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Abstract 

Electricity distribution is an activity that in principle delivers a separate product to each 
customer. A specification of products for a utility as a whole leads potentially to a large 
number of product aspects including topographic and climatic conditions, and the level of 
disaggregation of factors and products may give the production and cost functions a high 
dimensionality. Some aggregation is therefore necessary. Non-parametric methods like Data 
Envelopment Analysis (DEA) have the advantage that they may give meaningful results when 
parametric methods would not have enough degrees of freedom, but will have related 
problems if the variables are collinear or are irrelevant. Although aggregate efficiency 
measures will not be much affected, rates of transformation will be corrupted and observations 
with extreme values may be measured as efficient by default. Little work has been done so 
far on the statistical properties of the non-parametric efficiency measure. This paper utilises 
a suggestion by Rajiv Banker to measure the significance of the change in results when 
disaggregating or introducing an extra variable, and shows how one can let the data 
participate in deciding which variables should be included in the analysis. 

/( J'J perhaps also instructive to look at the frequency distribution of efficiencies, . . . 
It is to such frequency distributions that one must look for a measure of the success of the 

analysis, corresponding to the multiple correlation coefficient in regression analysis. 
Farrell (1957) 
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1 Introduction' 

In the literature on the measurement of technical efficiency of production the non-

parametric deterministic frontier method of characterizing production technology known as 

Data Envelopment Analysis (DEA) has gained popularity. Rank order tests have been used 

to compare efficiency in different groups or subsamples. In contrast, however, to the 

parametric average cost- and production function approaches there have been few attempts 

at constructing statistical tests of the model specification. Some authors have extended the 

sensitivity analysis of operations research to DEA, while others have been concerned with 

the theoretical conditions for one specification to be equivalent to another. This paper is 

concerned with the empirical model specification and uses statistical methods to evaluate 

the estimates of technical efficiency and to judge empirically wether variable omission and 

aggregation is admissible. 

The idea of measuring technical efficiency by a radial measure representing the 

proportional input reduction possible for an observed unit while staying in the production 

possibility set stems from Farrell (1957) and has been extended in a series of papers by 

Fare, Lovell and others1. Farrell's specification of the production possibility set as a 

piecewise linear frontier has also been followed up using linear programming (LP) 

methods by Charnes, Cooper et al.2 The decomposition of Farreli's original measure 

relative to a constant res urns to scale (CRS) technology into separate measures of scale 

efficiency and technical efficiency relative to a variable returns to scale (VRS) technology 

is due to Førsund & Hjalmarsson (1974) and has been implemented for a piecewise linear 

technology by Banker Charnes & Cooper (1984). Their DEA formulation has served as the 

main model of most recent efficiency studies and is the ba^c model in this paper. 

* I wish to thank Arne M. Torgersen, Finn R. Førsund, Harald Goldstein, participants at 
the Nordic workshop on productivity, growth and development, Gothenburg, 25-27.11.92 
and participants at the 15th annual research conference of Norwegian economists, 
Trondheim, 11-12.1.93 for helpful comments. I would also like to thank the Norwegian 
Water Resources and Energy Administration (NVE) for financing and the Norwegian 
Electricity Distribution Research Institute (EFI) for cooperation in collecting the data. 

1 E.g. Fare & Lovell (1978) and Fare, Grosskopf & Lovell (1985). 

2 E.g. Charnes, Cooper and Rhodes (1978) who originated the name DEA. 
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One attraction of the non-parametric frontier methods is that the functional form is 

perfectly flexible without the use of numerous parameters that easily exhaust the degrees 

of freedom when the number of dimensions becomes large. A full set of disaggregated 

inputs and outputs and the inclusion of all potentially relevant variables does however 

create problems even in DEA. First, the DEA method will measure as efficient all units 

that in some senses have extreme values of ths variables, including those that have the 

lowest value of an input or the highest value of an output. A variable that in fact is 

irrelevant to the analysis could therefore destroy the efficiency measuns for some units, 

even if the average efficiency is not much affected. Secondly, in common with the 

parametric methods, any two variables that are highly correlated and therefore have much 

of the same information value will tend to destroy the marginal properties of the frontier. 

Any use of these marginal properties such as returns to scale, relative shadow prices or 

marginal costs will therefore be affected. Thirdly, on a more practical level, a model could 

become unmanageable and not easy to understand if the dimensionality is very high. 

The Norwegian electricity distribution utilities (EDUs) are local (natural) monopolies and 

are mainly owned by local government. Both their monopoly power and their ownership 

structure give rise to suppositions that the sector need not be technically or cost efficient. 

The ongoing liberalisation of the electricity markets in Norway has highlighted the need 

for regulating the EDUs. The Norwegian Water Resources and Energy Administration 

(NVE) as the regulatory body has therefore commissioned a study of the technical 

efficiency of the EDUs as a first step in setting up a regulatory regime3. While the inputs4 

and the main output (electricity delivered) are easily identified, there are several 

potentially important climatic and geographic conditions that vary across the 173 EDUs in 

the sample. Additionally the data are detailed enough to support substantial disaggregation, 

so the potential dimensionality of the input-output space is very large. The need of a 

method to select variables is clear. 

Various studies of the electricity industry have been published, but most deal with 

3 Preliminary results from the project are found in Kittelsen (1990) and Kittelsen & 
Torgersen (1993). 

4 Apart from enviromental externalities. 



S.A.C. KITTELSEN: STEPWISE DEA 30th March 1993 Page 4 

production rather than distribution. In a parametric non-frontier setting, Salvanes and 

Tjøtta (1991) analyse the Norwegian electricity distribution industry, and And that results 

are significantly affected by introducing two outputs (energy and number of customers) 

rather than the usual one-output formulation. They find that the returns to scale are only 

locally different from one, but that there are increasing returns to density when calculated 

as the inverse cost elasticity of energy. With the use of a DEA model Hjalmarsson and 

Veiderpass (1992) analyse the Swedish electricity distribution industry and find technical 

efficiency measures of 0.77 to 0.86 depending on the choice of output aggregates. They 

compare efficiency by ownership structure and find small differences, but do not offer any 

statistical tests for these differences, nor for selecting the output specification. 

2 The method 

The measurement of technical efficiency is done in two stages to ensure that the reference 

point will be on the efficient frontier, and that the solution values to the slacks in the 

second stage will be meaningful5. Each EDU ie N uses a vector xt defined over the set X 

of inputs and producing a vector y, defined over the set ¥ of outputs. The efficient 

subset of EDUs is identified by first solving the LP-problems: 

S; = Max J ] £ sj, + £ sj, s.t. 
i-^y \ke\ leX 

v£Vn-»ivi€xf

 ( 1 ) 

EV'. 
s L s ^ S O , VkeY,l6X,jsN} 

which corresponds to the formulation of Charnes et.al. (1985). The constraints of this LP-

formulation define a VRS production possibility set satisfying a) strong disposability of 

inputs and outputs, b) convexity, and c) that all observations are in the set. Define the 

VRS reference set as 

3 The need for two stages to get meaningful slacks will become apparent in section 5 
where the slacks are used to adjust the efficiency measures. This methods avoids using the 
non-Archemedian formulation to force a slope on the extreme facets. 
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E1 = EG/DG 
E3= FG/DG 
E 4= FG/EG 
A = OF/OB 

CRS front 

Figure 1; DEA input saving efficiency measures in input (X) • output (Y) space. Diamonds 
represent observations, and the shown measures are for unit D. 

V ={ ieN | 3. =0 } (2) 

i.e. the set of EDUs that have no slack in the solution of (1). The input saving technical 

efficiency measure E, can then be defined as6: 

E = Min { 6. , s.t. 

J.V 

jsV 

j«v 

sl,slX^> 0, V ke Y,le X,j6 v} 

where the radial measure E, is the minimum proportion of input usage that could 

feasiblely produce the same amount of outputs. (3) corresponds to the formulation in 

(3) 

6 Following the terminology of Førsund & Hjalmarsson (1987). Details of the two-stage 
approach and calculation of E, and E„ can be found in Kittelsen and Førsund (1992). 
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Banker, Charnes & Cooper (1984) with the reference set V replacing the full set of 

observations N. Figure 1 shows the technical efficiency measure E, in input-output space 

together with the scale efficiency measures E, and E4, and the scale indicator A. 

The overall scale efficiency measure E, is the proportional input usage that is necessary to 

produce tne given output had this output been produced by a unit at the optimal scale. The 

input saving implied by E, is therefore only feasible if the scale of a unit can be changed 

without changing input or output mix or if the underlying technology of the sector is CRS. 

Ej is calculated with reference to a CRS frontier in a manner parallel to (l)-(3), except 

that the restriction on the sum of X's is dropped. Instead this sum A=SjXji is defined as the 

scale indicator that, if unique, is the unites proportion of optimal scale after any input 

inefficiency has been eliminated. The reference set for the CRS frontier is named C. 

The sensitivity of the technical efficiency measure has been addressed with operations 

research methods by Charnes et al. (1985). Their method is suitable to assessing the 

change in E, when the value of the variables for the measured unit changes, and tc 

calculate the intervals for the variables that will measure a unit as efficient. They do not 

analyze the sensitivity of the average efficiency or the frontier as a whole. 

Olesen & Petersen (1991) have discussed the problems of collinearity and show how this 

can lead to the existence of less than full dimensional facets on the DEA frontier and 

locally fixed proportions (Leontieff technology). They suggest ways of identifying the 

presence and extent of non full dimensional facets, but offer no test of the seriousness of 

this phenomenon. Their preferred remedy is to aggregate, but they also suggest the 

alternative of excluding from the reference set those efficient units that do not support a 

full dimensional facet. 

Fare & Lovell (1987) have looked at the theoretical conditions under which aggregation 

will not change efficiency measures. They find that homothetic separability of the 

technology is sufficient to ensure that the measured E, will not change with aggregation, 

and that aggregation therefore is admissible. In the same volume Fare and Primont (1987) 

show that if an aggregated model is nested within a disaggregated model, the measured E, 

in the disaggregated model will be greater or equal than the measured E, in the aggregate 
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model. This follows from the principle that the optimal value of a minimized variable can 

never become lower if a restriction is added to the optimisation problem. This principle 

also implies that a model in which a variable is included will give a measure of E, that is 

as least as high as in the same model with the variable omitted, since including a variable 

is the same as adding an extra restriction to (1) and (3). In general therefore if model 0 is 

nested within model 1, then 

E° S E U l «) 

Statistical tests have been few in the DEA literature. Valdemanis (1992) among others has 

used the Mann-Whitney rank-order test to compare the efficiency of public vs. not-for-

profit hospitals and find the public hospitals significantly more technically efficient in 

seven out of ten different input-output specifications. While her approach is fruitful in 

assessing the performance of separate groups and demonstrates the robustness of results 

across specifications, her method does not give an answer to the question of which 

specifications is best. 

If two specifications are not nested, the Wilcoxon signed-rank7 test is applicable since this 

test uses the information contained in the fact that two efficiency measures are for the 

same units. If the models are nested however, this test is meaningless as the sign of any 

change in E, is the same for all units. 

For nested models one could calculate Pearsons correlation coefficient or Spearmans rank 

correlation coefficient between E,° and E,1 that would reflect the extent of change in the 

ordering of the units by efficiency scores. There are two problems with this approach. 

First, under the i. '1 hypothesis of no change in the ordering, a test would need to show 

whether the correla' • coefficient is significantly less than one. Although a Fischer 

transformation can t*. used to construct a confidence interval around a central tendency in 

the open interval (-1,1), to this author's knowledge no method has been suggested that can 

test the extreme value of one. Secondly, even if the correlation is near-perfect the 

efficiency measures can have changed considerably if all units change proportionately or 

' See e.g. Lehmann (1975) on the method. Magnussen (1992) applies this in a DEA 
model. 
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in a way that does not change the ranking. 

Banker* has suggested a method to test the significance of a difference in efficiency 

measures between two models, provided that the modeller is prepared to assume a specific 

shape of the distribution of the underlying inefficiency. Since the efficiency measures are 

confined to the interval (0,1] and the normal forms of one-sided distributions are usually 

defined in the region [0,°°), the tests are based on a transformation of the efficiency 

measures to 

'• "(H (5) 

Banker has described tests based on to specifications of the underlying distribution of y: 

The halfnormal distribution and the exponential distribution. The null hypothesis that two 

measures of inefficiency y„ and y, are drawn from the same underlying distribution is 

testable by means of a statistic that is Fisher's F-distributed. If the underlying distribution 

is halfnormal the statistic 

F H = 
5>o 2 w 0 

V.i-1 v,= N„, v = N , (6) 
N, 

will be F-distributed with N 0 and N, degrees of freedom. The F-distribution is constructed 

as the ratio of the estimates of the variances in two normal distributions (Johnson and 

Kotz, 1970). If the two variances are the same under the null hypothesis the expected 

value of F is one. In the halfnormal distribution the mean square of the variable plays the 

same role as the variance of the normal distribution. 

If the underlying distribution is exponential the statistic 

8 In a presentation titled Scale Economies in Telecommunication at the Euro XIV Tims 
XXXI Joint International Conference Operational Research/ Management Science, 
Helsinki, June 1992. 
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|5>„K 
F E - (7) 

£T, in. 

will correspondingly be F-distributed with 2N0 and 2N, degrees of freedom. 

This gives us a method of accepting or rejecting a hypothesis that two distributions of 

efficiency measures are drawn from the same underlying distribution. The tests can be 

used directly to compare efficiency in two groups or in two model specifications that are 

not nested. If a model 0 is nested within model 1 there is additional prior information that 

must be used to modify the test. From (4) and (5) we know that y0 > y, , and since N0=N, 

the F-statistics will be greater or equal to 1. 

F H S I , F E 5 1. < 8 ' 

The value region of F in the nested model will therefore be [1,~), and the test should use 

the density of this truncated F-distribution. Since the median of the F-distribution is 1, this 

is equivalent to constructing a two-tailed confidence interval. 

While this test is applicable to nested models, it is not without drawbacks. First, unlike the 

Wilcoxon signed-rank test or the correlation coefficients, the F-statistic does not use the 

information that we have two (paired) efficiency measures for each and every observed 

unit. Secondly, the assumption that the underlying distribution is known is a strong one, 

though similar assumptions are abundant in standard econometric literature. 

Having established a significance test for nested models one can parallel the stepwise 

regression approach9 of standard econometrics and 1) Set up a basic model that contains 

' Norman & Stoker (1991) have used a stepwise approach to variable disaggregation in 
DEA, but use the simple Pearson correlation coefficient between variable value and 
efficiency measure as the criterion for choosing what disaggregation to perform. This 
coefficient is, however, not partial enough, since variables may well be collinear and the 
excluded variable can contain essentially the same information as one that is already 
included. There is no reason to presuppose that an excluded variable is not correlated with 
efficiency. Additionally these authors offer no significance test to decide when to stop 
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all variables that for prior theoretical or empirical reasons must be in the model, 2) 

compute E,° for each unit, 3) compute E,1 for each candidate variable and candidate 

disaggregation, 4) compute F H or F E for each candidate. If there are one or more 

candidates with a significant F, set up a new basic model by accepting the most significant 

candidate, and S) repeat from 2) until there are no more significant candidates. 

3 The data 

Of the 281 EDUs registered in the electricity statistics (Statistisk sentralbyrå, 1991) there 

are 185 EDUs that are not also engaged in transmission. The data has been thoroughly 

checked with alternate sources and 13 EDUs have been excluded since reliable data were 

unavailable, leaving 172 EDUs in the cross-section sample with data for 1989. Table A.l 

in the appendix shows how the basic 13 variables have been constructed and table A.2 

gives descriptive statistics for the EDUs in the sample. 

The inputs in the model must contain all known resource usage, although the aggregation 

level can be determined by the analysis. Data are readily available at a detailed level for 

lines and transformers in calculated replacement values. The power loss data are probably 

flawed for a single year so a truncated moving average is used instead. The data on labour 

hours and goods and services cannot be disaggregated. In the basic model in the next 

section aggregate capital 134 is used, but disaggregation into 13 transformers and 14 lines 

is entered as a candidate. The other input variables are in the basic model since they 

cannot reasonably be aggregated or excluded. 

OP. the output side energy delivered P234 is often thought of as the only and homogeneous 

product of the electricity distribution sector. In principle, however, the EDUs deliver 

energy separately to distinct customers and locations, each having a vector of qualitative 

characteristics such as voltage, a time profile (power vs energy), geographical distance 

from the power source and climatic differences. To capture these aspects of the aggregate 

production of the EDU, other variables are included as candidates. These include 

environmental constraints, maximum power and the number of customers. Data on voltage 

disaggregating. 
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level are not available, but as a proxy disaggregation of energy delivered by institutional 

category is offered as candidates. Data on power interruption (quality) are only available 

for 40 EDUs, but in fact show no correlation with efficiency measures for these units. 

4 The stepwise results 

Since there is no prior information on the shape of the actual efficiency distribution in the 

electricity distribution sector, the stepwise iteration will continue until no candidate is 

significant at the 5% level for either F H or FE. In the sample there are 172 observations 

and the degrees of freedom will be 172,172 for the F" statistic and 344,344 for the F E 

statistic. This gives critical values of FH=1.350 at the 5% level and FH=1.484 at the 1% 

level if the underlying distribution is halfnormal, and critical values of FE= 1.236 at the 

5% level and FE=1.321 at the 1% level if the underlying distribution is exponential. 

Table 1 shows the results of the first iteration (model I) 1 0. Average technical efficiency is 

very low at 61% and the structural efficiency11 just over 51%, although a dimension of 5 

is already larger than most DEA models. In addition only 17 units are in the reference set 

V and deemed efficient. 

At this stage all candidates are significant at the 5% level, and almost all at the 1% level, 

suggesting that all candidate variables and disaggregations contain relevant information 

and would result in a significantly different efficiency distribution and better "goodness of 

fit." Even so the distance index Rl and the number of customers P5 are clearly more 

significant than the other candidates with F H above 2.9. P5 has the highest value for both 

F-statistics and would alone increase mean E, by 13 percentage points. Note however that 

four of the other candidates give larger changes in the number of reference units. This 

highlights the -act that this change is not a good indicator of which candidate to accept; 

1 0 The computations have been carried out with the GAMS modeling language (Brooke, 
Kendrick and Meeraus, 1988) on a 486 PC. 

1 1 The efficiency of the average unit, see Farrell (1957) and Førsund & Hjalmarsson 
(1987) 
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Table 1: Model I. Variables and disaggregations that are significant at the 1%-level are 
marked **, and 5%-level are marked *. Variables included i the next model are shaded. 

Ill the model MtanE, s, 
Number of 

reference units f f 

P234 Energy delivered 
11 Labour noun 
12 Energy loss 
134 Capital 
15 Goods and services 

0.6138 0.5167 17 

N e w variables Change 

"2.9243 RI Disunce index 0.1174 0.1144 14 "2.9243 "1.7688 

R2 Corrosion index 0.0757 0.0913 10 "1.8314 "1.3991 

R3 Climatic index 0.1209 0.0781 15 "2.4078 "I.704B 

PI Maximum power 0.0513 0.0458 4 •1.4204 •1.2379 

P5 Number of cuslomen 0.1320 0.1013 8 ••3.1741 "1.9013 

Disaggregation 

P2 Energy EDUs & en.-intens. industry 
P34 Energy other industry & others 

0.0575 0.0773 6 "1.486S •1.2700 

P23 Energy EDUs & industry 
P4 Energy others 

0.0986 0.0925 13 ••2.0619 ••1.5453 

13 Transformers 
14 Lines 

0.0457 0.0000 4 ••1.4910 •1.2376 

On the contrary, an increase in the number of efficient units for these candidates could 

well mean that more units will be deemed efficient because they are extreme in some 

dimension, since they do not affsct the average efficiency to the same extent. 

P5 is therefore included in model II as a product in addition to energy delivered P234. 

With an efficiency measure of 75% and 25 efficient units, not all other candidates are 

significant as table 2 shows. Maximum power PI would only change E, by less than 1%-

point and has no significant F-values. This is a consequence of the high correlation 

between P5 and PI that in table A.3 in the appendix can be seen to be 0.82. This result 

indicates that information in the number of customers P5, which primarily consists of 

households, in combination with the already included total energy P234 is a better 

description of the long-run differences between EDUs in the need for capacity, and thereby 

input usage, than the maximum power in the single year 1989. By the same reasoning this 

information also eliminates the need for disaggregating total energy P234 by institutional 
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Table 2: Model II. Variables and disaggregations that are significant at the 1%-level are 
marked **. and 5%-level are marked *. Variables included i the next model are shaded. 

In the model MtraE, s, 
Nwnbrrof 

rtfannc» uehs F" F* 

P234 Energy delivered 
P5 Number of customers 
11 Libour hours 
12 Energy loss 
134 Capital 
13 Goods and services 

0.7458 0.6180 25 

N e w variables Change 

••1.9441 Rl Distance index 0.0633; 0.0436 15 ••1.9441 ••1.4621 

R2 Corrosion index 0.0419 0.0291 11 •1.4802 •1.2626 

R3 Climatic index 0.0204 0.0000 8 1.1026 1.0924 

PI Maximum power 0.0070 0.0000 1 1.0515 1.0344 

Disaggregation 

P2 Energy EDUs & en.-buens. industry 
P34 Energy other industry & others 

0.0098 0.0070 3 1.0547 1.0441 

P23 Energy EDUs & industry 
P4 Energy others 

0.0148 0.0032 5 1.1030 1.0710 

13 Transformers 
14 Lines 

0.0220 0.0000 7 1.2944 1.1397 

The climatic index R3 also loses most of its explanatory power when the number of 

customers P5 is included. This is mainly due to the way R3 is constructed as the "average 

climatic difficulties" multiplied by the number of customers to get an indicator of the 

"total climatic difficulties." Thus, the independent information contained in R3 is not 

sufficient for it to make a significant impact on the measured level of technical efficiency. 

The fact that R3 had a significant impact in table 1 is a consequence of it containing much 

of the same information as PS that was not included in model I. 

In table 2 the distance indicator Rl is the strongest candidate for inclusion in the model. 

The effect of including Rl is about 6 %-points on average efficiency and results in 15 new 

efficient units. In addition the Corrosion index R2 is also a significant candidate. 

In model III the distance indicator is included, giving a technical efficiency of 81% and 

40 reference units. Table 3 shows that there are no candidates that are significant in F-

value. When Rl is included in model III, the significance of the corrosion index R2 

disappears. Again this is a consequence of the construction of this index as an "average 

corrosion exposure" per km of lines multiplied by the distance to be covered represented 

by Rl. The table shows that the independent information contained in R2 does not 
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Table 3: Model HI. Variables and disaggregations that are significant at the 1%-level are 
marked **, and 5%-level are marked *. 

IM the model MirtaE. s, 
Niaaberot 

nr«r*ncc unit* F* f 

Rl Distance index 
P234 Energy delivered 
PS Number of cuslomen 
11 Labour hours 
12 Energy toss 
134 Cipiul 
15 Goods and services 

0.8091 0.6615 40 

N e w variables Change 

1.0717 R2 Corrosion index 0.0065 0.0003 4 1.0717 1.0431 

R3 Qimalic index 0.0204 0.0000 11 1.1555 1.1288 

PI Maximum power 0.0060 0.0000 1 1.0611 1.0382 

Disaggregation 

P2 Energy EDUs & en.-
P34 Energy other industry 

intens, industry 
& others 0.0080 0.0104 2 1.0678 1.0492 

P23 Energy EDUs & industry 
P4 Energy others 

0.0114 0.0015 3 1.1133 1.0762 

13 Transformers 
14 Lines 

0.01707 0.0070 7 1.2606 1.1323 

significantly change technical efficiency measures. This does not mean that corrosion is 

not a problem that demands resources for the EDUs. Corrosion implies shorter lives for 

lines and therefore higher rates of depreciation. In a cost efficiency analysis this would 

enter through a higher user cost of capital. The present results indicate that corrosion does 

not imply the need for significantly higher levels of capital or other inputs although 

investment would be affected. 

Since 13 and 14 contains mainly different information than the output variables that have 

been included in previous stages, this candidate's F-values have been fairly stable through 

the iterations, but is not significant after the first step. Note also that the F-statistics of 

four variables have increased from table 2 to table 3. This demonstrates the point that on 

the whole F-values for remaining candidates go down for each candidate that is included, 

but not consistently. Even if no other variables had been significant in table 2, it would 

still have been necessary to test the remaining candidates against model III. 

The result of the stepwise DEA is thereby a production specification with 7 variables 
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• X 

Figure 2: A dual distribution of y in model III compared to exponential and halfnormal 
distributions with the same expectation equal to 0.284. 

instead of the 13 that were potentially to be included. A DEA analysis with all 13 

variables included yields an average efficiency that is 6 %-points higher than the preferred 

model, and this joint inclusion of 6 new variables is significant by the F-tests. This means 

that the information contained in the omitted variables jointly does cnange results 

significantly but not individually. 

At this stage one has information to check how well the assumptions on the underlying 

distributions correspond to the efficiency distribution given by model III. Figure 2 shows 

the distribution of"/" compared to the theoretical halfnormal and exponential distributions 

with the same expected value. The distributions far from coincide, and one sees that the 

observed distribution is even more skewed than the exponential distributions. As far as this 

carries over to the "correct" F-statistic, the exponential statistic F E should have been used 

on its own and not the halfnormal FH-statistic. As one can see from the tables this would 

not have changed the conclusions. 

The efficiency results 

Table 4 summarise the main results for model III in more detail. The technical efficiency 
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Table 4: Main efficiency results. Model III. 

Average Standard 
deviation 

Min. Max. Weighed 
average 
/, 

Structural 
efficiency 
5, 

E, Technical efficiency •\809 0.151 0.481 1.000 0.662 

E, Overall scale 
efficiency 

0.768 0.160 0.405 1.000 0.651 

E4 Pure scale efficiency 0.948 0.069 0.638 1.000 0.984 

A Scale indicator 0.807 0.746 0.021 4.299 0361 

Input-specific technical efficiency for: 

E u l Labour hours 0.791 0.164 0.327 1.000 0.810 0.662 

É l i 2 Energy loss 0.767 0.179 0.246 1.000 0.782 0.662 

É l i 3 ) Capital 0.776 0.170 0352 1.000 0.789 0.662 

É J i 5 Goods and services 0.781 0.175 0.288 1.000 0.782 0.662 

measure E, is on average 0.809, but varies from 0.481 to 1.0. Figure 3 shows the 

distribution of E, in a Salter-diagram where the inefficient units are sorted by increasing 

efficiency and the width of each bar is proportional to energy delivered P234. Since there 

are several outputs in the model there is no clear geometric interpretation of the figure, but 

the area above the bars as a share of the total area of the graph can be taken as an 

approximation of the efficiency loss in the sector. The figure shows that there is no strong 

correlation between size and efficiency, although the 5 largest units are also technically 

efficient. Even if only 40 of the 172 units are efficient, around 2/5 of the energy is 

delivered by efficient EDUs. Another feature of the figure is the fairly smooth fall in 

efficiency to the left; there is no clear mode among the inefficient units. 

While the technical efficiency measure for each unit is interpretable as an indicator of the 

radial or proportional input saving potential (i.e. 1-E,), the presence of slack in the LP-

model (3) implies that further input reduction is possible in some dimensions. Thus for 

each input one can define the input-specific technical efficiency as: 

E i i v - s ^ v . g N ^ v j g x ( 9 ) 

These are reported in the bottom half of table 4, where the unweighted averages show that 

there is a degree of slack in 12 Energy loss and IS goods and services, but less in II 
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Figure 3: Salter diagram: The accumulated technical efficiency measure Et weighted by 
total energy delivered P234. 

labour hours and 134 capital. 

To construct weighted averages one must have a unique and meaningful variable to use as 

a weight. While there is no general size variable to weigh the main measures, the input-

specific technical efficiency measures É„ can be weighed using the input in question to 

construct input-specific measures of industry efficiency: 

I„ VleX. (10) 

that are also reported in table 4. (1-I„) is directly interpretable as the input saving potential 

for each input if all units were to become efficient while output-levels are maintained. 

Since these weighted averages are greater than the unweighted ones for all inputs, the 

efficiency is slightly higher for the large EDUs than for the smaller firms. 

Overall scale efficiency E3 is on average 0.768 which is not very different from the 

technical efficiency measure. Indeed the pure scale efficiency measure E 4 is as high as 

0.948, showing that the scale properties of the sector are not strong. Figures 4 and 5 show 

the distribution of the scale efficiency measures. Here the largest EDUs are clearly scale 

inefficient and among the EDUs with the lowest pure scale measure E4. The medium size 

firms are spread throughout the figures, but the smallest firms are most numerous in the 
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Figure 4: Salter diagram: The accumulated overall scale efficiency measure E3 weighted 
by total energy delivered P234. 

central part of figure 5. This means that their generally low overall scale efficiency is 

mainly due to the technical inefficiency of figure 3 rather than the pure scale inefficiency 

of figure 5. 

Since the CRS model is nested within the VRS model one can again use the F-statistic to 

decide whether E, and Ej are significantly different. The assumption of halfnormal 

distribution gives the statistic FH=1.521 which is significant at the 1%-level and the 

exponential assumption gives FE= 1.282 which is not significant at the 1%-level but is 

Figure 5: Salter diagram: The accumulated scale efficiency measure E4 weighted by total 
energy delivered P234. 
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clearly significant at the 5%-level. One may conclude that the sector is not characterized 

by constant returns to scale. Figure 6 shows the distribution of the scale indicator A. 

Although proportion of optimal size increases with energy delivered, this is not 

consistently true. This is because optimal scale is direction-specific in that it depends on 

the input and output-mixes of each unit. The figure shows units that are as small as 1/40 

of optimal size and others that are more than 4 times as large as optimal size. Though this 

range is large it in no way reflects the productivity loss through wrong scale, which is 

captured by E4. 

This point is also emphasized in figure 7 which shows the intersection of the frontier with 

a plane through the average EDU. Here one can see clearly how the frontier is nearly CRS 

in a considerable range, and only for the largest units reveals decreasing returns to scale. 

In table 4 the structural measures reflect the figures for the average court, and shows a 

pure scale efficiency of 0.984. The optimal scale in this direction is nearly twice the size 

of the average, but considering the linearity of the frontier in this region optimal scale 

should probably be interpreted as an interval. Even for the very smallest sizes the VRS 

frontier is very near CRS, which is why their suboptimal size is less of a problem than 

their technical efficiency. 

Figure 6: Salter diagram: The accumulated distribution of the scale indicator A weighted 
by total energy delivered P234. 



SA.C. KITTELSEN: STEPWISE DEA 30th March 1993 Page 20 

CRS 

VRS 

3 4 5 6 
Proportion of Inputs 

Figure 7: The efficient frontier in a plane defined by the average input mix and output 
mix. 

For the largest sizes this is reversed; their excess size is the prime source of their overall 

inefficiency as measured while there is less to be gained from improving technical 

efficiency. There are clearly decreasing returns to scale above approximately 3 times the 

average size. For the very largest firms this could however be a quirk of the method since 

there are few firms of this size in the sample12 and they are not sufficient to span out the 

frontier. In a sense they may be technically efficient by default, and therefore scale 

inefficient residually. 

6 Conclusions 

This paper has tried to show that there exists at least one method of testing the overall 

goodness of fit. This tool can be used with reasonable results on nested models to decide 

the acceptable level of aggregation or the acceptable inclusion of variables, and to test for 

returns to scale. By extension other nested specification issues should also be addressable, 

1 2 Several of the largest distributors in norway are also engaged in transmission and are 
therefore excluded from the sample. 
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such as the strong free disposal assumption. There are drawbacks to this method; notably 

the necessity of assuming a specific shape for the efficiency distribution and the fact that 

the method does not use the information contained in the pairing of efficiency measures 

for each unit. The first of these issues could probably be overcome by refining the method, 

but the second would imply a different line of attack on which the author is now working. 

For the comparison of non-nested models such as separate groups or competing and 

exclusive specifications, these tests should be used in conjunction with relevant rank-order 

tests. 
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Appendix A: Descriptive tables 

Table A.l: List of variables. 

Calculation» source and comments 

Environment*] Constraints 

Rl Distance index 

Corrosion index 

dimilic index 

Products 

P] Miksimum power 

P2 Energy delivered to other 
electricity utilities and energy -
inlcnsive industry 

P3 Energy delivered to other 
industry and commerce 

P4 Energy delivered to others 
(households and agriculture) 

P5 Number of customers 

Travelling time from each bask district in the national census lo the municipal centre 
(Wilhelmsen & LilleschuliUd 1990), h weighed *' average for all basic districts, 
multiplied by number of customers PS. Includes both distance and travelling difficulties 
in one variable. 
** Basic districts weighed by their population. Some districts lick population figures, 
and these :•« weighed by 600. 

Index from 1.0 to 4.0 based on (40/years of depreciation) where the yean of 
depreciation is estimated by EFI. Multiplied by distance index Rl to get an index that 
coven the necessary length of lines that are exposed to corrosion. 

The absolute value of average temperature in three coldest days of each year divided by 
the sum of temperatures for all days of frosL (Norwegian Meteorological 
Institute).MulU*pu'ed by number of customers P5 lo get an index of the need for peak 
capacity compared to average capasity. 

in kW. Electricity statistics from SSB. 

in MWh. Electricity statistics from SSB. 

in MWh. Electricity statistics from SSB. 

in MWh. Electricity statistics from SSB. 

Electricity statistics from SSB. 

Inputs 

11 Labour hours 

12 Energy loss 

13 Transformers 

Goods and services 

Electricity statistics from SSB. 

Electricity statistics from SSB. Truncated 5-year moving average, i.e. for I9S9: 
(loss87+2* lossS8+3* loss89)/6. 

i 1000 kr values. Number and capasity of local transformers from the Electricity 
statistics from SSB, main transformers from a database at NVE, valuation by EFI.. 

i 1000 kr values. Voltage level and length from the Electricity statistics from SSB, , 
valuation by EFI. 

i 1000 kr values. Electricity statistics from SSB. 

Aggregated variables are denoted P23=P2+P3 etc. The Electricity statistics are the raw 
data made available from the Central Bureau of Statistics (SSB). EFI is the Norwegian 
Electricity Distribution Research Institute that has helped in collecting and transforming 
data. 
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Table A2: Descriptive statistics for the variables in the analysis. 

No Name Dnlls Avenge SLdevlatlon Mln. Mn. 

Environmental Constraints 
Rl Distance index 

Before adjusting for size 
IR1IPS). i.e. average 
travelling time 

R2 Corrosion index 

87228 89599 1432 608812 

16.108 13.812 4.596 92.487 

163300 235898 2148 1826436 

Before adjusting for 
size(R2IRl), U. 4Wyears 1.672 0.805 1 4 
of depreciation 

R3 Climatic index 34.195 38.243 1.098 261.816 

Before adjusting for size 
(R3IP5). U. 
"peak/average 

0.00525 0.00114 0.00280 0.00818 

temperature" 

Products 

Pl Maksimum power kW 34336 39328 1320 296500 

P2 Energy delivered to MWh 11222 44356 0 400008 
other electricity utilities 
and energy-intensive 
industry 

P3 Energy delivered to MWh 66972 93577 2498 770832 
other industry and 
commerce 

P4 Energy delivered to MWh 88069 103560 2993 868198 
others (households and 
agriculture) 

P5 Number of customers number 6418 6958 268 51510 

Inputs 

11 Labour hours hours 62547 62479 2300 4C2412 

12 Energy loss MWh 11872 14670 527 117539 

13 Transformers 1000 kr 30155 44336 1181 400376 

14 Lines 1000 kr 164048 167086 8525 1486119 

15 Goods and services 1000 kr 10856 12858 372 97249 
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Table A.3: Correlation matrix; Lower left triangle shows the simple Pearson correlation, 
while the upper right triangle shows the partial correlation. 

Rl R2 R3 PI PI P3 P4 PS II 12 13 14 IS 
Rl 1 0.770 0.322 0.269 0.046 0.020 0.029 -0.241 0.103 0.169 -0.233 0.343 -0.033 
R2 0.882 1 -0.570 -0.224 -0.115 0.044 -0.114 0.386 -0.223 -0.058 0.096 0.046 0.059 
R3 0.734 0.518 1 -0.020 0.041 -0.025 -0.271 0.737 -0.285 -0.168 0.137 0.016 0.066 
PI 0.624 0.355 0.818 1 0.091 0.071 -0.068 0.147 0.441 0.034 -0.105 -0.299 -0.165 
P2 0.262 0.080 0.309 0.419 1 0.129 -0.234 -0.021 0.040 0.390 0.171 -0.019 -0.001 
P3 0.793 0.648 0.935 0.769 0.320 1 0.201 0.205 -0.163 0.103 0.233 -0.077 0.109 
P4 0.783 0.645 0.950 0.760 0.229 0.965 1 0.678 -0.178 -0.184 0.307 -0.040 0.137 
P5 0.797 0.629 0.976 0.818 0.294 0.967 0.984 1 0.385 0.263 -0.356 0.176 0.012 
11 0.774 0.567 0.915 0.870 0.394 0.905 0.910 0.945 1 0.162 0.091 0.208 0.273 
12 0.771 0.587 0.842 0.790 0.532 0.872 0.839 0.877 0.895 1 0.287 -0.151 -0.090 
13 0.716 0.645 0.738 0.515 0.357 0.820 0.803 0.779 0.749 0.780 1 0.585 -0.005 
14 0.871 0.769 0.850 0.630 0.276 0.893 0.900 0.897 0.856 0.820 0.888 1 -0.070 
15 0.723 0.589 0.885 0.710 0.238 0.894 0.911 0.911 0.873 0.781 0.734 0.828 1 

A correlation coefficient of absolute value above 0.214 is significant at the 1%-level and 
above 0.159 at the 5%-level. 
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