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Abstract

A well-performing life insurance industry benefits consumers, producers and
insurance firm stockholders alike. Unfavourable market conditions stress the need
for life insurers to perform well in order to remain solvent. Using a unique
supervisory data set, this paper investigates competition and efficiency in the Dutch
life insurance market by estimating unused scale economies and measuring
efficiency-market share dynamics during 1995-2010. Large unused scale economies
exist for small and medium-sized life insurers, indicating that further consolidation
would reduce costs. Over time average scale economies decrease but substantial
differences between small and large insurers remain. A direct measure of
competition confirms that competitive pressures are at a lower level than in other
markets. We do not observe any impact of increased competition from banks, the
so-called investment policy crisis or the credit crisis, apart from lower returns in
2008. Investigation of product submarkets reveals that competition is higher on the
collective policy market, while the opposite is true for the unit-linked market, where
the role of intermediary agents is largest.
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1. Introduction

This paper investigates efficiency and competitiebaviour on the Dutch life insurance markit.

the Netherlands, the life insurance sector is itgrdwith a business volume of € 22 billion in term

of annual premiums paid, invested assets of € 8Bdnband insured capital of € 990 billion at end-
2010. This market provides important financial praid such as endowment insurance, annuities, term
insurance and burial funds, of frequently sizeablee to consumers. Financial planning of many
households depends on the proper functioning sfrtiarket. The complexity of the products and
dependency on future investment returns make méminsurance products rather opaque. Therefore,
competition and efficiency in this sector are impat for consumers (Bikker and Spierdijk, 2010).
Most life insurance policies have long life spamkich makes consumers sensitive to the relialulity

the respective firms. Life insurance firms needamain in a financially sound condition over decade

in order to be able to pay out the promised benefit

In recent years, the life insurance sector has beefionted with several major challenges. Fitss, t
ongoing long-lasting decline in interest rates, ldrvide but particularly in the euro area, has el
insurers’ income which is — among other things edeel to cover future benefits to policyholders.
Second, the credit and government debt crises loaxexed the value of stocks and PIIGS countries
bonds, which have impaired insurance firms’ buffémghe Netherlands, two additional problems for
life insurers have emerged. In order to increasepatition between banks and insurers, tax privéege
for insurance products, such as old-age savingset@mption plans for mortgage loans, have also
been made available for comparable banking prodiitis impact of this tax reform has been huge:
more than half of the new production on the respedhsurance markets has been gained by the
banks. Finally, the insurers face the so-calle@stment policy crisis. Around 2006, public awarenes
increased that various types of unit-linked saynoticies (such as annuities and mortgage redemption
saving plans), which were based on capital marketstment at the risk of policyholders, carriechhig
operational costs and relatively high premiumsrmtuided life risk policies, eating 50-60% of the
invested premiums. Under public pressure, insuagreed to pay compensation to policy holders for
incurred and future costs on the respective paliastimated at € 2.5 to 4.5 billidmhile potential
claims may come to a multiple of that amount. Ondne consequences of this crisis is that consumer

trust in insurance firms and the volume of new ptihn have decreased

Competition and efficiency in financial marketgifficult to measure, particularly due to the

unavailability of data with respect to costs andgs of individual financial products (Bikker, 2010

2 Different from most other countries, in the Netheds, health, disability and accident insurancetsincluded
in the life sector, but in ‘non-life’.
3 http://www.verzekeraars.nl/sitewide/general/nieaspx?action=view&nieuwsid=880.




The solution in the literature has been to assusiegle insurance (or banking) product and to use
balance sheet and profit and loss data of entiemnfial institutions. As a first measure, this pape
estimates unused scale economies, which is a farefficiency, but at the same time an indirect
measure of competition: where competition is highurers are forced to reduce their cost level
wherever possible. Further, we apply a measurempetition which has to date been rarely used in
the literature, namely a Performance-Conduct-SiredPCS) model, also known as the Boone
indicator, developed by Hay and Liu (1997) and Bo@000, 2008). Where the well-known
Structure-Conduct-Performance (SCP) paradigm ofdd#%939) and Bain (1951) explains
performance via conduct from market structure, dltsrnative model explains market structure via
conduct or competition from performance, as indtrealled efficiency hypotheses (Smirlock, 1985;
Goldberg and Rai, 1996). This approach is basati@notion that competition rewards efficiency
and punishes inefficiency. In competitive marketéicient firms perform better — in terms of market
share and hence profit — than inefficient firmse HCS indicator measures the extent to which
efficiency differences between firms are translated performance differences. The more
competitive the market is, the stronger is theti@iship between efficiency and performance. The
PCS indicator is usually measured over time, giargcture of the development of competition.
Other measures of competition, such ad gmer index and the Panzar and Rosse model, e le
suitable because the required data (output proces,price, profit margin) are lacking, while the
Concentration index and the SCP model have sesiooigcomings, see Bikker and Bos (2008).
Another advantage of the PCS indicator is thagquires only a small number of data series. We
combine the two measures of efficiency and comipatiscale economy and PCS indicator, to find

out whether they match or differ.

Earlier research on the life insurance market basaled that the efficiency of life insurers tetw$o
be poor (Cummins and Weiss, 2012) and that conqetitetween insurers is not strong (Bikker and
Van Leuvensteijn, 2008). Unused scale economia# poweak competition: stronger pressure on
cost efficiency would lead to further consolidatidime four abovementioned problems facing the
Dutch life insurance sector all have in common tuest efficiency would help (i) to maintain market
shares in the competition struggle against bamnid (i§ either to restore profitability and impadre

buffers, or to reduce the hidden costs in unitdishfroducts (or both).

Life insurance firms sell several different produtttrough various distribution channels, thereby
creating several submarkets. The degree of eftigi@amd competition varies across these submarkets.
For instance, the submarket where parties negatadlective contracts (mainly employer-provided
pension schemes) is expected to be more compétiarethe submarkets for individual policy

holders. Our data sets allow the subdivision afiiaace policies into collective and individual

contracts and, for each submarket, a split inté-limked policies (where investment results arethar




risk of policyholders) and policies guaranteeingédfe payouts in euro. Collective unit-linked paodis
consist mainly of annuities where individual paiin euro (or fixed benefit policies) usually take
form of endowment policies. Therefore, the two &gphes measuring scale economies and
competition will be estimates for the four submaéskeo. Data on submarkets enables us also to
further investigate the structure of the life marki® insurers, over time, go for specializatiordor
they, on the other hand, tend to sell all typelf®@finsurance products in order to take full aceaye
of scope economies? Furthermore, we pay attergioevelopments in efficiency and competition
over time, in order to assess how insurers haymneied to the challenges mentioned earlier. We

relate this to the structure of the market andtoyeand exit of insurers.

This paper is structured as follows. Section twaespnts a short review of the production of life
insurances, followed by a survey on the literatmeefficiency and competition in the insurance
industry. Section four provides a theoretical baokgd to the measures of efficiency and competition
used, while the next section highlights stylizectdeof the Dutch insurance markets and its
developments over time. Sections six and severepréise empirical findings for, respectively, scale
economies and the PCS indicator of competition,cmdpare them with the results of the other

studies in the field. The last section summarizesancludes.

2. The production of life insurances

Life insurance covers deviations in the timing air of predetermined cash flows due to (non-)
accidental death or disability. While some lifeursnce products pay out only in the incident oftkdea
(level term insurance and burial funds), othersdeither in the incident of death or at the end of
specified term or number of terms in the absenaeath (endowment insurance). A typical annuity
policy pays an annual amount starting from a giv&te (if a specific person is still alive) and
continues to do so until that person passes awa/ndminal amount of the benefits can be
guaranteed upfront so that the insurance firm bibarsisk that invested premiums may not cover the
promised payments. Such guaranteed benefits magdmenpanied by some kind of profit sharing
e.g.depending on indices of bonds or shares. Alterabti the insurance benefits may be linked to
capital market investments,g a basket of shares, so that the insurance fiarsb® investment risk
at all. Such policies are usually referred to aliurked funds. We also observe mixed produets,

unit linked funds with guaranteed minimum investin@burns.

A major feature of life insurance is its long-tectraracter, often continuing for decades. In the

Netherlands, the average modified duration of ieasim 2010 was 12 years, which, in a going




concern insurance firm, points to long-term pobéi@his makes policy holders vulnerable to the
viability, reliability and efficiency of the insureand insurers sensitive to their reputation. Life
insurers need large provisions to cover their dated insurance liabilities. These provisions are
financed by — annual or single — insurance premiantsinvested mainly on the capital market. The
mayjor risk of life insurers concerns mismatchesvieen liabilities and assets. Idiosyncratic liféris
negligible as it can be adequately diversified.t&ysitic life risk, however, such as increasing life
expectancy, can also pose a threat to life insudeysending on their policy portfolio. Note thaé th
risk of annuities increases wiltngevity, whereas the risk of term insurance and endowpditdies
decreases witlongevity. Hence, the dominant risk will generally be investt risk. The main
services which life insurance firms provide to theistomers are life (and disability) risk poolizugd
financial intermediation. Significant expenditureslude sales expenses, whether in the form ottlire

sales costs or agency, administrative costs, assgigement and product development

3. Literature on performance in the life insuranceindustry

In the literature, direct measurements of cometion the life insurance market are virtually albsen
Bikker and Van Leuvensteijn (2008) use the PC<edr (earlier referred to as the Boone index) to
measure competition in the Dutch life insuranceémsed hey conclude that life insurance competition
is weaker than competition in the industrial mask#thas long been common practice to measure
efficiency in the life insurance industry on thesisaof economies of scale. Using a Flexible Fourier
(FF) function, Fenmet al (2008) examine 14 major European countries 096622001 and find large
unused economies of scale ranging from 40% fosthellest life insurers to 10% for larger firms.
Cummins and Rubio-Misas (2006) focus on Spain amdcale inefficiencies ranging from 20% for
small firms via 5% for larger firms to 12% for tle@gest firms. The latter increase is due to
diseconomies of scale for the largest 60% of firtsong consolidation, on average, brings decreased
scale inefficiencies over time. Using a Translogt@unction (TCF), Kasman and Turgutlu (2009)
observe scale economies in Turkey over 2000-200dnchverage, 30%. All three studies present
higher scale inefficiency for small insurers, lovimefficiency for medium-sized and larger firms,
while the largest companies show again more snaféigiency, pointing to a certain optimal scale.
This optimal scale has not been found by Bikker dad Leuvensteijn (2008) for the Netherlands, but
their range of economies of scale from small ins(@80%) to large firms (10%) is similar. Grace and
Timme (1992) and Yuengert (1993) have found alsocemsing returns to scale that most US life
insurers, but the latter observes constant retiorasale for the largest ones. Finally, Featteal.

(1991) report that French insurers have unuse@ scainomies of 15%.

* Modified duration is the procentual portfolio valahange due to a parallel shift in the interest term
structure and is an estimate of the weighted aeetergn of future cash flows.




The literature on cost efficiency of life insurésdarge, as becomes clear freng.the thorough
overview of Cummins and Weiss (2012, Table 6). Ré&aiae is the huge spread in cost (and profit)
inefficiencies, due to the variation across coastand sample periods, but also to the different
parametric and non-parametric measurement appreatheefficiency and varying definitions.g.
allocative versus technical inefficiency). A gergnablem is that inefficiency cannot always be
precisely distinguished from model and measurermgots, particularly where production functions
are approximative only, due to data limitationspitglly half of the studies into cost efficiencythe
life sector find that up to 50% of costs could beided by applying best practickhile the other

half state even higher percentages.

Other studies focus on the impact of organizatiéorah on cost performance. Since utility-
maximizing managers have a preference to spend omosalaries, staff, office furniture and other
perquisites, mechanisms are needed to control maahgpportunism. Agency theory hypothesizes
that stock ownership can prove more effective tarad owner-manager conflicts than mutuals, the
so-called expense preference hypothesis (EPHMsster (1991). Erhemjamts and Leverty (2010)
find evidence for the EPH in the US life insuraseetor. Efficiency, taxes and access to capital
explain the increasing share of stock insurers. I@ums, Rubio-Misas and Zi (2004) do not find
support for the EPH. Stock insurers and mutual® ltiféerent production functions, so that
comparative cost advantages determine the domirafreach type on the various submarkets, in line
with the efficient structure hypothesis. Many sasddo not find evidence for the EH?g Bikker and
Gorter (2011) for the Netherlands, Gardner and &(2893) and Cummins and Zi (1998) for the US,
and Fukuyama (1997) for Japan, while for Franceh&eet al. (1993) find higher efficiency for stock

life insurers than for mutuals.
4. The measurement of inefficiency and competition
We will estimate scale inefficiency to obtain a s of inefficiency. At the same time we interpret

the existence of unused scale economies as laxgbetitive pressure to push down costs.

Furthermore, we will measure competition directyng the PCS indicator.

® See Pottier (2011); Jemg al. (2007), both applying Data Envelop Analysis (DE#)the US, Kasman and
Turgutlu (2009; Turkey); Fenet al. (2008, EU); Bikker and Van Leuvensteijn (2008, Matherlands);
Klumpes (2004, UK), all applying Stochastic Cosbtritrer Analysis (SCFA).

® See Mahlberg and Url (2010, Germany), Cumneinal. (2010, US); Cummins and Rubio-Misas (2006,
Spain), Cumminst al. (2004, Spain); Erhemjamst and Leverty (2010, @8$applying DEA, Elling and
Luhnen (2010), applying SCFA.




4.1. Economies of scale

The intuition behind using economies of scale tasoee inefficiency is that a highly competitive
market is expected to force life insurance comgataemprove their efficiency in order to be alae t
survive and gain sustainable profit. As a compatitharket forces firms to be efficient, scale
economies may be used as an indicator of compeiittensity. The existence of unused economies of
scale across size classes also indicates whatdeesehsolidation would be optimal from an

efficiency point of view (see Bikker and Van Leusézijn, 2008). The translog cost function (TCF),
introduced by Christensen, Jorgenson and Lau (19@3)long been used extensively to measure
economies of scale and is regarded as one of teeaffective models. The TCF is based on a U-
shaped unit cost function that reflects all theartyihg assumptions of the general cost minimizatio
model! It places no prior restrictions on the substitufmssibilities among production factors, and
thus permits economies of scale to vary with ougmat input proportions. The TCF is flexible and

less complex than alternatives such as the Foumetion. In light of this, the TCF will be used in
order to develop an accurate estimate of econoofigsale in the Dutch insurance industry. The same
TCF will also be used to estimate the marginalsctsit will be incorporated as a proxy of efficignc

in the PCS model of competition.

A classical expression of a cost functiofis f (Y, P,t), whereY is the output vectol total cost,P

a vector of input prices, aidime. Such a cost function is a dual of the relgeduction function. In
our empirical application we do not have insuregesfic input prices availabléso that the TCF

simplifies into:

N 1N N L
INOCqt = Bo +_zlﬂYi(|nYist -InY..) +§'21 kzlﬂYik(InYist —InYi. )(InYist = INVYieo ) + _zlysxjst +Est
i= i= = j=
)

OC, is operational cost of firmin yeart,9 Yist is output of type (i=1,... N), andX;; represents either
insurance firm-specific control variables, or markeéde variables which only change over time
(=1,...L). Operational costs and outputs are expressedanitbms.e is the random error term. The
model contains squares and cross-terms of outpopaoents. All output terms (in logarithms) are

expressed as deviations from their averages (aribgns);° calculated over all insurer-year

" The assumptions are: input demand is downwardnsippross price effects are symmetric, the shift i
marginal cost with respect to an input price isada the shift in the input’s demand with respecbutput, the
sum of own and cross price elasticities is equakto, and a proportional increase in all inputgsimust shift
cost by the same amount, holding output constant.

8 But we do have a wage index of the financial ingu® explain developments over time.

® Operating costs are the sum of management costacauisition costs. We do not include investmests;
which may in our dataset be unreliable, see Seétion

19 Note thatln Y... is the logarithm of the geometric, not the artic, average of the insurers output measure

k.




combinationscf. the Taylor series expansidhThe average for output typés denoted as ¥a.,
which dots for the sub-indices over time and acimssrance firms. The variables expressed as
deviations from their averages help to split lin@ad quadratic effects of output on costs and $iynpl

the interpretation of the coefficients, as expldibelow.

Usually, scale economies are defined as the relatsrease in output level resulting from a
proportional increase in factor inputs. Howevernbteh (1975) has argued that looking at economies
of scale as an association between output level@aticosts — where costs are minimized for every
output level and input prices are constant — igribst appropriate method. Hence, scale economies
can be derived from a proportional increase in wats resulting from a proportional increasenia t
output level, that is, the elasticity of total stith respect to output level. In light of thisgtray

economies of scal&(§ for firm sin yeart can be defined as a unit minus this cost elasticity

N | N
0§ =1-3 S0 =138, + 3 Au(nes i) @

A positiveEoSvalue refers to economies of scale whereas aimegaiSindicates diseconomies of
scale EoSequal to 1 reflects Constant Returns to Scale JCRSEoSdepends on variables that are
expressed in natural logarithm form, its interpiietawill be in percentage terms. TeBeSfor the
(geometric) average of all life insurers iY18vi, hence based on the linear output elasticitieg. onl
This is an example of easier interpretation wheitput is expressed in deviation from its (geomgtric
sample average. Similarly, tB®Scan be calculated for, for instance, the (geonjetnean of the 10

percent smallest insurance firms, or the 10 pereegest ones.

The PCS indicator as measure of competition wilbaged on the relationship between profits or
market shares, on the one hand, and marginal apgtte other. Since marginal costs are unobserved,
they need to be estimated. We base them on th&dgacost function of Equation (1). The marginal

costs of producing outputfor firm sin yeart are defined as:

d0InOC

MCsit = (W)(Ocst/ |st) = (/BY| +Z:BY|k (InYkst InY ))(OCst/ |st (3)

The average MC over the entire sample or averageniiibers of size classes follow from Eq. (3)
and are calculated as the sum over all output tfthas is, ovek) of the averages overor subsets of
s, respectively, of the product of (i) the cost etity, (ii) the output in deviation of its overadlverage,

and (iii) the respective cost-output share.

1 White (1980) and Shaffer (1998, p. 95) explairt this specification also helps to avoid multico#arity.




4.1.1. Definition of output

In the life insurance sector, output is intangilMeny efficiency studies choose premiums as output
proxy (Cummins and Weiss, 2012, Table 4). Yuen@&93) has criticized this as premiums represent
price times output quantity, not output itself. teysatic price differences across large and sniatisfi
may lead to misleading inferences about averags,dbpremiums are used as output proxy.
Furthermore, premiums ignore investment performafRoldowing Yuengert (1993) and Bergsaral.
(2000) we use ‘incurred benefits plus additionprimvisions’ as measure of insurance output.

Insurance provisions of firmin yeart develop as follows (ignoring non-recurrent iterfs):

Provisiong,.; = Provisiong + Net premiumg— Cos}; — Profit BT + Net inv. ing; — Benefits; (4)

Costs are operating costs and profits are befalestaAdditions to provisions (ProvisigrRs —

Provisiong) plus ‘incurred benefits’ are equal to:

Net premiumg— Costg — Profit BT + Net inv. ing )

This term can be split into (i) the prime pricetloé insurance policy, that is, new production (Net
premiums — Costs — Profit BT), which representsises to (new) clients, and (ii) investment
services, that is, the annual return on the indelsteds (Net investment income), which describes
services to existing clients. Note that the keycfion of the insurance, risk bearing or risk poglis a
service provided ‘free’ by the insurer, which does$ count towards costs: losses and gains on life
policies cancel out for the insurance firm, unléssdecease pattern of their clients deviates fham

used death tables, for instance where longevikyhas been underestimated.

Eqg. (5) shows that premiums have been correctethéoprofit and cost margins, so that potentially
distorting systematic differences in costs andifgaicross large and small firms are excluded.i@n t
other hand, costs may reflect deadweigit (scale inefficiency), but they are also related to
administrative and communicational services (pringigolicies and advicet ceterd. Similarly,

profits may consist of excess profits, but alsa ok premium for stockholders bearing unexpected
risk. We will use premiums as an alternative outpaaisure, with and without ‘net investment
income’, as a robustness test and for comparistinthw literature. Cummins and Weiss (2012)
recommend splitting insurance output into individarad group policies and, next, into annuities and

life insurances? as each of these four categories have their oojepties. We have followed this

2 This is based on Thiele's differential equatia@rgénsen, 1913). This formula holds as long asligwunt
rate to calculate future liabilities is constarst,uatil recently has been the case in the Nethdslawhen an
insurer changes the discount rate, or another pasisiple of provisioning, Eq. (4) is extendedwd ‘non-
recurrent item’.

13 In our data set this second split is replaced spliinto unit-linked policies and policies inreu
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alternative in one of the robustness tests. Alterely, we have also applied the TCF model of Bg. (

to each of these four categories separately.

Insurance output, and its components benefits mrestment income, are expressed in (euro) amounts
and ignore the granularity of the output: eachqyols a contract that provides a service to a tlien

Note that when an insurer, with a given output, fihase or, on average, smaller policies, this inglie
providing more client services, which go hand indhavith higher operating costs. We include this
granularity dimension of output by adding the numifepolicies as a separate, second output

measure.

4.1.2. The translog cost model
Besides output terms, the translog cost modeldajains control variables, which have impact on
operational costs and help to refine scale ecormmeasurement. The model we will estimate reads

as follows:

N R s
InOC,, =5, +Z/8Yiyist +*Z Z/BYikyistykst + J,Stock, + y, Ac/ GR, + ),CPR,
= -

2i:1 k=1

+y4LSP/GPSt + y\,__)ULP/GPSt +ygHHI, +y-Wage + y Time +¢ (6)

y denotes the logarithm of an output component inadien of its average. An important issue,

discussed extensively in the literature, is theafbf the organizational form on performance (
Cummins, Weiss and Zi, 1999). A prominent hypoth&sithis context is the ‘expense preference
hypothesis of organizational form’, which is dedeom agency theory. This hypothesis predicts that
mutual insurers will have higher costs than stoa&dul insurers, because the stock market imposes a
more effective mechanism for corporate control gttlices excessive consumption of perquisites by
managers and possible deviation from profit maxatan principles (Mester, 1989). We examine the
effect of organizational form on scale efficiengydimply adding a dummy variabl&tock which is

1 for stock firms) to allow for different cost ldgeébetween stock and mutual companies.

Operating costs consist of managerial costs andisitign costs. Insurers have different distribatio
strategies, which cause huge variation in the a@tgpn costs margin across insurance firms. We
express the acquisition costs as share of grossiyores (Aca/GPs). Similarly, we expect that
insurers with relatively more collective policy preims CPPR,/GPs) and those with lump sum
premiums LSR/GPy) have, on average, lower costs. The share oflinkitd premiumsJLP./GPy)

may also affect the cost level. The final threetcgivariables describe the entire life insurance
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market, which show variation over time only. Thefifelahl-Hirschman IndeX (HHI), based on
premiums, measures concentration of insurance famg increases over time. Concentration may be
the consequence of strong competition (negativéficmat) or may enable tacit collusion so thatsles
pressure exists to cut cost (positive effect). idad wage level is an input pricd/égg. As the firm-
specific ‘wage rate’ is not observed, the gene@jevindex of the financial industry, deflated bg th
cost-of-living price index, may at least pick upgtohanges over time. Finally, ‘time’ presents

technical progress(me and is expected to have a negative effect orscost

4.2. The PCS model of competition

The PCS model assumes that more efficient firne (& firms with lower marginal costs) will gain
higher market shares or profits, and that thisceffell be stronger with competition. In order to
support this intuitive market characteristic, Boale@elops a broad set of theoretical models (see
Boone, 2000, 2001, 2004 and 2008, Boenal., 2004, and CPB, 2000). We use one of Boone’'s
theoretical models to explain the PCS model. FallgwBooneet al. (2004), and replacing ‘firms’ by
‘insurers’, we consider an insurance industry wieareh insures produces one produgt (or

portfolio of insurance products), which faces a dethcurve of the form:
P (s Oze) =a—D GG —d YO (7)

and has constant marginal casis. This insurer maximizes profitg = (ps — Mc) gs by choosing the
optimal output levetl. We assume that> mg and 0 <d <b. The first-order condition for a Cournot-

Nash equilibrium can then be written as:
a2bg-dY s —mg=0 (8)

WhereN insurers produce positive output levels, we cawestiieN first-order conditions (8),

yielding:
gs(c) = [(2b/d-1)a—-(2b/d +N-1)mg+ Y, mg)/[(2 b+ d(N -1))(2b/d- 1)] 9

We define profitsss as variable profits excluding entry costddence in equilibrium, an insurer enters
the insurance industry if, and onlydf> ¢. Note that Eq. (9) provides a relationship betweetput

and marginal costs. It follows from = (ps— M) gs that profits depend on marginal costs in a
guadratic way. Competition in this market increaaseshe (portfolios of) services produced by the
various insurers become closer substitutes, thastsincreases (witll kept belowb). Furthermore,

competition increases when entry castiecline. Boonet al (2004) prove that market shares of more

¥ HHI is defined aszzzlmi wherems represents the market share of fsm
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efficient insurers (with lower marginal costg) increase both under regimes of stronger substitut

and amid lower entry costs.

4.2.1. The empirical PCS model
Eq. (9) supports the following regression modelrfarket share, defined as = gs/) , g

MS= o + B MG+ =1, (m-1) Yt Gk + Ust (10)

whereq, f; andy; are parametersys; denotes the market share of inswar yeart, mg; stands for the
marginal costs of the respective insuckis a time dummy and; an error term. The parameter of
interestf,, is expected to have a negative sign, becausevetjaefficient insurers will gain higher
market shares. Eq. (10) may also be specifiedgHit@ar terms in order to deal with
heteroskedasticity, which is mainly an empiricalig, that can be investigated with the Box-Cox test
(Liu and Hay, 1997, p. 608). Moreover, this speaifion implies thag; is an elasticity, which
facilitates its interpretation, particularly acrasdustries or countries.We will refer tog, as the PCS
indicator in yeat. Boone shows that where differences in performaméerms of market shares are
increasingly determined by marginal cost differemdbis indicates increased competition. The PCS

indicator requires data on fairly homogeneous petslu

Marginal costs are not observed but can be deriv&dg the translog cost function, from Eq. (3), as
we will do. An alternative, namely average costsul ignore the distinction between fixed and
variable costs, but appears to be a quite usefubapnation in practice (Bikker and Van
Leuvensteijn, 2008). The competition coefficigns negative in the case of effective competitiod a
ranges from O (no competition) teo-(extreme competition). Increases or decreasesysplute terms,
in B, for instance, over time, can be interpreted. Witk reservation, the life insurangean be
compared across industrial sectors or across g¢esniote that an efficient insurer can use it$ cos
advantage to gain a higher market share througingéhe output price below the market price (figti
well with Eq. (10)), to gain a higher profit mardhrough maintaining its market price, or to pass-
through a portion of its efficiency-gains to itsstamers. In all these cases market shares in Bj. (1
can be replaced by profit, which is the produgbraffit margin and market share. Finally, efficiency

gains can also translate into innovation attrao@gs, improved design or quality.

15 The few existing empirical studies based on th& Padel have all used a log linear relationshipe, $er
example, Bikker and van Leuvensteijn (2008).
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5. The structure of the Dutch life insurance industy

We explain the structure of tiutch life insurance industry using the key datspnted in Table 5.1.
Total assets entrusted to life insurers, expresspdces of 2010, continuously increase over tims,

at a gradually lower pace. The volume of premiuidsritrease around the turn of the century, but
fell slightly during the crisis years. The lattadicates a decline in the sale of new life policiéen
total assets are shown as a percentage of GDPhseewe that since 2002, life insurance funds do no
longer grow in line with GDP. Other developmentsisas heavily increased competition from banks
and declining trust caused by the investment pa@ndal, also contributed to the fall in new
production. Net investment income is a major soofdending for future benefits, exceeding
premiums by a factor 2 to 3. Investments can bieispd the part related to unit-linked policiesheve

policyholders bear the risk, and the part relatepldiicies with benefits expressed in euro, where

Table 5.1. Key data of the Dutch life insurance maet over time (averages)

1995-1998 1999-2002 2003-2006 2007-2010
In billions ofeuro,at 201( prices

Total assets (abbreviated to 2327 28¢.3 304.4 32E3
Insuranceprovision: (ip) 177.0 22:.3 244.6 264.5
Of which: for own accour 126.¢ 144.¢ 151.7 158.:
Gross premiums (g 22.1 284 274 253
Percentage
Total assets/GLC 521 56.4 55.8 55.2
Net premiums/g?® 94.0 96.4 97.3 96.0
Net investment income/ 68.7 40.6 61.5 42.6
Net investment income; 6.5 4.0 55 3.3
Benefit payments/c 440 60.7 71.1 89.9
Addition toir/gp 72.7 41.0 49.0 274
Insurance atput/gg " 11€.7 101.7 12C.1 117.2
Profits before taxes/t 13.1 12.7 13.3 13.0
Equity/te 114 9.7 8.8 7.1
Operatin( costs/g|° 131 12.7 133 13.0
Marginal costs/g 12.2 12.C 12.¢ 12.¢
Acquisition costs/g| 6.9 6.0 6.5 6.4
Management costs/ 6.5 6.8 7.0 7.3
Reinsurance costs/( 6.0 3.6 2.7 4.0
Collective premiums/c 31.0 31.7 31.8 34.9
Lump-sum premiums/c 40.1 454 46.5 44.1
Unit-linked remiums/g| 30.2 445 433 40.7
Insuranceprovision: endowmers/(ip) 63.6 64.0 64.0 64.7
Stock firms/all firm: 88.7 90.5 9a.0 91.7
Natural unit:
Concentration index (HH 7.9 8.0 10.0 14.9
Number of firm: 1015 94.3 71.8 60.0
Number of policiesin millions 34.17 39.2 39.¢ 38.t

& The ratio ‘net premiums/gp’ is calculated as tive ®f net premiums of all firms divided by the ggggemiums of all

firms. This is equal to the weighted average ohiiddial observations of this ratio, weighted by finm size in terms of

gross premiums. This holds alsoytatis mutandisfor the other ratios: Insurance output is the sum of Benefit payments an
Addition to insurance provision§QOperating costs is the sum of marginal and adpristosts minus ‘provisions and profit
sharing from reinsurers’. For our calculations,igreored the latter item which is zero or negligifle most insurers but
substantial for some.
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insurers bear the rigk.Net investment income depends, of course, on rhadkelitions. During the
dotcom bubble crash (2002), these returns wereanh@ygregated level — almost zero, and during the
credit crisis (2008), they were even firmly negatiVhe steady decline in nominal interest rates ove
time is also important here. Benefit payments iaseestrongly over time, reflecting increasing
numbers of maturing policies. ‘Addition to the ingnce provisions’ makes clear that new production
and extension of the coverage of existing polistdsexceeds benefit payments albeit by declining
amounts. This is in line with the slowdown in grovaf the insurance provisions presented in the top
of Table 5.1. As a result, insurance output, thma stiincurred benefits and additions to the

provisions, is fairly constant over time.

Profits are remarkably stable when presented asyfar averages, but fluctuate strongly within ghes
periods with a close to zero profit in 2002 andrarg) loss in 2008. Note that the profit on a life
policy becomes available gradually, year after ymaar the life span of the contract, so that actual
profit reflect the result over all the existing ppads rather than the expected profit on the new
production. In the (hypothetical) case of declinexgess profit on new production due to increasing
competition, this would show up only gradually lre ffinancial reporting figures, over a long time
span. The equity ratio declined due, in part, talsimarket losses, reflecting that insurers nowaday
no longer have the large buffers of earlier ye@erating costs as a percentage of premiums are
stable over time at 13%. Remarkably, increased etitrgm with banks and the criticism on the high

hidden costs have so far not led to a reductiaosts.

Management costs tend to rise over time. Notethi@profit and cost margins together take away at
least one quarter of the new savings under lifejgsl. On top of this, there are the investments;os
varying from one-third to twice the operating cofisring 2008, the investment costs peaked at € 8
billion against investment losses of € 5 billion fiercentages of gross premiums: 30.4% against, for
instance, 3.3% in 2005); the full sample avera@®ts We have doubts as to whether investment costs
and losses are always separated correctly. We tdanadyse investment costs in the same way as
operating costs: where operating costs are a mamead, investment costs may lead to higher

expected returns.

An important feature of the market structure isribenber of firms. According to the literature, the
larger the number of firms (and the lower the dettiy barriers in the market), the more competitive

the life insurance market will be. The number &furers increased from 95 in 1995 to 105 in 1998,

'8 Investments and investment returns in Table %elbased on the sum of both types of investments.

" Complex assets classes generally require higseareh and risk management costs but have higpectd
returns. Although scale economies may be expentad/estment activities, large insurers may typicaiove
earlier to complex assets classes. This behaviee heen observed for pension funds, see De DieBi&ker
(forthcoming).
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but afterwards declined strongly to 48 in 2010. @keline to 48 insurers is the net effect of 32 new
entries and 80 exits, indicating fairly strong dymes in this market, particularly in the earlieays.

The concentration index HHI, based on premiumsggfrom 7 in 1998 to 21 in 2010. On the HHI
scale running from 0 to 10,000, the index valuesaia low (and the number of insurers is still high)
particularly compared to the banking market, explaj that consolidation on this market is stillwer
low. Competition may come under threat when come#ioh increases, because — as the theory
explains — tacit collusion can then be achievedenearsily. But the decrease may also be due to
mergers and acquisitions under competitive presstixen the existence of substantial unused scale
economies (Bikker and Van Leuvensteijn, 2008% remarkable that operating costs do not decline
over time as a consequence of up scaling. The nuafbmeutual firms declines more rapidly than the
number of stock firms. In the bottom part of Tabl&, we split the life policy market into subdiaiss
(collective versus individual policies, lump-sumsigs periodical payments, unit-linked policies
versus fixed benefits in euro policies, and endontrpelicies versus annuities), based on their share
in premiums and insurance provisions; we do noeofessubstantial changes over time. An exception

is the unit-linked market which increases during darlier years, but falls back more recently.

5.1 The life submarkets

Table5.2 presents key data on two submarkets, policiesiia (or fixed-benefit policies) and unit-
linked policies, each split further into individuahd collective policies, for two subperiods: 1995-
2002 and 2003-2010. Expressed in either premiumgsarance output, we observe that fixed-benefit
policies take up 60% of the life market, while diimiked products have a share of 40%. Similarlg, th
figures show that the market share of individudigies, at 60%, is larger than that of collective
contracts. The investment income on unit-linkedgies of individuals is rather low, particularly in
the initial period. Benefit payouts are relativiyge for individual fixed-benefit policies andatie
small for individual unit-linked policies, refleciy, on average, more mature individual fixed-bénefi
policies. While the profit margin on unit-linkedlmees is very minor, the profit margin on fixed-
benefit policies is relatively high, during thestiperiod especially on collective policies, and
duringthe second subperiod particularly on indigildoolicies Operating cost margins are much lower
for collective policies than for individual onegflecting another element of scale economies. This
also holds for costs expressed as a percentagerofyms (lower in the subperiod panels of Table

5.2), but much more strongly for unit-linked busis¢han for fixed-benefit policies.

Information about the structure of the market igegiby the number of insurers. It is clear thataibt
insurers are active on all submarkets. Individhalsl mainly endowment policies, often linked to

mortgage loans, while collective contracts reldteroto pension schemes provided by employers.
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Table 5.2. Key data of the Dutch life insurance subarkets over time (averages)

Fixed-benefit policies  Unit-linked policies

Individually Collective Individually Collective

199¢£-200z
Shares of submarkets in percente
Premium, gros: (gp) 439 16.9 24.2 151
Net investment incon 44.2 329 24 205
Benefit fayout: 47.3 234 6.8 225
Addition toinsuranceprovision: 39.9 20.6 236 15.9
Insurance outpt® 42.€ 21.¢ 16.€ 18.€
Profit 49.4 44.8 11 4.7
Operating cos 51.3 13.0 30.7 5.0
Insured future endowment bene 62.7 101 239 3.3
Insured future annuity benet 125 504 11 36.0
Shares of lump sums in percente
Premium, gros: 50 47 31 52
Annual averag
Operating costs as % gp 15 10 16 4
Number of firm: 88 43 65 20
HHI 10.2 355 7.8 104.3
200:-201(
Share of submarkets in percentag
Premium, gros: (gp) 41.7 157 245 181
Net investment incon 385 264 14.6 196
Benefit fayout: 51.0 18.9 141 16.1
Addition toinsuranceprovision: 230 20.1 30.9 26.0
Insurance outpi® 40.1 19. 20.€ 19.¢
Profit 66.0 255 5.3 3.2
Operating cos 42.0 14.7 332 10.0
Insured future endowment bene 55.3 8.6 305 5.7
Insured future annuity benet 131 48.2 14 37.2
Shares of lump sums in percente
Premium, gros: 59 55 17 48
Annual averag
Operatingcosts as %f gp 13 12 18 7
Number of firm: 60 27 46 18
HHI 15.6 68.2 171 10€.0

& Insurance output is the sum of Benefit payouts/Auidition to insurance provisions.

This holds for fixed-benefit policies, but even matrongly for unit-linked policie¥.Concentration

is much stronger on collective contract marketsstirahgest in the unit-linked part of that market.
Large contracts often concern pension benefitergployees of a company and are negotiated
between experts at both ends of the table, in st@mast to individual contracts with uninformed
private persons. Furthermore, they are typicalhegotiated every five year. Relatively few insurers
are active on this more demanding submarket oéctlle contracts and much more competition is

expected here.

18 Table 5.2 presents shares of submarkets. Notéhtablumes of the annuity markets (in terms o$tired
future benefits’) are calculated using the follogvitule of thumb: multiplying annual rents by 10aagroxy for
the average length of periodical benefits.
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Fig. 5.1 presents a weighed HHI of individual ireyst market shares on submarkets which describes

the focus of insurers on specialization over tiaeif Bikker and Gorter, 2011).

S J
HHIY =) w, > ms,; (11)
i=s j=1

with ms;; the premiums of submarkjes a share of all gross premiums of inssr@heremsrefers

to market share), while the weigh; is the total premium of insureras share of all premiums in the
life market, all in yeat. The graph shows a decline in specialization tivee, particularly in the
earlier years and most recently. Apparently, lifeuirers tend to operate increasingly on all
submarkets, which suggests that scope economigsaeeimportant than specialization benefits.
This outcome contrasts with the greater focus @edialization Bikker and Gorter (2011) observe on

the Dutch non-life market.

Fig. 5.1. Development in life insurance specialisan over time (HHI")

5400

5200+

5000

4800+

4600+

4400+

4200+

4000+

3800 T T T T T T T T T T T T
1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2008 2008 2009 2010

6. Estimation results on scale inefficiencies

We estimate Eq. (6) using data over 1995-2010 taimla measure of the economies of scale (EoS)
present in the Dutch life insurance industry. Tihg fow of Table 6.1 presents results for insueanc
output (1.0.) as output size measure. The coeffiad insurance output, the cost elasticity, isld,8

so that the average EoS effect is 18.3%, implyirag & (small) increase in size would save almost
one-fifth of the costs on the additional productidhe positive coefficient of the squared insurance
output term indicates that the EoS effect is coacaweaning that the effect is largest for the sesall

insurance firms and decreases for larger firms revhesome point scale economies swift over to
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diseconomies in scale, that is, where the costi@tgdecomes larger than 1. We plot this in FdL,
where the cost elasticity has been calculated@wide classes (based on premiums), each with a
number of around 120 annual observations of insgrdéirms’® Note that the graph would look fully
concave if the insurance firms were not allocatesize classes, but were expressed in (the logayrith
of output size itself. Under constant returns @e¢CRS) the cost elasticity would be 1 and the
coefficient of the squared term would be 0. A Wkt on this null hypothesis makes clear that the

EoS effect is significantly different from zero, iaghe CRS case (see last row in Table 6.1).

The coefficients of the other variables of Eq.i(@plying the following. Stock firms have

significantly higher cost than mutual firms. Thssim contrast to the ‘expense preference hypotloésis
organizational form’, which predicts that mutuaid wave higher costs than stocks, because thé& stoc
market imposes a more effective mechanism for catpaontrol and reduces excessive consumption
of perquisites by managers and possible deviatmm profit maximization principles. Our outcome is

in line with most of the literature, see Section 3.

Table 6.1. Estimates of the translog cost functiofor Dutch life insurers (1995-2010)

Uncensored data set Cost/premium rate censored a5%
Output measures: Insurance output  1.O. & policies Insurance output .O.1& policies

Coeff.  t-value Coeff. t-value Coeff. t-value Coeff t-value
Insurance outpi (1.0.), in log¢ 0.817 674 0.47¢ 26.5 0.84¢ 78.1 0.58( 33.5
Id. in square€® 0.02: 8.€ 0.00: 0.5 0.02¢ 9.€ 0.00¢ 1.z
Number of policies, in lo¢ 0.41¢ 23.7 0.31¢ 18.8
Id. in square® -0.014 -2.0 -0.021 -3.2
Cross terr®* 0.02z 19 0.02¢ 2.3
Stock firm: 0.71¢ 7.4 0.721 9.0 0.521 6.1 0.56: 7.5
% of collective policy premiun -0.62C -6.5  -0.222 -28  -0.32¢ -41  -0.11« -1.6
% of lumg-sum premiumr -0.444 -5.8 0.52C 6.5 -0.51Z -7.3 0.24¢ 34
% of uni-linked premium -0.39C -5.4 0.20C 31 -0.202 -3.3 0.17: 3.0
% of ecquisition cost 2.604 19.C 1.937 16.8 6.381 325 4,731 250
Concentration (HH| -0.022 -1.7 0.001 0.1 -0.02¢ -2.6  -0.001 -0.7
Wagerate, in logs 1.961 1.€ 0.44: 0.5 1.384 15 0.40( 0.5
Time trenc -0.012 -0.7 -0.01¢ -1.0  -0.00t -0.3 -0.011 -0.8
Intercept 1.951 0.€ 6.41¢ 2.2 3.872 13 6.78¢ 2.7
Number of observatiol 121¢ 119¢ 115¢ 1137
R?, edjusted 85.5 904 889 917
EoS spreac 41.C 21.7 43.€ 25.¢
F test on CR 235.] 54.6 200.] 60.4

& Expressed as the deviation from the average gé @) insurance output across all insurer-yearbinations, see Eq. (6),
allowing for easier interpretation of the coeffiuig;. Similarly for policies instead of insurance outSLEoS spread:
difference in EoS between smallest en largestcames where 10 size classes are considered

The coefficients of the other variables of Eq.i(@plying the following. Stock firms have

significantly higher cost than mutual firms. Thssim contrast to the ‘expense preference hypotloésis

9 |Insurers in class 1 have premiums below 1.5 milkaro. Maximum premiums in the other classesiare,
million euro: 8, 19, 36, 59, 87, 135, 241, 581 483d@8.
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organizational form’, which predicts that mutuaid wave higher costs than stocks, because thé& stoc
market imposes a more effective mechanism for catpaontrol and reduces excessive consumption
of perquisites by managers and possible deviatmm profit maximization principles. Our outcome is

in line with most of the literature, see Section 3.

Fig. 6.1. Cost elasticities across ten insurer-sipdasses
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Note Based on the estimates of the four models in€réul.

The acquisition cost share has a strong and signifimpact on operational costs as well. Acquisiti
cost varies strongly across insurers, dependineindistribution model, while managerial costs ar
more stable. This explains the sensitivity of operel costs for the acquisition cost share. Vagiou
types of life insurance business go with lower tbah others: collective contracts are more cost
efficient than individual ones, and lump sum p@schave lower costs than periodical payment
policies, both as expected. Unit-linked policieghvinvestment risk at the cost of policyholdens a
more cost effective than policies in euro, withestment risk at the cost of the insurer. So far, al
coefficients are highly significant. Concentratiomasured with the HHI, has a negative effect on
costs at the 10% level of significance. As we alyeeontrol for scale economies, the HHI may reflect
improved (X-) efficiency, or else its downward tdemay pick up the effect of technical progress over
time. Wage rate has a positive effect on costxpsaed, albeit at the 10% level of significancé/on
This coefficient reflects the impact of wage changeer time, as we do not have firm-specific wage
information. The time trend coefficient, represegtcost-saving technical progress over time, is

negative but, again, not statistically significant.
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The second column of Table 6.1 shows the estinwdters alternative model with two output
variables. Apart from insurance output, which refehe firm size in money terms, we also have the
number of policies, which reflects the insurerzesin terms of administrative (and acquisition)
activities, so that they complement each other. &3tenates make clear that the average scale
economies level — one minus the sum of the twafimeitput coefficients, see Eqg. (2) —is at 0.107
somewhat smaller than in the case of the singlpututheasure, but still significantly different from
CRS, see the test in the last row of the table. 6zijconfirms that we have again concavity: larger
EoS for smaller banks amite versaThe coefficients of number of stock firms and share of
acquisition costs are fairly unchanged, but thesicbf type of life insurance policies differs from
before, now we not only control for the monetariueaof the output but also for the number of
policies. Where the annual premium amount per padicelatively high — as holds for collective
contracts, lump-sum policies and, likely, unit-ktkcontracts — the respective coefficients shift
downwards when controlled for the number of posicide relatively lower costs are now also
attributed to a relatively lower number of polici@he goodness of fit for models including numbfer o
policies is significantly higher, suggesting thpemting costs are better explained by this model

specification.

The data were selected by deleting negative orvawees for the key variables; operating costs,
premiums, benefits, insurance provisions and nurobpolicies” We notice also that the
cost/premium ratio has a non-representative hiddnevr some insurer-year observations. This could
point to insurance firms in their start-up or wingidown stages. In a sensitivity analysis, we eeddit
observations where this ratio is above 75%, a ¢camdwhich holds for 5% of the sample. The
advantage of such censoring is that we exclude-‘representative’ firm-year combinations, at
although the risk of omitting observations withr@gle) positive error terms (reflecting high cost
inefficiency, all else being equal). This risk wuhcrease the lower we set the cost-premium
threshold. Table 6.1, right-hand panel, and Fig.idicate that scale economies are somewhat lower
after the data censoring, as might be expecteda@dtetion of large positive errors. As the residesd

to the same conclusions, however, including congard rejection of CRS, our approach appears to

be robust against censoring.

Table 6.2 builds on Eq. (6) but investigates afigue output measures, where the first two rows
correspond to Table 6.1. The third row refers TaC& model with — as output measure — the two
components of insurance output taken separateiyadf added up. This more general specification

allows for different output effects on operatingisofor benefits and additions, both in terms dbEo

2 This concerns small numbeesg 6 observations of gross premiums out of the saabple of 1334
observations have been excluded.
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and concavity of scale economies. In the literatpremiums are often used as volume measures,
although critics argue that this measure inclutegptofit margin. Premium income is also combined
with another output indicators, such as numberobties, total assets and net investment income,
where the latter two reflect services providedtigtothe entrusted funds. Furthermore, each of these
three output indicators also represents the owtpluime separately. Finally, we apply the model to
stock-based insurers only, with the same resulie.cbst elasticities, and hence the scale econpmies

do not depend heavily on the chosen output measuteemain quite stable.

Starting with the uncensored results, we find &llainodel specifications have a scale economyishat
significantly different from CRS. Ten out of tweleatput measures give concave scale economies,
two yield a linear relationship, indicating condtacale economies across size classes. It isttiaar

the approach is robust against the choice of outgaisure. A general outcome is that models based

Table 6.2. Cost elasticity estimates for variousf& insurance output measures

Uncensored Censored at cost/ premium ratio of 75%
Output measure CE FF #ofobs. R Test CE FF  #ofobs. 2R Test
Insurance outp! 0.817 Ce 121¢ 85.t 234.f 0.84¢ Ce 115¢  88.¢ 200.(
Idem & # of policies 0.89¢ Ce 119¢ 90.t 54.€ 0.89¢ Ce 1137  91.6  60.

Benefits & additionstt  0.80: Cs 10€1 86.5 162.¢ 0.82¢ Cs 105¢  90.€¢ 215.¢
provisions separately

Net premium 0.847 Cs 1272 90.¢ 536.¢ 0.927 Cs 116¢ 93.7 79.¢
Gross premiun 0.887 Cs 129: 90.C 290.¢ 0.94( Li 122( 93.: 24.1
Idem & # of policies 0.927 Cs 126¢ 91.¢ 46.¢ 0.957 Li 119¢ 93.¢ 11.2
Idem & total asse 0.91¢ Ces 129: 91.1 47.7 0.94( Li 122( 93.¢ 21.1
Idem &net inv. incom 0.90¢ Cs 1167 92.¢ 97.¢ 0.937 Li 109¢ 93.¢ 22.¢
Total asse! 0.87C Li 129: 85.F 61.z 0.88¢ Li 122( 89.7 64.%
Net investment incon 0.77 Cs 1167 84.z 233.¢ 0.77] Cs 109¢ 84.z 228.¢
Number of olicies 0.84t  Li 126¢ 83.(C 69.2 0.84( Cv 119¢ 82.2 60.C

Insurance output, stocl 0.81¢ Cs 110¢ 81.z 216.f 0.85¢ Cs 106¢ 87.C 208.¢

& CE is short for cost elasticity, FF stands forctimnal form, Ca for concave and Li for lineaf, iefers to the goodness of
fit, adjusted for the used number of degrees &doen, and Test refers to the Wald test on the GRSthesis.

on a combination of two indicators have a constitdngher cost elasticity (after summing) than
single indicator models. The more volatile varidbkt investment income’ has a lower cost elasticit
probably due to the errors-in-variable bias, whigdy indicate lower suitability. Continuing with the
censoring cases, we observe as before that thelessitities generally are larger. Still, scale
economies are again significantly different from&iR all model specifications. Note that the
concavity reduces under censoring, because —faparinon representative firm-year combinations —
the smaller and relatively more scale inefficierdurers are typically excluded. This may affect the
reliability of the censoring results. Cummins andi¥g (2012) recommend splitting insurance output
into individual and group policies and, next, iatanuities and life insurancé&sas each of these four

categories have their own properties. We havevatbthis suggestion. The outcome is closely in line

2 1n our data set this second split is replaced bplia into unit-linked policies and policies inreu
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with the variant without splitting (the first line Table 6.2), but the number of observations igimu

smaller as not all firms operate on all four praduearkets.

6.1. Estimation results over time

Table 6.3 presents cost elasticity effects oveetifor comparison, the first two columns give thiée f
period estimates of Table 6.1. We find that the et@ssticity is lower in both periods up to 2002arth

in the two later periods, 0.82 versus 0.87, onagyer This implies that the average scale economies
declined over time from 0.18 to 0.13. In a testfivd that the hypothesis of ‘constant scale ecorsmi
over time’ is rejected at a confidence level of 9%386Section 5 we observed that concentrationén th
life insurance sector did increase over time. filésisible to expect that after a wave of concéintna
unused scale economies decrease. On the otherdthrddevelopments may have shifted the optimal
scale to a higher level, by increasing fixed caststeby causing new unused scale economies.
Examples of such developments may be tougher rieguleequirements, the expansion of risk
management possibilities and needs, and the stgadgh of profitable ICT investments. Apparently,
the first effect, concentration, dominated possdgmal scale shifting developments, so that uduse
scale economies fell over time. Concavity in trEles@economies and rejection of CRS are observed in

each of the four subperios.

Table 6.3. Estimates of the translog cost functiofor life insurers split into four subperiods

Entire sample 1995-1998 1999-2002 2003-2006 20012

Coeff. t-value Coeff. t-value Coeff. t-value Coeff. t-value Coeff. t-value

Insurance outp, in logs’ 0.81¢ 674 083C 418 080z 371 0.86¢ 411 0.87: 38.
Id. in squaré€® 0.02: 86 0.032 7.3 0.017 3.8 0.034 76  0.01¢ 3.2
Stock firm: 0.717 74  0.80z 58 0.79¢ 4.7 0.784 43 -0.05¢ -0.3
% of collective polic pren. -0.62C -6.5 -0.641 -4.3 -0.551 -3.2 -0.41¢ 25  -0.37( -2.2
% of lumg-sum premiurr  -0.444 -53  -0.77¢ -5.1 -1.01¢ -7.0 -0.55C -3.8 -0.19: -1.8
% of unit-fund premium -0.387 -54 -035¢ -29 0.20z 1.6 -0.51¢ -4.2  -0.44. -3.2

Concentration (HHI -0.021 -1.7 0.254 0.9 0.062 0.4 0.454 1.8 -0.241 -3.1
Wage rat 1.93C 1.8 7.481 0.8 -1.90¢ -0.5 2.30¢ 0.8 21.98¢t 3.C
Time trentc -0.012 -0.7 0.124 0.7 0.24z 1.9 -0.25¢ -2.1 0.50¢ 2.4
% of acquisition cos 2.604 19.0 3.434 11.8 1.23Z 75 6.43% 184 5.86¢ 16.1
Intercep 2.044 0.6 -18.87¢ -0.6 1258t 1.0 -1.88C -0.2 -70.19: -2.7
Number of observatiol 1,21¢€ 372 344 28¢ 211
R?, adjustec 85.5 87.7 87.6 90.8 91.¢
EoS spreac® 41.C 55.1 31.2 61.¢ 33.¢
F test on CR 234.8 12&.3 73.7 78.7 26.4

2 See footnotes below Table 6.1.

Going into the detail of the control variable cagéints, we see for some variables a certain vanat
in the coefficientge.g.for stock firms in the last subperiod. We attribthe latter to the very small and

declining number of mutual firms (to 5, on averaagginst 12 in the first subperiod) in this period,

% The critical value of the CRS test statistic foe tast column in Table 6.3, F(2, 211), at the igniicance
level, is 4.71.
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which may distort the comparison with the stocknBrwhich, by the way also declined in number. As
a robustness analysis we repeat the estimatesht# 8 for the 75% censoring case and the
alternative model which also includes the numberaities as measure of outgtitn the censoring
case, scale economies decline by one-third ovey, tsimilarly to the uncensored case, while in the
model with ‘number of policies’ included, the EaSmain unchanged. CRS is rejected significantly in

all cases.

6.2. Estimation results per product type

We estimate Eq. (6) also for the four product typres split of all policegitherinto unit-linked

policies versus policies expressed in euro (leftehganel of Table 6.4%r into individual versus
collective policies (right-hand side). In line wigkpectations, the unused scale economies are by fa
the smallest for collective policies (11%) wher@oentration is higher than elsewhere and the
policies themselves are, of course, already ongeiascale. Other characteristics are similar &rée
whether or not we apply censoring. When we spéitgblicies further (first into unit-linked policies
and policies expressed in euro and each groupeiuitto individual and collective policies), wedin
the smallest EoS of 10% for Euro-Collective aga@ for the other 3 combinatioffs.

Table 6.4 Estimates of the translog cost functiorof life insurers split into four product types

Unit-linked Euro Individual Collective

Coeff. t-value Coeff. t-value  Coeff. t-value Coeff. t-value
Insurance outp), in logs® 0.78 36.0 0.7¢ 57.7 0.82 58.9 0.8¢ 451
Id. in squarée® 0.03 4.4 0.02 5.6 0.02 7.3 0.02 49
Stock 0.94 3.0 0.62 6.2 0.64 6.1 0.46 2.3
Share lum-sum policie -0.2€ -1.6 -1.21 -11.7 -0.69 -6.9 -1.35 -6.5
HHI -0.09 -4.7 0.0C 0.0 -0.02 -15 -0.03 -1.8
Wage,, in logs -0.13 -0.1 1.26 1.0 -0.13 -0.1 -0.98 -0.5
Time 0.0¢ 2.3 0.02 0.9 0.02 0.9 0.13 35
Cornstan 8.22 1.2 3.85 0.9 8.78 2.1 10.41 15
Number of observatiol 74C 113( 118( 517
R?, adjustec 69.2 81.4 81.4 84.3
EoSsprea’ 0.39 0.32 0.4C 0.35
F-test on CR 79.C 188.7 178.¢ 34.C

2 See footnotes below Table 6.1.

7. Estimates of the PCS indicator of competition

The PCS indicator measures competition. The mooegly market shares or profits of life insurance
firms are determined by their marginal costs, thengier competition on that market is. In the
literature, market shares or profits are used aslépendent variable in the PCS model. Eq. (10) in

Section 4.2.1 regards market sharasy), which in our application are based on gross prems. We

2 Not shown here, available on request from theauth
24 Not shown here, available on request from theauth
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also apply an alternative model based on profistket shares tend to change rather gradually over
time. One reason is that not all premiums come fnem productiorf> We have two instruments to
deal with such gradual adjustment of market sharesarginal costs. First, we use the partial
adjustment model of Nerlove (1958) by including ligged endogenous variable, the so-called Koyk
lag. Second, following Hay and Liu (1997), Boon8(2) and Creusegt al. (2006), we also introduce
so-called fixed effects (or dummy variabti&sfor insurance firms, so that firm specific chdesistics

such as scale are wiped Ut hus adapted, Eq. (10) appears as:

|n(m$,[): o |n(mS_511) + ﬁt |n(mQ[) + Zk ykxstk + Zs 5sds + Uit (12)

The coefficient (1) determines the speed of adjustment. The paraasethe elasticity which

reflects competition over time: the more negatig@bthe stronger the underlying competition.
Following Bikker and Van Leuvensteijn (2008), welude control variablesX(y). These are dummy
variables which indicate for each of the four cdesed product market whether the respective insurer
is active on that market or not. Considered produantkets are collective, unit-linked, lump-sum and
endowment policies. Evidently, an insurer’s (ovignaarket share increases with the number of
submarkets where the firm is active. Note that wgr@ssmsandmcin logarithms. Actually, we apply
the Box-Cox test for each model specification ta fivhether linear or log-linear is most appropriate

In all cases, the linear functional form is rejecie favour of the log-linear one.

Table 7.1 presents the estimates of the PCS idiédor market shares and profits for both marginal
costs and average costs. Marginal costs are basiEd.dq6) and the estimates in the first column of
Table 6.1. Average costs have the disadvantagehfding fixed costs but do not suffer from
possible model specification or estimation errblare, we assume thét= g for all t, which provides

an indication of competitive pressure over therergample period (1995-2010) and allows a quick
comparison across model specifications. For theldement of competitive pressure over time, we
refer to Fig. 7.1, which shows the estimated anfiydlased on the most appropriate specification. We
focus first on market shares using marginal costsmodel with a lagged endogenous variable, the
first panel on the left in Table 7.1. EstimatinghaOLS, we observe that the market shares are
determined dominantly by previous market shardge-tagged endogenous coefficient is roughly 0.95
— and only slightly by contemporary marginal cqstgh coefficient -0.07, significantly differentdm
zero), which points to (some) competitive pressimausion of fixed effects (FE; our preferred
approach) for 124 insurance firms has a heavy impathe estimates, indicating that market shares

depend strongly on (unknown) firm-specific charestes, and underlining the limited direct role

% New production consists of lump-sum premiums, pad of periodical premiums, together around 55% of
total premiums.
% We also include time or annual effects; they appehe negligible.
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Table 7.1. PCS model for the Dutch life industry

With lagged dependent Without lagged dependent
Market share FE OLS FE OLS

Marginal cost -0.374**  -0.071***
(-0.92%** ) (-1.5F**) -0.749** -1.335%**
Lagged Mt 0.5¢4*r* 0.953***

- o
4

Average cost  S-T. -0.292***  -0.093***

L.-T. (-0.78x*) (-1.6(***) -0.652*** -1.346***
Lagged Mt 0.613**  (0.948***
Profits
Marginal cost S-T. -0.06¢ -0.057

L.-T. (-0.10) (-0.51) -0.03¢ -0.509***
Lagged profit 0.334+** 0.88¢**
Average cost  S-T. -0.076 -0.074**

L.-T. (-0.11 (-0.62*)  -0.00¢ -0.614***
Lagged profit 0.322+** 0.887**

Note:MC means marginal costs, AV average costs and M&anshares. S.-T. stands for short term en LofTldng term.
Calculated values are between brackets. One, twoee asterisks indicate significance levels speetively, 10%, 5% and
1%. Coefficients of control variables (dummiesfoesence on product markets) have not been shown.

of efficiency?’ With fixed effects included, the lagged endogenmeficienta falls roughly from
0.95 to 0.60, so that the speed of adjustmentasesfrom 5% to 40%, indicating that gradual
adjustment remains important. At the same time(ghert-term) PCS indicator of competition is, in
absolute terms, much larger at -0.37. Its long-t@rnT.) effect, calculated g&/(1-o), is more
substantial still, at-0.92. Although all the resudire highly significant, they should be considevet
great caution, as the market shares in terms afipras are not determined by new production only

but also by existing policies, so that changes b&ynderestimated (see footnote 19).

Replacing marginal cost by average costs yielddasimesults as regards sign, level and signifieanc
but may be inferior as proxies are used for matgiosts instead of the true — albeit estimated —
values. This outcome makes clear that the PCS nmoaiglbe applied without the marginal cost
calculations based on the cumbersome estimatitmeof CF model. The upper right-hand panel of
Table 7.1 presents the direct long-term effectmafginal costs, from Eq. (6) without the lagged
dependent variable. The estimation results of (D8 ixdicator are fairly similar, although in abgelu
terms, the coefficients are slightly larger. An oriant conclusion is that the indicator invariably
carries a negative sign, corresponding with cortipatiand is always statistically significant. We
checked that these results do not depend on theotweariables: exclusion would not change the

outcomes.

Finally, we consider the profit model instead & tharket share model. Again, the PCS indicator
carries the negative sign in all specificationsnpog to competitive pressure, although in the FE

model it is not statistically significant and, ibsilute terms, attains lower levels. Profits, ejust

% The Wu-Hausman test rejects the random effect mode
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only slowly to marginal costs, if at a slightly $esluggish pace than market shares. Firms with high
profits tend to be able to maintain that favourgdasition. This is, of course, partly due to
bookkeeping, where profits per policy become atdélgradually over time. Note also that the within
goodness of fit of the FE profit model is low comggito the in-between®®ot shown), confirming
that profitability differs substantially acrossumsrs, but changes little over time, indicatingeaize

of strong cost-profit dynamics.

Fig. 7.1 shows the development of the PCS indicater time, using the FE market share model, but
estimating beta for each year separately, thalragping thes; = g restriction. We see that the short-
term effect of marginal costs,, hovers around its average value of -0.35, whichesponds with a
long-term effect of around -1. An important conadusis thatf is negative in each year and
significantly different from zero at the 1% levpbinting to permanent competitive pressure. The
confidence interval increases over time, probably @ the 50% reduction in the number of life
insurance firms. If anything, the beta is slightigpre negative during 2008-2010, indicating slightly

more competition.

Fig. 7.1. Effect of marginal costs on market sharesf Dutch life insurers over time
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Note: This graph presents estimategobver time using the FE market share model, basedarginal costs (see the first
rows of the middle columns in Table 7.1).

A remarkable result is that competitive pressude dot change more. Particularly, we do not see a
substantial increase in competition in more regeats where the public focus on (hidden) costs has
increased dramatically. Apparently, the clientsnstirance firms have not responded to the
investment policy scandal with greater awarenesosifs. A caveat is, again, the fact that premiums
do not reflect only new policies (around 55%), &isb existing ones, so that market share changes ar

underestimated.




27

In order to assess whether our estimates for tt&iRdicator are high or low, we compare them with
estimates for other industries. Creugeal.(2006) estimated the PCS model based on profitshéor
Dutch manufacturing and service industries anddoelasticities between average variable costs and
profits of around, respectively, -5.7 and -2.5. @umg-term ‘profit’ PCS indicator of the life insamce
industry ranges from -0.1 to -0.6, indicating fazaker competitive pressure. Van Leuvensteijal.
(2011, 2012) estimate the ‘market share’ indic&tothe banking sectors in the US, Japan and the
larger EU countries. The average long-run valugtferNetherlands is -2.5, in absolute terms
substantially above that of the life insurance @gathich ranges from -0.8 to -1.6. Bikker and
Popescu (2012) finds PCS indicator estimates fDihtch non-life insurers ranging from -3.1 to ;3.8
which also points to more competitive pressure trathe life insurance market. As noted above,

differences in accounting practices for profits &yxbes may impair the cross-sector comparison.

Table 7.2 presents competition estimates for suketsof the Dutch life industry. We take market
shares as dependent variable, marginal costs &mexqry variables, and include the lagged
endogenous variable. Of course, the product madtol variables disappear. Note that the life
insurance market is spéitherinto unit-linked policies and policies in euro fored-benefit policies),
or into individual and collective policies. On theitdimked policy market, we do not find any
evidence of competitive pressure (see upper-left fanel). These policies are complex and private
persons are likely to depend on advice from intelierées. If intermediaries are sensitive to the
relatively high commissions paid by insurance conmggfor selling this type of product, competition
will be impaired (CPB, 2005, pages 55-82; Gortéd,2). The PCS model does not indicate any
competitive pressure on this market. The collegbekcy markets is more competitive, given the
(highly) significant coefficients of marginal co$ts both estimation approaches (see lower rigiigha
panel). This is in line with expectations, as adile contracts are negotiated with experts at katis

of the table. Competition takes an intermediatatijposin the remaining two submarkets, policies in

Table 7.2. PCS model for submarkets of the Dutchfé insurance industry (1995-2010)

Unit-linked policies Policies in euro
FE OLS FE OLS
Marginal cost S-T. 0.00¢ -0.03¢ -0.121**  -0.011
L.-T. (0.02 (-0.55 (-0.544** ) (-0.54)
Lagged M 0.622%*  0.934**  0.774**  0.980***
Individual policies Collective policies
FE OLS FE OLS
Marginal cost S-T. -0.047**  -0.00¢ -0.172%*  -0.050**
L.-T. (-0.1&*) (-0.35) (-0.424%% ) (-2.0€*)
Lagged M 0.737**  0.983**  0.613**  (0.976**

Note:MS means market shares. S.-T. stands for shortéarn-T. for long-term. One, two or three astegisidicate
significance levels of respectively, 10%, 5% and 1%
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euro and individual policies, where the marginadtomefficient is significantly negative, but foEF

only, and — in absolute terms — less than in tileatove policies market.

8. Conclusions

Efficiency and competition on the life insurancetse are important for companies and households to
keep prices low and innovation and quality highisTgaper investigates efficiency and competition on
this market with — given the large unfavourablenges in economic, financial and institutional
conditions for life insurers — special attentiordevelopments over time. We use unused scale
economies as an indirect measure of competitiorfiaddhat for 1995-2010 life insurers have, on
average, significant unused scale economies of tb(20%. These economies decrease significantly
with the size of the insurer: they are twice agddior the 10% smallest firms and are close to fmro
the 10% largest ones. Such unused economies &f c@ahot exist under strong competition and

suggest that further consolidation for the smadilerinsurers would be cost efficient.

When we split the sample into two subperiods, wseoke less unused economies of scale in more
recent years (13% versus 18%). This is in line whéhconsolidation of the last 15 years: the number
of life insurers fell from 100 to 50. In this lightis remarkable that the operating costs as eepéage

of gross premiums remained the same: cost effigidi not improve. Another structural change over
time is the tendency for life insurers to operatgéasingly on all product submarkets, indicathmg t

scope economies are more important than specializaenefits.

The PCS indicator observes competitive pressueettlyr We find a statistical significant effect of
marginal costs on market shares, indicating thatpetitive pressure exists: efficient insurers are
rewarded with increasing market shares. But thispmiitive pressure is weak, compared to the
indicator values in other industrial sectors inghgdbanks and non-life insurers. Changes in the
indicator over time are limited but, if anythingel point to further weakening. Competition is
relatively stronger on the collective policies netrand, according to the indicator, weaker or absen
on the individual policies market. These resulisusth be considered with great caution as the market
shares in premiums are not only determined by presiof the new production but also by premiums
over existing policies, so that changes in markates (and hence, competition) may be

underestimated.
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Appendix: Marginal costs versus average costs

Fig. A.1 shows, for ten size classes, estimatedjimalr costs versus observed average costs, both
expressed as share of gross premiums. Estimateéssed othe TCF model of Table 6.1 with
‘insurance output’ as output measure and with fposimium rate censored at 75%’. The latter
guarantees that extreme values are excluded. Tiheagsd average operational costs (OC) are higher
than marginal costs (MC), in line with expectatioas fixed costs are included in average OC and not
in MC. The graph shows clearly that fixed costy @lesmaller role, the larger the life insurancenfir

is. Additionally, we see that marginal cost deceealso with firm size.
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Fig. A.2 presents for the same ten size classespifead in average costs per unit. The graph glearl
shows the left-hand leg of the theoretical U shapdt with some irregularities. Most remarkably is
the huge spread in operational costs within eaghaass, particularly in the small and mediumize

life insurers, which reflects that the sample igdly heterogeneous. It is difficult to distinguish

Fig. A.1. Marginal costs versus average costs of @ life insurers
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Note: Based on the TCF model of Table 6.1 with ‘insueaaatput’ as output measure and with ‘cost/premiata censored
at 75%’.

inefficiency from model and measurement errorsjristance, omitted (unobserved) special
characteristics of insurers, their products orrth@rkets. Given the huge spread in operationdsabs

is obvious to assume that inefficiency is also gomeomponent.

Fig. A.2. Average costs distribution of Dutch lifénsurers across size classes
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