 Relativeweight restrictions

Relative weight restrictionimit the relationship betweeshadow pices of different
outputs Let us consider relative weight restrictions on the shadow prices of ougnds
m, i.e.

CIEIO pmj* ¢ plj* ¢ ClLr:1Pp *

mj
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These restrictions can be included in the dual program LP2, to give the following, more
restricted linear progma:

(LP5) Mpaxar‘ Yy Py
s.t
c":r'l Yy By ¢ X i (/)
Py~ Cim Py ¢0 ()
- p +Cw P, ¢0 ()
P, 20

Once more introducing moe restrictions ito the maximum problem, the weight
restrictions on the shadow prices of outduaadm will have a norpositive effect on the
optimal objective function value, i.e. the cost norm will be redycedtay the same)

and the weight restricins lead to stronger efficiency requirements. This is intuitive when
we look at the effect on the corresponding primal cost minimization problem (taking the

dual of LP5), with decision variables;, gy, and g, the latter two being the shadow

prices of the added weight restrictions in LP5.

(LP6) M,ign a/ X
i
S.t
é. /]ylj +d|rJnP - gllr_no 2 y|j*
i
a /jymj - C|lrJnP |mP +C|Lmo |anO 2 Youi
i

a/]yr] Zyrj*1r,|;m
Iy
/j1 |mp1.g|hqo 20
An interpretationof the relative weight restrictions is thedditional tothe production by

the reference companigsis possible to substitute outputandm in fixed proportions,
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given byC” andC"°. It is for instance possible to obtain aitusf outputl by giving up
C.F units of outpum.

3.3Virtual weight restrictions

Virtual weight restrictiondimit the valueof the virtuals, i.e. the product of the output
variable and its shadow pricket us consider virtual weidnt restriction on outpuk.
This takes the form of regicting the share that outpktcontributes to the total cost norm
of companyj” in the objective function of the linear programz2:

COA P, Y, ¢P Y, CCFA P, Y, 06CoeCr el

These restrictions can be included in tlhldorogram LP2, to give the following, more
restricted linear program

(LP7) Mgaxar Yy Py
s.t
% Y Py € X, i (/)
P Yy - G Py €0 ()
- Py Vi +Ct°<'3r'l Py, ¢0 (re°)
P, 20

Again, introducing more restrictions into the maximum problem, the virtual weight
restrictions on output will have a norpositive effect on the optimal objective function
value, i.e. the cost norm will be reducedhd the weight restrictions lead to stronger
efficiency requirementsAlso in this casgit is possible to investigate the effect on the
corresponding primal cost minimization problem by taking the dual of LP7, with decision

variables/ ;, r\”, and r°, the latter two being the shadow prices of aleledvirtual

weight restrictions in LP.7

23



SNF Report No 33/08

(LP8) Mir/1jrrner é:lixi
1.
s.t
a /]ykj + rll(JP(l- Cgp)ykj* - rkLo(l- Cll_o)ykj* 2 ykj*
i
al Y- r GOy, +rECEy
ii

UP LO
li,re  r 20

2
Yol k

M

Alsoin this case, the effect is some sairsubstitution possibility that is introduced in the
cost minimization, giving new feasible solutions, and thus having gasitive effect on

the value of the objective functipoompared tahe unrestrictedP1. It is also possible to
restrict not only the virtual of a single output, but the combined effect on the objective
function of several output$his is discussed further in section 5.

3.4Summary

In the DEA literature a variety of different restrictioas shadow prices / weights are
described. For the DEA model that NVE is using for distribution networks, with a single
input equal to total cost, and various outputs, the most relevant weight restrictions are
absolute and relative weight restrictions, nieshg the absolute values or relative values

of shadow prices, as well as virtual weight restrictions, restricting the effect that one or a
combination of outputs can have on the cost ndRelative weight restrictions will be
considered in section 4, wte we evaluate and revise some of the proposed restrictions
in NVE (2008), while an alternative approach based on virtual weight restrictions is
proposed and evaluated in section 5. Restrictions with respect to absolute levels of the
weights do not seematural in the case of the geography variables, and will not be
considered in this report. They may be useful in the case of other variables, such as
delivered energy and customers served, and restrictions on these variables will be the
subject of a lateraport.
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4. Weight restrictions proposed byNVE

In this section we will discuss some of the relative weight restrictions propgdedE

(2008). The entire proposal is presented in section 4.1, together with a brief discussion of
the motivation for the diffrent restrictions, as stated in the NVE report. In section 4.2 we
evaluate the restrictions with respect to the geography variables, and we suggest a revised
formulation of these. Among the changes that we propose is a redefinition of the
geography varidbs in order to make the variables and their weights more easily
interpretable, thereby facilitating the formulation of weight restrictions. Then, in section
4.3 we evaluate the effects of the revised restrictions, and section 4.4 gives a summary
and conalsions.

4.1 Theproposal

The restrictions proposed in the NVE report are showiigure 4.1 below. They are all
of the relative type, and are based on -page comparisons of output weights.
Restrictions VRiVRS are twesided, thereby providing both uppend lower bounds for
the involved weights, while restrictions VRA&R11 are onesided, and form an upper
bound for the geography weights based on the weight efihég.

Restriction(s)| Involved variables Mathematical formulation
VR1/VR2 | HV-lines versuset stations 0.952p,s ¢ p,,y ¢8.572p,¢
VR3/VR4 | Interface versus net stations 0.02304pys ¢ Py, ¢ 0.207380, g

VR5/VR6 | Customers versus cottage custon /3P, ¢ Pecust ¢ 3Peust

VR7/VR8 | Net stations versus customers | 1.618p,, ¢ Pys ¢ 58252p.,

VRY Forest verssi HV-lines Prorest ¢ 0-04Py,
VR10 Snow versus HVines Psnowt 0.0053p,,,
VR11 Coast versus H\ines Pooast® 36.364p,,

Figure 4.1: Weight restrictions in NVE (2008)
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The various restrictions have different motivations. According to epert, restrictions

VR1-VR8 are introduced in order to reduce slack in the Baddel, while the

motivation behind VR9/R11 is to avoid unreasonably high efficiency scores as a result

of the geography variables. As we discussed in section 2, high efficsenogs may in

some cases reflect extreme weighting of outputs rather than real efficiency, and weight
restrictions can clearly be used to eliminate such weighting schemes. Hence, the
motivation behind VR9/R11 seems plausible. We find the motivation bdhiR1-

VRS, i.e., to reduce slack, somewhat more problematic. It is indeed true that slack in a

DEA analysis represents a form of Ahiddeno
some output s, compani es may be aeheavily,t o wei g
thereby obtaining higher efficiency scores. In this sense, the existence of slack is
connected to the problem of Aunreasonabl eo
slack does not in itself solve the problem of unreasonable weighting scheffieency

scores. Note that, in order to eliminate slack for an output, it is enough to force the
corresponding weight to be strictly positive. However, the resulting weight may still be

very low relative to other output weights, and may be seen as$yhigineasonable.

Hence, in order to evaluate the DEA weights of a particular company, it is not enough to

check whether the values of the weights (slacks) are positive or not, one needs to look at

the actual values of the various weights and conclude eh#iky represent a plausible

weighting scheme or not. An interesting example of such an evaluation can be found in

Thanassoulis et al. (1987 )r, o uwnhdoe di npterrofdourcnea ntcl
an additional c heck o0 nmeaaning thahthe effigiénsy ragngf i c i en
Ais based fairly evenly on all its outputs a

Another concern with respect to VR/RS in the DEA model for distribution networks is

that some of theuput variables are input factors, like for instaffdé-lines net stations,

and interface. For these variables, it can even be argued that the existence of slack should
be seen as positive, since it indicates that the evaluated company uses less of an input
than the reference company. For these outputs, it isbhvibws that one should seek to
reduce slack!

4.2 Evaluation and reformulation of the geography restrictions

The restrictions VR9/R11, shown infigure 4.1 above, relate the geography weights to
the weight on HMines. The intention behind them is to linthie weight of each one of
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the geography variables to twice the weight of-khés. As stated in section 4.1, we find

the motivation behind these restrictions plausible, but we have some objections to the
details of their formulation, and this has mainlydio with the scaling factors that are
applied to the left and right hand sides of the restrictions in order to make the geography
weights and the weight of Hllhes comparable. We argue that some errors are
introduced via this scaling procedure, and werdft@e propose an alternative
formulation We scalethe output quantitiesof the DEA model in order to make them
comparable, thereby avoiding the scaling of outpeights A positive side effect of our
modified proposal is that the output quantities far §eography variables become easier

to interpret, thereby making the DEA model more understandable.

Restrictions VRVR11 in NVE (2008) are formulated as esided restrictions, whereby

an upper limit for the geography weights are specified relativestavélight on HWVlines.

An interesting question is whether one should also spkmifgr limits for these weights,

since some companies may be able to obtain unreasonably high efficiency scores by
assigning very low weights to the geography variables. Irfdthewing, however, we

will limit the discussion to the restrictions proposed by NVE (2008).

Forest versus HMines (VR9)

The forest variable of companys defined as

Yeorestj = FOrestinde; GHighVoltageLinesAir (4.1)

where the forest index measures the shathexdfomp a n y 6tbat iscovered by high
growth forest (6100), and HVlines are measured in no. of kilometers. Based on this
variable definition, NVE (2008) propasthe weight restriction

Prores 100/ 2 € 2p,,, , (4.2)
which is equivalent to
Prorest ¢ 0.04py, - (4.3)

The weight of HVlines on the right hand side of (4.2) is multiplied by 2 in order to limit
the weight of the forest variable to at most two times the weight ofik®g. The factor

27



SNF Report No 33/08

100 on the left hand side is introduced inlearto adjust for the fact that forest index

values are numbers betweerl@), and the division by 2 is made because air cables

account for roughly 50 % of the high voltage network in Norway. We do not agree with

the latter adjustment, since output weigtgsresent marginal values. The marginal value

of the | ast kil ometer of Aforest | ineo shoul
kil omet er o-ine, anda rs tharéfare wkbig to adjust the weights based on

the average composition ofemetwork. Since the division by 2 on the left hand side is

equivalent to multiplying by 2 on the right hasitle, the proposed restriction is indeed

much weaker than whatas intended.

In order to simplify the restriction, we propose instead to rescal®thst variable in the
following manner

Yeorestj := FOrestindex; / 100CHighVoltageLinesAir . (4.4)

By dividing by 100, the forest index can be interpreted as the fractibonhoE c ompany 6 s
area with highgrowth forest, andhencethe redefined variable can be interpreted as the

number of kilometersof lines exposed to higgrowth forest. Hence, the forest variable

will have the same unit of measurement as the-liH¥ variable, and the weight

restriction can be simplified to:

pForest ¢ 2 pHV . (45)

Snow versus HVines (VR1)

The snow variable of companys defined as

Ysnow = Snowlindex(HighVoltageLinesAir (4.6)

where the snow index measures the average precipitation as snow (in millimeters per
year). The weight restriction in NVE (2008) is formulated as

Psnow/ 27/ 2¢ 2Py, (4.7)

which is equivalent to
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Panou 0.0053,, . (4.8)

The weight of HVlines on the right hand side of (4.7) is multiplied by 2 in order to limit

the snow weight to two times the value of the weight onlid¥s. The number 757 on

the left hand side is ¢hmaximum amount of snoprecipitation wherethe precipitation

number has been adjusted by multiplying it by the proportion of air cables in the
company6s high voltage network. The divisiort
same reason as in (4.2.e. because air cables account for 50 % ofNoewegian high

voltage network. W believe this adjustment should be rejected for the same reason as in

the case of the forest variable.

We propose a similar reformulation of the snow variable as in the chthe forest
variable. The snow index is rescaled to a number between 0 and 1, by dividing by the
maximum observed valugnd without correcting for the proportion of air cables in the
companyo6s net wor k)

Snowlndex

:=—————— (MighVoltageLinesAir (4.9)
SnowlIndey,,

ySnowj

The new snow vaable can be interpreted as the number of kilometers of maximally
snow exposed HMnes. Given the ralefinition of the snow variable, the corresponding
weight restriction can be written as

Psnow® 2Ppy » (4.10)

assuming that we want to use thstriction ratio equal to, proposedy NVE (2008).

Coast versus HVYines (VR11)

The coast variable of compapig defined as

Yeoasy = CoastindexHighVoltageLinesAir, (4.11)

where the coast index is defined as average wind speed divided by average distance to
coast.The corresponding weight restriction in NVE (2008) is formulated as
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Peoas0-11/ 2¢ 2p,,, (4.12)
which is equivalent to

Posae ¢ 36.364D,,, . (4.13)

The weight of HVlines on the right hand side of (4.12) is multiplied by 2 in order to

limit the caast weight to two times the value of the weight on-kH¥s. The number 0.11

on the left hand side is the maximum amount of the coast index, where the index has been
adjusted by multiplying it by the proportio
network. The division by 2 on the left hand side is made for the same reason as for the

forest and snow weight restrictions in (4.2) and (4.7), and should be rejected for the same
reasons as explained earlier.

We rescale the coast variable in a similar nearas for the snow variable in (4.9), by
defining™®

Coastlnde>J<

(HighVoltageLinesAir , (4.14)

Yeoastj -~ Coastindey

which can be interpreted as the number of kilometers of maximally exposed, with respect
to coastal factors, HUines. The corresponding weight restriction then becomes

Pcoast® 2Puy - (4.15)

Effect of reformulation

Note that the rescaling of the output variables, as defined by (4.4), (4.9) and (4.14), does
not in itself change the DEA results. This is illustratedfigyre 4.2 below, where we
compare the efficiencgcores based on the original data set (horizontal axis) and the
corresponding efficiency scores based on the rescaled geography variables (vertical axis).
As we can see from the figure, the two formulations are equivalent. However, the output
weights of he geography variables are affected, as illustrated by the tafigiia 4.3.

10 As for the snow variable, we have computed the maximum coast index value based on unadjusted index
numbers, and not as in NVE (2008).
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The average value of the forest weight has increased by a factor of 100, which is exactly
the factor that we have used to scale the new forest variable in (4.4). The avaragg va

the snow weight with theriginal data set was NOK 20.2Whereas the average value
with the reformulated data set is NOK 239, i.e., the value has increased by a factor of
1193.6. This factor corresponds to the maximum observed value of thérstew, i.e.,

the value that we used to define the new snow variable in (4.9). The coast weight has
increased by a factor of 0.1611, which corresponds to the maximum observed value of
the coast indéy, i.e., the value used to define the new coast variatfe14).

150%

130%

110%

) 3

90 %

70%

Efficiency score with adjusted data set

50 %

P g

50%

Efficiency score with original data set

70%

90 %

110%

130%

150%

Figure4.2 Effect of reformulatioron efficiency scores unrestricted model (2006)

1 Observed index value for Odda Energi AS.
12 Observed idex value for Tafjord Kraftnett AS.
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Average (NOK) Max (NOK) No. of zeros

Old New Oold New Old New
Energy 32 32 92 92 48 48
Customers 510 510 2671 2671 82 82
Cottage customers 1165 1165 7 264 7 264 69 69
HV-lines 8735 8735 44 683 44 683 63 63
Net stations 12 896 12 896 52 548 52 548 59 59
Interface 1300 1 300 7 701 7 701 51 51
Forest 282 28 184 2155 215491 57 57
Snow 20 24 193 104 123595 58 58
Coast 140 948 22700 1030215 165919 81 81

Figure 4.3: Effect of reformuletn on output weights (2006

Figure 4.3 above shows that the average weight ofifAs in 2006 is NOK 35, while

the aveage weights of the geography variables are approximately 2.5 to 3 times as large.
Hence, using a factor of 2 in the relative weight restrictions, as given by (4.5), (4.10) and
(4.15), will clearly have an effect on the DEA results. This is also appamnt thre
diagrams infigure 4.4 below, where we have plotted the observed combinations of the
unrestricted geography weights (vertical axes) and HV weights (horizontal axes). The
solid lines in the diagrams indicate the relative weight restrictions givéd.by (4.10)

and (4.15), and we see that a large number of the observed combinations of weights
violates the proposed restrictiond/e would therefore expect the restrictions to affect a
large number of companies.
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Figure 4.4: Unrestricted outputeights with rescaled data (2006

4.3 Effectk of relative restrictions

Figure 4.5, where we have plotted the efficiency scores corresponding to the original and
revised NVE proposal, as well as the unrestricted efficiency scores, illustrates that the
revised version of the NVE restrictions will indeed affect a large number of companies,
as was expected.idgure 4.6 gives a list of the 1&mpanies for with the efficiency

score isreducedmost, andwe see thafor the companies that have a reduction in
efficiency of at least 1@-points, most companiesyith two exceptions, would have
been evaluated as (very) sugdiicient given the unrestricted model.
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Efficiency scort

—a— Qriginal proposal »+— Revised proposal (2x) —e— Unrestricted model

150 %

130 %

110 %

90 %

1 10 19 28 37 46 55 64 73 82 91 100 109 118 127

Companie

Figure 4.5 Effect of original and revised propog2006)

Company Unrestricted Restricted  Reduction
Raday-Lurgy Kraftverk AS 137 102 35
Nesset Kraft AS 120 91 29
Tysnes Kraftlag PL 108 81 28
Modalen Kraftlag BA 117 91 25
Fusa Kraftlag 128 103 25
Austevoll Kraftlag BA 83 66 17
Evenes Kraftforsyning AS 144 129 16
Trollfjord Kraft AS 120 106 15
Fitjar Kraftlag BA 93 80 13
Tydal Kommunale Energiverk KF 110 98 12
@rskog Energi AS 123 112 10
Finnds Kraftlag 90 82 9
Indre Hardanger Kraftlag AS 99 91 8
Nordvest Nett AS 100 93 8
Fjelberg Kraftlag 71 64 7

Figure 4.6 The 15 most affected compasjdased on efficiency scorg)06)
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Figure 4.5 also illustragsanother interesting point, namely, that the revised version of the
restrictions in the NVE proposal has a stronger effect on the efficiency scores than the
original version. This is due toehadjustment madey NVE (2008) to account for the

fact that air cables only account for 50 % of the high voltage network. This adjustment is
based on an erroneous argument, and has therefore been removed in our revised version.
Since the adjustment was deaby dividing the left hand side of the restrictions (4.2),
(4.7) and (4.12) by 2, its effect was to weaken the restrictions, and removing it will
therefore result in stronger restrictions. Figure 4.7 compares the effect of the original
restrictions propsed by NVE (horizontal axis) to restrictions on the reformulated data set
(vertical axis). With the reformulated data set, we have used a ratio of 4 in the
restrictions, i.e., the geography weights are bounded upwards by 4 times the weight of
HV-lines. Wesee that the efficiency scores for the two formulations are rfi2aténtical

for most companies. Hence, the restrictions proposed by NVE roughly correspond to
using a restriction ratio equal to 4 in the weight restrictions, i.e., they are in fact much
wedker than what is stated in the proposal.

3 The differences are due to the fact that the maximum values of the snow and coast indices, used to scale
output weights in the NVE proposal and output quantities in the case of our reformulation, are not identical.
In NVE (2008) the maximum values of the snow and coast indices are calculated with respect to adjusted
index values, where the indices are multiplied by the proportion of air cables in the individual company
networks.In our reformulation, we have not maaey adjustments when calculating the maximum snow

and coast index values, as we think this is neither necessary nor correct.
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110 %

90 %
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Adjusted data set with 4x restriction

o
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50% 70% 90% 110% 130% 150 %
Original data set with 2x restriction

Figure 4.7 Effect of reformulatioron efficiency scores restricted model (2006)

The choice of the restriction ratio equal to 2 in our revised version of the NVE proposal is
consistent with the original propos&owever, vhen making this choice, one needs to
interpret the geography weights correctly. Note that-llH¥s exposed to one of the
geography factors are counted twice in the output data. Firstly, they are counted by the
HV-variable, and secondly, by thielevant geography variable. Suppose, e.g., that we
would like to limit the value of one kilometer of forestposed HMine to twice the

value of one kilometer of neaxposed HMine. Considering the double counting of
forestexposed lines, the correctstaction with respect to the forest weight should
bepq, et t Py ¢ 2P,y » Which is equivalent to

Prorest & Prv » (4.16)

i.e., corresponding to a ratio of 1 in the weight restriction. This is a considerably stronger
requirement than the ratad 4 implied by the original proposal in NVE (2008).

If one chooses to implement relative restrictions of this type, the final choice of this ratio
should be based on further analyses of the
analysis shown ifigure 4.8 illustrates some of the effects that this choice may have. We

have analyzegevendifferent cases, with eestriction ratioranging fromO to 5,as well
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as the unrestricted case. Note thditrat ratio of O is ejuivalent to the case where the
geogaphy variables are not included in the DEA mobulé¢é see that for all the analyzed
cases, the average (cogtighted) industry efficiency does nwary much. When the
restriction ratiois increased, fewer companies will experience very large reductions, b

the number of affected companies does not decrease dramatically. Even with a restriction
ratio of 3, 81 of the 127 companies are affected, and the average reduction for these 81
companies will be 3.7 percentage points (usingimple average). Comparea the

virtual weight restrictions that we shall look at in the next section, the efficiency
reductions caused by the relatmeight restrictions seem to be spread out over a fairly
large number of companies.

Maximum geography weights relative to HV-weight

0x 1x 2X 3X 4x 5X Unrestr.
Industry efficiency 89.8% 915% 924% 928% 93.0% 93.2% 93.6%
No. of affected comp. 115 103 91 81 79 78 0
Average reduction 9.7 6.9 5.0 3.7 2.7 2.3 -
c w Over 50 2 1 0 0 0 0 0
S E 25 - 50 8 4 4 0 0 0 0
3 8. 10-25 29 15 7 7 6 3 0
b 5-10 22 22 14 6 3 5 0
™= 0- 5 54 61 66 68 70 70 0
No change 12 24 36 46 48 49 127
Corr(Eff, VirtualGeography) - -0.15 -0.02 0.10 0.17 0.20 0.32
Corr(Eff, PhysicalGeography) -0.43 -0.24 -0.10 0.00 0.05 0.07 0.16
Corr(Eff, VirtualProducts) 0.00 -0.04 -009 -0.13 -0.15 -0.15 -0.18

Figure 4.8 Sensitivity analysis w.r.t. choé of restriction ratio (2006)

In section 2 we showed th#ie unrestricted efficiency scores are positively correlated
with the virtual weight on geography, and negatively correlated with the virtual weight on
the product variables energy / customers. @treelation coefficents shown the lower

part of figure 4.8 illustrate that this correlation will be affected by the introduction of
relative weight restrictionslhe correlation between efficiency and the virtual geography
weight decreasesvhen the resictions are tightened,na eventually becomes negative.
Zero correlation occurs for a restriction ratio of between 2 arido8 that, sincehe

virtual weights are optimized for each company in order to evaluate the company in the
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best possible lightwve may overestimate the correlation effect by using virtual geography
weights Therefore we alsshow correlation coefficientbetween efficiency scores and
thephysical value of thgeography variablé§ andthis analysis shows a similarfedt of

the weidnt restrictions.Figure 4.8 also shows that tlwerrelation between efficiency
scores and the virtual weight on theoduct variables increases as tlstrictions are
tightened. 2ro correlationn this casas obtained only when the geography variables a
removed from the model, i.e., the restriction ratio is set equal to zero.

4.4 Summary and conclusions

In this section we have discussed the relative weight restrictions proposed in NVE
(2008). We find the restrictioren the geography variablptausibe and have suggested

a reformulation, in section 4.2, of the data set in order to make the geography variables
and their weights easier to interpret. With the revised data set, the geography weight
restrictions can be formulated more easily. We showededation 4.3, that the revised
restrictions are much stronger than the restrictions of the original proposal, due to an
erroneous adjustment in the original restrictions. Finally, we performed some sensitivity
analyses with respect to the restriction ratersd one of the conclusiongas that the
relative restrictions seem to affect a large number of the companies in the industry, even
when theratios are high. The sensitivity analyses also show that the correlation effects
discussed in section 2 will befimenced by the introduction of weight restrictions.

Note that we have not presented any evidence to support the choice of particular
restrictionratios. In order to make such a choice, we need more information about the
cost structure of the industry, amneé need a better understanding of how the DEA model
represents the cost norm via the output weights. Understanding what the output weights
really mean may be the most serious challenge when implementing relative weight
restrictions, and this is partly die the fact that some cost drivers have been excluded
from the model, thereby making it harder to interpret the weights of the respective cost
drivers thatare included. We will come back to this problem in the next section, and
present a possible solutidoit.

1 For each company, a single geography measure is computed by taking the average of the three geography
variablesln order to rerove scale effects, the physical values have been divided by the number of
kilometers of H\/lines for each company.
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5. Alternative methods: Virtual weight restrictions

In this section we will explore some alternatives to the relative weight restrictions of
section 4, given that we, as stated previously, would like to avoid unreasonably high
efficiency scores tost norms due to the introduction of the geography variables. It is
hard to see how one could specify meaningful bounds for the absolute levels of the
geography weights, and we will therefore limit the discussion to virtual weight
restrictions, which wéelieve is an interesting alternative. In section 5.1 we call attention
to some challenges with the relative weight restrictions, and explain why virtual weight
restrictions, as defined in section 3.3, represent an interesting alternative. In sections 5.2
5.4 we consider some alternatives with respect to virtual weight restrictions, and illustrate
their effect on the DEA results. In section 5.5 we briefly discuss some other alternatives,
before we conclude in section 5.6.

5.1 Why virtual weight restrictions ?

Relative weight restrictions require choices to be made at a fairly detailed level in the
model, as illustrated by the discussion in section 4. We need to specify which variables to
include in the restrictions, as well as upper and/or lower bounds egifiect to the ratio
between their weights. Biases in the DEA results could arise if we make the wrong
choices, e.g. by omitting relevant restrictions or by making false assumptions with
respect to the bounds.

The noncompleteness of the DEA model, due be tway the model was constructed,
makes these challenges more severe. As described in NVE (2006a/b), statistical tests
where used to check whether variables should be included in the model or not. Some cost
drivers, such as low voltage lines, where exaufieainly) because they did not pass the
statistical tests, hence their effect on costs will be picked up by one or more of the cost
drivers thatare included, such as net stations or high voltage lines. However, it is
difficult to know which of the includd cost driversare picking up thecost effect
corresponding to an excluded driver. This fact makes it difficult to interpret the output
weights in a meaningful way, and to relate the values of different output weights via
restrictions. Specifically, it mabe difficult to relate the geography weights to the weight

of HV-lines, since we do not know what the normal level of thew#ghts should be,
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given that the HWariable probably is picking up some of the effect of excluded cost
drivers.

In order to redce the need for detailed assumptions/choices, we propose alternative
weight restrictions at a more aggregate level. Specifically, we group the outputs with
respect to the type of output, and specify restrictions with respect to the percentage share
of the cost norm that each group accounts for. The following groups are natural
candidates for such restrictions:

1. Geography variables: forest, snow, coast
2. Product variables: delivered energy, customers, cottage customers

In the next three sections, we will aymd the effects of virtual weight restrictions with
respect to these two variable groups, and compare with the effects of the relative weight
restrictions in section 4n order to limit the total weight of the geography variables we
could add the followig restriction to the L¥problem:

pForestq/Forestj” + pSnowq/.snowj* + pCOastq/coas,ti* ¢a (5.1)

é. r pr q/rj*

The numbelJhas a value between 0 and 1, and represents the maximal share of the total
cost norm (for the evaluated compgny thatthe geographyariablesmay account fo

In order to use very high values for the geography weights, a company must use zero or
very low values for some other outputis.order to avoid this weould specifya lower

bound for some of the remainingariables, e.g. on the product variables gpeaind
customers. After all, the core activity of the distribution companies is to deliver energy
and serve customers, and the role of the other output variables is to adjust for the fact that
different companies perform these activities under very diffecenditions. Then it

seems reasonable that at | east some weight
therefore specify the following | ower bound
norm:

pEnerqu/Energyi' * pCUStql_t_ZUStJ" * pCC“StQ/CCUSIV 2 p (5.2)

ar pr Cyrj*
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The numbeb has a vlaie between 0 and 1, and represehé minimal share of the total
cost norm that the product variables may account for.

5.2 Evaluation of alternative weight restrictions

In this subsection we will evaluate the effects of restrictions (5.1) and (5.2).ilV\&tawnt

by looking at some particular cases with respect to the valugsandl b for which we

study the detailed effects of the restrictions. We would like to stress that we have no
evidence to support the choice of particular valuedJfand/orb, and we will therefore
provide some sensitivity analyses that may be of songeihehaking these choices. We
also look at the combined effect of the two restrictions.

Maximumrestriction- geography variables

We start by looking at the effect of (5.1) for the clise0.4, i.e., not more than 40 % of

the cost norm can be accountedlfy the geography variables. The effect with respect to
the efficiency scores is illustrated in figure 5.1, where we have also included the
unrestricted efficiency scores, as well as the efficiency scores resulting from
implementing the relative restriotis described in section 4423. As we saw from the
sensitivity analysis in section 4.3, the relative restrictions affect a large number of
companies. The virtual restriction, on the other hand, has a strong effect for a few
companies, while most of thempanies are (almost) unaffected.
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A— Relative restrictions {2x) —&— Max 40 % geography —e— Unrestricted model

150%

130%

110%
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Companies

Figure 5.1 Effect of virtual weight restriction wrt geography (2006)

Figure 5.2 shows the 15 companies that are most affected by the virtual geography
restricton. The unrestricted efficiency scores, as well as theeeffic score reductions
caused by the weight restrictions, are shown in parentheses, and the cost norm shares of
the outputs (virtual weights) are shown as the horizontal bars. We see that when the
restriction is imposed, many companies choose to shifthivdigm the geography
variables to either H\lines or net stations. Only five companies experience reductions in
their efficiency scores of 1% or more.
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H Energy M Customers @ Cottage customers M HV-lines B Netstations © Interface ®Forest ®mSnow  Coast

Rodey-Lurgy Kraftverk (137;39)

Tysnes Kraftlag (108; 30)
Nesset Kraft (120;23)

Fusa Kraftlag (128; 16) I B e

Modalen Kraftlag (117; 15}
Austevoll Kraftlag (83;7)
Trollfjord Kraft (120;5)

Indre Hardanger Kraftlag (99; 4)
Ballangen Energi (97; 3)

Repvag Kraftlag (73; 2)

Rauland Kraftforsyningslag (99; 1)
Serfold Kraftlag {99; 1)

Rauma Energi (88; 1)

Nordkyn Kraftlag (87; 1)

0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%

Luster Energiverk (101; 1)

Cost norm, unrestr. model Cost norm, restr. model

Figure 5.2 Companies most affected by the virtual weight restriction (2006)

In figure 5.3, we compare the relative weight restrictions from section 4.2 and 4.3 to the

virtual weight restriction given by (5.1). The figure shows the 15 companies that are most
affected by the relative weight restrictions. As we saw in section 4.3, the relative weight
redrictions have a significant effect for a large number of companies. The virtual weight
restriction, on the other hand, only have a significant effect for a few companies. The

diagram in the middle illustrates that the relative restrictions are stroragethé virtual

restriction, since the latter restriction is satisfied for all but two of the companies when

the former restriction is imposed. This is not surprising, since the virtual restriction

allows greater flexibility for the company with respecthiow the weights should be
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adjusted in order to satisfy the restrictions. We see that in the case of the relative
restrictions, the Hwariable make up for a large portion of the increased weight, while in
the case of the virtual restriction the picturenisre mixed.

M Energy M Customers @ Cottage customers B HV-lines ® Netstations © Interface B Forest mSnow  Coast

Redgy-Lurpy Kraftverk (137;35;39) I
Nesset Kraft (120;29; 23)

Tysnes Kraftlag (108; 28; 30}
Modalen Kraftlag (117;25; 15}
Fusa Kraftlag (128; 25; 16)

Austevoll Kraftlag (83;17;7)

Evenes Kraftforsyning (144;16;0)

Trollfjord Kraft (120;15;5)

Fitjar Kraftlag (93;13; 0}

Tydal Komm. E.verk (110; 12; 0}
@rskog Energi (123;10; 0)

Finnas Kraftlag (90; 9; 0)

Indre Hardanger Kraftlag (99; 8; 4)
Nordvest Nett (100; 8; 0)

Fielberg Kraftlag (71; 7; 0)

Unrestricted Relative restr. {2x) Virtual restr. (40 %)

Figure 5.3 Comparison of relative and virtual weight restrictions (2006)

We conclude this section with a sensitivity analysis, shown in figure 5.4, with respect to
the maximum share of geography in the cost norms. We see that, asdasthof the
relative restrictions in section 4.3, the average -a@sghted efficiency is not much
influenced by the weight restrictions. The number of affected companies drops
dramatically as the maximum share is increased, but the average efficidactiae per
affected company does not change that much. Hence, it seems that virtual restrictions will
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to a greater extent punish companies that have chosen extreme weights, whereas the
relative restrictions seem to affect a larger number of compdfimse 5.4 also show

the effect of the virtual weight restriction on the correlation between efficiency scores
and two different measures of the geograph
companiesAgain, as in section 4.3, we see that the positive letioa that is observed

in the unrestricted model (weight limit equal to 100 %) is reduced as the restriction is
tightened, and zero correlation is obtained for a limit between 20 % and 40 %, depending
on how the correlation coefficient is defined. Therelation between efficiency scores

and the virtual weights on the product variables energy / customers is negative in the
unrestricted case, and becomes less negative as the restriction is tightened. As we saw in
section 4.3, the correlation becomes zerly ahen the geography variables are removed
from the model.

Maximum geography share
0 % 10 % 20 % 30 % 40 % 50 % 60 % 70 % 80 % 90% 100 %

Industry efficiency 89.8% 91.8% 928% 93.2% 934% 935% 93.6% 93.6% 93.6% 93.6% 93.6%
No. of affected comp. 115 80 58 35 26 13 9 6 3 3 0
Average reduction 9.7 8.4 6.9 6.8 5.8 7.7 6.4 5.4 5.0 2.0 -
cw Over 50 2 1 1 0 0 0 0 0 0 0 0
S < 25-50 8 6 4 3 2 1 0 0 0 0 0
S8 10-25 29 12 4 4 3 4 3 1 0 0 0
S 5-10 22 19 13 1 1 0 2 2 2 0 0
T c 0-5 54 42 36 27 20 8 4 3 1 3 0
No change 12 47 69 92 101 114 118 121 124 124 127

Corr(Eff, VirtualGeography) - -0.21 -0.08 0.05 0.12 0.17 0.22 0.25 0.29 0.30 0.32
Corr(Eff, PhysicalGeography) -0.43  -0.30 -0.16  -0.05 0.02 0.06 0.10 0.13 0.14 0.15 0.16
Corr(Eff, VirtualProducts) 0.00 -001 -007 010 013 0214 015 015 -0.16 -0.17 -0.18

Figure 5.4 Sensitivity of efficiency scores.wt. max geography share (2006)

Minimumrestriction- product variables

We will now look at the effect of (5.2), and we will start by lookinghet case where

b=0. 3, i . e. t he product variablesd share of
30%. The effect of this restriction on the efficiency scores is shown in figirectow,

and we see that there are a few companies with very |ffiegtse and all of them are

superefficient prior to the introduction of the new restriction.
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Min 30 % energy and customers —m—Max 40 % geography —s— Unrestricted model
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Figure 55: Effect of restriction (5.2) on efficiency scores (2006)

Figure 56 shows the identity of the companies that are most affected by the new
restriction Since less than 30 % of the norm was explained by energy and customers for
all of these companies, the new restriction becomes binding, and they will all have cost
norms, after the restriction is introduced, where exactly 30 % of the value comes from
these outputs. The relative shares of the other outputs do not seem to change very much
as a result of the new restriction.
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M Energy M Customers

Evenes Kraftforsyning (144;38)
Rodpy-Lurgy Kraftverk (137;23)
Nesset Kraft (120;18)

Fusa Kraftlag (128; 15)
Tregstad Elverk (121;12)
Drangedal Everk (108;12)
Tysnes Kraftlag (108; 11)
Modalen Kraftlag (117;8)
Nord-Salten Kraftlag (130; 6)
Suldal Elverk (92; 6)

Aurland Energiverk (69;5)
Ser-Aurdal Energi (74;5)
Vest-Telemark Kraftlag (99;5)
Midt-Telemark Energi (99; 4)

Kvikne-Rennehu Kraftlag (103; 3)

Cottage customers M HV-lines M Net stations

%

Interface M Forest

Snow  Coast

0% 20%

Cost norm, unrestr. model

40% 60% 80% 100%

0%

20% 40% 60% 80% 100%

Cost norm, restr. model

Figure 56: Companies most affected by restriction (5.2) (2006)

a7

The sensitivity analysis in figure Bbelowshows that the numbef affected companies,

as well as the average efficiency score reduction per affected company, increases
considerably as the lower bound for the cost norm share is increased. This is not
unexpected, since we have seen the same property in the case okestnetion for

the geography variables in section 5.2. Again, as in the case of the other restrictions we
have considered, the average emstghted industry efficiency is not much affected by
changes in the restrictioMot surprisingly, the negativeorrelation between efficiency
scores and the virtual weight on the product variables that we observe in the unrestricted
model (limit equal to 0 %) is reduced the restriction is tightened, and a similar effect is
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observed with respect to the correlatioetween efficiency scores and the geography
variables.

Minimum energy / customers share
0 % 10 % 20 % 30 % 40 % 50 %

Industry efficiency 93.6% 93.6% 935% 93.2% 928% 91.7%
No. of affected comp. 0 21 36 43 61 84
Average reduction - 14 2.5 4.9 6.4 8.2
c o Over 50 0 0 0 0 1 2
S E 25-50 0 0 1 1 2 6
S8 10 - 25 0 1 1 6 8 12
3 R 5-10 0 0 3 6 8 20
xc 0- 5 0 20 31 30 42 44
No change 127 106 91 84 66 43

Corr(Eff, VirtualGeography) 0.32 0.30 0.26 0.19 0.12 -0.02
Corr(Eff, PhysicalGeography)  0.16 0.15 0.13 0.09 0.03 -0.07
Corr(Eff, VirtualProducts) -0.18 -0.14 -0.09 -0.01 0.09 0.17

Figure 57: Sensitivity analysis w.t. virtual restrictions on product variables (2006)

Combinationof max and min virtual restrictions

The restrictions given by (5.1) and (5.2) may also be cordbiméhe same model. We
illustrate the combined effect, fé¥= 0.4 andb = 0.3, in figure B and 59 where we
compare the combined effect to the effect of using only (5.1). The identity of the most
affected companies, as well as their efficiency score reductions (in parentheses), are
shown in figure 2. We seehiat the combined restrictions have a stronger effect than the
maxrestriction alone, and for omempany (Evenes) the difference is dramatic.
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—— Max 40 % geography and min 30 % energy/customers —&— Max 40 % geography —+—Unrestricted model

150%

130%

110%

90 %

Efficiency score

70%

50% T T T T T

1 10 19 28 37 46 55 64 73 82 91 100 109 118 127

Companies

Figure 58: Effect of combined restrictions (2006)
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M Energy M Customers ™ Cottage customers M HV-lines M Netstations " Interface M Forest mSnow  Coast

Rodoy-Lurey Kraftverk (137;39;43) I

Evenes Kraftforsyning (144;0; 38) I

Tysnes Kraftlag (108; 30; 30)
Nesset Kraft (120;23; 29)
Fusakraftiag (128;16;24) | [ NN

Modalen Kraftlag {117;15; 18) -
Trogstad Elverk (121;0;12) | | | I
Drangedal Everk (108;0;12) [ | | I 1

Suldal Elverk (92; 1; 8) _
Austevoll Kraftlag (83;7;7) B | |
Nord-Salten Kraftlag (130;0; 6) -
Vest-Telemark Kraftlag (99; 0; 6) _
Aurland Energiverk (69;0;5) I
Ser-Aurdal Energi (74;0; 5) _ _ _
Trollfjord Kraft (120;5;5)
1 o T
Unrestricted Max 40 % geography Combined restr.

Figure 59: Companies most affected by combined restnist (2006)

5.3Weight restrictions and reference companies

Figure 5.D belowlists all the companies that appear in the reference séts R006 data

set and illustratethe relative contribution of each reference company to the total cost
norm of the mdustry. The cost norm contributioh companyj is computed as its cos{)

times the sum of its weighs{ in all the reference & of which it is a member. The
columns of the diagram corresponddifferent versions of the DEA model. The leftmost
column corresponds to the unrestricted model, and colurthsdrespond to some of

the weight restrictions that we have discussed previously. Next to the company names we
have indicated their virtual weights on geography and energy/customers, respectively, i
the unrestricted case. We see that a relatively small number of companies explain a large
share of the industry cost norm. In the unrestricted case, for instance, more #%aof 80
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the cost norm is explained Y companies. Out of these 10 companies,ltas a virtual
geography weight of more than 28§ and three have a virtual weight on
energy/customers lower than 30 We see that the introduction of weight restrictions
does not have dramatic effedn the composition of the cost norm, although thare
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some differences.

Share of industry cost norm
ol
o
X
1 1

100 % ~

Unrestricted Relative Max40% Min30% Max 40 %
restr. (2x) geography energy/cust. geography energy/cust.

(symm.)

Min 30 %

(symm.)

Nord-Trgndelag Elektrisitetsverk (17; 1
Forsand Elverk (0; 41
Melgy Energi (40; 14
Rauland Kraftforsyningslag (45; 4
Halogaland Kraft (21; 47
Rakkestad Energiverk (0; 1«
KvikneRennebu Kraftlag (22; 14
Flesberg Elektrisitetsverk (8; 9:
Tysnes Kraftlag (100; C

= Andgy Energi (50; 50
Luster Energiverk (45; 23

= Ballangen Energi (74; 2€

= Tydal Kommunale Energiverk (27; 7

= Drangedal Everk (12; C

¥ Bindal Kraftlag (34; 10

B Hallingdal Kraftnett (11; 62

¥ Rgros Elektrisitetsverk (22; 51

B Evenes Kraftforsyning (34; 1

B Rgdgylurgy Kraftverk (80; 20

= Nesset Kraft (100; O

B Fusa Kraftlag (77; 8

B Fortum Distribution (0; 56)

m Jeeren Everk Komm. f. i Ha (1; €

B Nord-@sterdal Kraftlag (0; 10

B Trollfiord Kraft (58; 42)

™ Trggstad Elverk (3; 0

B Modalen Kraftlag (100; 0

u Klepp Energi (0; 4

= Askgy Energi (9; 85

m Krgdsherad Everk (34; 6¢

H Lyse Nett (2; 65)

B Nord-Salten Kraftlag (22; 0

B Eidefoss (13; 22

B Fredrikstad Energi Nett (1; 9€

® grskog Energi (41; 46

B Hafslund Nett (0; 100

® Energi 1 FollRgyken (0; 57,

Figures 5.11 and 5.2 showthe ratio betweeeachreferencecompany s

Figure 5.D: Reference compani@s the 2006 data set

C 0 n ttor

but

the industry cost normgndits own actual cost, where the companies have been sorted
accordng to the virtual geography weight and the virtual weight on energy/customers,
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respectively.The highest observed ratio is for Modalen, whose cost norm contribution is
148 times as high as its own actual césgures 5.1 and 5.2 show the names of all
companies with a ratio of 10 or more, and we see that all these 9 companies appear
among the 12 most important reference companies in figuée Toether they account

for over 60 % of the industry noffh From the figures we see sonmlication that
compates with high (low) weight on geography (energy/customers) explain more of the
cost norm, relative to their own taal cost, than other companidsut the picture is
somewhat mixed.
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Figure 5.1: Reference companies and virtual weights on geogrégg6)

15 The relatively large weight of small companies in the industry cost norm is a problem in itself, since it
makes the DEA results vulneralitethe numbers reported by those companies, and this problem was
discussed by Bjgrndal and Bjgrndal (2006a).
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Figure 5.2: Reference companies and virtual weights on energy/custqaas)

We will use the example d¥lodalento illustratean important difference between the

relative and virtual weight restrictions. Modalen has all of its weight on geography, an

we saw in the previous section that its efficiency scoresigasficantlyreduced-15 and

-8 %-points)when we introduced the virtual weigtgstrictions given by (5.1) an@.2),

with U= 0.4 andb = 0.3, respectively. However, figure ®khows thaMo dal ends r ol e
as rdéerencecompany is not visibly affected by the virtual weight restrictions. The

relative weight restrictiosy on the other handyi | | reduce Modal ends ef
dramatically {25 %points) and eliminate the companyfrom the refeence setsThe

reason for this phenomenon is that the virtual weight restrictions given by (5.1) and (5.2)

apply only to the ampany that is being evaluated, and not to the potential reference
companies. Figure 531below illustrates this. Thaumbersin the table are based on a

DEA model with a weight restriction according to (5.1) and with 0.4. We have

chosen Modalen and Sunndal as examples, since Modalen is one of the reference
companies of Sunndalhe table illustrates that when the cost norm aompany is
evaluated based on the companyds own DEA we
satisfied. For Modalen, the virtual weight on the geography variables is 40 %, i.e., exactly

at the upper bound, whereas for Sunndal the corresponding wei$h8i%. However, if

we evaluate Modalen with the weights of Sunndal, for which Modalen serves as reference
company, the restriction is not satisfied,
explained by the geography factorence, when Modalen appean the reference set of
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Sunndal it is not subject to the same weight restriction as whemwn efficiency is

evaluated. Virtual weight restrictions in the form of (5.1) are comyspegific, since the

output weights are multiplied by the physical qutses (theyd s) of t he company
being evaluatedThe relative weight restrictions, on the other haa@ not company

specific, since they only involve the output weights (ihg).

Modalen norm based ¢ Sunndal norm based ¢ Sunndal norm based ¢ Modalen norm based ¢

Modalen weights Modalen weights Sunndal weights Sunndal weights
Output NOK Relative NOK Relative NOK Relative NOK Relative
Energy 184 476 8.7 % 2461515 16.3 %
Customers 11000461 61.2% 694876 33.4 %
Cottage customers
HV-lines
Net stations 1091987 51.3% 9281886 61.4%
Interface
Forest 1549 532 8.6 % 17 913 0.9 %
Snow 850975 40.0% 3377971 223% 5421689 30.2% 1365826 65.7 %
Coast
Sum 2127 437 100.0 %15121 372 100.0% 17 971682 100.0% 2078615 100.0 %
Virtual geography weight 40.0 % 22.3% 38.8 % 66.6 %

Figure 5.8: Alternative cost norms for Modal¢2006

The appeent asymmetry of the virtual weight restrictiost®ouldnot necessarilype seen

as aproblem Thepurpose of these restrictions is to avoid very high efficiency scores as a
result of unreasonable weighting of the output variablesh Sinreasonable weight
occur when the evaluated company has a special output profile, making it difficult to find
comparable compaes that can serve as reference. In a model where super efficiency is
allowed, i.e., a company is not allowed to be its own reference, thidevidin even
bigger problemlit seems plausibléo restrictt h e ¢ o mwnaveights based on this
argument, as we have done in (5.1) and)(%atit is not obvious thait should lead to
restrictions on the weights of thether companie¥. In other words,the fact that a
company is special should not be rewarded with an unreasonably high efficiency score,
but it should not prevent the company from being a reference for other companies!

16 Beasley and Wong (1990) argue that such restrictions could be more in line with the logic behind the
basic DEA model, i.e., that each companiré& to choose its weights as it wants, but subject to constraints
with respect to the effect of these weights on the efficiciency scores of other companies.
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If asymmetryreally is seen as problemwe couldreplace(5.1) by thefollowing set of
restrictions”:

pForestq/Forestj + pSnowq/Snowj + pCoastq/Coaslj ¢ a fOf a”J — l é(5 3)

é. r pr cyrj

Since the restrictiorin (5.1) is included in (5.3), the latteset of restrictiors will be
stronger tharthe formet®. This is illustrated by figure 54lbelow, where we sethat the
symmetric version yields efficiency scores less than or equal to the efficeo®s with

the compamspecific restriction Figure 5.5 illustrates this for different values of the
restriction limit. We see that the symmetric version will dffaclarger number of
companies The maximum effect is not very different for the two versions, but the
average effect is smaller for the symmetric version in all but one case. With respect to the
correlation between efficiency scores and the physical gpbgmeasure, the symmetric
restriction has a stronger effect than the comgspecific restriction.

" Another alternative, suggested Wjong & Beasley (1990), is to replace the output quantiti¢s.iy by
averageguantities. See also Sarrico & Dyson (2004) or Thanassoulis et al. (1997) for a discussion of the
various alternatives.

181n general, stronger restrictions can cause th@iddBlem to become infeasible. This will not occur,

however, if thgoroblem only includes restrictions of the type given by (5.3), since the restrictions can
always be satisfied by setting some output weights equal to zero. This would be equivalent to removing the
corresponding output variables from the DEA model.
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Figure 5.18: Symmetricversus compangpecificvirtual weight restrictios (2006)

Figure 5.5: Sensitivity analyss for companyspecific and symmetriweight restictions

5.4 Which companies are punished one or several geography factors?

Some companies may differ with respect to the number of geography factors that they are
exposed to. A possible objection that has been put forward against virtugtht wei
restrictions & la (5.1) is that they may punish companies that are exposed to several
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