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Abstract

In this paper we analyze the levels of technical efficiency and productivity growth
attained by Spanish insurance companies during a period of deregulation. We compute
Malmquist productivity indexes using the estimates of parametric distance function for
several specialized insurance branches. In this way, we show that branch specialization
matters a great deal and that firms combining two or three product lines (Health,
Property-Liabilities and Life) perform better than firms operating in one insurance line
exclusively. In the light of these results, we recommend that the remaining restrictions
coming from the European Third Directives on the operations of multi-branch firms
should be removed. Moreover, from a management point of view, it would be
appropriate to encourage the creation of multi-branch insurance firms. However, in all
cases, the estimated scores indicate low productivity growth (less than 2% per year)
compared with a huge increase in insurance activity (premiums were multiplied by
nearly 3 in a decade).
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1. Introduction

In this paper we analyze the levels of technical efficiency and productivity growth
attained by Spanish insurance companies during the decade from 1987 to 1997. This
period, which followed Spain’s entry into the European Union (EU), was characterized
by a huge deregulation process in European financial markets and constitutes an
excellent framework in which to study the effect of reforms devoted to introducing
greater competition in the insurance industry. However, the evolution of institutions and
the adaptation of firms and consumers to the new rules fixed by European Union
Directives is a process that will certainly take more than one decade to achieve. For this
reason, we consider the period 1987 — 1997 as a whole, without making a distinction for

the year of introduction of new regulations.

Despite the importance of the Spanish insurance industry, it has been the object of
scant attention. One exception has been in the field of strategic management and
marketing, with research by Martinez (1995), Lado Coustré and Martinez (1997), Lado
Coustré and Maydeu-Olivares (2001), Maydeu-Olivares and Lado Coustré (2003) and
Martinez, Albarran and Camino (2001). This situation contrasts with the Spanish
banking sector, in which a generous stream of research has been carried out in all areas.
Some of this research has focused on analyzing the impact of the deregulation process
on the Spanish banking sector. For example, Vives (1990) studied the relationship
between deregulation and competition; Fuentelsaz, Gomez and Polo (2002) focused on
geographic diversification; Purroy and Salas (2001) examined strategic behavior;
Lloydwilliams and Molyneux (1994) investigated market structure; Grifell-Tatjé and
Lovell (1999) researched profit generation and, finally, Fuentelsaz and Gomez (2001)
considered the effects on the banking sector of Spain’s decision to enter the EU. Other
studies on the Spanish banking sector have analyzed the consequences of EU
deregulation on the levels of efficiency and productivity change within financial
services, but have obtained controversial results [i.e. Pastor (1995), Grifell-Tatjé and
Lovell (1996, 1997)]. To date, the consequences of EU deregulation in terms of
efficiency in the case of the Spanish insurance market have been analyzed only by

Fuentes, Grifell-Tatjé and Perelman (2001) and Cummins, Rubio-Misas and Zi (2004).

Cummins et al. (2004) calculated the technical, cost and revenue efficiency of the
Spanish insurance sector in the period from 1989 to 1997, paying special attention to the

institutional forms: stock and mutual. They reported a very low level of cost and



revenue efficiency, a little higher than 25% but with a better score of close to 50% in the
case of technical efficiency. These results undoubtedly demonstrate very poor
performance by the Spanish insurance industry. With regards to the institutional form,
the authors tested the efficient structure hypothesis. This hypothesis predicts that there
will be no significant efficiency differences between stocks and mutuals. This implies
that firms of different types are likely to be characterized by different operating
technologies adapted to the market sectors in which they have a comparative advantage.
The results on this point are unclear because, although Cummins et al. found strong
support for this hypothesis based on the scores of technical efficiency, they also found
weaker support when looking at the scores of cost and revenue efficiency. On the other
hand, the authors rejected the expense preference hypothesis, which predicts that
mutuals will fail to minimize costs or maximize revenues due to unresolved agency
conflicts. Fuentes ef al. (2001) analyzed the efficiency and productivity of Spanish
insurance companies operating simultaneously in three product lines: Health, Property-

Liabilities and Life, during the period 1987 — 1994.

This paper completes the study by Fuentes et al. in the following ways. First, it
covers all the insurance companies in all the branches operating in the Spanish
insurance market and second, it extends the period of study to cover the ten years from
1987 to 1997. This was a decade of strong deregulation in the insurance industry

because it followed Spain’s entry into the EU.

The paper also complements the study by Cummins et al. (2004). Firstly, we
focus on the management decision to product i.e. the specialization of insurance firms.
These firms are not only specialized in terms of the different lines of products they
offer, “Health”, “Property-Liabilities” and “Life”, but specialization also applies to the
way each firm combines these product lines. Given the dramatic differences in the
nature and operation of these insurance activities, each one of these combinations will
be considered here as a specialized branch and will be analyzed separately. Therefore,
we divide the whole insurance market into several specialized branches, composed of
firms operating exclusively in one product line or in a combination of them. The results
we obtain show that belonging to one or other of these specialized branches matters
greatly in a period of deregulation, as observed in the Spanish and European markets.
More precisely, the insurance companies operating simultaneously in three product

lines, or in two of them, were shown to perform better than those specializing in only



one. In this product specialization approach, we perform a comparative analysis of firms
that have adopted different institutional forms. It appears that mutuals are more
technically efficient than private (stock) companies, but no clear difference appears in
terms of productivity change. Here again, what really matters is branch specialization.
Firms that appear to take less advantage of the deregulation process are those that
operate in just one product line. This is true in the case of private companies operating
exclusively in the Health branch and mutuals operating mainly in the Property-

Liabilities branch.

Secondly in this paper, we calculate technical efficiency as well as productivity
change using parametric Malmquist indexes. We apply the parametric stochastic
methodology, which is based on distance function estimations. This methodology
allows the decomposition of productivity growth into three effects: technical efficiency
change, technical change and technical change due to output-mix or input-mix bias. Our
results show that, during the period covered, the main source of productivity growth in
the Spanish insurance sector was unbiased technical change or, in other words, neutral

shifts of the production frontier.

Thirdly, we define insurance activity as a production process in which the outputs
are defined by the capacity of the companies to collect premiums, and we only consider
the inputs that have a direct relationship with this activity. Proceeding in this way, we
rely more closely on the traditional view of the insurance industry, which neglects the
performance of insurance companies in the financial markets and the revenue generated
by these activities'. The results we obtain indicate that productivity growth was lower
than 2% per year during the period 1987 — 1997. This means that, in spite of an
exceptional expansion of the Spanish insurance market during this period (aggregate
premiums were multiplied by nearly 3), the sector performed poorly in terms of
productivity growth. Insurance companies compensated for these poor results with the
gains they obtained in the financial markets, which performed exceptionally well in the

nineties.

This paper is organized as follows. Section 2 is devoted to the methodology. Here,
we present succinctly the parametric stochastic Malmquist productivity index and its
decomposition based on the parametric estimation of an inter-temporal distance
function. In Section 3, we detail the way in which we divided the insurance industry

into specialized branches and how the corresponding samples were created. In that



section we also analyze the importance of institutional forms through branch
specialization, as well as the output and input definitions that we adopt for estimation
purposes. Here we also explain the reasons that induced us to neglect one particular
category of life-insurance products, single premium, as part of this study. In Section 4,
we present the main results for each specialized branch and type of institution. These
results include technical efficiency levels and productivity growth indexes, with their
corresponding decomposition, analyzed over time. The last section contains the main

conclusions.

2. The parametric stochastic Malmquist productivity index

2.1. The Malmquist productivity index

Let xt denote a strictly positive vector of N inputs used to produce a strictly

positive vector of M outputs yt in the period t, t = 1,...,T. A basic representation of the

production technology by which inputs are used to produce outputs is provided by

Pi(xt) = {y!: ylis obtainable fromx'}, t=1,..T. (1)

Pt(x!) is assumed to be closed, bounded, convex, and to satisfy a strong disposability of
inputs and outputs. A functional representation of the structure of production
technology for a panel of i = 1,..., I producers is provided by Shephard's (1970) output

distance function
Dot(xbt, ybt) = min{@: (ybt/8) O Pt(xt)}, t=1,....T. ()

Dot(xiat,yiat) provides a measure of the distance from (Xi,t’yi,t) to the boundary of Pt(x?),
the distance being measured radially in the output direction. Dol(xbtylt) < 1, with
Dot(xiat,yiat) =1 if, and only if, yiat is technically efficient, in the sense that yiat is on the

boundary of PY{(x!). In fact, the output distance function is the reciprocal of the Debreu
(1951)—Farrell (1957) output-oriented measure of technical efficiency. We refer to

Dot(xiat,yivt) as a within-period output distance function; adjacent-period output

distance  functions Dfo(xbLtHLylLtt]l)  DotHl(xLtyity  Dot(xbLitl yity  and



Dott1(xLtH] ylty are defined analogously. Since examining data from one period may
or may not be feasible with adjacent-period technology, the output distance functions
can take values greater than, equal or less than unity. Therefore an output-oriented
Malmquist productivity index My, (xi’t, yh b yi’tﬂ) for producer i between periods ¢

and 7+1, using period t technology as a reference, can be written as

D(t)+1(xi,t+1’yi,t+1j D(t)(xi,t+l’yi,t+l)

MOyt it i) = .
0( 7 Y ) Dt it it ptHI( i+l i+l
AL e E

_ ATE(xi,t’yi,t}xi,Hl’yi,t+1 )‘AT(xi,tH’yi,Hl)' 3)

The first component on the right side of (3) measures the contribution of technical
efficiency change to productivity change. Dott1(xbtt] yit+1) % Dot(xbt,ylt),
depending on technical efficiency improvements, stays unchanged or declines between

periods t and t+1. The second component measures the contribution to productivity

change of technical change, calculated along a ray through period t+1 data.
Dot(xi:tﬂ,yi:tﬂ) % Dotﬂ(xi:tﬂ,yiatﬂ), depending on technical progress, stagnation

or decline occurs between periods t and t+1. Fére, Grosskopf, Grifell-Tatjé and Lovell

(1997) propose an additional decomposition of the technical change element

Dé(xi,t’yi, tj

t+1( it it
DI,y )

D(z)(xi,t+l’yi,t+l) D(t)+1(xi,t+1,yi,tj D(t)(xi,t+l’yi,t) Dz+1(xi,t’yi,tj

Dé+1(xi,t+l,yi,t+lj Dz(xi,tﬂ’yi,zj Dé+l(xi,t+1’yi,t) D(t)(xi,t’yi,tj

AT(xi,t+1,yi,t+lj _

_ AT(xi’t,yi’tj.[OB(yi’t,xi’t 1 it +1H{IB(xi,t’yi,t,xi,t+1)] @)



The first element, AT (x”, y”’), measures technical change for unchanged outputs and
inputs, i.e. with period ¢ data. The second element defines the output bias index,
OB(yi”,xi”+1, y””), which compares the shift of the output set corresponding to the
producer’s change in output combinations from period ¢ to period #+1. The third
expression defines the input bias index, IB(x”, y”,x”“). This compares shifts of the

output set in periods ¢ and #+1, corresponding to changes in the bundle of inputs. The
bias components make no contribution to productivity change if technical change is
neutral. Furthermore, there is no output bias effect or input bias effect in the case of one
output or one input, see Fire et al. (1997). All three components are greater than, equal
to, or less than unity, depending on whether they contribute positively, not at all, or

negatively to technical change.

2.2. Calculating the Malmquist productivity index

The output distance functions and, by extension, the Malmquist productivity index
and its decomposition, are usually calculated using linear programming techniques, see,
for example, the pioneering papers of Fére, Grosskopf, Lindgren and Roos (1992,
1994[1989]). Fuentes et al. (2001) have introduced the parametric stochastic
Malmquist productivity index, where the output oriented distance function is defined in
a translog form, as in Coelli and Perelman (1999). The translog specification of a multi-
output multi-input technology with technical progress defined in the usual form as a

trend variable is given by:

K 1 K K M
t it it — it it it i\t it
lnDO(x’ . )—ao + E a, Inx; +EE E a,Inx’Inx" + E E O,, Inx" Iny”
k=1 k=1 1=1 k=1 m=1

M ‘ | MM ' ' 1
+Zﬁﬂmﬁ+EZ§H%mﬂﬂmﬁ+mH5nﬁ
m=1

m=1 n=l

K M
+> o Inx e+ Inyle,  i=L., 0 0=10,T. (5)
k=1

m=1

The isoquant of the output set corresponds to: InD) (x"’, y"’)= 0 [ie.
D}, (xi” M ) =1] and the interior points to: —c<InD) (xi" M ) <0
[i.e.0< D, (x”, yi”)s 1]. The parameters of the function, indicated in Greek letters,
must satisfy a set of restrictions: first, the usual restrictions for symmetry are applied,



a, =a,, (mn = 1,...,M), B = By (k,l=1,...,K) and second, homogeneity of degree
K

K M
+1 in outputs are imposed: ZO’k =1; ZG’M =0, k=1,...,K; dem =0,k=1,...,K;
=1

k=1 m=l1

M M
Z M, =0 and third, we also imposed homogeneity of degree + 1 in inputs: Z B, =L

m=l1 m=1

K
iﬂmn:O,m:L...,]\/l; Za_km:()’mzlj.“’M.
n=l1 k=1

Homogeneity of degree + 1 in outputs is imposed in order to obtain an output
oriented radial distance function. Homogeneity of degree + 1 in inputs implies constant
returns to scale technology, an assumption necessary to accurately measure productivity
change. Grifell-Tatj¢ and Lovell (1995) showed that, in the presence of non-constant
returns to scale, the Malmquist index does not correctly measure productivity variation.
This was also confirmed by Fire and Grosskopf (1996: 54), who demonstrated that a
Malmquist index is a productivity index if, and only if, it is defined on a technology of

constant returns to scale.

Extending Lovell, Richardson, Travers and Wood (1994), it can be shown that
homogeneity of outputs and input implies:

D, (Ai”xi’t,af”yi”): C/;it D, (xi’t,yi’t), forany &' >0 and A >0. (6)

Therefore, it is possible to impose homogeneity on outputs and inputs by choosing

arbitrarily one of the outputs, e.g. v}/, and one of the inputs, e.g. x}', and defining

W' =1/yi and ' =1/x¥ .

If we express the right hand side of (5) as TL(xi”, YL 9), where
6= (a, 5,0,y.n, ,u) is a vector of parameters, and take into account the equality (6),

expression (5) can be rewritten as:

—tnlyiy /¢ )= 1L it vt 6) =1 Dy (). )

Setting u" = —lnD(’)(xi”, yi’t) and adding a stochastic term, we obtain Aigner,

Lovell and Schmidt’s (1977) representation of a parametric stochastic frontier:



—ln(y;;/x;z)=TL(X"”/x;: S 9]*«9’*', £t =t 4y ®)

where £ is a composed error term allowing for inefficiency in production ( u"*) and
for noise ( v"') and Q:La, B, 9, y,/7,,aj the estimated parameters. The inefficiency
error is assumed to be a negative random term independently distributed as truncations
at zero of the N(¢, Jf) distribution. The noise term is symmetrically distributed and
assumed to be 11d [N(O, o’ )] . Both terms are independently distributed (aw = 0). The

predicted value of the output distance function for producer i in period ¢ can then be

estimated as a conditional expectation:

[on (xi,t’yi,t )J - El_exp(—ui’t)| gi,tJ — l—q)(O'A, _Xgi’t/\a-A)eXp S +0—j/2), 9)

1= q)(/Ygi’t/a-A)

2, o*=0’+0’, x=0’/c*, and ®() represents the

where O, = )((1—)()0
distribution function of a standard normal random variable. Note that conditional
expectation (9) is a modification of Jondrow et al. (1982) and Battese and Coelli (1988),

as introduced by Coelli (1996).

Once the parameters of equation (8) have been estimated (indicated with hats) the
Malmgquist productivity index and its decomposition can be calculated®. Following

Fuentes, et al. (2001), we have, in the case of technical efficiency change:
ATE(xi’t,yi’t,xi’Hl,yi’tﬂ): GXpl_TL(xj’H],yi’H],l +1; 0) —TL(xi’t,yi’t,t; g)J, (10)

The technical efficiency is calculated as the ratio of two successive distance

functions. In a similar way, we can express the technical change with period ¢+/ data:
ln AT(xi,tﬂ’yi,tﬂ ) — TL(xi,tH,yi,tH ,t; 0 ) _ TL(x[,tH ,yi,t+1 ,t + 1; 9 ) (1 1)

The technical change effect with period t data, AT(x", y"), can be calculated in the
same way as (11), but using period ¢ data instead of period t+1 data. As shown in
equation (4), AT(x"", y*'") can be additionally decomposed into the product of an

output bias effect and an input bias effect. The expressions of these two effects are:



m=1

OB (y“ﬂx””,y””): exp {i a, [ln yot —1In y;;']} , (12)

K
IB(x[” Xt ) =exp {an [ln X" =In xj;’]} . (13)
k=1

Below, we study the efficiency and total factor productivity change of the Spanish
insurance industry over the 1987 — 1997 post-deregulation period. We follow the
parametric stochastic Malmquist approach presented in this section, where technical
efficiency is measured by expression (9), and technical efficiency change, technical
change, output bias effect and input bias effect by expressions (10), (11), (12) and (13),

respectively.

3. Spanish insurance data

3.1. Product specialization in the Spanish insurance industry

In the Spanish insurance market, we can identify three lines of products: Health,
Property-Liabilities, and Life’. One insurance company may specialize in one of these
groups of outputs or may offer a combination. In fact, we have four possible
combinations: i) Health & Property-Liabilities; ii) Health & Life; 1ii) Property-
Liabilities & Life and iv) Health, Property-Liabilities & Life. Thus, it is possible to
investigate the insurance industry by looking at the decisions taken regarding
specialization. This approach allows us to split the Spanish insurance market into seven
groups, or branches, and to study these branches separately instead of together. In
addition, with this approach, we introduce the possibility that each branch may have a
different kind of technology. In other words, the characteristics of an insurance
company organization could change depending on the product lines that it offers. As a
result, adaptation to a deregulated market could be different between the branches. As
we shall see in this study, we find a different level of efficiency and of productivity
change depending on the branch. Moreover, we study whether there has been a move to
specialization as a managerial answer to a more competitive environment. We can

follow this multi-branch approach because we combine two sources of information,

10



which allows the allocation of one insurance company to each one of the seven possible

branches.

The data we use in this paper describes the operating performance of Spanish
insurance companies during the period 1987 — 1997. We collected the data from two
sources of information. The first was the annual Balance y Cuentas de Pérdidas y
Ganancias, which is issued by the Spanish regulator Direccion General de Seguros
(DGS). This institution publishes the accounting information of the Spanish insurance
companies that it regulates (we will return to this point later). The second source of
information was from the insurance trade association Union Espariola de Entidades
Aseguradoras y Reaseguradoras (UNESPA), which, until 1997, used to publish
annually the Estadistica de Seguros Privados. Joining together these two different
sources of information allows the multi-branch approach followed by this paper.
Unfortunately, it is not possible to extend the study after 1997 because UNESPA has
not published the Estadistica de Seguros Privados since 1998. Additionally, there was
also a change in the accounting rules in 1998, which, due to the definitions of outputs

and inputs, makes it difficult to match the account statements before and after this year.

UNESPA used to collect information from its associates using a questionnaire.
Sometimes, the completed questionnaire from an insurance company failed to arrive on
time. Under these circumstances, the data from that particular company was not
published. Consequently, the number of companies covered by UNESPA was always
lower than was the case in the DGS information. For this reason, we lost on average
9% of the observations as a result of the integration of the two data sets®. Nevertheless,
the remaining insurance companies can each be classified into one of the possible seven

branches.

The first observation we can make from this process of allocation is that two
branches are almost empty. There are only two observations per year in the Property-
Liabilities & Life branch and five per year in the Health & Life branch. For this reason,
these two branches are not included in this study. At the end of this first stage, we have
a sample of 4,031 observations where (see Table 1) approximately 33%, on average, of
the companies are in the Health & Property-Liabilities (H&PL) branch; 21% in the
Health, Property-Liabilities & Life (H,PL&L) branch; 19% in the Health branch; 16%
in the Property-Liabilities (PL) branch and, finally, 12% in the Life branch. The

11



Spanish life insurance branch presents special characteristics. It is for this reason that

we pay particular attention to this branch later.

3.2. Institutional forms

In the Spanish insurance market, we can find two institutional forms: private (or
stock), and mutual. In the private institutional form, three different kinds of firms can
be found: private insurance companies, foreign trade branches, and reinsurance
companies. However, the weight of each of these in the Spanish insurance industry is
different. In the data set, the private companies represent approximately 79%, the
mutual 16%, the foreign trade branches 5% and, finally, the reinsurance companies have
a residual weight. Reinsurance companies are excluded from this study because we
believe that they have special characteristics that make them incomparable with the

other institutional forms.

Spain is a decentralized country, in which the central government has granted to
some regions full responsibility for some issues, among them the supervision of
mutualities. The mutual form is very important in Catalonia and the Basque Country
but, unfortunately, information about these mutualities is not available. This is because
DGS could not provide us with information about these two most industrialized regions.
As a result, the true weight of the mutual form in the Spanish insurance industry is not

represented: it should be higher than the 16% shown here.

In this wide sample of 4,031 observations, we can obtain a clear picture of the
structure of the Spanish insurance industry and its evolution with regard to the
institutional form. Table 1 shows the composition of the industry by institutional form
and branch. In the case of mutual companies, on average, 78% of them are found in two
branches: PL, and H&PL. But the trends of these two branches during the period of
study were very different. Mutualities reduced their weight sharply in the PL branch
but increased it markedly in the H&PL branch’. The remainder are mainly in the
HPL&L branch. Mutual companies almost disappeared in the Health branch and the
Life branch at the end of the period, 1997. These results suggest that mutualities had
been concentrating their activity in branches with two or more lines of products, leaving

the ones with only one product line.

The distribution of the private companies is different with, on average, 30% in the

H&PL branch, 23% in the Health branch, 22% in the H,PL&L branch, 13% in the Life

12



branch and, finally, 12% in the PL branch. The weight in the PL branch, H&PL branch
and H,PL&L branch remained steady over the period. By contrast, it climbed steadily
in the case of the Life branch, as the weight went from 4% in 1987 to 25% in 1997. A
very different form of behavior can be observed in the case of the Health branch, where
the proportion of health insurance companies in the private form declined from 29% in
1987 to 10% in 1997. The explanation for this decline lies mainly in the important
process of mergers and acquisitions, which occurred in the Health branch during the

period of study.

The foreign trade branches are mainly concentrated in two types of activity: on
average, 61% of them are in the H&PL branch and 21% in the Life branch. The
remainder are spread through the other branches. However, it is not possible to extend
the study of the foreign trade branches after 1994. We lost the information about these
companies in the remaining years as a result of the process of joining the data sets from

DGS and UNESPA.

The private insurance companies are almost the sole institutional form in the
Health branch and Life branch (see Table 1), although in the latter branch there is a
modest representation of, on average, 8% of foreign trade branches. Mutualities
account, on average, for 37% and private companies for almost all of the remainder of
the PL branch. The share of the mutual form is only 15% in the H,PL&L branch.
Consequently, the private companies are the prevailing institutional form in this branch.
The only situation where the three institutional forms are well represented is in the
H&PL branch with, on average, 72% of the Spanish private companies, 20% of the

mutualities and, finally, 8% of the foreign companies.

3.3. Inputs and outputs

In the insurance literature, there is a lack of agreement on defining the output of
an insurance company. There are two main tendencies detailed in the literature:
physical and monetary. In the former, the output is defined by the number of policies in
force, (Burgess and Walter, 1982). In the latter, we can find mainly two approaches: 1)
value added (Berger and Humphrey 1993) and ii) premiums (Fecher et al. 1993). All
these different approaches to the definition of what an insurance company produces
have advantages and disadvantages. This paper focuses on specialization in the

insurance industry and, consequently, the non-life product has been split into health and

13



property—liabilities. For this reason, there are constraints on the information available.
As a result, it is not possible to follow the physical and the value added approaches.
Moreover, we are particularly critical with respect to the proxies adopted in the value

added approach in the studies of efficiency and productivity in the insurance industry.

In the value added approach and from a practical point of view, losses and the
expected value of loss claims are used as one of the proxies of the services provided.
We believe that this approach has two important limitations. First, it is possible that
poorly managed insurance firms will choose a non-optimal client portfolio and,
consequently, have to face huge losses and collapse. Despite this, they may still be
identified as one of the most efficient and productive insurance companies. The second
limitation of the value added approach is that it takes into account random fluctuations,
such as natural disasters or terrorist attacks. The insurance companies that operate in
Spanish territory must cover the damage caused by terrorist attacks. This is something
that may not be the case in other EU countries. Cummins et al. (2004: 3130) recognized
this problem “even though the theoretical justification for using premiums as output is
not as strong as for losses, premiums are highly correlated with expected losses, and
hence provide an alternative output measure that is less subject to random
fluctuations.” Thus, in this study, outputs are defined by total annual premiums by each
one of the three lines of products. Additionally, and quoting Fecher et al. (1993: 81),
“premiums reflect the ability of an insurance company to market products, to select
clients, and to accept carrying risks, ..., premiums represent the value that free willing

consumers attribute to the insurance service they are seeking”.

Furthermore, we follow a classical production point of view in which outputs are
compared with the inputs needed in the production process. It means that we have
excluded any revenue or expense with its origin in the financial market. Isolating the
measures of efficiency and productivity of the ups-and-downs of the financial markets,
we expect that they only reflect the operating behavior of the insurance firm. The
Spanish Life category has peculiar characteristics that are discussed in detail in the next

section.

On the inputs side, we have identified two types: labor cost and operating
expenses. Labor cost is defined by the wage bill as well as by the commissions paid to
intermediaries, and operating expenses by the sum of non-labor operating expenses,

which include direct expenditure on buildings and amortization expenses.

14



Unfortunately, there is not enough accounting information to split operating expenses
into expenditure on materials and expenditure on buildings. But, the adopted definition
of inputs is a well known approach in both insurance and banking literature, see, for
example, Fecher, et al. (1993) and Delhausee, ef al. (1995) in the first case, and Grifell-
Tatjé and Lovell (1997) in the second®.

In defining outputs and inputs by their value instead of by physical terms, such as
the number of contracts, the variables depend on variations both in price and in quantity.
The correct way to solve this problem is to have output and input price variation both in
each type of output and input, and across insurance companies. Unfortunately, this
information is not available because there is no specific price index for the Spanish
insurance industry. Given this lack of information, we have deflated outputs and inputs

to the beginning of the period of study, 1987, using the Spanish Consumer Price Index.

3.4. The Life category

In the Life category, we can distinguish between renewal premiums and single
premiums. The latter were introduced for the first time in 1986 as a new way of saving
with tax advantages, but they provide poor insurance services’. The introduction of
single premiums had an enormous impact on the Spanish financial market. At the end
of the year of their introduction, 1986, the total number of single premiums was more
than triple that of renewal premiums and, from 1986 to 1988, it grew to about 95%".
But single premiums were revealed as an opaque tax investment and attracted some
money from the black economy. In 1989, the Spanish Treasury Department decided to
rectify this situation and modified the single premiums law’. As a consequence, the
annual premiums of 1989 fell to about half the level of those of 1986''°. Because of
these historical circumstances and the poor insurance services offered by single
premiums, we decided to exclude them as a product in the Life category. Thus, the Life

branch is defined by renewal premiums, which are conventional insurance products.

As we have already seen, two branches include the life product: the Life branch
itself and the H,PL&L branch. Nevertheless, in the case of the Life branch, we found
such a dispersion among the data of the insurance companies that this persuaded us to
postpone the efficiency and productivity analysis of this branch''. The dispersion is
probably due to the fact that the Spanish commercial banks and savings banks are the

owners of about half of the Life insurance companies. Thus, life products might be sold
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using a commercial bank or a savings bank branch network. As a result, the real
revenues and real expenses might not be appropriately accounted for by the insurance
companies. Consequently, this paper measures the efficiency and productivity change
of the Spanish insurance industry during the period 1987 — 1997, focusing on four
branches: 1) Health; i1) Property-Liabilities (PL); 111) Health & Property-Liabilities and,
finally, iv) Health, Property-Liabilities & Life.

3.5. The sample

Basing our approach on the adopted definitions of outputs and inputs, we checked
the data set, looking for inconsistencies, such as there being no information about one
input or one output, or incongruity in the pattern of the outputs or the inputs. In
addition, we also excluded those insurance companies with fewer than five observations
during the period. This study was finally carried out with a sample of 677 observations
in the Health branch, 570 in the PL branch, 824 in the H&PL branch, and 590 in the
H,PL&L branch. This represents 55% of the insurance companies and 62% of the total
annual premiums excluding the Life branch, as obtained from the DGS information.
Looking at the institutional form, the percentages of representation in the sample are

close to those that we previously calculated (Table 1) in the Spanish insurance industry.

Table 2 shows the number of insurance companies per year and by branch as well
as the arithmetic mean and the standard deviation of the outputs and inputs. The first
thing that strikes us is the small size of Spanish insurance companies at the beginning of
the period of study, 1987. Thus, it should not be surprising that a common feature in
Table 2 is the sharp increase in the size of the insurance companies within each branch.
One explanation for this behavior is the important process of mergers and, mainly
acquisitions, which took place during this period. @~ We have established that
approximately 191 over 358 firms were involved in at least one merger or acquisition
during the period 1987 — 1997. Moreover, this size increase is accompanied by a
decrease in its dispersion, as evidenced by the output coefficient of variation (standard
deviation/arithmetic mean). But this decreasing tendency does not reduce sufficiently
the output coefficient of variation, and this still reflects at the end of the period a huge
size dispersion both by variable and by branch. Consequently, the four branches in our

sample contain both very small and very large insurance companies.

16



Other features can be highlighted from Table 2. The Health branch shows the
highest increase in annual premiums, while the Property-Liabilities line in the H&PL
branch presents the lowest increase over the period. In all the cases, labor is the higher
cost, but the proportion that it represents with respect to the total cost varies between
branches and over time. As a result, there are important differences in the average input
mix between the branches. Although this information is not in Table 2, we have found a
huge dispersion in the input mix within each branch. This dispersion could be an

indication that there are no productivity gains associated with the choice of input mix.

One striking aspect of Table 2 is that specialization in only one line of products
does not mean the attraction of a larger amount of premiums. This is true in the case of
the PL branch, where the annual average premiums for the whole period are lower than
half the property-liability premiums in the H&PL, and H,PL&L branches. In contrast,
the Health branch presents the highest premiums, if we compare it with the other two
multi-branches offering the health product. Also worthy of note is that the average
health premiums increase sharply in the Health branch. The increase is also significant
in the H&PL, and H,PL&L branches, but is lower in these cases than in the Health
branch. Thus, we have two very different situations. In the first, specialization in only
one line of products — property-liabilities — does not imply a faster growth. In the
second situation, specialization in the health product allows a faster growth through new

insurance policies.

4. Efficiency and productivity variation by branch

In this section, we examine technical efficiency and productivity change, and their
components, in each of the specialization branches. Our aim is to calculate the level of
technical inefficiency and productivity change in each branch separately, and to
attribute calculated productivity variation to the change in efficiency and technical
progress. Additionally, we decompose the technical change component into the product
of three indexes: the first measures the technical progress using period t data, the
second expresses an input bias effect, and the third an output bias effect, see equation
(4). In the case of branches with only one product line the latter effect, the output bias
effect, does not exist. As we shall see, the productivity behavior of each one of the
branches is quite different, and this justifies analysis through examination of

specialization in the insurance industry.
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4.1. Distance function estimation

Table 3 presents the estimated parameters, branch by branch. The four distance
functions were estimated under the assumption of linear homogeneity of inputs and
outputs. This assumption implies constant returns to scale and similar results,
independently of the orientation chosen'?. For these estimations, we rely on the Battese
and Coelli (1988) version of the stochastic frontier model proposed by Aigner, Lovell
and Schmidt (1977) and Meeusen and van den Broeck (1977). The Frontier program
was used for estimation (Coelli, 1996). Underlined parameters were calculated by
applying the homogeneity conditions. Note that, for insurance companies specializing in
only one product line, the estimated distance function is equivalent to a translog
production frontier. In the multiple-branch cases, one line (y,: Property-Liabilities) was

selected as the normalized variable'.

First order parameters on inputs have the correct sign (multiplied by — 1) and
correspond to partial elasticities of the distance function evaluated at the mean, i.e.
partial elasticity with respect to the labor factor varies from 0.417 in the Health branch
to 0.758 in the PL branch. Moreover, the partial elasticities with respect to products
indicate, for multiple product branches and at mean values, the share of each product on
production improvement, e.g. in the three product line branch, Life has the lowest share

(0.066) compared with Health (0.460) and PL premiums (0.474)"*.

Overall, the results for the two multi-product branches are better on statistical
grounds than those obtained with the single branches. Most parameters are significant
at the 5% level, including those that incorporate the trend variable (7) and are associated
with technological change. For the Health and PL branches, the results are less
conclusive, in particular for technological change that appears to be statistically non-

significant. In addition, for the Health branch, the share of the inefficiency component

of the total error variance is rather high (f\=0.939) in comparison with those of other
branches and, in this case only, the inefficiency term distribution appears to be truncated

at a value not equal to zero (¢ =1.10).

4.2. Technical efficiency estimation

We begin our analysis with a discussion of technical efficiency by branch (see
Table 3 for a summary of annual results). These results are based on solutions to the

parametric stochastic output distance function given in equation (8). Although Table 4
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reports arithmetic mean results, we obtain a separate solution for each insurance
company in each one of the branches. As we can see, average efficiency scores are very
different among branches and they show a different form of behavior. None of the four
branches shows any clear trend for the whole period 1987 — 1997. This behavior, as we
shall see, needs to be translated into the Malmquist technical efficiency effect, which

will show a productivity growth rate close to one in all cases except the Health branch.

In Table 4, H,PL&L has the highest technical efficiency scores. The average
efficiency score is close to 80%. Although this does not appear in Table 4, looking at
the best and worst insurance companies, we can see that, in the H,PL&L branch, the
best insurance companies have scores of higher than 90% in each year and the worst
insurance companies have scores of no lower than 42% in each year, except 1996'.
The average efficiency sharply decreases when we move from H,PL&L to H&PL, to
PL, and to Health. In the H&PL branch, we obtain an average efficiency score each
year of about 72 — 74% and not a very different figure, 67 — 69%, in the PL branch. The
situation is very different in the case of Health, with a very poor average efficiency
score of about 35 — 39%'°. This means that, with the same consumption of inputs, the
Health branch should increase the level of services provided by around 60%. This low
average score is the consequence of the dispersion of individual results, with 5.1% of
the health insurance companies with levels of efficiency higher than 70%, and 61% of
the companies with efficiency levels of lower than 40%. The picture that emerges from
these results is especially worrying for the Health branch. In addition, we cannot
provide an explanation for this situation because our attempts to find a cause or causes
have so far failed; the variable size of the companies, for example, does not explain the

situation'”.

Finally, it is worthy of note that, since the number of product lines differs between
three of the branches and the sample sets are different through time and across the four
branches, it is not possible to conclude that technical efficiency is higher among the
H,PL&L insurance companies than among the other insurance companies. When data
from the four branches defines the same production frontier, a direct comparison among
the efficiency levels is possible. It is appropriate to conclude that, in our sample, there
was a better level of technical efficiency among H,PL&L insurance companies than

among insurance companies belonging to any of the other three branches.
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4.3. Parametric stochastic Malmquist results

We now turn to an examination of the magnitude of productivity variation within
each branch. The parametric stochastic Malmquist results, and their components, are
summarized in Table 5. At this point, it is important to remember that parameters of
technical change in the case of the Health and PL branches are not statistically

significant. Thus, the technical change effect is not reported for these two branches.

During the period 1987 — 1997, we can observe a different rate of productivity
growth according to the insurance branch. Productivity increases of 1.5% and 1.7%
occur in the H,PL&L and H&PL branches, respectively. However, the analysis of
productivity behavior over time differs by branch. In the H&PL branch, growth during
the first part of the period is followed by stagnation and decline. On the other hand,
H,PL&L shows an average decline during the first years and a strong recovery in the
last ones. More precisely, in the case of H&PL, we can observe on average a
productivity growth rate of 2.8% per year until 1992. These results suggest a fast
adaptation to the deregulation process in the insurance market, which followed Spain’s
entry into the European Union (EU) in 1986. However, productivity gains are more
difficult to obtain when we approach the end of the period under study because, after
1992, we can observe a modest positive rate of 0.3% per year. By contrast, we obtain a
very different path of results in the case of H,PL&L. This branch has an average
productivity decline of -1.0% per year until 1991, but this decline is followed by an
impressive average productivity growth of 3.6% per year for the rest of the period. The
results for this branch may reflect a difficult adaptation, in the years that followed
Spain’s entry into the EU, to a more competitive environment, arising from a more
flexible regulation of the insurance industry. In the case of the Health and PL branches,
the productivity change is only explained by the technical efficiency effect because the

parameters of technical change are not statistically significant.

The three components of parametric stochastic Malmquist — technical efficiency
change, technical change and bias technical change — provide the explanation for the
overall measured productivity growth by branch. The contribution of the Malmquist
technical efficiency change effect can be consider equal, on average, to one, which
means no growth in three of the four branches: PL, H&PL and H,PL&L. However, the
Health branch presents a deterioration in technical efficiency, implying a productivity

decline of 1.8% per annum on averagelg. This decrease is more marked after 1992 (-
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3.2% per year on average). A more significant technical change effect is shown by the
H&PL and H,PL&L branches. The former presents a growth rate of 1.7% and the latter
a growth rate of 1.8% per year on average. It is interesting to note the different
behavior of this technical progress. The H&PL branch presents this growth mainly in
the early periods. Conversely, the H,PL&L branch shows technical progress after 1991.
Before this year, this branch has a slightly negative rate of technical change. This is
compensated for in the second period by a sharp technical change growth of 3.8% per

ycar on average.

Table 5 shows the results of decomposition of the technical change component
into the product of technical change along a ray through period t data and the bias
effect. A decomposition of the bias effect into the product of an input bias effect and an
output bias effect is possible in the H&PL and H,PL&L branches. The results for the
two branches in all the years are conclusive. Neither an input bias effect nor an output
bias effect occurred during the period of study'’. In other words, the technical change is
neutral. Under these circumstances, an insurance company cannot obtain a productivity
advantage through the choice of the mix of inputs or the mix of outputs. This result
may explain why we observed a broad dispersion in the mix of inputs and the mix of

outputs in the Spanish insurance industry.

4.4. The impact of the institutional form on efficiency and productivity

As we saw in Table 1, private insurance companies are the main institutional form
in the four branches, although their weight is different. The PL branch is where the
mutualities have the highest representation, followed by the H&PL branch and the
H,PL&L branch. The foreign trade branch companies have only some presence in the
H&PL branch and, in the sample, till 1994. Table 6 summarizes the following: the
average arithmetic means of technical efficiency; the average geometric mean of
productivity change and its decomposition into technical efficiency change; technical
change for each one of the institutional forms and branches during the period 1987 —

1997.

One feature of the results in Table 6 warrants particular attention. In all cases, the
mutual form is more efficient than the private form. The difference is particularly
important in the H&PL branch and in the H,PL&L branch, where the mutualities show

an average score of around 8% higher than the private companies. In the only situation
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where we have information about the foreign trade branches, they show a very poor

average score of 68%, clearly below the average of the H&PL branch.

Although this is not in Table 6, the institutional forms do not show a different
pattern of productivity change from that of their branch. These patterns were described
in the previous section. In Table 6, we can see that the PL branch shows, on average,
very close productivity change results by institutional form. In contrast, the foreign
trade branches exhibit the highest productivity change in the H&PL branch and the
private companies do so in the H,PL&L branch. In both cases, this superior
performance has its origin in the high scores for technical change, 2.1% and 1.8%,
respectively. The mutualities manifest a different form of behavior in the H&PL
branch, with a Malmquist index below the branch average. It is interesting to note that
Spanish mutualities, on average, never show a better productivity score than their
branch average. Finally, there is no input bias effect or output bias effect associated
with the institutional form because, as we have seen, the technical change is neutral in

each of the three branches.

5. Concluding observations

In this paper, we have presented a study of efficiency and total factor productivity
change in the Spanish Insurance industry during the 1987 — 1997 post-regulation period,
focusing on the specialization of insurance companies. We identified three lines of
products: Health, Property-Liabilities and Life. An insurance company may specialize
in one of these or may offer a combination. Four branches were identified: 1) Health; i1)
Property-Liabilities (PL); iii) Health & Property-Liabilities (H&PL) and, iv) Health,
Property-Liabilities & Life (H,PL&L). The other three possible combinations were not
taken into consideration either because the insurance companies did not offer such a

combination or, as in the case of the Life branch, the data showed deep contradictions.

For each of the four branches, we calculated the technical efficiency using a
parametric stochastic distance function and the total productivity change using a
parametric stochastic technique to compute and decompose the Malmquist productivity
index. The levels of technical efficiency were found to be very different depending of
the branch. The H,PL&L branch showed the highest levels, which were very close, in
each of the years, to 80%. In a very different position was the Health branch, with a

very poor average efficiency score of lower than 40% in all the periods. This low
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efficiency score is similar to the one estimated for this branch in other European
countries. The other two branches, PL and H&PL, were in a better position, with an
average technical efficiency level of 68% and 73%, respectively. Looking at the
institutional form, the mutual form was shown to be more efficient than the private

(stock) or foreign trade forms.

During the period 1987 — 1997, a different productivity growth could be observed
according to the insurance branch. A productivity increase of 1.5% and 1.7% occurred
in the H,PL&L and H&PL branches, respectively. The technical change effect provides
the main explanation for the productivity results, although the parameters associated
with this effect are not statistically significant in the cases of Health and PL branches.
Moreover, in the Health branch there is a productivity decline of 1.8% which is totally
explained by the technical efficiency effect. Additionally, the results of the
decomposition of the technical change component into the product of technical change
(period t data) and the bias effect are conclusive. Neither input bias effect nor output
bias effect occurred in the period of time under study. Under these circumstances, an
insurance company cannot obtain a productivity advantage through the choice of the
mix of inputs or the mix of outputs. In the case of the institutional form, the private
insurance companies exhibited on average a productivity growth slightly higher than the
mutualities and, for both institutional forms, the technical efficiency change effect was

close to one.

Our findings have clear policy implications. A principle of the First Directives of
the European Union was the specialization of insurance firms into just one branch. The
Third Directives relaxed this principle because it was not demonstrated, in practice, that
an insurance system based on specialized firms gave better coverage than one based on
multi-branch firms. This paper shows that firms combining two or three product lines
perform better than specialized ones. In the light of these results, the remaining
restrictions, if any, from the Third Directives regarding the operations of multi-branch
firms must be removed. Moreover, some kind of incentive should be given, or at least
there should be a lifting of the threat of penalization, in order to encourage the

transformation of specialized insurance firms into multi-branch companies.
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Table 1: Institutional Forms in the Spanish Insurance Industry

Property-

Health, Property-

. Health & P -
Health Life Liabilities | ' onr o) :ﬁlgiy) Liabilities & Life | » oo O
(PL) (H,PL&L)
3% row 1% row 36% row 42% row 19% row 100% row
Mutual 2% column 1% column 36% column 20% column 14% column 16% column
18 Number 5 Number 231 Number 267 Number 120 Number 641 Number
23% row 13% row 12% row 30% row 22% row 100% row
Private 97% column | 91% column 61% column 72% column 84% column 79% column
732 Number | 422 Number 393 Number 961 Number 694 Number 3,202 Number
Foreign 0% row 21% row 9% row 61% row 9% row 100% row
Trade 0% column 8% column 3% column 8% column 2% column 5% column
Branches 1 Number 39 Number 17 Number 114 Number 17 Number 188 Number
19% row 12% row 16% row 33% row 21% row 100% row
Total 100% column | 100% column 100% column 100% column 100% column 100% column
751 Number 466 Number 641 Number 1,342 Number 831 Number 4,031 Number
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1997 (Values in 10° Euros).

Table 2: Summary Statistics for the Spanish Insurance Industry by Specialization, 1987 —

Health
1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997
Outputs
Health premiums
Arithmetic mean 4,559 4,961 5619 7,059 8,088 9,958 11215 11,486 13,545 14,626 17,346
Stand. deviation 17,285 18,917 21,625 24,568 29901 35,520 38,116 38,896 43340 46,497 52,249
Inputs
Labor costs
Arithmetic mean 424 448 538 654 720 855 964 981 1,184 1,175 1,471
Stand. deviation 1,431 1,535 2,012 2214 2550 2,847 3,123 3,140 3,693 3,767 4,689
Operating expenses
Arithmetic mean 280 295 342 419 411 495 571 586 688 755 916
Stand. deviation 1,019 1,058 1,289 1,423 1,389 1,581 1,744 1,719 1,957 2,189 2,499
Number of 61 62 61 64 71 67 64 65 58 55 49
companies
Property - Liabilities (PL)
1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997
Outputs
Property-Liabilities premiums
Arithmeticmean 3088 3552 4,172 4870 3,102 6,582 6,662 7,133 8361 9,575 10,211
Stand. deviation 10,028 12,368 15,114 18,194 4,899 22,171 21,322 22,536 25,071 26,652 26,398
Inputs
Labor costs
Arithmetic mean 993 1,084 1,138 1,274 1,034 1,716 1,817 2,041 2280 2,545 2,779
Stand. deviation 2,597 2,942 3231 3,504 2,034 4,162 4,181 4415 4769 5129 5550
Operating expenses
Arithmetic mean 326 365 408 447 493 677 804 895 965 1,054 1,226
Stand. deviation 913 1,135 1,259 1,210 945 1,191 1,375 1,529 1,778 1,863 2,301
Number of 46 47 53 54 57 56 59 54 50 47 47
companies

* According to 1987 prices, deflated using the Spanish Consumer Price Index.
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Table 2 (cont.): Summary Statistics for the Spanish Insurance Industry by Specialization,

1987 — 1997 (Values in 10° Euros).

Health & Property-Liabilities (H&PL)

1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997
Outputs
Health premiums
Arithmetic mean | 453 1670 1,695 1,754 2,165 2430 2744 3135 2,192 3276 3,640
Stand. deviation 5939 3597 3649 3,661 5339 5974 6967 7248 2990 8377 8954
Property-Liabilities premiums
Arithmetic mean 10,673 13,113 13,712 15,574 16,896 19,681 21435 23,613 15834 18,869 20,812
Stand. deviation 30433 33,606 35377 39,294 42714 51,508 62,164 69,338 29,704 34,015 34,656
Inputs
Labor costs
Arithmetic mean 3,177 3,842 3,853 4508 4,840 5393 5585 6225 4728 5396 6,143
Stand. deviation 7,357 8,093 8514 9436 9831 11,026 12,204 13,694 8898 9322 9947
Operating expenses
Arithmetic mean 951 1,18 1,051 1233 1258 1471 1,519 1816 1235 1,524 1,886
Stand. deviation 2,815 3221 2,780 3,012 3392 3,998 4,103 5246 2,161 2348 2816
Number of 68 74 83 89 90 92 85 81 59 55 48
companles

* According to 1987 prices, deflated using the Spanish Consumer Price Index.
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Table 2 (cont.): Summary Statistics for the Spanish Insurance Industry by Specialization,
1987 — 1997" (Values in 10° Euros).

Health, Property-Liabilities & Life (H,PL&L)

1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997

Outputs

Health premiums

Arithmetic mean 3 457 4012 4301 4,715 5,101 5,679 5946 6470 7251 8217 10,465
Stand. deviation 3046 3,727 3,984 4412 5314 5758 5902 6450 6,975 8,059 9,470
Property-Liabilities premiums

Arithmeticmean 6103 12,952 11,962 12,967 13,752 15,600 11,859 14,082 18,681 19,867 20,001
Stand. deviation 9250 48,676 39,486 36,620 39,731 45468 19,558 21238 35425 30,570 25,107

Life premiums
Arithmetic mean 35,857 39,546 44,749 48,403 47,583 54,633 57,135 62,751 67,513 77,018 91,527

Stand. deviation 42,086 44,038 48,218 50,133 46,708 53,929 56,777 61,209 64,243 72,588 79,249

Inputs

Labor costs

Arithmetic mean 12,717 14,404 15,577 16,857 18,293 19,539 19,931 21,464 23,092 24,383 29,796
Stand. deviation 13,277 14,806 15,385 15,881 17,070 18,033 18,566 21,798 21,716 23,259 25,889

Operating expenses
Arithmetic mean 2,698 3,359 3,709 4,339 4,803 5,002 4,983 5,366 5,621 6,140 7,768

Stand. deviation 2,577 3,518 3,845 4,367 4,916 5,217 4,968 6,185 5,630 5,599 6,595

Number of

. 57 57 58 58 58 59 59 55 49 45 35
companies

* According to 1987 prices, deflated using the Spanish Consumer Price Index.
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Table 3: Parametric Stochastic Output Distance Function Estimations by Specialization*

Inputs: labor costs (x,), other outlays (x,).
Outputs (premiums): health (y,), ), Property-Liabilities (), life (v;).

Health & Health,
Heath | Frovero- | Property | Property.
Liabilities (PL) Liabilities Liabilities &
(H&PL) Life (H,PL&L)
Intercept a, 0.226 ( 0.6) 0.555 ( 1.6) 0.413 ( 6.4)* 0.161 ( 3.3)*
Inputs Inx, a, 0417 (32)* | -0.758 (4.1)* | -0.637 (14.8)* -0.721 (9.7)*
Inx, a, -0.583 -0.242 -0.363 -0.279
(Inx,)* a, 0.073 ( 1.6) -0.059 (1.1) -0.195 ( 7.0)* 1273 (8.1)*
(Inx,)’ a, 0.073 -0.059 -0.195 -1.273
(lnx1 )(lnxz) 5!12 -0.073 0.059 0.195 1.273
Outputs Iny, B, 1.000 0.321 (22.1)* 0.460 (10.1)*
Iny, B, 1000 0.679 0474
Iny, B, 0.066 ( 4.1)*
(Iny,)* B, 0.000 0.000 0.105 (19.5)* -0.135 (3.5)*
(Iny,)’ B 0.105 -0.268
(Iny,)’ B, 0.025 (4.2)*
(Iny,)(ny,) | B, 0.105 0214
(ny,)(Iny;) | B, -0.079 (6.3)*
(lnyz)(lny3 ;323 0,054
Inputs-outputs (Inx,)(Iny,) |3, 0.000 0.000 0.003 ( 1.5) -0.787 (14.9)*
(inx)iny,) |35, -0.003 0.788
(nx )iny,) | 8, -0.001 (0.1)
(inx,Iny,) |3, 0.000 0.000 -0.003 0.787
(inx,iny,) | 8, 0.003 -0.787
(. )inr) |, o001
Technical change t 2 0.015(0.4) -0.013 (0.2) -0.043 (2.2)* 0.029 (1.7)
? P, -0.003 (0.4) -0.005 (0.7) 0.005 ( 1.4) -0.008 ( 2.9)*
(Inx, )¢ h, 0.010 ( 1.1) 20.013 (1.1) 0.016 ( 2.5)* 0.017 ( 1.4)
(Inx,) s A, -0.010 0.013 -0.016 -0.017
(Iny,) ¢ i 0.000 0.000 -0.002 ( 0.7) -0.019 ( 2.9)*
(Iny,) f, 0.002 0.014
(Iny;) 28 0.005 ( 1.6)*
Other ML parameters o 0.322 (8.2)* 0.666 ( 6.5)* 0.285 ( 8.6)* 0.147 (7.3)*
A 0.939 ( 8.8)* 0.442 ( 2.9)* 0.673 ( 8.0)* 0.691 ( 7.1)*
[y 1.100 ( 7.5)* 0.0 0.0 0.0
Log-likelihood function -522.7 -598.2 -416.2 -96.1
# of observations 677 570 824 590

* Underlined parameters are calculated by applying homogeneity conditions; all parameters are multiplied by — 1; In x,
and In y,, are in deviations with respect to mean values; t-tests appear in brackets; * indicates statistical significant with
5% confidence or less; only firms observed for 5 or more years over the period were retained for estimation.

31




Table 4: Technical Efficiency in the Spanish Insurance Industry by Specialization,

1987 - 1997

Health

1987 (1988 [1989 [1990 [1991 [1992 [1993 [1994 [1995 |1996 |1997 |Mean
Arithmetic mean | 0.370 | 0.363 | 0356 | 0356 | 0.352 | 0.360 | 0.377 | 0.374 | 0.387 | 0.386 | 0.350 | 0.366
Stand. Deviation | 0.175 | 0.181 | 0.160 | 0.164 | 0.185 | 0.175 | 0.182 | 0.187 | 0.191 | 0.199 | 0.165 | 0.178

Property-Liabilities (PL)

1987 (1988 [1989 [1990 [1991 [1992 [1993 [1994 [1995 |1996 |1997 |Mean
Arithmetic mean | 0.684 | 0.687 | 0.682 | 0.686 | 0.684 | 0.683 | 0.675 | 0.676 | 0.681 | 0.682 | 0.677 | 0.681
Stand. Deviation | 0.070 | 0.065 | 0.074 | 0.085 | 0.081 | 0.084 | 0.108 | 0.105 | 0.106 | 0.102 | 0.097 | 0.090

Health & Property-Liabilities (H&PL)

1987 1988 [1989 [1990 [1991 [1992 [1993 [1994 [1995 |1996 |1997 |Mean
Arithmetic mean | 0.731 | 0.723 | 0.731 | 0.723 | 0.725 | 0.730 | 0.728 | 0.735 | 0.729 | 0.741 | 0.727 | 0.729
Stand. Deviation | 0.126 | 0.106 | 0.112 | 0.113 | 0.114 | 0.115 | 0.124 | 0.105 | 0.111 | 0.096 | 0.100 | 0.112

Health, Property-Liabilities & Life (H,PL&L)

1987 (1988 [1989 [1990 [1991 [1992 [1993 [1994 [1995 |1996 |1997 |Mean
Arithmetic mean | 0.790 | 0.805 | 0.813 | 0.790 | 0.771 | 0.777 | 0.784 | 0.801 | 0.801 | 0.786 | 0.776 | 0.791
Stand. Deviation | 0.086 | 0.080 | 0.064 | 0.096 | 0.107 | 0.107 | 0.104 | 0.092 | 0.075 | 0.112 | 0.096 | 0.094
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Table 5: Productivity Change in the Spanish Insurance Industry by Specialization,
1987 — 1997 (Geometric Means).

Health
1987-88 | 1988-89 | 1989-90 | 1990-91 | 1991-92 | 1992-93 | 1993-94 | 1994-95 | 1995-96 | 1996-97 | Mean
Malmquist | 0972 | 0.998 | 0.984 | 1.013 | 1.016 | 0.999 | 0.985 | 0.982 | 0.980 | 0.895 | 0.982
Efficiency Change | 0.972 | 0.998 | 0.984 | 1.013 | 1.016 | 0.999 | 0.985 | 0.982 | 0.980 | 0.895 | 0.982
Technical Change - - - - - - - - - - -
Property-Liabilities (PL)
1987-88 | 1988-89 | 1989-90 | 1990-91 | 1991-92 | 1992-93 | 1993-94 | 1994-95 | 1995-96 | 1996-97 | Mean
Malmquist | 1.007 | 0.993 | 1.001 | 1.003 | 0.997 | 0.994 | 0.998 | 1.007 | 1.002 | 0.996 | 1.000
Efficiency Change | 1.007 | 0.993 | 1.001 | 1.003 | 0.997 | 0.994 | 0.998 | 1.007 | 1.002 | 0.996 | 1.000
Technical Change - - - - - - - - - - -
Health & Property-Liabilities (H&PL)
1987-88 | 1988-89 | 1989-90 | 1990-91 | 1991-92 | 1992-93 | 1993-94 | 1994-95 | 1995-96 | 1996-97 | Mean
Malmquist | 1.044 | 1.037 | 1.009 | 1.026 | 1.025 | 1.009 | 1.011 | 0.999 | 1.005 | 0.993 | 1.017
Efficiency Change | 1.007 | 1.006 | 0.982 | 1.004 | 1.006 | 0.996 | 1.003 | 0.994 | 1.004 | 0.997 | 1.000
Technical Change |y 036 | 1031 | 1.027 | 1.022 | 1.018 | 1.013 | 1.009 | 1.005 | 1.001 | 0.996 | 1.017
(t+1,data)
AT(<,y) | 1.038 | 1.033 | 1.027 | 1.023 | 1.018 | 1.013 | 1.008 | 1.005 | 1.000 | 0.995 | 1.017
IB(x,y', """} 0.999 | 0.998 | 1.000 | 0.999 | 1.000 | 1.000 | 1.000 | 1.000 | 1.001 | 1.001 | 1.000
OB(y', x"", y"*") 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000
Health, Property-Liabilities & Life (H,PL&L)
1987-88 | 1988-89 | 1989-90 | 1990-91 | 1991-92 | 1992-93 | 1993-94 | 1994-95 | 1995-96 | 1996-97 | Mean
Malmquist | 0998 | 1.010 | 0.964 | 0987 | 1.022 | 1.035 | 1.037 | 1.039 | 1.049 | 1.034 | 1.015
Efficiency Change | 1.014 | 1.018 | 0.963 | 0.978 | 1.006 | 1.009 | 1.004 | 0.998 | 0.997 | 0.974 | 0.997
T € | 0.984 | 0992 | 1.000 | 1.009 | 1016 | 1026 | 1033 | 1042 | 1051 | 1.061 | 1018
AT(x,y") | 0.984 | 0992 | 1.000 | 1.009 | 1.017 | 1.024 | 1.034 | 1.041 | 1.051 | 1.061 | 1.018
IB(x,y', x""y 1.001 | 1.001 | 1.001 | 1.000 | 0.999 | 1.000 | 1.000 | 1.000 | 1.001 | 1.001 | 1.000
OB(y', x"", y*") 0.999 | 0.999 | 0.999 | 1.000 | 1.000 | 1.002 | 0.999 | 1.001 | 1.000 | 1.000 | 1.000
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Table 6: Efficiency and Productivity Change in the Spanish Insurance Industry by
Institutional Form, 1987 — 1997

Property-Liabilities (PL)

Technical

Efficiency

Technical

Institutional . Malmquist Number of
Form .EfﬁCI.ellcy (geometric means) Cha.nge Change Observations?
(arithmetic means) (geometric means)
Private 0.674 1.001 1.001 - 374
Mutual 0.691 0.995 0.995 - 178
Total 0.681 1.000 1.000 - 570
Health & Property-Liabilities (H&PL)
R Technical . Efficiency Technical
Inst;tutmnal Efficiency Maln‘nqulst Change Change (t+1) Number. of
orm . R (geometric means) . 4 Observations
(arithmetic means) (geometric means) | (geometric means)
Private 0.712 1.017 1.001 1.016 558
Mutual 0.792 1.013 0.995 1.018 198
Foreign Trade 0.681 1.029 1.008 1.021 63
Branches
Total 0.729 1.017 1.000 1.017 824
Health, Property-Liabilities & Life (H,PL&L)
s Technical . Efficiency Technical
lnst;‘tutlonal Efficiency Maln}qulst Change Change (t+1) Numbe.r of "
orm . R (geometric means) . 4 Observations
(arithmetic means) (geometric means) (geometric means)
Private 0.782 1.017 0.999 1.018 518
Mutual 0.860 1.004 1.000 1.003 64
Total 0.791 1.015 0.997 1.018 590

(1) In the case of PL and H,PL&L the foreign trade branches account for the remainder: 18 observations

in both cases.

(2) The means are calculated over the period 1987 — 94
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NOTES

" The debate on the specification of insurance activities is reported in O'Brien (1991), Hornstein
and Prescott (1991) and, more recently, in the comprehensive survey written by Cummins and
Weiss (2000).

> We can find an alternative to this approach, based on the definition of a distance function, in
Orea (2002).

> Each of these product lines is defined by a different number of outputs. Three products

compose Health. Property-Liabilities is composed of sixteen products, among them automobile
insurance. Finally, five products define Life.

* An exception is the year 1997, in which the UNESPA sample only contains approximately
70% of the DGS insurance companies.

> In 1987, 34% of the mutualities were in the PL and 39% in the H&PL branch. Nine years
later, they represented 23% in the PL branch and 50% in the H&PL branch.

% Source UNESPA.

7 In the case of Grifell-Tatjé and Lovell (1997), the labor input is defined by the number of
employees. It is difficult to follow this approach in the case of the insurance sector because an
important part of the output can be sold by commission agents.

¥ Introduced by the law “Real Decreto — Ley 26/85. 31 diciembre 1985

? The total single premiums in millions of euros, amounted to: 1,831.4 in 1986; 2,098.7 in 1987
and 3,577.3 in 1988. The 1986 total annual premiums from renewal premiums were 570.8
million euros.

' Introduced by the law “Real Decreto —Ley 5/89. 7 de Julio 1989”.
""" The total amount was 953.7 million euros at 1986 prices.

2 We have full information for 466 Life insurance observations. The ratio value of premiums
over labor expenses plus operating expenses takes a value from 0.01 to 900.9, where 96 Life
insurance observations have a ratio lower than one and 104 higher than twenty.

" The same results will be obtained through the estimation of input distance functions. On this

issue, see Coelli and Perelman (1999).

" The results must be considered invariant to the output chosen as the dependent variable

(Fuentes et al., 2001).

> Given the translog specification of the estimated distance functions, we checked for

regularity conditions (concavity on inputs and convexity on outputs) observation by
observation. For the first three branches, Health, PL and H&PL, regularity was observed for
most points; for the H,PL&L branch, regularity was confirmed in more than 60% of points.

'® These results are available on request.

'7 These results are very similar to those of Fecher, Kessler, Perelman and Pestieau (1993), who
studied the French insurance industry.

'8 Based on the labor input, we divided the sample into seven groups, each containing the same
number of firms, placed in order from the smallest to the largest. The average efficiency score
in each group is: i) 0.267; ii) 0.265; iii) 0.382; iv) 0.434; v) 0.399; vi) 0.420; vii) 0.411.
Although, the results show a tendency to grow with size, the efficiency score of the sample of
the largest companies is still very low.

' In the case of the Health branch, results differ from the ones that we can directly deduce from
the table of technical efficiencies (Table 4). It is important to remember that: i) the sample is
composed of insurance companies with data for five years; ii) in the period under study, there
were many mergers and acquisitions in this branch. As a result, it is not possible to calculate the
Malmquist technical efficiency change effect when data of one of two consecutive periods is
missing. It gives slightly different samples in the calculation of average efficiency levels and
the average Malmquist technical efficiency change effect, and this explains the differences.
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2 The standard deviations of the input bias effect in the H&PL, and H,PL&L branches are
0.004; 0.005; 0.005 and 0.005, respectively. The standard deviations of the output bias effect in
the H&PL, and H, PL&L branches are 0.001 and 0.003, respectively.
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