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Abstract

The Single Market Project of the European Commission was supposed to change the
financial service industry markedly. We provide a first attempt to assess its consequences
on the insurance industry in Germany, the largest insurance market within the European
Union. For this purpose we apply a Data Envelopment Analysis on a panel of German
insurance companies and compute efficiency scores for the years 1992 through 1996 as
well as a Malmquist index for the productivity growth. The results indicate cost saving
potentials and an increasing divergence between fully efficient firms and efficiency
laggards. Measured scale economies imply an L-shaped average cost curve for the
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Introduction

The Single Market program of the European Commisson changed the landscape for financia
sarvices Sgnificantly. Especidly so within the insurance industry. Before 1994, nationa markets
were closed to direct cross-border sdlling activities and heavy regulation of insurance contracts
limited competition among firms to differences in their quaity of services, rather than the content
or price of insurance. After the introduction of severa insurance directives between 1987 and
1994 insurance companies are now free to design their products and to operate throughout the
European Economic Area under a dngle license and prudentid control. This new st of
regulatory rules was expected to transform the insurance indudry into a more competitive
market, to increase productivity by creating new and more diversfied products, to change
digtribution channds, and to increase merging activities (Swiss Re, 1996). From a consumer
perspective lower premiums were eventualy expected to emerge.

After Sx years of the Single Market we can conclude that alow degree of foreign penetration
gl prevails throughout Europe. The insurance industry, however, markedly adapted to the new
conditions. This can be shown by the developments on the German insurance market, which is
the largest within the European Union. One of the most obvious developments in the German
insurance market was the reduction of premiums in the automobile insurance. Contracts in this
branch usualy mature after one to three years, which is why renewd rates are high. Due to their
compulsory character they provide a foundation for customer reations that can broaden to
include dternative insurance products. Consequently, a fierce competition has emerged around
rebates since 1994. This response to the chdlenges of the Single Market reduces expected
revenues for both incumbents and new entrants. Profit margins will fal due to this strategy and
thus firms are forced to improve their cost structure. As a counter strategy deeper product
differentiation helps to dabilize margins and crestes a multiplicity of product characteritics,
which increase the costs of information collection for consumers.

This environment puts pressure on less efficient firms to improve productivity and assess thelr
postion relative to the market. The measurement of efficiency in the insurance indudry is,
however, disputed (Kesder, 1991). We choose a measure which is based on a consumer’s
perspective and use the framework of a Data Envelopment Andysis (DEA) to get estimates for
the effidency of individud insurance companies with respect to benchmark firms (Cummins and
Weiss, 1998). Our measure should be distinguished from a pure shareholder value perspective,
which would focus on factors like the return on investment, the dividend yield or smilar indices
in order to andyze the productivity of companies.

We will use a pand of German insurance companies over the period 1992 through 1996. The
results of the DEA will dlow us to assess the technica efficiency of individud firms with regard
to a set of best practice or benchmark firms. Furthermore, we will be able to decompose
technica inefficency into pure technicd inefficdency and scde ineffidency. This will give us an
idea of likely benefits from future merger activities in the German insurance industry. Our
measure aso alows us to track the productivity development over time and thus to get an
impression of the dynamic consequences of the Single Market project. Certainly other factors
like the German unification, financid innovation, and generd technologica progress exert an
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impact on the insurance industry, thus creating a degree of uncertainty about how much of the
productivity development can be attributed to the Single Market project.

Our paper is organized as follows. In the first section we provide a short overview on the
German insurance market. Then we briefly describe the theoretica background for efficiency
measurement and the linear programming method (DEA). In section four we discuss our choice
of inputs and outputs and present the data. The next section presents empirica results, and
findly we summarize our findings and conclude.

The German Insurance Market

Measured by total premium income the German insurance market ranks as the biggest within the
European Union and as one of the largest among indudtridized countries. In life insurance the
amount of written premium ranks third within the EU and fifth among industrilized countries.
The non-life sector is the largest in the EU and second only in the OECD (cf. Table 1). Due to
the high income replacement ratio in the public penson system the life insurance busness is
rather low. For this reason the average per capita premium (dengity) as well as the premium to
GDP ratio (insurance penetration) are comparatively low. Foreign penetration through branches
and free provison of services dill plays a minor role: about 2.1 percent of premium income in
Germany are generated in this way. Since the beginning of the Single Market program in 1994
this share has decreased by roughly one percentage point. This does not imply that the Single
Market has faled, because foreign firms may acquire exising German companies or st up
subsidiaries that operate under German prudentid control. In 1996 an additiona 9.1 percent of
premium income was written by firms under foreign contral.

Table 1: Top 10 world insurance markets

Country Premium income Total market Penetration Density
Total Life Non-life share
USD per
Mill. USD Percent inhabitant
USA 795,115 315,538 479,577 38.5 9.9 2,739
Japan 376,642 269,843 106,799 19.6 8.0 2,937
Germany 196,952 72,215 124,737 8.2 6.6 1,901
France 149,288 93,226 56,062 7.4 9.1 2,393
United Kingdom 148,568 86,883 61,685 7.4 12.1 2,366
Korea 63,813 46,351 17,462 3.3 12.9 1,367
ltaly 48,248 18,640 29,608 2.3 3.6 752
Switzerland 38,967 22,828 16,138 1.8 11.2 4,642
Netherlands 37,120 20,041 17,079 1.9 9.1 2,330
Australia 32,631 16,073 16,558 1.6 7.8 1,658
EU15 692,479 346,074 346,405 32.8 7.2 1,663
OECD 2,050,698 1,035,211 1,015,487 100.0 8.1 1,731
S.OECD.

The German insurance law digtinguishes three lines of business life, hedth, and property ligbility
insurance. Companies are required to establish separate legd entities and consequently to run
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separate book accounts for these three lines. Within the German market property liability
insurance is the most important line, accounting for about 45 percent of premiumsin 1996. The
life insurance accounts for around 39 percent of premium income. The portion of the property
ligbility business has been dightly decreasing over the last few years, that of hedth insurance
dightly increasing, wheress life insurance business has stagnated (Federad Supervisory Agency,
1997).

A short overview of the structure of the German insurance market is provided in Table 2. 444
companies operated in 1996. The number of firms has been decreasing since the beginning of
the European Single Market in 1994. Mogt of the firms underwrite property ligbility insurance.
Hedlth insurance forms the smdlest line of business. The mgority of the companies operate as
stock companies dthough mutuds are dso0 a popular organizationd form. Additiondly, foreign
companies and firms owned by public authorities participate in the market. Market
concentration is highest in hedth insurance and lowest in the property liability busness. The
concentration ratio has decreased dightly over the last few years (cf. Table 2).

Table 2: Structure of the German insurance market, 1990 to 1996

1990 1991 1992 1993 1994 1995 1996

Number of companies')
Lines of business

Total 488 504 508 490 450 465 444
Life 109 114 116 121 120 125 121
Health 55 61 61 58 56 61 57
Property liability 324 329 331 311 274 279 266
Organizational form
Mutuals 138 137 133 132 125
Foreign 83 82 81 76 30
Stock 253 271 280 269 282
Public 14 14 14 13 13
Billion DM
Gross premiums written
Total 134 155 171 196 213 227 234
Life 53 61 67 76 83 89 93
Health 18 20 22 26 28 32 34
Property liability 63 75 82 94 102 106 107

In percent of total premium income
Market share of the top five companies

Life 33.0 320 316 31.0 30.7 30.7 303
Health 564 5577 548 525 523 51.2 508
Property liability 262 249 244 228 23.0 227 230

S: Rehnert (1997), Federal Supervisory Agency (1997). - ') Under federal supervision, without pure reinsurers,

specialized transport insurance, and pension funds.

In the beginning of the 1990s deregulation measures were applied to the German insurance
industry in preparation of joining the Single Market. Although the deregulation phase sarted as
early as 1987 with the establishment of the European Union (EU) Solvency Rules it took until
the beginning of 1994 for dl of the three EU-directives on insurance to be fully implemented.
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Since 1994 insurance companies have been free to open up branches and provide services
under a single license and prudentiad control. At the same time German firms experienced a
tremendous increase in their domestic market Sze due to the German unification. Starting in the

middle of 1990 West German companies entered the East German insurance market. They
were confronted with an even more biased insurance structure than in their home country. Life

and hedlth insurance policies were amost negligible, as were some of the property and liability
palicies. Only basic household and motor third party insurance policies were popular (Wagner,

1991). Within the first years of unification digtribution channels and new adminigration layers
had to be build in the Eagt (Klein, 1991). These actives laid the foundation for arapid growth in

premium income from Eastern Germany during the first haf of the 90's.

The Measurement of Efficiency and Technical Progress

For measuring the level and dynamics of firm specific productivity severa concepts of efficiency
can be used. The most common measure is cogt efficiency, which suggests that profit-
maximizing behavior drives firms to choose a combination of inputs such that the cods of
producing a given level of output are minimized. Other measures are revenue and profit
efficiency. In contrast to these concepts technica efficiency ignores input and output prices and
thus only looks for input-output-combinations that are efficient with respect to a given
technology, i.e. no inputs are wasted. Sheldon and Haegler (1993) provide a comprehensive
explanaion. Because daa on input prices ae not avaladle for Germany we will confine
oursaves to the messurement of technical efficiency.

The badc problem with measuring the productive efficiency of micro units such as insurance
companies is to establish a benchmark that can be used as a reference point to compare the
performance of individua companies with. Additiondly, inputsin the insurance industry are often
used in a joint production process where the same input contributes smultaneoudy to severd
lines of busness. For example, the property liability business is fundamentdly different from life
insurance, neverthdess, it may share the same marketing or data processing facilities as well as
digtribution channdls.

For modeling joint production processes Farrdll (1957) introduced the concept of the efficiency
frontier, which ddinesates the technologica limits of what a firm can achieve with a given leve of
inputs. This frontier dlows us to dassfy firms as technicdly efficient units if they provide a
benchmark for the rest of the industry. In contrast to that, an inefficient firm could either produce
more with the available inputs (output oriented efficiency) or decrease the use of inputs while
keeping production unchanged (input oriented efficiency). The indicator of inefficiency is then
given by the rdative distance between the input-output-combination of a firm and the nearest
benchmark.

To edimate this indicator of efficiency for individua companies we gpply a Data Envelopment
Andyss (DEA) developed by Charnes, Cooper and Rhodes (1978). This is a non-parametric
gpproach that uses a linear programming technique to congtruct an envelope for the observed
input-output combinations of al market participants under the condraint that only best practice
firms support the envelope. Specificaly for the insurance industry Cummins and Weiss (1998)
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present the pros and cons of the DEA approach and dternative methods like stochastic frontier
andyss.

Fgure 1: Efficiency frontiers under constant and variable returns to scale
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We choose two different assumptions on the production technology. The first one alows for
vaiable returns to scae (VRS) and thus permits the coexistence of economies and
diseconomies of scae. An envelope, which fulfills this condition for the one input/one output
case, is shown as the dashed curve in Figure 1. The second assumption relaxes the convexity
congraint and efficiency is measured under the assumption of constant returns to scale (CRS).
The solid line in Figure 1 shows an envelope that fulfills this condition. The computetion of the

envelope can be reduced to a linear program for each individud firm in which the following
optimization problem is solved:

ming,
st. é. Vil 2 Yoo QoXio - é x;l ;30 qp free |20,
J

I =1 (in case of VRS),

J

« Qo < Qo <

I ; = free (in case of CRS)

where g is the efficiency score of the firm under investigation. The index ; indicates individua
firmsforj = 1,...,N. y;; isthe r-th output of the j-th firm for » = 1,...,R. x;; represents the i-th
input of thej-thfirmfori = 1,...,1. 1 ; isthe weight of the j-th firm in the minimization problem.
This procedure minimizes the efficiency score gy of asingle firm and must be repeated for every

firm in the sample. In this study we measure input oriented efficiency. This alows us to compute
the potentid cost savingsin the German insurance industry.



The difference between the solid and dashed envelopes in Figure 1 can be used to infer
advantages or disadvantages of Sze in the insurance industry. Economies of scde exist if an
increase in Al inputs by the same positive congant m>1 raises the production level by more
than m. Condtant returns to scale prevail if the growth in inputs exactly matches the increase in
the output level. Decreasing returns to scae emerge when the output response is less than
proportiona. The economic intuition of scale economies is reated to the behavior of average
cods if scae economies exist, average costs decrease with a growing level of output. If the
gpplied technology implies a U-shaped average cost curve an optimd firm size exists within an
indugtry. Going beyond this production level would bring a firm into the range of decreasing
returns to scale or increasing average cogts, respectively.

The convexity condtraint Sl ;=1 provides the basis for measuring economies of scale within the
DEA concept (cf. Grosskopf 1986). It determines how closgly the production frontier envelops
the observed input-output combinations. Specified as an equality, the redtriction alows for
variable returns to scae (VRS) and creates the closest fit. Relaxing the convexity restriction
corresponds to tightening the scae redtrictions, thereby redtricting the shape of the production
frontier and loosening itsfit around the data. All firmsthat operate at low output levelslike A, B,
and Gin Figure 1 are able to lower their average costs by increasing size towards an output
leve like C. At this output leve the firm will operate at minima average codts. Increasing output
further will bring the firm into the range of decreasing returns to scale or incressing average
costs, respectively. In Figure 1 this gpplies for firms D and H. Obvioudy, scae inefficiencies can
occur in the case of smal aswell aslarge firms and will reduce CRS efficiency scores compared
to the VRS case. The scale redtriction that proves to be binding for a firm determines whether
the firm exhibits incressing, congtant, or decreasing returns to scae. Technica details can be
foundin Fare, Grosskopf, and Lovell (1985).

Scale efficiency is defined astheratio g, =q,* /., , where g, is the efficiency score under

0

CRSand q,° the efficiency score under VRS, Because the linear program under VRS is more
congtrained than under CRS g, £q,° and the measure for scde efficiency is less than or

0

equa to one, by definition. The scae efficiency thus measures the rdative distance between the
frontiers under VRS and CRS. A value smdler than one indicates that by adjusting to a more
efficient 9ze, the firm would be able to lower its average cost. The scale inefficiency (1-q,’) gets

smaller the closer afirm approaches the optima output level.

For the measurement of technicd progress in financid services severa authors suggest the
Mamaquist productivity index, which represents a combination of efficiency scores over time.
This gpproach is particularly popular for the banking industry (cf. Berger — Humphrey, 1997).
For the European insurance industry, however, we know only of applications to Itdian
(Cumming, Turchetti, and Weiss 1996), Spanish (Cummins and Rubio-Misas, 1998), and
Audtrian insurance companies (Mahlberg and Url, 1998).

The Mamquist productivity index (TFP) measures the development in total factor productivity
for an individud firm. It is based on the efficiency scores of severd DEA computations, where
the input bundles of a single firm are compared to production frontiers from different periods of
time.



Figure 22 Computation of the Malmquist Index from efficiency frontiers of subsequent
periods
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There are severd versons of the Mamaquist index. We use the one proposed by Forsund
(1993) which dlows us to chain indices over time and thus fulfill the circular relaion condition
demanded by Frisch (1930). Under this condition, productivity development over time can be
broken down consistently into subsequent year to year changes. This can be illustrated by firm
A in Figure 2. The input-output combinations of firm A are shown in relation to envelopes from
two consecutive periods (Q;, O,) and areference period Q.. In order to understand the concept
of the Mamquist index for the productivity development between the first and second periods
with respect to the reference period i, TFR(1,2), it is useful to decompose it into two
COMpOoNents.

TFP(1,2) = TP(1,2) EP(1,2),

where TP;(1,2) represents the relative shift of the production frontier O between the first and
second period, i.e. the technica progress (7P). This component indicates the generd
development of productivity in the industry, or to be more precise, the productivity change of
the benchmark firm. The second component, £P(1,2), represents the efficiency progress (EP)
of a firm and measures the change in the relaive podtion of A with respect to production
frontiers Q; and Q,. This can be interpreted as a catching up effect towards the best practice
firms Spedificdly,

TB(1,2)=%
il 11

represents the ratio of the efficiency score of A in period 2 relative to the production frontier O;
to the efficiency score of A in period 1 relaive to the production frontier ;. If the vaue for
TP>1 the production frontier of the second period 0, liesto the left of O, and we can confirm

technica progress between the first and second period. In the case of TP,<1 the production
8



frontier O, liesto the right of O, and we recognize technical regress. The efficiency progress is
defined as.

EP(L,2) = X0/ %, ,
X11/ %1

which corresponds again to a ratio of efficiency scores but in this case with respect to
production frontiers from periods 1 and 2. If EP>1 holds, we conclude that A improved its
relative podtion with respect to the benchmark firm over time In Fgure 2 this would
correspond to a catching up process where A, is closer to Q, than A isto Q. In the case
EP<1 the firm logt touch with competitors and its relative podtion to the benchmark
deteriorated. Trandated into Figure 2 thiswould imply that A, lies further away from Q, than A,

does from Q,. Consequently, if 7/P>1 holds, the total factor productivity of the firm in question

increased between periods 1 and 2, whereas a TFP<1 indicates a decline in total factor
productivity.

The chaining property of this gpoproach guarantees that TFP;(1,3) = TFP(1,2)X'’FP(2,3) €tc.,
wheress the usua updating of the reference technology results in losing this property, i.e
TFP,(1,3) ' TFP,(1,2) TFP,(2,3). The chaning property not only holds for the Mamaquist
index but dso for both its components.

Measures of Inputs and Outputs

There are numerous measures suggested for inputs as well as outputs of insurance companies.
Actud measurement suffers from the fact that insurance companies provide financid services
that mainly congst of monetary transactions and output is not easy to pin down. We will focus
on the basic idea that insurance - through the law of large numbers — dlows individuas to form
risk pools, such that individua losses can be averaged out within each pool. To be specific,
consder an exchange economy with C identical consumers and a single good. The endowment
of that good available to each consumer, w, is sochagticaly determined. There are two states
of nature: with probability (/-p) the consumer will have the full amount w a his disposa and
with probaility p an accident will reduce his endowment by the loss L. So we can distinguish
between two states of nature for the consumer: the "no-accident” state and the "accident” State.
The probability of having an accident does not depend on the consumer. If the number of
consumers is large enough, i.e. tends toward infinity, we can apply the law of large numbers to
get the following per capita endowment for the ith consumer:

¢ =wl-p)+(w- L)p =w- pL, "i=1...,M, "s=1...,8S.
where S represents the number of possible states of nature (S=2"), and ¢’ is the consumption

leve of individud i in Sate s. By usng a von Neuman-Morgengtern utility function, u(.), we can
andyze the wefare consequences of stochastic accidents. If we assume the usua conditions of



positive first and negative second derivatives of the utility function, then it can be shown that a
competitive and ex ante Pareto optimal Arrow-Debreu equilibrium exigts (Laffont, 1989).

Insurance companies provide a smple inditutiona Structure to achieve a Pareto optimal
adlocation of goods by collecting a premium payment and reimbursing al agents who suffer an
accident by the amount of their loss L. If there are no transaction costs and the zero profit
condition for insurance companies holds, the actuaridly fair premium requires that the individud
premium is equd to the expected value of the loss. The endowment of an insured consumer is
equa to the expected average endowment and for concave utility functions every consumer has
an incentive to join the insurance pool and protect himsdf fully againgt losses. Thisis illustrated
in Figure 3, where the optimd dlocation A is characterized by the tangency between the utility
function of the ith consumer and the budget line provided by the insurance company (0A).
Without insurance the consumer would receive w in the good state and w-L in the bad State, but
by paying the premium the average expected endowment can be established in advance.

By introducing transaction codts, 7, from organizing the insurance pool one can achieve a more
reglidic picture. The maximization problem of the household is dightly changed. For a given
price of the insurance policy, p, a representative household chooses its level of consumption in
both states and the amount of coverage, z=(1-g/L, where gis the share of uncovered losses, by
solving the problem:

Max[(1- p)u(w- pz) +pu(w- pz- L +z)].

Thefirg-order condition for utility maximization is then
(- p)u'(w- pz)g =pu'(w- pz+z- L)(1- p),

where u'() indicates the firg derivative of the utility function with respect to the degree of
coverage g. It can be shown that for zero transaction costs p=p and tha the dope of the
indifference curve a the diagond is equd to the dope of the budget line running from 0 to A. In
Figure 3 this corresponds to adope of -(7-p)/p. At this actuaridly far premium we will find full
coverage (g=0). If, due to pogtive transaction cogts, the price for insurance exceeds the fair
price, p>p, the dope of the budget line will get flaiter and the optima solution for the consumer
will be a C, where another indifference curve reflecting a lower leve of utility is tangent to the
new budget line. The dope of the budget line can be derived by subgtituting a smple mark up
rule p=p(1+7) into the firs order condition and corresponds to the right hand side of the
following equation:

@-p)i(w-pQA+T)z) _1-p(A+T)
pu'(w-pQA+T)z- L+z) pl+T)

The wedge between the fair and the gross premium reduces the chosen degree of coverage and
therefore lowers the utility which the household may achieve. Introducing insurance taxes or
incomplete competition in the insurance industry makes it more difficult for households to
achieve complete insurance.
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The activity of insurance companies can therefore be summarized as creating and adminigtrating
arisk pool. Transaction costs result in incomplete coverage of private households. The output,
on the other hand, is the provison of smoothed income streams for households, conditional on
the occurrence of aloss, Snce thisis what actually generates utility for households.

This messure of efficiency naturaly reflects a consumer’sview of insurance activity rather than a
shareholder’s perspective. The lower the transaction costs are, the higher will be the relaion
between outputs and inputs and thus measured efficiency. Our measure should be postively
related to standard profit oriented indices because low cost insurance companies are likelier to
generae higher profits. A mgor advantage of our efficiency measure, especidly with repect to
the German market, isits independence from tax oriented manipulations of the balance shedt.

Figure 3: The choice of insurance under transaction costs

state 2 4

Data

For the empiricd application we use inputs and outputs closdly related to the concept
developed in the previous section, i. e. we use only flow variables to mode insurance activities.
Since insurance companies are financiad intermediaries mog of ther financid flows are ample
monetary transfers between agents in the insurance pool. Only part of the premium is used to
cover the costs of organizing the insurance pool. These costs will be interpreted as transaction
costs, which creste a wedge between the fair and the actua insurance premium. We regard
adminigtration costs together with digtribution costs as transaction codts, i.e. the monetary
equivaent to inputs for each insurance company.

The choice of outputs corresponds closdly to the concept of risk pooling and smoothed income

sreams outlined in the previous section. Claims payments, for example, are directly dedicated
to the compensation of income losses. But claims payments adone do not suffice to measure

11



smoothed income completely because for some insurance contracts long periods exist between
premium and claims payment during which provisons are built up. Life insurance is a classc
example, where premium payments continue over periods as long as 30 years or even longer
while cdlaims payments follow afterwards. For this reason adding changes in technical provisons
to the output of insurance companies is necessary, since this is the book accounting equivalent
of future dams payments. Thus firms with low dams payments will neverthdess show a high
leve of efficiency aslong asthey build up provisons.

The third item we consider a component of insurance output is returned premiums, which
predominantly represents alocated invesment returns in life and hedlth insurance. Bonuses and
rebates in the property liability insurance form a negligible part. Nevertheess, they must be
included in our output measure, because such payments contribute to the income-smoothing
characterigtic of insurance underwriting. Excluding bonuses and rebates would create the wrong
image of alow output when good states of nature accumulate.

In Germany insurance companies are forced by law to set up separate firms for the life, hedth,
and property liability business. Composite insurers can only be built by creating a group or a
holding company with subsidiaries for each line of busness. Mog of the German insurance
companies are part of a group and their activities and drategies are coordinated by an
overlapping board of directors. Moreover, generd services like trademark advertisng,
digribution channels, data processing, or financid and technicd administration are often
provided for the whole group. Profits can be easly shifted throughout the company by applying
internd pricing schemes. To take this possbility into account we merge al members of a group
into one firm, which produces services in three lines of busness hedth, life, and property
lighility insurance). So we are able to diginguish three outputs according to their likely
differences with respect to distribution channels, actuarid characterigtics, and administrative
organization. For each of these three lines of business we add claims, net-changes in provisons,
alocated investment returns, bonuses, and returned premium into a single output indicator.

Since mogt of the German insurance companies offer insurance in & least two lines of busnessiit
is not reasonable to attribute expenditures for inputs directly to one risk class. Consequently, we
compare the three outputs of each firm with one input indicator, i. e. the aggregation over risk
classes occurs only within the input dimension. Thus we are able to capture the multiple product
characterigtic of insurance services, while alowing for heterogenaity within the output dimension.
The input for the combined group encompasses items like expenditures on labor, materid,
energy, depreciation, marketing, commissions and the like.

To achieve full comparability of input and output variables we subtract the reinsurance part from
al varidbles. All inputs and outputs are measured in Deutsche Marks (DM). The data comes
from current issues by Rehnert and annua business reports. During the sample period between
444 and 508 firms were supervised by the Federal Supervisory Agency. Additiondly, agencies
of the states (Lander) supervised between 20 and 25 insurers. We aggregate these companies
into 161 groups. A familiar problem for pand data is the exit and entry of firms over time. In
order to achieve a complete pand we diminate those insurance companies with missing vaues
in the sample period. Thisand remova of outliers reduces the sample to 114 groups, which ill
cover around 92 percent of total written gross premiums. Firms removed from the panel
typicdly represent companies that used the freedom to provide services under a single license
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and prudentia control or companies newly entering the German market. Thus, by diminating
outliers or firms with missing observations from the sample, we do not introduce a survivor bias.
Table 3 givesadatistical summary of the variables for the year 1996.

Table 3: Summary statistics of inputs and outputs for German insurance companies, 1996

Variable Description Mean Value  Standard  Minimum  Maximum
deviation
Mill. DM
Input Administration and distribution costs') 321.9 626.8 0.5 5,106.4
Output 1 Health insurance?) 335.0 1,018.1 0.0 64,1815
Qutput 2 Life insuroncez) 1,119.0 2,586.7 0.0 21,961.6
Output 3 Property-liability insuroncez) 471.3 1,014.7 0.0 8,752.1
S: Rehnert (1997) and annual reports. Sample size is 444 firms collapsed into 114 groups. - ') All lines of

business. - ?) Claims payments + net change in provisions + allocated investment returns, bonuses, and returned

premia.
Results

Table 4 presents efficiency scores under assumptions of both VRS and CRS on the production
technology for insurance companies. The Satistics for the variable returns to scale (VRS) case
indicate higher efficiency scores compared to the results under the congtant returns to scde
(CRS) assumption. This is to be expected from the congtruction of the optimization problem
under VRS, since in this case the efficiency boundary is curved and more points of support are
required for the tighter envelope (cf. Figure 1). Under VRS the average efficiency score is about
49 percent, indicating that the average firm has a potential for cost cutting of around 50 percent.
On average, 15 companies or 13 percent of the sample are fully efficent and form a
benchmark. Under CRS the average efficiency score is 39 percent and the potentiad for
efficiency gains fluctuates between 56 and 64 percent. Under both assumptions some firms can
be found with efficiency scores below 20 percent. These firms could theoreticaly save about 80
percentage points of their cost. These insurers are very smal and new in the market. Building up
their organization and digtribution channds impaoses high start up costs and consequently lowers
efficiency scores.

The digribution of efficiency scores is given in Figure 4 where 10 percent classes are
diginguished in a histogram. Actudly, around haf of the firms have scores below 50 percent
under VRS and less than one third of the insurers have efficiency scores better then 70 percent.
Under CRS technology the share of firmswith scores of 70 percent and above fdls dramaticaly
to 14 percent, whereas two thirds of the firms show efficiency scores below 50 percent.
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Table 4: Efficiency Scores under Variable Returns to Scale (VRS) and Constant Returns to

Scale (CRS)
1992 1993 1994 1995 1996 Average

VRS
Geom. mean 0.553 0.539 0.464 0.469 0.459 0.495
Standard deviation 0.266 0.267 0.284 0.261 0.273 0.253
Maximum 1 1 1 1 1 1
Minimum 0.139 0.099 0.117 0.109 0.101 0.112
Number of efficient companies 19 15 15 12 13 15
Efficient companies (in percent) 17 13 13 11 11 13
CRS
Geom. mean 0.443 0.384 0.362 0.39 0.383 0.394
Standard deviation 0.235 0.206 0.259 0.223 0.234 0.211
Maximum 1 1 1 1 1 1
Minimum 0.059 0.087 0.081 0.108 0.101 0.085
Number of efficient companies 4 5 4 4 4 4
Efficient companies (in percent) 4 4 4 4 4 4
Scale efficiency
Geom. mean 0.802 0.713 0.782 0.832 0.834 0.781
Standard deviation 0.173 0.175 0.188 0.165 0.167 0.152
Maximum 1 1 1 1 1 1
Minimum 0.159 0.236 0.119 0.202 0.245 0.186
Number of efficient companies 7 6 7 8 11 8
Efficient companies (in percent) 6 5 6 7 10 7
Number of firms in the range of
Decreasing returns to scale 83 93 68 49 71 73
Constant returns to scale 7 6 7 8 11 8
Increasing returns to scale 24 15 39 57 32 33

Note: Sample sizeis 114.

Figure 4: Histogram of efficiency scores in 1996
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Note: Sample size 114.
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Given the industry wide phenomenon of mergers and acquigtions it is interesting to examine
whether firms can actudly improve their efficiency by increasing their Sze. Table 4 dso presents
average scae efficiencies for dl years, 1. e. the relative distance between the CRS and the VRS
envelope. The average vaue of 78 percentage points indicates that insurance companies would
be able to improve their efficiency on average by 22 percentage points by adjusting to the right
sze. The minimum vaue of 15 percent indicates that there are firms in the German insurance
market which deviate heavily from their optima sze. Counting the number of firms within eech
range of scae economies we find comparativdly more firms in the decreasing returns area,
between 1992 and 1996 on average 73 (cf. Table 4). But a detailed inspection of this
aurprising result leads to the conclusion that smal units deviate more heavily from the optimum
vaue as compared to larger units. Thisimplies a stegp VRS enveope in the region of smdll firms
which, for larger companies, approaches the same dope as the CRS envelope. Transferred into
average cogt curves we find an amogt L-shaped average cost curve, which fals steeply for
smdl units but takes only a smal postive dope after reeching the lower turning point. Thus
benefitsfrom enlargement are big for amdl units but get smaler asthe firm sze grows.

In a second step we try to explain the variation of efficiency scores among individual companies
by linking the scores with firm specific exogenous variables. These exogenous varigbles should
be out of the control of the insurance company management and are motivated by our
discussion of the development of the European insurance industry during the firgt years of the
Single Market. They are also motivated by our interest in the effects of saverd indicators related
to the Sze of insurance companies, their degree of diversfication, profitability and their
ownership structure. As our output measure relies on clams payments it is subject to stochastic
variations in the number and vaue of accidents. Within our rather short sample period risk
clugtering, which indicates years of large losses or extraordinary business activity, may occur
despite the adjustment of our output measure. To correct such effects we use the clams ratio, i.
e. the ratio between clams and premium payments, to condition our results on possible loss
dugering.

Economies of scae are gpproximated by the size of a company, which is measured as the log of
the premium income of the group. Second, we introduce a variable for measuring economies of
scope. The diversfication of premiums in each of the three lines of business is measured by a
Herfindahl Index. This index approximates economies of scope and increases with the
concentration of premiums within asingle product line (Tirol, 1989).

Not al branches of the insurance business will be exposed to the same leve of foreign
penetration. Insurance contracts with short durations are more prone to competition than
pension plans or private hedth insurance. For this reason we congtruct a risk structure index,
which reflects the exposure of individua insurance companies with respect to the property
liability business, which is characterized by short contract periods.

Another variable that has an impact on the efficiency of insurance companies is the age of the
firm. Since there are high entry costs during the build up phase of the risk pool, older companies
face lower average costs. Within conglomerates we choose the age of the oldest company as
the representative value for the whole group.
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Finaly, the ownership structure may be important in the German market. About one tenth of
totd premiums are collected by foreign firms. To capture this effect we introduce a dummy
variable which is one for foreign and zero for domestic firms. A further interesting issue that has
been discussed extensvey in the literature is the effect of the organizationd form on
performance (cf. Cummins, Weiss, and Zi, 1999). Two mgor hypotheses are suggested,
namey the "expense preference hypothess' (Mester, 1989) and the "managerid discretion
hypothess' (Mayers and Smith, 1988). Both hypotheses derive from agency theory. The
expense preference hypothesis of organizationa form predicts that mutuaswill have higher costs
than stocks because the stock market imposes a more effective mechanism for corporate
control and reduces excessive consumption of perquisites by managers and eventua deviation
from profit maximization principles.

Farmer and Jensen (1983a, 1983b) hypothesize that stocks and mutuals will be sorted into
market segments where they have comparative advantages in dealing with various types of
principa-agent problems. The managerid discretion hypothesis predicts that stock insurers
should be more successful in lines of insurance requiring relatively high leves of manegeria
discretion because stock ownership provides a superior mechanism for controlling principal-
agent conflicts between managers and owners (Mayers and Smith, 1988). Agency theory aso
predicts tha mutuads should be rdaively more successful in lines of insurance where
policyholder-owner conflicts are important, because both functions are merged in mutuals.

Cummins, Weiss, and Zi (1999) show that, in contrast to the expense preference theory,
mutuals perform better than stock companies, Fecher et d. (1993) got the same result, and
Swiss Re (1999) reaffirms that mutuals cannot be regarded as an endangered species any more.
On the German insurance market stock companies compete with mutuas as wel as with
publicly owned insurers. Thus, in Germany organizationa issues are extended to public versus
private ownership. Therefore, we define three dummy variables for each organizationa form:
stock, mutudls, or public companies. As we mentioned above we aggregate the different firms
into conglomerates in order to integrate connections among firms. The aggregation into groups
assumes that the behavior of the subsdiary company of a mutua or a public firm is very smilar
to the behavior of the parent athough they may be quoted as stock companies (cf. Finsnger,
1983). Thus conglomerates where the dominant firm is a mutua or a public company are
classfied accordingly.

The efficiency scores of the insurance companies are related to exogenous variables in a Pand
regresson over the sample period 1992 through 1996. We apply a generd to specific model
search. Starting from the most generd mode we subsequently diminate inggnificant variables by
Likdihood Retio tests. Allowing for fixed or stochadtic firm effects, we cannot find an
exogenous varigble for the explanation of efficiency scores that dgnificantly adds to the
information provided by firm specific effects When usng only the information of individud
years, for example 1992 or 1996, we are able to identify severd dgnificant variables. The
preferred model, however, changes from year to year, such that we cannot establish a stable
relationship.

The Single Market effects on the insurance industry are somewhat hidden in a pure andyss of
efficiency scores. Since they are a relative messure at a point in time their development over
time provides no information about productivity changes in the whole industry. The Mamaquist
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Index dlows us to connect the information from efficiency scores over time and thus provides a
better picture of trangtion periods. For the computation of the Mamquist Index we choose
1992 as the base year and transfer dl series into 1992 price leves by applying the GDP-
deflator uniformly to &l inputs and outputs') The results over the period 1992 through 1996 are
presented in Table 5. Our sample period comprises the years in which the second and third
generdions of insurance directives were incorporated into German law and is therefore of
particular interest with respect to its impacts on productivity changes. In the period after 1994
the Single Market was completed and thus full market access was possble for insurance
companies throughout the European Union.

Table 5: The Malmquist Index for the German insurance industry decomposed into
efficiency progress and technical progress, 1992 to 1996

1992 t0 1993 1993 t0 1994 1994 t0 1995 199510 1996 1992 t0 1996
Efficiency Progress (EP)

Geom. mean 0.867 0.943 1.076 0.983 0.864
Standard deviation 0.379 0.447 0.394 0.305 0.592
Maximum 4.068 2.332 3.977 2.316 6.237
Minimum 0.133 0.261 0.631 0.438 0.301
Technical Progress (TP)
Geom. mean 1.145 1.083 1.001 1.052 1.305
Standard deviation 0.186 0.344 0.244 0.057 0.198
Maximum 1.476 1.594 1.385 1.139 1.69
Minimum 0.937 0.678 0.731 0.972 1.081
Malmquist Index (TFP)
Geom. mean 0.992 1.021 1.077 1.034 1.128
Standard deviation 0.358 0.284 0.284 0.315 0.845
Maximum 4.102 1.979 2.915 2.555 8.814
Minimum 0.125 0.251 0.493 0.488 0.326

Note: Sample sizeis 114.

The first row of each block in Table 5 presents the geometric mean of individud firm indices in
our sample during the period 1992 through 1996. The firgt block depicts the development of
efficiency progress, the second block changes in technica progress and the third block
compounds this information into the Mamaquist Index. The Mamaquigt Index indicates with the
exception of the change from 1992 to 1993 a mixed picture of mild and strong productivity
growth; total factor productivity increased by 12 percent. The combination of efficiency and
technical progress, however, hides a strong growth of benchmark firms, especidly in the two
years before the implementation of the Single Market. At the same time, laggards lost further
ground relative to benchmark firmsin every period except the year from 1994 to 1995.

The last column of Table 5 shows the productivity change over the whole sample period.
Between 1992 and 1996 the average firm suffered an efficiency loss of 14 percent while
benchmark firms could improve their productivity by 30.5 percent. This divergence suggests a
very unequa development of individuad companies on the German market. While few very
efficient firms were successful in the reduction of ther cost ratios about two thirds of the

Y This smplification erases al relative price movements between inputs and outputs over time. Given the low inflation rates
over the sample period the consequences are likely to be smal.
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remaining companies suffered from a further deterioration of their position compared with
benchmark firms and struggled with ther adjusment to the new inditutionad background and
enlarged market opportunities.

A second step regression andysis of the Mamaquist Index and its sub-indices sheds some light
on the sources of productivity gainsin the German insurance industry. We expect the effects of
the German unification to be mixed up with Single Market effects, dthough in the course of time
impacts of the Single Market will be felt more and more strongly. For this reason we choose the
same set of explanatory variables as dready motivated in the analyss of efficiency scores.
Additiondly, we introduce the efficiency score of the year 1992 into the regression because we
expect firmswith comparatively bad performance to make a bigger effort to improve their
relative position to the benchmark.

Table 6 revedsthat the initid podition was actudly an important determinant of efficiency gains
during the period 1992 to 1996. The negative sign on the initid score vaue in the regression of
the efficiency progress indices shows that laggards in 1992 undertook greater efforts during the
next few years and developed a catching up behavior. Interestingly, the technologica progress
index revealsthereversed Sgn, i. e. firms with a superior technological growth record during
1992 through 1996 tended to be the ones who were aready in good shapein 1992. The overdl
Mamauist Index is dominated by the effect of the initid podtion on the efficiency progress.

Table 6: Estimation results for determinants of productivity changes in the German
insurance industry, 1992 to 1996

Explained variable
Efficiency progress  Technical progress Malmquist index

Explanatory variables coefficient value

Constant 1.155 ** 1.576 ** 1.839 **
Stock company - - -0.113 *
Age -0.001 * - -0.001 **
Share of prop.-liability -0.144 * -0.494 ** -0.625 **
Initial score (1992) -0.282 ** 0.039 ** -0.382 **
R2 0.10 0.96 0.36
SEE 0.25 0.04 0.32
P-value normality test') 0.55 0.20 0.84
P-value White test?) 0.31 0.00 ** 0.22

Note: OLSregression, sample sizeis 111 dueto outliersin al equations,
* indicates significance a the 10% level, ** indicates significance at the 5% level.
1) Jarque-Bera-Test on normality. - 2) White-heteroscedasticity-test.

Furthermore, a high share of premiumsin the property liability business reduces both efficiency
and technological progress during our sample period. A smilar effect comes through the age of
an insurance company. The older afirm was the smaler were its productivity gains. With
respect to the overdl Mamaquist Index we can replicate awell known result from other studies:
stock companies show on average smaler productivity gains as compared to publicly owned or
mutua insurers. With the exception of the regresson for the technological progressindex al
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resduds are well behaved. A heteroscedadticity corrected estimate for this equation hardly
changes t-vaues and thus the sgnificance levels of coefficients remain unchanged.

Summary and Conclusions

The German insurance industry experienced two magor shocks during the '90s. Firdt, the
expandon of the market Sze as a consequence of the German unification and second, the
introduction of the Single Market throughout the European Economic Area. The unification
provided a unique opportunity to expand quickly into an under-insured market, where
government transfers secured a comparatively high-income standard. Many German companies
used this opportunity to establish traditiond digtribution networks or implement innovative
digribution channels. The movement into the East German market obvioudy created once off
shifts in cogts but dlowed at the same time an increase in business activity. On top of thet, the
Single Market creates pressure on firms to innovate and introduce new technologies in order to
improve their relative cost pogtion.

The pand of German insurance companies in our sample covers the period 1992 through 1996.
The results of a Data Envelopment Andyss (DEA) indicate higher efficiency scores for the
variable returns to scae (VRS) case as compared to the assumption of constant returns to scale
(CRS). Under VRS the average efficiency score is about 50 percentage points, indicating that
the average firm has a potentia for cost cutting of around 50 percentage points. Under CRS the
potentid for efficiency gains is even larger and fluctuates around 60 percentage points. This
outcome is to be expected from the congruction of the optimization problem and indicates
economies of scale of consderable size.

Over the years between 1992 and 1996 the variation in average scores is rather smadl and the
standard deviation across companies fdls only dightly. The increased pressure from competition
- whether due to domestic preemptive price reductions or due to foreign penetration - did not
result in converging efficiency scores, i.e. the differences among firms remained practicaly
constant.

According to the difference between the CRS and VRS envelopes, the average insurance
company would be able to save 20 percentage points of its costs by adjusting to the right size.
We find asymmetries between firmsin the increasing and decreasing returnsto scale area. Large
firms tend to be closer to or a the efficiency frontier, whereas smdl firms deviate on average
srongly from the best practice. Therefore, the increasing returns to scde branch of the VRS-
frontier is farther gpart from the CRS-frontier than its corresponding decreasing returns branch.
This result indicates asymmetries in the average cost curve of German insurance companies. The
average cogt curve fdls steeply for smal units and gets a dightly postive dope for large firms.
This dmost resembles the common L-shaped average cost curve for the insurance industry and
provides a strong rationale for mergers and acquisitions of smal units.

Attempts to relate efficiency scores with additiona information on companies, for example their

Sze, fal due to the dominance of idiosyncratic developments of individud firms. In a Pand
regression firm specific effects explain al sgnificant variations anong German companies. This
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suggests that managerid sKills clearly outweigh size effects, at least as far as efficiency scores
are concerned.

The productivity growth during 1992 and 1996 was impressve. Measured by the Mamquist
index the average firm was able to increase its performance by 13 percent. The improvements,
however, are unequaly distributed across companies. While a few dready efficient firms were
able to enhance their productivity levels further, individua gaps towards the benchmark
increased as well. Thus the strong overdl performance hides a picture of exceptiond
technologica progress of benchmark firms (30 percent plus), while the gap towards the
benchmark grows at the same time. The so-called efficiency progress measures catching up
behavior and indicates that the average efficiency loss againg the best practice companies
between 1992 and 1996 was 14 percent.

A more detailed analyss of the Mamaquist Index shows thet the initia efficiency podtion of firms
does make a difference. Laggards in 1992 tended to show higher efficiency progress during the
firgt years of the Single Market. Large differences between minimum and maximum values of the
Mamquigt Index indicate that many companies are specidized in niche markets with a smdl
group of targeted customers and a high degree of market segmentation. On the other hand,
specidized didribution lines and regiond srongholds dlow for superior cost Structures,
however, these may hinder the introduction of new organizationa dructures and innovative
products. In this respect the age of a company imposes a negative effect on the productivity
performance of insurers.

A more interesting explanatory variable for productivity growth is the share of premium intakes
in the property and liability busness. The higher this share the smdler the consecutive
productivity growth of German insurers. This result is somewhat puzzling, because the price
competition had its biggest impact on the automobile insurance business and thus one would
expect those firms to be most eager for productivity improvements. Obvioudy, the trangtion to
the Single Market is not yet completed and firms are duggish in their response to faling profit
margins
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