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Abstract. 

Managerial efficiency within the performing arts programming can be understood as the 

technical efficiency of transforming the resources cultural managers have available into a 

determined cultural output. Through this explanation different conceptions on the finished 

performance product it leads us to select two different output variables (number of 

performances, and number of attendances). In this way, three different models are considered 

regarding those conceptual points of view. 

Data on the Circuït Teatral Valencià, a Spanish regional theatres network, is used to 

develop empirically the concept of Managerial Efficiency and set up a framework to allow us 

to monitor it. 

 

Keywords: Data Envelopment Analysis, Managerial efficiency, Performing Arts. 
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Introduction. 

Since the end of World War II, government has been more and more taking part in the 

economical and social life becoming an active agent. This has also been true for the cultural 

sectors, such as the performing arts (i.e. data from Frey and Pommerehne (1991) reveals that 

the dependence of the German public theatres from the subsidies increased from around 25% 

in 1911/12 to almost 85% in 1985/6). 

However, this generalised process had a breaking point in the early seventies, when the 

crises forced governments to reduce and reallocate their budgets, affecting sharply the cultural 

public expenditure. In fact, we can find this fund-cutting process and the questions that it 

arose as one of the factors that favoured the starting point of cultural economics (Dupuis 

(1993)). 

Baumol and Bowen’s (1966) “Performing Arts. The Economic Dilemma” was published 

when a framework where discussion on government intervention in cultural production and 

provision was engaged. Moreover, it allowed to uncover the most dramatic problem in the 

sector: the difficulties to improve productivity. Therefore, where lack of productivity growth 

had been substituted by increasing amounts of public funding an alternative had to be found. 

Efficiency gains are the proposed alternative developed in this paper, and a method that 

would allow us to monitor its evolution, which is pursued as our main goal. 

 

The structure of this article is as follows. In section 1, we briefly make some notes on the 

performing arts production process; the managerial efficiency concept is developed within 

this framework. In the next section an empirical analysis is carried out with data from the 

Circuit Teatral Valencià (a Spanish public funded regional theatres network) with the purpose 
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of looking for an efficiency indicator that could allow us and the interested agents 

(government, fund contributors, or the cultural manager himself/herself) to monitor the 

managerial efficiency and identify the best management practices within the network. Finally, 

in section 3 we conclude and point out future perspectives; some notes for further research are 

given. 
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1. Managerial Efficiency in the Performing Arts. 

There is no doubt that, within the cultural sectors, performing arts is the most analysed and 

peculiar one. In fact, it is an activity that combines the non-repeatability with a high degree of 

complexity in the production (Rausell (1999)); on the other hand, as stated by Baumol and 

Bowen (1966), there are few possibilities for productivity improvements1. 

So far, the production process is quite complicated, consisting of many sub processes, in 

which several agents participate. Even more, following Mossetto et al. (1993), the kind of 

analysed institution has to face a qualitative dilemma, dealing with a dual objective: economic 

and artistic. 

Another point to consider would be the selection of the variable for the output. As a first 

approach, we could choose the number of performances2; however, we would be ignoring the 

fact that the aim of a performance is to offer the viewers a “cultural experience” (the 

“educational value” Frey (2000) alludes to, and the “reputational trait”) and entertainment. 

Thus, the performance would only be the intermediate product of a virtual production process 

where the audience itself would represent the last output. Then, the considered output would 

be the number of attendances3. 

A third output definition can be found in Rausell and Carrasco (1999). The variable used in 

this paper is the attendance rate per capita, in order to analyse the impact of the cultural policy 

in the performing arts. 

Finally, another possibility for defining the output would be to consider the total revenues 

from the ticket sales (paying attendance x price). In our analysis, we will be excluding 

deliberately this variable since our scope is that of public theatres, highly subsidised and 

without any incentives to assume as a target the maximisation on the box collection4. 
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Hence, as we would agree from comparing the different variables used in the literature (see 

resume in Table 1) there is a clear divergence in the selection of the variable for the output. 

Such differences in the point of view of the final output for the performing arts process are 

obviously going to provoke differences in the conclusions or explanations for the analysed 

framework. 

 

[Table 1] 

 

The aim or objectives of the analysis would manifestly be constrained not only by the 

definition of the output but by the efficiency definition, as well. In Table 2, we can find an 

outline on four works from the nineties on performing arts production. 

 

[Table 2] 

 

Once we have established our production subject, we will need to introduce some basic 

concepts in order to understand how we are going to monitor this output. 

When we try to analyse the performance of a decision maker we always use the concepts 

of “productivity” and “efficiency” of the production process. We understand “productivity” as 

the ratio of the products to resources, that is, the quantity of output obtained per unit of 

employed input. Productivity is determined by a series of factors among which we have: (a) 

production technology, (b) environment in which the production process develops, and (c) 

efficiency of the above-mentioned process. 
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From these dimensions, “efficiency” is considered as a measurement of the comparison 

between resources and products, and their potential values. Thus, comparisons are established 

either between the quantities of consumed inputs and the minimum necessary quantity (input- 

oriented analysis), the obtained output and the maximum achievable output (output-oriented), 

or both (non-oriented). 

 

We will be using the concept of “technical efficiency”. In turn, this one will be able to be 

decomposed into its elements: “technical pure efficiency” and “scale efficiency”. 

“Technical Efficiency”, understood as the ability to get the most from the available 

resources, be assumed as the concept of managerial efficiency5. 

The “scale efficiency” will indicate to us if the manager is operating in the right 

operational region (i.e. for some managers, the right scale operation could be to program three 

performances a month, but for some others perhaps only two); leaving the possibility of 

increasing their performance by de/increasing the inputs/outputs in a determined proportion.  

“Technical Pure Efficiency” will be the managerial efficiency on its own; theoretically, it 

would show us the core of the cultural manager efficiency. 

 

2. The Circuït Teatral Valencià. 

In Spain, just as in some other European countries, the support to cultural activity has been 

provided mainly by the public sector. This process had its major development in the late 

eighties coinciding with the decentralisation of some competences, such us cultural policy, to 

the regional governments. 

In the Comunitat Valenciana (Valencia region, which provinces are: Alacant, Castelló, and 

València), many measures were taken in order to encourage cultural consumption, and 
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motivate its production and exhibition. Among them, the Generalitat Valenciana (regional 

government), through the institution Teatres de la Generalitat (part of the Conselleria de 

Cultura, regional ministry of culture) as the coordinator, “tried to involve the small and 

medium villages’ city councils for the extension of a performing arts exhibition network that 

was consolidating regular theatre and dance performances” (Rausell (1999); own translation 

from Spanish). 

This exhibition network (composed of 48 municipalities in 1999), the Circuit Teatral 

Valencià (CTV), tries to act as a wholesaler towards the artistic companies, incentive the 

native performing arts companies, and generate pulling effects on expenditure in culture. To 

accomplish these goals, there are rules, with rights and obligations. The main instrument CTV 

has available is the subsidies it allocates. 

The CTV is managed by means of a General Assembly and a Board, coordinated by the 

regional ministry of culture. There are four regional commissions, each one with a 

representative in the Board. Within this structure, each municipality assumes its own 

decision-making, driven by both the cultural manager (cultural technician) and the cultural 

politician, and partly financed by CTV grants. In this way, the CTV could be considered as a 

consultant, coordinator, and sponsor of the municipal theatrical programming process. 

 

Within this empirical framework an analysis of the managerial efficiency of every municipal 

cultural responsible will be assessed as a tool for a further monitoring and benchmarking 

process. 
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2.1. Methodology. 

With the intention of being consistent with microeconomic production theory and being 

conscious of the existence of inefficiencies in the performing arts, we have chosen for our 

analytical purposes a frontier technique. 

Among the different solutions, it has been decided to use the non-parametric technique 

Data Envelopment Analysis (DEA) since there is no need to explicitly specify a mathematical 

form for the production function and it has proven to be useful in uncovering relationships 

that remain hidden for other methodologies. Furthermore, it is capable of handling multiple 

inputs and outputs, and the sources of inefficiency can be analysed and quantified for every 

evaluated unit. 

 

In the DEA methodology, formerly developed by Charnes, Cooper and Rhodes (1978), 

efficiency is defined as a weighted sum of outputs to a weighted sum of inputs, where the 

weights structure is calculated by means of mathematical programming and constant returns 

to scale are assumed (see Figure 1). We run an output-oriented DEA model since we are 

assuming behaviour that is trying to maximise the results of the performing arts programming 

process. 

 

[Figure 1] 

 

Y and X are the output (s x n) and input (r x n) matrix respectively, n being the number of 

decision units; φj the augmentation scalar, ε is an infinitesimal constant term and 1 is a unitary 

vector; 1
v
 is the vector of coefficients that conform the linear combination to which the DMU 
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in evaluation is compared (reference group), and s+ and s- are the slacks. If we add the 

restriction shown in Figure 2, we would be considering a model with variable returns to scale 

(BBC model). 

 

[Figure 2] 

 

Technical efficiency will be obtained from a DEA-CCRO model (TE = zo-CCR); technical pure 

efficiency will be calculated from a DEA-BCCO model (TPE = zo-BCC). Therefore, considering 

a multiplicative relationship between the technical pure and scale efficiencies (SE), the 

calculation of the scale efficiency is straightforward (SE=TE/TPE). 

The value taken by these scores will allow us to confirm if the evaluated manager is being 

efficient (unitary value) or if he or she could increase his/her performance efficiency by a 

determined percentage (zo – 1)%, at the same time we will be analysing if he or she is 

operating at an efficient scale. 

 

2.2. The Data. 

The data we will use is the one from the quantitative aggregated variables for each 

municipality extracted from the database the Coordinators of the CTV manage (sum, average 

and standard deviation are shown in Table 3). The selected variables are AFORO (venue 

capacity: number of seats on theatres or estimated capacity when outdoors; this input can be 

considered as variable in the short term since the cultural manager can increase the capacity 

by means of programming more than once a week, for example), OBRAS (number of 

different performed plays), CACHE (total paid to the performing company in constant 

Spanish Pesetas (Base 1992), adjusted using the price index for culture & entertainment from 
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the INE (Spanish National Statistics Agency); it is used as a proxy for quality), FUNCION 

(number of performances), ESPECT (number of attendances), SUBVEN (amount subsidised 

by the CTV, again in 1992 constant Spanish Pesetas). 

 

[Table 3] 

 

2.3. Model Selection. 

The underlying production function we will assume is going to have three different 

specifications, as shown in Table 4. The first two models will consider a single target for the 

performing arts policy (maximise the number of plays, or the educational value), whereas the 

third one will consist of a mixed target6. 

We will proceed to evaluate the models for the complete period, year by year (from 1995 

to 1999), and the whole panel (all municipalities for the 5 years). 

From their results we will analyse if the selected variable for the output affects the 

conclusions that the obtained results would lead us to. 

 

2.4. Results. 

Having calculated the relative efficiencies (using EMS v.1.3 software; Scheel (2000)) for the 

different analysed years and the three alternative specifications, descriptive statistics 

(weighted average and variation coefficient) are shown in Table 5. 

 

[Table 5] 
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In Graphs 1 to 3 the average efficiency evolution for the five analysed years is shown. From 

them we can notice the technical efficiency has deteriorated (the calculated indexes of 

efficiency move away from the unit), that is, given the total resources which the different 

cultural agents have relied on, the gap between the potential output and the effective one has 

gradually increased. 

 

[Graph 1] 

[Graph 2] 

[Graph 3] 

 

The efficiency scores calculated by means of model 1 increase period-to-period, managing 

to place its average level in 2.40 (the number of performances should be on average more than 

double it is). As for model 2, though in the beginning an improvement pattern can be seen 

until 1997 (the efficiency scores have a negative trend) it ends up in a level worst than the 

initial one (3.21 in 1999 against the former 2.47). When the “mixed target” model is taken 

into account the same increasing inefficiency trend is noticed7. 

 

Before we try to explain this trend, we should be made aware of the drawbacks of the chosen 

technique, such as the size sample bias and a low tolerance to outliers. As the sample is 

changing through the time line (new municipalities adhere to the network) any change in the 

overall efficiency should be looked at cautiously since it could be an artificial effect derived 

from either different sample sizes (see Zhang and Bartels (1998)) either the existence of 

extreme values. 
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Considering these aspects, we have to try to analyse which are the real reasons for the 

increasing inefficiencies. A first explanation for the increase in the average inefficiency scores 

would indicate that with the successive incorporation of different municipalities to the CTV 

the resources have been employed less efficiently for the attainment of more performances 

and/or attendances. To a municipal level the results are heterogeneous enough, as the high 

values of the variation coefficients indicate; in the majority of the cases they overcome 35%, 

managing to take values superior to 50%. 

The decline in the efficiency, nevertheless, not only can be provoked by the simple 

incorporation of municipalities to the CTV that bring it over to a saturation point, but also for 

the fact that the new municipalities, for diverse reasons, have a more inefficient behaviour 

than the average of the previous members. So that, in spite of not affecting the relative 

efficiency of these it does produce a decrease in the average efficiency level, as well as 

increasing heterogeneity. 

The opposite case, the incorporation of the most efficient units, it would provoke 

individual changes, reducing the efficiency (increasing the scores), but with an indeterminate 

effect on the dispersion of the individual efficiencies. In all cases, bearing in mind such 

municipalities are not to be considered extreme values. 

If we look at the average efficiency scores for the complete panel (common frontier) we can 

notice the value is always kept above the average yearly values except for the last year; in 

fact, 1999 is the worst year in efficiency terms, that is, the municipalities conforming the CTV 

this year have a behaviour much less efficient. 

From the decomposition of the technical efficiency in its two components (ETP and ES) we 

can deduct that this worsening in the efficiency of the studied relation of cultural 

transformation derives for the most part from the technical pure efficiency, in other way, the 
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scale efficiency is kept stable. Even more, the fact that the first model always takes values 

near to the unit indicates to us that, in average, the components of the CTV operate in a 

production scale with constant returns. Anyhow, previous analyses have identified economies 

of scale in the performing arts sector in different countries and regions for what, even taking 

values near to one, we do not deny totally the existence of this type of economies in the 

considered production process. 

In fact, in the second considered specification we can realise the progressive 

approximation of this index to an unitary value, indicating that (for the output attendance) the 

CTV has been coming closer to a production scale in which there are not scale economies 

(possibility that the product increases in a major or minor proportion to which the resources 

increase); therefore, in this case the final worsening in the efficiency is practically totally 

imputable to the technical pure efficiency, to the cultural manager. 

 

We can see the distribution of the municipalities with regards to their incorporation to the 

network and technical (pure) efficiency in Table 6 to help us analyse which process is having 

more importance in determining the downward trend for the efficiency. 

 

[Table 6] 

 

From the information displayed in this table, we are able to affirm that both previously 

exposed processes are being occurring. On one hand, year after year municipalities that are 

more efficient join the CTV, altering the global structure and reducing this way the level of 

efficiency. On the other hand, inefficient ones join also, those are in some cases very 
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inefficient, provoking an increase of the inefficiency by themselves (without affecting directly 

the efficiency of the rest of municipalities). 

Besides that, an effect that reinforces this process of worsening the efficiency in the 

relation of cultural transformation that has been observed is the fact that in 1999 the number 

of efficient (z=1) municipalities diminishes drastically, and simultaneously the number of 

very inefficient (z>2) increases. This is a widespread process that should be thoroughly 

analysed, provided that it implies that the only three efficient municipalities are (excessively) 

better than the rest. 

 

A common feature to all models, though higher in the second one, is the high average 

inefficiency level. Values that in certain moments exceed 2 would indicate that to be efficient 

should be capable of, with the same resources, doubling the obtained production; this reaction 

would prevent in a competitive environment the survival of the analysed unit. Nevertheless, 

we do not have to forget the context in which we move; first, it is a matter of a subsidised 

theatrical network which units are public entities of the local area. On the other hand, the 

agents will tend to try to satisfy their artistic preferences; simultaneously they will be 

determined by the municipal political framework. Of this triangle, CTV-Cultural Manager-

Politician, sources of inefficiency will arise. Even more, as noted in Rausell and Carrasco 

(1999), another factor that will affect the efficiency will be the characteristics of the demand; 

we are considering small and medium municipalities, linked to a demographic structure, of 

cultural education and, definitively, of preferences that will reverberate on the relation of 

theatrical transformation. 
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The conjunction of all these factors, and an in depth analysis into how it affects every local 

authority, might help us to understand the appearance of so high inefficiency levels, provoked 

by the existence of a series of municipalities standing widely out the rest. 

 

The trend that has been revealed with the obtained results is clearly defined whatever the 

variable output. Anyway, if we want to evaluate this fact for individual performances we 

should carry out a robustness analysis. We can consider a model is robust if when we evaluate 

different alternative specifications and variables slight changes in the selected variable list is 

not significantly modifying the conclusions that the results of the DEA model have exposed. 

Therefore, we will be able to test if the obtained efficiency results are variable-dependant 

(Nunamaker (1985)). 

 

In that way, we defined three different models attached to two different targets of the 

municipal performing arts cultural policy: maximise the number of performances (model 1), 

the number of people that attend to them (model 2), or a “mixed target” (model 3). If our aim 

was to analyse the robustness of the efficiency scores, the correlation coefficients are our 

analysis instrument. 

In Table 7, Pearson coefficients for the different managerial efficiency measures are 

shown, as well as Kendall’s Tau coefficient for the rankings. It is indicated with one asterisk 

when the coefficient has statistical significance at a level of 5%, two for 1%. 

 

[Table 7] 
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In order to admit the robustness of the efficiency scores we should appreciate that a stable 

relationship exists between the results of all three models; this stability would come shown by 

high values of the correlation coefficients, along with reasonable statistical significance 

levels. Then, high values would show that either the relative efficiency either the ranking we 

can get from those efficiency scores for the different cultural managers is not variable 

specific. 

 

After checking the above coefficients, we could maintain with difficulty the robustness 

hypothesis. In general, there are no strong correlations between the first two models of the 

analysed years neither for the efficiency scores neither for the rankings. In fact, only in the 

results for 1996 and 1997 we can find significant relationships, although always with values 

below 0.50. 

With reference to the “mixed target” model, as expected since it includes both single 

objectives, it correlations to model 1 and 2. However, the fact that it achieves much higher 

values with model 1 results is showing us that the target of maximising performances 

overweights the second target (“cultural-educational value” maximisation). 

 

3. Final Conclusions. 

Productivity improvements will require a favourable environment, as well as a simultaneous 

increasing technical progress and efficiency rise. Therefore, CTV will act like a true catalyst 

when canalising efforts towards the improvement of the environment. The organization, next 

to other actors in this triangle, will try to improve the cultural transformation relationship (i.e. 

managerial education), which will have global effects in the middle and long term. However, 



19 

when considering the efficiency component, it will exclusively depend on the capability and 

ability of the municipal cultural manager. 

 

The cultural manager will try to optimise his/her available resources in order to achieve the 

targets the performing arts programming has been devised to. Any deviations with respect to 

the maximum output will be considered inefficient behaviour from the managerial point of 

view. Consequently, any information the cultural manager can receive with regards to the 

performing arts programming efficiency should be received as a powerful benchmarking tool. 

 

At a CTV level we have found decreasing trends for the managerial efficiency, caused by the 

progressive municipalities incorporation into the network, either by the existence of a 

saturation point, or because these incorporations drastically affect the structure of the cultural 

production frontier. Of course, since further individual analysis has been excluded from this 

article these considerations could be considered mere speculations based on descriptive data; 

a more detailed analysis of the input-output weights and the nature of the individual 

municipalities has been relegated to future research. 

In order to evaluate the efficiency it has to be considered that the target to achieve will 

affect the specification of our production process. That is the reason why we will have to test 

if the efficiency model will be sensible to the variable linked to the selected target. In this 

sense, the analysis has shown us a clear divergence in the results obtained by means of the 

two main different output-targets. It indicates that the efficiency model will vary with respect 

to the election of output. That is, we would not have to make comparisons between the 

indexes of efficiency of municipalities with different targets; moreover, the segmentation 

would have to take place in the calculation of these indexes, since we would be assessing 
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different cultural transformation frontiers. Even more, when a “mixed target” model is 

calculated the variable associated to the first model (performances) overweights the one used 

in the second one (attendance). 

 

Then, future analysis would have to be directed towards the search of the (apparent) target 

pursued by each municipality, so that we could be able to diagnose the technical status in the 

cultural production function associated with its target in relation to the rest of municipalities 

with the same target. Once achieving this goal, we would be finally ready to look for that 

simple index that would inform us periodically into the advances of the municipal manager in 

the achievement of the target. 
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Notes. 

1. However, as noted by Throsby (1994), “although the cost disease will doubtless continue to 

present the performing arts with difficult problems, it is unlikely to be terminal”. Moreover, 

we can find evidence both on the “Baumol's disease” existence either where it is not present 

(see Throsby (1994), Heilbrun (2003), and Luksetich (2003)). 

2. As used in Globerman and Book (1974), Lange et al. (1985), Lange and Luksetich (1993), 

and Fazioli and Filippini (1997). 

3. This variable has been used by Throsby (1977), Gapinski (1980, 1984), Mossetto et al. 

(1993) and Taalas (1997), as well. 

4. According to Frey and Busenhart (1996) this would be explained by the “non-affectation 

principle”, that is, “all expenditures are covered by the public budget, and in return all the 

revenue goes to the public treasury”. 

5. Please note this definition is implicitly assuming an output-oriented conception. From an 

input-oriented perspective we would be defining it as the ability to use the least amount of 

resources to obtain a set of given outputs. 

6. Although it would be interesting to analyse and contrast a third single target (related to the 

impact of the performing arts policy), the lack of consistent population data at a municipal 

level in order to calculate the third output variable (attendance per inhabitant) makes us take it 

out from this analysis. 

7. It would be easy to affirm that the “mixed target” model reflects better efficiency results. 

However, we do not have to forget that these results could improve just by means of 

increasing the number of variable-outputs, as it is the case. 
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Table 1. Output Selection in the Literature on 

Performing Arts Production Function. 

Output 

Works Performances Attendances Attendances p.c. 

Globerman & Book (1974) X   

Throsby (1977)  X  

Gapinski (1980)  X  

Gapinski (1984)  X  

Lange et al. (1985) X   

Lange & Luksetich (1993) X   

Mossetto et al. (1993)  X  

Fazioli & Filippini (1997) X   

Taalas (1997)  X  

Rausell & Carrasco (1999)   X 

TOTAL  4 5 1 

Own Source. 
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Table 2. Recent Papers in the Literature on Performing Arts Production. 

Paper Analysed Framework Target Function Inputs Outputs Methodology Conclusions 

Mossetto et 

al. 

(1993) 

Italian Opera Houses 

Supply & 

Demand 

Structure 

Analysis 

Y 

Permanent Artistic Personnel 

Independent Artistic Personnel 

Admin. Personnel 

Technical Personnel 

Capital Costs 

Paying Attendance Translog. 

Less significance of the primary inputs over the 

secondary ones. 

More significance of the Full time Artistic Personnel 

over the Part time one. 

Fazioli & 

Filippini 

(1997) 

Italian Public Theatres from 

the Region of Emilia 

Romagna 

Cost Structure 

Analysis 

Variable 

Costs 

Technical & Admin. Personnel 

Artistic Personnel 

Performances in Own Theatre 

Performances in Other Theatres 
Translog. Scale & Scope Economies 

Taalas 

(1997) 
Finnish Public Theatres 

Scale & 

Allocative 

Efficiency 

Variable & 

Fixed Costs 

Part time Personnel 

Full time Personnel 

Seats 

Attendances Translog. 
Scale Economies 

Allocative Inefficiency 

Rausell & 

Carrasco 

(1999) 

Spanish Theatres from 

Valencia Region from CTV 

Network 

Efficiency of the 

Cultural Policy’s 

Impact 

Y 
Expenditure in Performing Arts 

per Capita 

Occupancy Rate 

Attendances per Capita 

DEA 

(CCR) 

Significance of Quality (+), Human Capital (+), and the 

Existence of Other Cultural Activities (+) on Efficiency. 

Own Source. 
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Table 3. Statistics: Sum, Average, and Standard Deviation. 

Variables 

(Σ / µ / σ) 

1995 

N = 34 

1996 

N = 37 

1997 

N = 41 

1998 

N = 45 

1999 

N = 46 

1995-1999 

N = 203 

 823,00 818,00 855,00 1.125,00 1.078,00 4.699,00

OBRAS 24,21 22,11 20,85 25,00 23,43 23,15

 16,61 10,17 10,53 13,13 12,09 12,69

 879,00 1.042,00 1.148,00 1.431,00 1.402,00 5.902,00

FUNCION 25,85 28,16 28,00 31,80 30,48 29,07

 18,62 26,40 30,35 29,25 30,10 27,76

 345.926,00 409.615,00 447.431,00 573.477,00 604.335,00 2.380.784,00

AFORO 10.174,29 11.070,68 10.912,95 12.743,93 13.137,72 11.728,00

 6.981,15 7.362,84 8.346,93 9.406,08 9.210,87 8.499,94

 268.564,00 280.463,00 283.087,00 173.479,00 389.685,00 1.395.278,00

ESPECT 7.898,94 7.580,08 7.077,18 3.855,09 8.471,41 6.907,32

 6.822,30 4.955,24 5.694,33 3.518,74 10.098,16 6.900,65

 191.007.071,24 201.171.066,80 210.454.749,58 297.881.576,86 309.598.049,40 1.210.112.513,88

CACHÉ 5.617.855,04 5.437.055,86 5.133.042,67 6.619.590,60 6.730.392,38 5.961.145,39

 4.040.874,00 2.749.992,88 2.438.718,39 14.668.809,22 3.601.251,57 7.509.352,19

 57.047.734,68 53.630.724,99 62.125.186,13 67.772.643,68 74.799.437,50 315.375.726,98

SUBVEN 1.677.874,55 1.449.479,05 1.515.248,44 1.506.058,75 1.626.074,73 1.553.575,01

 987.658,69 442.735,29 425.347,02 451.191,81 641.693,78 616.954,14

Own Elaboration from the CTV’s Database. 
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Table 4. Production Models Specification*. 

Model 

Variables 

1 2 3 

AFORO I I I 

OBRAS I I I 

CACHE I I I 

SUBVEN I I I 

FUNCION O - O 

ESPECT - O O 

* I: Input, O: Output. 
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Table 5. Average and Variation Coefficient for the Efficiency Scores. 

Model 1 Model 2 Model 3 

Year Average VC Average VC Average VC 

       Technical Efficiency (TE) 

1995 1.1716 0.1153 2.4710 0.4534 1.1384 0.1076 

1996 1.9852 0.3638 2.4552 0.5101 1.6336 0.3441 

1997 1.9528 0.4343 1.7755 0.3335 1.5429 0.2917 

1998 1.9627 0.4222 2.1984 0.7360 1.5424 0.3741 

1999 2.3973 0.3566 3.2138 0.3594 1.8780 0.3155 

95-99 2.3219 0.4029 4.1060 0.7136 1.9216 0.3596 

       Pure Technical Efficiency (TPE) 

1995 1.1388 0.1109 2.0777 0.3975 1.1156 0.1012 

1996 1.8155 0.3734 1.9748 0.3753 1.4946 0.2939 

1997 1.5809 0.3918 1.5117 0.3262 1.3082 0.2632 

1998 1.6441 0.3821 1.8171 0.7976 1.3478 0.3222 

1999 2.1075 0.3787 3.0789 0.3750 1.7526 0.3352 

95-99 2.2016 0.4027 3.8327 0.7342 1.8474 0.3502 

       Scale Efficiency (SE) 

1995 1.0289 0.0405 1.2086 0.2861 1.0204 0.0363 

1996 1.1363 0.3882 1.3589 0.8552 1.1213 0.3949 

1997 1.3027 0.5022 1.2066 0.3074 1.2058 0.3024 

1998 1.2043 0.2606 1.2832 0.3838 1.1500 0.2248 

1999 1.1951 0.4196 1.0625 0.1286 1.0830 0.0856 

95-99 1.0770 0.3260 1.1357 0.6417 1.0506 0.2488 
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Table 6. Distribution of the Municipalities 

regarding Incorporation and Technical Pure Efficiency. 

Model 1 Model 2 Model 3 

Score New 

95 96 97 98 99 95 96 97 98 99 95 96 97 98 99 

Yes 1 2 1 1 1 2 2 1 1 2 2 1 
z = 1 

No 
12 

4 9 10 2 
6 

4 7 13 2 
13 

7 13 18 3 

Yes 1 2 3 0 2 2 1 0 2 3 2 0 
1 < z ≤ 2 

No 
22 

17 18 18 22 
11 

13 26 18 5 
21 

23 22 18 25 

Yes 1 1 1 0 0 1 2 0 0 0 1 0 
z > 2 

No 
0 

13 9 12 21 
17 

17 22 9 38 
0 

4 1 4 17 
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Table 7. Correlation Coefficients for the Scores and Ranking Technical Efficiency. 

TE Scores 1995 1996 1997 1998 1999 Panel 

Models 1 & 2 0.201 0.456** 0.468** 0.115 -0.013 0.098 

Models 1 & 3 0.898** 0.815** 0.782** 0.683** 0.758** 0.856** 

Models 2 & 3 0.375* 0.820** 0.844** 0.460** 0.427** 0.353** 

TE Ranks 1995 1996 1997 1998 1999 Panel 

Models 1 & 2 0.251* 0.282* 0.343** 0.057 0.005 0.160** 

Models 1 & 3 0.773** 0.703** 0.638** 0.595** 0.682** 0.745** 

Models 2 & 3 0.425** 0.576** 0.700** 0.460** 0.305** 0.409** 
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Graph 1. Average Efficiency Evolution - Model 1. 
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Graph 2. Average Efficiency Evolution - Model 2. 
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Graph 3. Average Efficiency Evolution - Model 3. 
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Figure 1. Output-oriented Primal DEA-CCR Model. 

 

0  s  , s  ,                                   

X s    X                                    

0s    Y   Y        :s.t.            

s 1    s 1    z       max

o

o

o

  ,  ,    , 

≥

=+

=+−

++=

−+

−

+

−+

−+

λ

λ

λφ

εεφ

λφ

rr

ss

 

 

 



37 

 

Figure 2. BCC Restriction. 
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