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Abstract

Objectives: To study the comparative efficiency of the regional health services in Spain
through DEA and shed light on the orientations of health policies to improve the public
perception of health services as well as the participation of citizens in formulating health
Policies and setting priorities.
Study design: Comparative analysis of the efficiency of the health services of the
different regions of Spain through DEA.
Methods: It uses a non-oriented approach in which efficiency is sought via an increase
of the variables considered desirable, the natural unified health efficiency is employed
for this aim, while the managerial unified is utilised for a decrease of the undesirable
variables. The two are related through the so-called managerial natural unified health
efficiency.
Results: Orientations of the health policy are indicated which each of the health systems
analysed must follow in order to improve its efficiency. There are two types of possible
adjustments to be carried out: natural adjustments which require the increase of the
resources used, and managerial adjustments which require the decrease of the resources
used. While the first only require the increase of the inputs, the second involve the
modification of managerial policies which improve the results. The study enables a
grouping of the health systems into four blocks in which the efficiencies can be attained
through natural y/o managerial adjustments.
Conclusion: The lack of efficiency can always be solved through the increase of the
budget provision and only in some cases via the improvement of resource management
policies.
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Introduction
Behind the management of public resources there lies an organisational system which is
based on the limited character of resources. The needs which the public sector can satisfy
may be unlimited, but the resources to do so are not. This is why their use must be
modulated according to criteria of the prioritisation of needs and managed in the most
efficient and efficacious way.1-6
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Since democracy was attained in Spain in 1976, the country’s economic, political and
social development has been radically transformed. Within this transformation we can
place prioritisation in the provision of specific services considered to be basic for the
balanced advancement of a developed society. Among these services are health and
education whose development is seen in the decentralised government systems designed
in the Spanish Constitution in 1978, with seventeen Regional Communities (hereafter,
RCs) and two Autonomous Cities.

The importance of health for the Society and the human being is demonstrated by the
numerous studies about this in all areas.7-15

The aim of this work is to study the comparative efficiency of the regional health
services in Spain through Data Envelopment Analysis (DEA) and shed light on the
orientations of health policies to improve the public perception of health services as well
as the participation of citizens in formulating health Policies and setting priorities. This
will be in terms of the adjustments which the different health systems analysed should
carry out to improve their efficiency. DEA arose as an extension of the work of Farrel et
al.,16 which shows a measure of productive efficiency and its.17,18

Liu et al. is the first literature survey that focuses on DEA applications, covering DEA
papers published in journals indexed by the Web of Science database from 1978 through
August 2010.19

DEA has been used in various studies related to public resource management.20-32 There
are also very numerous articles which apply DEA to analyse efficiency in health use and
management.33-39 The measurement of efficiency and productivity of health service
delivery has become a small industry40 and in other areas.41-46 Our model introduces
three inputs and three outputs, distinguishing between desirable outputs and undesirable
outputs.18,47

The inputs used are: Health expenditure,48 differentiating between health expenditure
allocated per protected inhabitant to the direct attention to citizens (staff expenditure,
pharmaceutical expenditure, and intermediary consumptions); health expenditure per
protected inhabitant destined to agreements; and health expenditure per protected
inhabitant destined to the training of resident physicians. There are two good outputs–the
rate of surgical interventions49 and the degree of satisfaction of citizens with the
functioning of the public health system50–and one undesirable output–the mortality rate.
51

The choice of these input variables is due to the important debate currently open about
the appropriateness or not of externalising or privatising services,52-56 as well as the need
to invest in training and research.57-62 In the case of the outputs, these are indicators of
the perception of the service quality by citizens or their being recognised by the World
Health Organization as indicators of the quality of the health system.63

The structure of this work is as follows. After this introduction, the methodology and
data used are described. The results and their corresponding discussion are presented in
Section 3. Lastly, the conclusions are set out.

Materials and Methods
A review of the recent literature shows the study through DEA of efficiency in the use of
resources by organisations.64,65 This traditional application of the study of efficiency
focuses the analysis on an input or output orientation, according to the variables which
the organisation can have an influence on. Hence, an input-oriented model is used when
the variables controlled are inputs, and one that is output-oriented when the variables
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controlled are outputs17,66,67 multistage procedure can be applied to do so. This
generalises other procedures such as the bi-stage method68 and the three-stage method18

and which suits Koopmans68 efficiency.

The study of efficiency can also differentiate between those variables which are desirable
or recommendable (good) and those which are undesirable or unrecommendable (bad).
To sum up, it differentiates between those whose increase improves efficiency and others
which act contrariwise. The improvement of efficiency is produced when their use is
reduced in the case of inputs, or production in the case of outputs.47

Through this type of study, previous works calculate three types of models to measure
efficiency. First, the so-called natural unified efficiency implies a decrease in the inputs
causing a non-increase in the undesirable outputs and a non-decrease in the desirable
outputs. The second is managerial unified efficiency. This relates the improvement of
efficiency with additional management policies to those currently applied. The
adjustments proposed obey a non-natural or managerial adjustment even increasing the
inputs, not increasing the undesirable outputs and not decreasing the desirable outputs. In
these two cases, it is considered that both efficiencies are independent, in such a way that
the variability or influence which the organisation may have on the desirable and
undesirable variables is studied. The third efficiency is natural and managerial unified
efficiency which carries out a joint study of both efficiencies and provides us with a
global analysis of the use of resources by organisations. To do so, it is necessary for each
organisation to either increase the inputs (managerial) or diminish them (natural)
independently, without, moreover, the undesirable outputs increasing or the desirable
outputs decreasing. This is why two frontiers are established marked by the production
functions of the efficient entities – one higher that desirable inputs and outputs should
tend towards, another lower that undesirable inputs and outputs ought to tend towards.47

Data

In this work an analysis is carried out of the use of public health resources which the
health services of the RCs and Autonomous Cities of Spain manage and its effect on the
life of citizens. To do so, the Key of the National Health System,70 published by the
Ministry of Health, Social Services and Equality of the Government of Spain, has been
used.

The Inputs variables used have been, in the first place, the territorialised public health
expenditure per protected inhabitant allocated to the direct support of the citizens (Input
1). This includes the pharmaceutical expenditure, the remunerations of the staff and the
intermediary consumptions as the main components which absorb the health investment
made by the public administration in the citizens. The second input (Input 2) is the health
expenditure per protected inhabitant which is allocated to agreements with private firms.
The third input (Input 3) is the health expenditure per protected inhabitant which is
allocated to the training of resident physicians. Indicators extracted from the same
database70 have been used as Output variables. The first output is the rate of surgical
interventions per 1,000 inhabitants and year (Output 1). The second is the degree of
satisfaction of the citizens with the health system (Output 2). Its increases mean an
improvement in the efficiency of the use of the resources. The third output is the general
mortality rate, adjusted by age, per 100,000 inhabitants (Output 3). Its decrease means,
likewise, the improvement of the efficiency of the use of the resources. This is an
indicator for health quality recognised by the World Health Organization. 2012 is the
year of reference for all the data.

Associated with the study of efficiency we find the increasing, decreasing and constant
variability of the outputs linked to the variation of the inputs. In the case of the desirable
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variables, or what must grow to improve efficiency, we talk of the performance rating
scale or returns to scale (RTS). This magnitude shows the variation of greater, lesser or
equal proportion which the desirable output variable experiences (or which must
increase) when a variation of the inputs is produced. This indicates the appropriateness
or not of increasing the size of the organisation. That is to say, the quantity of resources
invested. For example, when RTS grows it is considered that the increase of the inputs
used gives rise to a more proportional increase of the outputs.

This is why large organisations surpass those which are small and, therefore, the increase
of size or of volume of resources used enables the attaining of efficiency naturally. When
it is a matter of constant RTS, maintaining the size is recommended and when it
decreases the reduction of the size is advised.

In the case of undesirable variables or which must diminish to improve efficiency, we
talk of the damages to scale rate (DTS), which reflects the variability of these inputs. In
this case, the increasing, decreasing or constant effect on the outputs is similar to the
RTS. However, the effect on the measures to be taken is the contrary. That is to say,
when working with production factors which operate at a growing DTS, the increase of
the inputs brings about a more than proportional increase in these outputs. It we take into
account that they are undesirable, and that the increase of the operational size-that is to
say, the volume of the investments made in the system – hinders attaining efficiency, a
decrease of the inputs used is recommended. This gives rise to a more than proportional
decrease of the outputs. In the case of the DTS being constant or decreasing, this
decrease is not recommended, but it is accepted to maintain or increase the volume of the
resources invested (inputs) or operational size, respectively.

Data envelopment analysis

DEA evaluates the operational performance of various organisational units which can
belong both to the public sector and the private sector, and is considered to be a good
method to carry out comparisons of efficiency. Other researches71 sum up the previous
contributions to DEA. On the one hand, the article72 describes the story of DEA from the
contributions of Professor William W. Cooper, a fundamental collaborator of this
analysis technique, and73 describe the philosophical background concerning the
accounting and economics which became the basic axis of DEA.

The work of Sueyoshi et al.74 proposes some natural and managerial adjustments to
achieve efficiency. The natural adjustments imply that with a lower quality of inputs
used naturally and without making any kind of change in the resource management, the
undesirable outputs have to diminish naturally and it is established that the desirable
outputs do not diminish. This gives rise to an increase in efficiency. Managerial
efficiency consists in increasing the inputs (using better components). This has to impact
on the diminishing of the undesirable outputs and it is established that the desirable
outputs do not diminish.

Our two models depending of “a” exponent in first restriction in problem (1) considers
«n» DMUs (in our case study, these represent the 17 RCs and two Autonomous Cities)
using «m» inputs to yield «s» desirable outputs, but also to yield «h» undesirable
outputs. In our problem (1) if “a” exponent is 1 the model represents Managerial
efficiency, whereas if “a” exponent is 0, the model represents Natural efficient.

The «jth» DMU (j=1,…,n) uses a column vector of inputs (Xj) to yield both a column
vector of desirable outputs (Gj) and also a column vector of undesirable outputs (Bj). It is
assumed that Xj=(x1j,x2j,…,xmj)T>0, Gj=(g1j,g2j,…,gsj)T>0, and that Bj=(b1j,b2j,
…,bhj)T>0 for each «j» (j=1,…,n), where T means transposed vectors. Structural or
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intensity variables are expressed with λ=(λ1,...,λn)T, which are unknown and used for
connecting the input and output vectors by means of a convex combination. The
optimization problem can therefore be defined by the following equation system for each
DMUk (1 ≤ k ≤ n):

���     �+ �∑� = 1
� ���   ���+∑� = 1

� ���   ���+∑� = 1
ℎ ���   ���

� . � .  ∑� = 1
� �����+ −1 ���� = ��� � = 1,…,� ,∑� = 1

� �����− ���− �   ��� = ��� � = 1,…, � , (1)∑� = 1
� �����+ ��� + �   ��� = ��� � = 1,…, ℎ ,∑� = 1
� �� = 1,   �� ≥ 0 � = 1,…,� , �   ������������,   ��� ≥ 0   � = 1,…,� ,

��� ≥ 0   � = 1,…, �   ��� ��� ≥ 0   � = 1,…, ℎ
where: "ξ" , which is an unrestricted parameter, represents an unknown inefficiency
score indicating a distance between an efficiency frontier and an observed vector of
desirable and undesirable outputs; dix,  drg and  dfb are slack variables; and , ]and , where , ,

, , ��= maxj bfj , and ��= minj bfj . In our case, parameter "ε" takes a value of 0.0001
for the sake of computation convenience, in order to reduce the influence of slack
variables.The objective function implies that two sources of inefficiency can be
identified. A DMUk is efficient if and only if the following two conditions are satisfied:
a)ξ=0 ; b) dix = 0, drg = 0,   dfb = 0 .. In this efficient case, DMUk belongs to the efficient
frontier. It fulfils restrictions in equation system (1), and therefore the objective function
is 0. Otherwise, if it is not efficient, the value of the objective function is greater than 0.
Taking into account Managerial efficiency, the first restriction in system (1) seeks values
of "λ" _"j" to construct a composite unit, with inputs such that∑j=1

n xijλj = dix+xik i=1,…,m . The positive slack variables dix indicate that further

increases in inputs can be made, which necessarily alter the proportions used, and hence
they show the existence of inefficiencies. Similarly, the second restriction,∑j=1

n grjλj=ξ grk+drg+grk, tells us that the desirable outputs can be increased or at least

maintained by performing a radial expansion ξ grk and an increase in the slack variabledrg.Analogously, the third restriction, ∑j=1
n bfjλj=‐ξ bfk‐dfb+bfk f=1,…,h ,, indicates

the managerial aspect, since although we have increased the inputs with managerial
improvements, it is possible to reduce the undesirable outputs both radially and in their
slack variables.
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A unified efficiency score ("θ)" under managerial output disposability is then measured
by means of the following equation:

θ=1 ‐ ξ+ε∑i = 1
m Rix dix+∑r = 1

s Rrg drg+∑f = 1
h Rfb dfb  (2)

This measure of the unified efficiency score takes values between 0 and 1. If the DMUk
is efficient, then the objective function of equation system (1) is 0, and hence the
efficiency score equals 1.

Our health model is based on this work of Sueyoshi and Goto,74 but has substantial
differences which we will now clarify.

Natural unified health model (NUHM)

The natural model proposed by Sueyoshi implies that the decreasing of the inputs
(energy resources) gives rise to a natural adjustment of the undesirable outputs which
means their decrease (CO2 emissions to the environment) and a non-decrease of
desirable outputs. However, the NUHM model which is proposed in this work implies
that the increase of the inputs brings about naturally an increase of those desirable
outputs which must increase and a non-increase of the undesirable outputs which have to
diminish. This means an improvement of the results obtained. This natural adjustment
indicates that there is a direct natural relation with the former and the opposite with the
latter, without a change in the way of managing or using the resources being produced.

This last point is what makes the bad output seem like that defined by Sueyoshi.
Nevertheless, Sueyoshi et al.74 names it managerial model, as, in their case, the variation
of the inputs has a direct relation with the variation of the outputs, and to reverse this
relation and transform it into the opposite it is necessary to apply managerial or
administration policies of the resources invested. These give rise to the increase of the
inputs having a repercussion on the decrease of the bad or undesirable outputs.

Managerial unified health model (MUHM)

The managerial model proposed by Sueyoshi et al.,74 implies that the improvement of
efficiency is associated with some changes in managerial policies which enable the
increase of the quantity of resources consumed (energy resources) and at the same time
reduce the quantity of bad or undesirable outputs generated. In the case of the MUH
model which is proposed in this work, the decrease of inputs or resources used has to
bring about the desirable outputs not decreasing, due to good management, and the
undesirable outputs having to decrease in order to improve efficiency.

Unlike the previous model, this adjustment does not take place naturally, as the trend that
the variables follow naturally is that described in the previous model and if an increase
of the inputs leads to the adjustment desired, a decrease tends to cause the opposite
effect. This is why the decrease of the resources used has to be accompanied by changes
in the managerial and administrative policies in such a way that the natural tendency of
their variations is reversed. That is to say, the decrease of the inputs or resources
allocated to the health system gives rise to non-decreases of the desirable outputs and
decreases of the undesirable outputs to the levels necessary to achieve efficiency.

This model is similar to the natural model presented by Sueyoshi et al.74 In that model
the decrease of the inputs naturally causes the decrease of the bad or undesirable outputs,
without it being necessary to carry out any kind of change in the managerial and
administrative policies of the organisations.
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The changes of managerial and administrative policies can be very diverse. They range
from changes in the techniques used in the health area with the appearance of new
vaccines or new drugs to the modification of the organisation of the work, the
management of the inventories, etc.

Managerial natural unified health model (MNUHM)

The work of Sueyoshi et al.,74 provides two models–one natural unified, the other
managerial unified-which propose a series of independent adjustments to attain
efficiency with respect to the desired and undesired variables separately. Yet it follows
that the organisation works jointly with both types of variables, so it also carries out a
unified study of efficiency where all the variables are taken into account.

As has become evident in the previous points, the NUH and MUH models express the
joint adjustments of both the desired and the undesired variables to attain the efficiency
of the health system. Therefore the MNUH study which is proposed has a different
purpose than that sought by model.

In this case, the improvement of efficiency is sustained by the idea that in specific cases
this efficiency cannot be improved but in others, even counting on NUH and/or MUH
efficiency, the efficiency of the use of the resources utilised can be improved through
new combinations of inputs (their increases and/or decreases) which enable more
efficient results with increases of desirable outputs, or which must increase and/or
diminish those that are undesirable or which must decrease.

We have to remark that there are technical units which are both NUH and MUH efficient,
but which, however, are not MNUH efficient, implying that they have room to improve.
This is due to the restrictions of the MNUH model, as the first restriction uses the two fit
variables - both NUH and MUH-with which the frontier obtained in the DEA is different
from those reached with the NUH and MUH models.

It can be seen in Table 1 that it is not enough for a community to have MUH and NUH
efficiency to have MNUH efficiency. The reason is that when studying MUH and NUH
separately we are only using one fit variable in the inputs. However, when considering
the MNUH model, we are using the two fit variables employed in the MUH and NUH
and we are imposing that they cannot be different from zero simultaneously. This means
that when obtaining an optimum solution in the MNUH model, there are communities
which have been MUH and/or NUH efficient but which, nonetheless, when considering
them in their MNUH form, give us fit variables in some of the inputs in their non-null
managerial or natural aspect. Yet if the health service of a community is MNUH
efficient, then it is MUH and NUH efficient, as in this case the fits are null. Therefore the
inefficiency is null and for the construction of the functions aimed at, both in the MUH
and in the NUH, this means that the corresponding MUH and NUH inefficiencies are
null, so the MUH and NUH efficiencies are unitary.

Results and Discussion
Now we will analyse the efficiency of use of public health resources made by the health
systems of the 17 RGs and the two Autonomous Cities of Spain, taking as a base the
previously explained variables and referring to the year 2012. Table 1 shows the data
relative to NUH (NUHE), MUH efficiency (MUHE), and MNUH efficiency (MNUHE),
as well as the Returns to Scale rates for the Good Outputs (RTS) and the Damage to
Scale rates for the Bad Outputs (DTS). To do so we have used SCSC (Strong
Complementary Slackness Condition) in order to be able to find the corresponding RTS
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and DTS,75 for which it is necessary to obtain the dual problems corresponding to the
MUH and NUH models.

The original data are to be found in Annex 1. To carry out the efficiency study we took
as a base the homogenisation of the annual data which Spain operates with on average
for each of the Inputs variables. Hence the projections, in the case of the health systems’
inefficiency, are calculated according to this average. In the database shown in Table 1, it
can be noted that there are RGs which require a series of adjustments to attain efficiency
and others that do not. There are two types of possible adjustments to be carried out. On
the one hand, natural adjustments which require the increase of the resources used (a
greater budget provision) and which lead to the improvement of the results obtained
through the bettering of the desirable outputs and the non-worsening of the undesirable
outputs. This amelioration of the NUH efficiency does not require active policies of
management resources. That is to say, it is enough to increase the resources allocated to
health for the results to improve.

On the other hand, managerial adjustments which require the decrease of the resources
used (a lower budget provision) and which lead to the improvement of the results
obtained through the bettering of the undesirable outputs and the non-worsening of the
desirable outputs. While the first only require the increase of the inputs, the second
involve the modification of managerial policies which improve the results.

It can be observed in Table 1 that in the case of requiring adjustments, these can be
natural and/or managerial. This depends on the efficiency which one intends to achieve
with the adjustments. To attain NUHE in the health service a natural adjustment must be
carried out. To achieve MUHE a managerial adjustment has to be done. To reach
MNUHE, the adjustments can be both natural and managerial, depending on the input
variable to be adjusted.

In this last case, in Table 1 we have marked with an upwards arrow the type of
adjustment which prevails over the other. This is because if the natural adjustments
prevail over the managerial adjustments, the increase in the budget provision of some
lines surpasses the decrease of budget provision of others, and this causes adjustments in
the outputs which place the entity among the efficient organisations from the MNUHE
point of view.

In contrast, if managerial adjustments prevail over natural adjustments, this means a
saving of public resources in net terms, so precedence must be given to the improvement
of resource management policies over natural adjustment, which produces a greater
provision of these resources. These adjustments provide a saving in net terms of the
resources allocated to the health system by the RG. It must be taken into account that we
are talking about public resources and if the saving of resources is important for any
organisation from the economic viewpoint, when it is a question of public resources it is
even more so. There is a need to prioritise when administrations decide which services to
provide. In the case of public resources which can be used to provide citizens with a
practically unlimited quantity of services, reducing the resources invested in one service
implies the possibility of giving another. This is linked to the improvement of the
profitability of the investment, which illustrates the relation between the resources
invested and the performance obtained.

Lastly, there is no regional health service which counts on NUH efficiency but not on
MUH. This can be seen in the fact that the lack of efficiency can always be solved by a
greater financing by the RGs and only at times with the improvement of resource
management policies.
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In Annexes II, III and IV, we can note in detail the adjustments necessary to carry out in
the different Spanish health systems to attain each of the efficiencies. In the case of the
health services of the RGs of Asturias, Madrid, Navarre, the Basque Country and La
Rioja, these are efficient from both the natural and managerial point of view
independently, as well as when the unified efficiency is analysed. Thus there is an
efficient use of the resources employed and no kind of adjustment needs to be made.

The production functions of these health systems are those which establish the efficient
frontier towards which the rest of the health systems must tend. This is the case both
when they look for efficiency through the natural adjustment caused by the increase in
the resources allocated to public health and when they seek efficiency with the reduction
of these resources via an improvement of their management. In the same way, they are
among the best when the study is done involving all the variables of the MNUH form.

The rest of the health systems which operate in Spain need to carry out some kind of
adjustment to be efficient units.

The health services of Aragón, Cantabria, Castille-León, Catalonia and that of the
Autonomous City of Melilla have NUH and MUH efficiency but do not have MNUH. To
attain efficiency in the health services of Aragón and Melilla managerial adjustments
prevail. In those of Cantábria, Castille-León and Catalonia natural adjustments
predominate.

The health services of the RGs of Andalusia, the Balearic Islands and Murcia only have
MUHE. In these cases, to attain efficiency they must be endowed with more budget, as
their efficiency would be naturally increased from both the viewpoint of NUHE and
MNUHE. Nevertheless, in the case of Murcia, it would be necessary to minimally reduce
the resources allocated to agreements with private firms, but even so the budget
provision must increase.

It can be noted how the adjustments recommended to attain the two efficiencies (NUH
and MNUH) are similar for both the health service of Andalusia and that of the Balearic
Islands. This is due to two fundamental facts. The first relates to the point projected onto
the efficiency frontier being marked by two vectors that establish an interval. The level
of use of inputs and the level of production of outputs of the inefficient health service are
located within this interval, and attaining efficiency means tending towards it. The
second is that the coefficients applied to the MUH, NUH and MNUH efficiencies have a
minimum distance. This is enough to show the difference between efficiencies and the
negative weight which the lack of efficiency has on the MNUH. But it is not enough to
modify the interval established by the vectors which mark the point on the efficient
frontier. This implies that when analysing the MNUH in the management of resources to
obtain some specific levels of outputs, the organisation must be capable of improving the
efficiency to place itself on the higher and lower efficient frontiers marked by the
production functions of the most efficient organisations in their resource management.

In all these cases the returns to scale (RTS) is constant (Table 1). This implies that an
increase of the inputs brings about an increase in the same proportion of the desirable
outputs. That is to say, the increase of the volume of investments managed by the health
service gives rise to an increase of the same proportion in the variables which must
increase without the need to modify the way of working or managing the health service’s
resources.

The last group is made up of the health services of the RGs of the Canary Islands,
Castille-La Mancha, the Valencian Community, Extremadura, Galicia and the
Autonomous City of Ceuta. These health services do not attain any of the three
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efficiencies studied. This means the possibility of reaching them through either natural or
managerial adjustments.

Conclusion
The study of the efficiency of organisations through DEA is widespread. The
particularity of the DEA system applied to the health system implies that the results
obtained are different from those which would be obtained in other sectors.

The study that we have carried out of the health systems of the seventeen RGs and the
two autonomous cities enables a grouping into four blocks:

a) The first is made up of five health systems which have NUH efficiency, MUH
efficiency and MNUH efficiency. This group is made up of the health services of
Asturias, Madrid, Navarre, the Basque Country and La Rioja.

b) The second is formed by five health systems that have NUH and MUH but do not
have MNUH. This implies the possibility of improving efficiency when the study is
carried out globally and is compared with the health services of the first group. This
improvement leads to grouping these health services into two:

b.1) The health services of Aragón and Melilla can improve in terms of MNUH
efficiency by applying natural and managerial adjustments, and a variation of the budget
provision of the different lines in a way which means a saving of public resources in net
terms.

b.2) The health services of Cantabria, Castille-León and Catalonia can improve in terms
of MNUH in the same way with the variation of the budget provision of the different
lines, but in this case natural adjustments prevail which motivate the provision of a
greater quantity of resources over those which require changes in managerial policies.

c) The third block is made up of the health services of the RGs of Andalusia, the Balearic
Islands and Murcia. In these cases the health services have MUH efficiency but do not
have either NUH or MNUH efficiency. The improvement of the efficiency of these
health services is achieved through the increase of resources made available to them,
which gives rise to a natural adjustment that improves the results achieved.

d) The fourth block is formed of the health services of the RGs of the Canary Islands,
Castille-La Mancha, the Valencian Community, Extremadura, Galicia and the
Autonomous City of Ceuta. These health systems do not attain any of the three
efficiencies studied. This means that the different efficiencies can be attained through
natural or managerial adjustments, or a combination of both.

It is demonstrated that the lack of efficiency can always be solved through the increase of
the budget provision and only in some cases via the improvement of resource
management policies. Examples of these are policies of incentives or objectives of the
staff, or those which are orientated towards savings. These may be a more rational
management of drugs, better inventory systems (just in time, for example) or medicine
auctions, improvements in energy consumption using devices which enable saving
energy, installations of renewable energies, the efficient use of water, technological
improvements, and programmes of preventative medicine which decrease the rate of
mortality while increasing the early detection of illnesses, meaning a less costly
treatment in terms of time and resources.

The rational use of the limited resources which the public administrations have to
provide a quantity of services that can be unlimited underlies the three types of
efficiency studied in this work. This leads us to consider that this model can be
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appropriate for measuring the efficiency of other services provided by the public sector,
such as education, social services or environmental investments.
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Table 1: Efficiencies of the health systems of the RGs, variability rates and adjustments.

  MUHE NUHE MNUHE DTS RTS

N
at.
A
d.

M
an
.
A
d.

Without

Adjust
ments

1 Andalusia 1 0.66 0.66 Constan
t

Consta
nt x   

2 Aragón 1 1 0.93 Constan
t

Consta
nt x  

3 Asturias 1 1 1 Decreas
ing

Consta
nt   x

4 Balearic
Islands 1 0.73 0.73 Constan

t
Consta
nt x   

5 Canary
Islands 0.74 0.67 0.62 Constan

t
Consta
nt x x  

6 Cantabria 1 1 0.71 Decreas
ing

Consta
nt x  

7 Castille and
León 1 1 0.86 Decreas

ing
Consta
nt x  

8 Castille - La
Mancha 0.87 0.90 0.89 Constan

t
Consta
nt x x  
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9 Catalonia 1 1 0.58 Decreas
ing

Increa
sing x  

1
0

Valencian
Commun. 0.91 0.74 0.74 Decreas

ing
Consta
nt x x  

1
1 Extremadura 0.87 0.77 0.77 Constan

t
Consta
nt x x  

1
2 Galicia 0.94 0.74 0.74 Decreas

ing
Consta
nt x x  

1
3 Madrid 1 1 1 Decreas

ing
Increa
sing   x

1
4 Murcia 1 0.74 0.74 Constan

t
Consta
nt x   

1
5 Navarre 1 1 1 Decreas

ing
Increa
sing   x

1
6

Basque
Country 1 1 1 Increasi

ng
Increa
sing   x

1
7 La Rioja 1 1 1 Decreas

ing
Consta
nt   x

1
8 Ceuta 0.78 0.51 0.51 Constan

t
Consta
nt x x  

1
9 Melilla 1 1 0.49 Decreas

ing
Consta
nt x  
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