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Abstract

This paper investigates scale economies and ti@alptcale of pension funds, estimating different
cost functions with varying assumptions about tregpe of the underlying average cost function: U-
shaped versus monotonically declining. Using unidata for Dutch pension funds over 1992-2009,
we find that unused scale economies for both adtnative and investment activities are indeed large
and concave, that is, huge for small pension faamdsdecreasing with pension fund size. For
administrative activities, we observe a clear optiatale of around 40 thousand participants during
1992-2000 (pointing to a U shaped average costifum)¢ which increases sharply in subsequent
years to size above the largest pension fund, ipgitd monotonically decreasing average costs. As
regards investment costs we observe an optimad smatotal assets of around € 690 million and
larger, without a clear shift over time and withdigeconomies of scale for larger funds. The result
are very sensitive to the correct functional forinthe cost model. Consolidation among especially

smaller and medium-sized pension funds would irereast efficiency.
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1. Introduction

Since the credit crisis, pension funds all ovewdeld have suffered from low returns on stocks, low
interest rates and, particularly funds that offefirted benefit plans, increasing life expectandye T
operating costs of pension funds may draw lesstaite although persistent inefficiencies are
seriously eroding (future) benefits. Ambachtsh@é1() stresses the role of operating efficiency in
optimal pension provision and indicates that mesearch is needed on institutional implementation.
Comparing pension funds in the Netherlands, orasfthat avoidable costs may cause a 10%-20%
difference between benefits paid by the smalledttgnthe largest pension funds, a difference that
may grow even larger as returns on investmentmkecliere unused economies of scale are key, so

that, considering only costs, consolidation is eéaé&commended.

The question arises, however, whether this advioels apply to pension funds of all sizes, inclgdin
the very large. Economic theory typically assunmitt®eea U-shaped average cost function or
continuously decaying unit costs. Theoretical argot® and empirical evidence for the downward-
sloping left leg of the U shape — and the left-hpad of the monotonically declining average cost
function — is overwhelming. Fixed costs, being &sélc to the number of participants, account for
much of the unused scale economies. Particulafityrimation and communication technology, the
basis of many pension fund activities, has stroxgpfcost components. The same holds for
compliance with accounting and regulatory requinet®i@nd projects. Scale economies are also
reinforced by size-related bargaining power vissaexternal service providers with respect to
investment, outsourcing and reinsurance, and daneifurther to lower unit costs (Baledral,

2010). Whereas fixed costs continue to declindhasize of the pension fund increases, the effect o
bargaining power tends to taper off, for instans¢h@ number of sizable counterparties declines.
Commonly, large pension funds have difficulty fingicompeting counterparties for large interest rate

swaps and other derivative transactions.

The existence of an upward-sloping right leg oflthghaped unit cost function presupposes costs that
increase more than proportionally with size. Therditure provides a number of examples. Key factors
are inefficiencies due to managerial problemsiigdacomplex, international firms, as often
encountered in the banking industry, ‘bureaucraeylditional layers of management and over hiring’
(see Chattertoat al, 2010), increasing luxury in terms of buildingsiaalaries, extra costs due to
scarcity of qualified staff and additional costiated to overconfidence (Griffin and Tversky, 1992)
Baueret al. (2010) mention increasing costs of communicatietwien the different sections of the
company and the costs involved in monitoring emgésy including managers. The motivation and
commitment of employees may be lower in a largeaoation, as they contribute relatively little to

the overall success of the organization, resultingwer productivity (Canbacét al,, 2006). Lack of



a clear overview of budget and liquidity in a lafgen may cause inefficient spending with respect t
recruitment, equipment or offices (Canba&tlal, 2006). Other authors point to costs due to s&png
competition between units. As larger pension fumaige to diversify more, they encounter more
investments that lack sufficient publicly availabiéormation, leading to higher research costs
(Andonovet al, 2011). And while promising higher investment rafy such investments also push up
operational costs. The key question is whether farge firm inefficiencies outweigh the basic etfec

of the monotonically declining fixed costs.

Pension funds with large amounts of assets ardeit@bespond quickly to changes in the market,
particularly when capital markets are stressed (btot& and Kim, 1986; Bauet al, 2010; Andonov
et al, 2011), and therefore face market impact cosewduying or selling (Bikkeet al, 2007, 2008,
2010). Dyck and Pomerski (2011) also mention thatgased capital inflows lead managers to pursue
poorer investment ideas. These are argumentsdaithultaneous existence of diseconomies of scale,

but they concern investment returns rather thanading costs.

Scale economy measures are often based on a gamsiofunction. This model is quadratic in nature
so that it is well-suited to describe U-shaped agerunit costs. However, Shaffer (1998) points out
that such a cost model implies the existence ajimal scale, as long as the cost-output size
relationship is concave. He recommends the usardus cost functions with different underlying
assumptions with respect to the shape of the widgraverage unit cost including, in particular,
models able to describe monotonically decliningrage unit costs. Examples are the unrestricted

Laurent cost function and the Hyperbolically AugteshCobb-Douglas model.

We apply these various cost functions on a unigua set consisting of supervisory reports by Dutch
pension funds over 1992-2009, obtained from thesugor, De Nederlandsche Bank. The huge size
of the data set is of great importance as we negileadata also on large pension funds, where
possible diseconomies of scale may or may not.eRQist dataset splits operating costs into
administrative and investment costs. This pernstsounvestigate administrative and investment
activities separately. Indeed, fixed and varialogts determining economies of scale vary for these
different activities, while the complexity, luxuand overconfidence arguments which may affect the
possible existence of an optimal scale may alserdevacross activities. Note, however, that if
optimal scales do exist but vary across activitiespmmendations with respect to consolidation for
the sake of a cost-effective market structure ayeernomplex, because in that case trade-offs exists

between the optimal scale in terms of administradind in terms of investment.

Many drivers of scale economy and optimal scale alnge over time. The increasing role of ICT is

likely to enlarge scale economies, as the assac@ists are likely to have a substantial fixed



component. Increasing solvency regulation and atooy requirements may also add to the fixed
costs. As our dataset is large, we are able tmagtiscale efficiency and optimal scale on an dnnua

basis, so that developments over time can be iigatstl.

Section 2 of this paper gives an overview of thailable literature on operating costs of pension
funds and on the existence of scale economiesioBetdescribes the pension system of the
Netherlands, while the next section analyses the alaadministrative and investment costs of Dutch
pension funds and presents all other data on kasacteristics of pension funds. Section 5 explains
the cost models considered and the measuremecalefsconomies. Sections 6 and 7 provide the
empirical results for respectively, administratared investment costs of pension funds. Section 8

summarizes the findings and concludes this paper.

2. Review of the literature

Administrative costs include all expenses involuedperating the pension fund except investment
costs, and as such include costs of managemerstafidcommunication with participants, auditing
and reporting and other costs charged by thirdgsafas in case of outsourcing), premium collestion
benefit payments, rent and depreciation. Researgrension funds’ administrative costs has focused
on a few countries, in particular Australia (Batenaad Valdés-Prieto, 1999; Malhottal, 2001,
Bateman and Mitchell, 2004; Sy, 2007), the US (Caisw976; Mitchell and Andrews, 1981), Chile
(Jamest al, 2001), and the Netherlands (Bikker and de D2609). These studies all report
significant economies of scale for private pensiords. The higher cost level of small pension funds
has been attributed to advantages such as highvceséevels or tailor-made pension schemes
(Koeleman and De Swart, 2007), but Bikkeral. (2012) have refuted this theory. Few comparative
studies have been conducted across different desnamd almost none have used a multivariate
approach. Whitehouse (2002) compares defined boion (DC) schemes in 13 countries. For Latin
American countries and Great Britain, the authoddino systematic relation between pension fund
size and charges levied (consisting of costs aofit pnargins), and concludes that evidence on
economies of scale in pension fund administratost s inconclusive. In a more recent study,
Hernandez and Stewart (2008) compare the change rat21 countries with private DC schemes.
The authors note that charge ratios tend to berloweountries with fewer providers, thereby
concluding that there is some evidence of econoofigsale, assuming that those few pension
providers are also relatively large. Tapia and Y@(B008) conduct a similar analysis for countries
where the pension system is based on Individuatdteent Accounts (IRAs): Australia, Sweden, and
countries in Latin America and Central and EasEarrope. These studies do not distinguish between
investment and administrative expenses, and usgehatios or other fee measures rather than

economic costs. Jamesal (2001) improve on this by comparing fees and adtrative expenses



(including investment expenses) in six Latin Amanicountries with pension systems based on
IRAs.! The fundamental problem with this body of reseasdhe lack of appropriate data that would
allow one to determine the relative contributioreath factor in a multivariate analysis. Instehd, t
authors use broad descriptive statistics on theedampension system to highlight bivariate
relationships. Only Dobronogov and Murthi (2005hdoct a multivariate cross-country study, based
on a limited number of observations, and find s@wvidence of economies of scale in pension funds
in Croatia, Kazakhstan and Poland. In generalgethee large differences in administrative costs
among pension funds. Some of them reflect particukrket conditions or institutional environments,
while others are due to different degrees of efficy. All in all, these studies measure scale

economies, but do not focus on the existence apéimal scale.

Investment costs include investment research dsag@hanagement and consulting fees, while
transaction costs and brokerage fees are excladdtiey are normally deducted from gross returns. A
few studies are known about the investment cospei$ion funds, while some of the above studies
are on operating expenses, which include investomsts’ Baueret al. (2010) find for the US strong
scale economies in investment costs. Costs ardgller for small cap portfolios and for portfolios
which are actively managed or externally managegak@nd Pomorski (2011) investigate both
investment costs and returns of an internatiomap$a of large pension funds. They observe
significant economies of scale for both costs atdrns. Most of the superior returns come fromdarg
pension funds’ increased allocation to alternaitivestments and realizing greater returns in thget
class. Furthermore, a large literature exists enriliestment costs of mutual funds. The investment
operations of pension funds are similar to thoseatfual funds and many pension funds invest assets
through mutual funds. Therefore, this literature paovide meaningful insights into the investment
operations of pension funds as welimpirical evidence suggests the existence of antiat cost-

related economies of scale in the mutual fund itvgys.g.Malhotra and McLeod, 1997). However,
these turn out to decrease as the fund size ireseasl become zero as soon when the optimal size
has been reached.§.Indroet al, 1999, and Collins and Mack, 1997). Of course,ualfunds may
incur higher costs hunting for higher returns. Igpg1989) compares the expenses and returns of
mutual funds and index funds and found that mutwads offset higher expenses with better results.
Possibly, however, this outcome may be sensititha@articular benchmark used, or be explained by

survivorship biasd.g.Malkiel, 1995). Many other studies have found thigher costs are not related

! Note that the data set in this study contains pao@omic costs.

2 Caswell (1976), Bateman and Mitchell (2004), Dotmgov and Murthi (2005), and Mitchell and Andrews,
(1981) use total costs. Only Jane¢sl. (2001) report separate statistics on investmestffaesome individual
account pension schemes.

# Mutual fund expenses and investment costs of perfands are different. For example, marketingasid
administration costs are important cost categaniéise mutual fund industry. Pension funds havkelif any
marketing costs and administration costs are refgareparately. Also, pension funds have to takeuhation of

one asset clase.@.stocks, bonds), while pension funds generallyshirevarious asset classes.



to superior performance relative to the risk-adjdstate of returne(g.Jensen, 1968, Malkiel, 1995,

and Malhotra and McLeod, 1997). Thus, the evidenggests that, in general, higher costs incurred
by mutual funds do not lead to higher returns. &ihe investment operations of pension funds and
mutual funds are similar, it seems reasonable peethis result to hold for pension funds as Well.

We may therefore conclude thagteris paribusstakeholders are likely to be best served byipans
funds with low investment costs. We conclude tbatthe investment market, scale economies tend to

exist but, according to some studies, only as &smstitutions are below the optimal scale.

3. The pension system in the Netherlands

As in most developed countries, the institutionalcure of the pension system in the Netherlasds i
organized as a three-pillar system. The first pgdlamprises the public pension scheme and is finc
on a pay-as-you-go base. It offers a basic fl&-panhsion to all retirees and aims to link the bene
level to the legal minimum wage. The second pjlaovides former workers an additional income
from a collective, contribution-based supplementatyeme. The third pillar comprises tax-deferred
personal savings, which individuals undertake air thwn expense. The supplementary or
occupational pension system in the Netherlandsusilly organized as a funded defined-benefit (DB)
plan. The benefit entittement is determined by yedrservice and a reference wage, which may be
final pay or the average wage over the years ofcerThe defined-benefit formula takes the public

scheme into account.

Supplementary schemes are usually managed onegtoadl basis by pension funds. There are three
types of pension funds. The first type is h@ustrypension fund, which is organized for a specific
industry sectord.g.construction, health care, transport). Particggain an industry pension fund is
mandatory for all employers operating in the seaiith a few exceptionsAn employer may opt out

if it establishes @orporatepension fund that offers a better pension platstemployees. Where a
supplementary scheme is agreed by employers anbyees, managed by either a corporate pension
fund or an industry pension fund, participationthy workers is mandatory, governed by collective
labour agreements. The third type of pension fgrtitiéprofessional groupension fund, organized

for a specific group of professionals, such agkedical profession or notaries.

The Dutch pension fund system is highly comprehensiovering as much as 92% of the active

labour force in 2010. Almost all employees are cetdebut the self-employed need to arrange their

* Lakonishoket al. (1992) report that the pension fund industry hassistently underperformed the market. The
authors put forward that pension fund managerstnaale too much, incurring large execution and &atign
costs, and may be unlucky with their timing.

® Collective labour agreements do not always atteriegally compulsory industry-wide status anatifined,

this status expires if the investment returns orsjgd assets do not meet minimum levels.



own old-age savings. At the end of 2011, total men&ind assets in the Netherlands amounted to
some € 830 billion, or 138% of GDP, ranking the @upension system, in terms of the assets-to-GDP

ratio, as the largest in the industrial wotld.

4. Key characteristics of Dutch pension funds

The data used in this paper were obtained from BdeNandsche Bank (DNB), supervisor of the
Dutch pension fund industry. We have annual daté®1992—2009 period and, in addition,
guarterly data on investments starting 1999. Fifpdesents the development of pension fund
numbers and types over time. The number of perfsimats declined from around 880 during 1993-
1998 to 550 in 2009. Some eighty per cent of teeaditinued pension funds handed over their assets
and liabilities to insurers, the rest have merd@éaist of the dissolved funds were small, half ofnthe
numbering fewer than 250 participants. In total,hage a sample of close to 13 thousand annual

pension fund observations.

Fig.4.1. Number of pension funds over time and byayernance type
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Company funds are largest in number, followed bygolsory industry funds, non-compulsory
industry funds and professional group funds (Fidj).4However, Table 4.1 in Section 4.2 makes clear
that in terms of participants, compulsory indudtnyds dominate the pension sector with, in 2009, a

share of 84%, followed by company funds (13%).

® Fig. 5in OECD (2011; see page 7) shows for 20&0the asset-to-GDP ratio of the pension sectaigtser in
the Netherlands than in all other OECD countries.



4.1. Operating costs

Operating costs (OC) consist of administrative £astd investment costs. Administrative costs regard
the collection of contributions, record keepingp&i@ payments, communications, accounting and
marketing, while investment costs refer to portfohanagement, financial research, trading faalitie
and advice. Transaction fees and management ferataal funds are not included, as they are
normally already deducted from the investment retuyVe split OC into administrative and
investment costs, because each has different ¢bastics and distinct determinants. Fig. 4.2 pnese
the administrative cost per participant for thedB,@on-zero observations over 2006-2009. In this
paper, all value amounts are expressed in price®®¢. We recognize the left (downward sloping)
leg of the U-shaped average cost per unit curtteoadh particularly for the smaller pension funds,
the spread within each size class is huge. Noterthhis graph costs of over € 1,000 per participa
have been deleted to simplify the presentationdGalty, for the larger pension funds (say over
35.000 participant$the costs decline across the board. The increasest in the right hand tail is
remarkable. It suggests either diseconomies oédoalthe really large funds (over 165 thousand
participants and pointing to the existence of an optimal saalet least an upper limit to unused

economies of scale.

Fig. 4.2. Administration costs per participant acres pension funds (2006-2009; 2004 prices)
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Fig. 4.3 repeats the administration costs per @gaint in 2006-2009, but now expressed as averages
over ten size classes with for each class the dpneaverage costsThe median costs per participant

decline strongly from € 666 in the smallest clas€ 89 in the largest class. The spread in costs pe

" In logarithms, larger than 10.5.

8 In logarithms, larger than 12.

° Borders of the size classes are, in terms of nuwijearticipants: 280, 525, 850, 1300, 1900, 3G0NO,
11000 and 35,000.



participant is immense, particularly in the smalige class, ranging from € 75 to € 4,000
(respectively, the T0and 98 percentiles), but also in the largest size clessging from € 14 to €
118. Of course, the largest class — containing 808e participants — is most important. Splittthes
class into 5 or 10 subclasses would reproducedime sleclining graph with reducing spread. Figure
4.2 for the three earlier subperiods 1992-1996 71831 and 2002-2005 would look similar. The
same applies to Figure 4.3, with the only exceptiat the graphs for earlier periods start at adrg

level for the smallest class and are flatter fer itedium-sized classes.

Fig. 4.3. Administration costs per participant in $ze classes (2006-2009; 2004 prices)
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Note that the median and the lower bounds may estierate the costs due to possible
underreporting. Some companies pay for the admatish and investment activities of their own
pension funds without on-charging salaries anaef@osts, leading to zero or lower reported costs
(Bikker and De Dreu, 2009). Such underreportinigisd especially for smaller pension funtfn
Section 6, where we discuss estimation resultsyii@rove that — due to underreporting — scale

economy may be even stronger than we observeasouh estimates establish a lower bound.

Fig. 4.4 presents the investment costs as shaotabfassets for the 1,650 non-zero observatioas ov
2006-2009, a lower number than for administratiosts. Many funds report zero investment costs —
as many as ca. 64% in 1992-1996, falling to 29%0i06-2009 (see Table 4.2 below, the ‘reporting
investment costs dummy’). In many cases, investmoesiis are hidden in the investment returns,

which are (incorrectly) reported net of costs rathan gross. Underreporting of investment costs is

19 Mitchell (1998) observed the same phenomenon istralia.
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most frequent among the smaller fult Section 7, where we discuss estimation reswisyill

also discuss the impact of underreporting.

We hardly recognize the left leg of the U-shaped.shaped) average cost per unit curve, although
the upper border is monotonically declining: thees within each size class dominates. Note that
investment costs above 1% of total assets havedregted for the sake of presentation. For

investment costs, we do not see an increase is ab#te right-hand tail, as in Fig. 4.2.

Fig. 4.4. Investment costs as share of total assetsoss pension funds (2006-2009; 2004 prices)
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For 2006-2009, Fig. 4.5 shows investment cost aseshf total assets expressed as medians over ten
size classes with for each class its spré&tale economies seem to be absent, except posilthe
smallest size class. This is not representativéhi®three earlier periods (see the first row dl&éa

4.1), where median costs in the smallest size eglass, respectively, 2.5, 2 and 1.5 times larganth

in the largest size class (compared to no less3ha@9, 15 and 12 times for administration costs).
Also remarkable is the fact that the spread instment costs is constant across the size clagsad (a

from a higher level in the first size class), withthe convergence for larger classes as obseoved f

1 We expect that some of the funds that do not tepdlj investment costs include them (in partjtirir
administrative costs. To test this assumption —tarmbrrect for such misreporting — we define a dym
variable ‘reporting of investment costs’, with ¥ feension funds with positive investment costs @rior non-
reporting funds, as an explanatory variable inatiministration costs model. A negative coefficiaould
indicate, and roughly correct for, misreporting.

12 Borders of the size classes, in terms of totatassre at 15, 35, 55, 85, 140, 210, 350, 65Qlar&D million
euros.
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administrative costs. Of course, the largest clagantaining 85% of total assets — is of most
importance. Splitting this class in 5 or 10 substsswould show an increase in investment costs for

the largest funds.

Fig. 4.5. Investment costs as share of total ass€2906-2009; 2004 prices)
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We believe that two phenomena interact here: sgadaomies (which must exist given the presence
of fixed costs) and the higher relative sharesoofiglex assets in larger pension fund portfolioghwi
higher investments costs but correspondingly higieected returns. Fig. 4.6 shows how larger
pension funds’ portfolios have higher relative gisanf commodities, hedge funds, private equity and
real estate, which all are expected to go with énigiosts, whereas the smallest pension funds tend t
prefer other (simpler) assets such as money mérkds. As we have the asset allocation by pension
fund, regression analyses can disentangle the etea®f scale effect from the size-dependent

investment composition effect.

4.2. Other key data of Dutch pension funds

This subsection presents key characteristics oflibpéension funds, which will act as control

variables in the operating cost models. The fiogtsrin Table 4.1 show that administrative costs per
participant increase over time by over 50%, reiifecthe rise in real wages (21%) and the costs of
new activities related to new requirements as gsgaommunication to participants, solvency and
accounting regulation, et cetera. Underreportingdshinistrative costs, particularly salaries, has
decreased over time, which contributes to higrewdrted) costs. Investment costs doubled over time,

and increased especially during the last yearsjlyndue to additional investment costs for highkris
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assetse.g hedge funds, commodities and private equity. Haeelining underreporting over time is

also a major factor.

Fig. 4.6. Pension fund asset allocation across sidasses in 2009
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The total number of participants increased strooghr time from 9.7 to 17.5 million, due to
increased employment (less unemployment and grpatécipation, in part due to an increase in part-
time jobs), greater coverage, and joining in thega of the largest pension fund in 1996. This ubl
servants’ pension fund (‘Algemeen Burgerlijk Peesionds’) has, in 2009, 2.8 million participants
and total assets amounting € 208 billion. The dig&ribution of the pension funds is very skewtlras
10% smallest pension funds have, on average, @dyparticipants and total assets of, on average, €
million. Total assets increased strongly over tasavell, from € 200 to 700 billion, reflecting grisw

in volume (participants) and in wealth (both incoame building-up level). There are two basic types
of pension scheme: (mainly) Defined Benefit (DBYi@mainly) Defined Costs (DC), where schemes
of both types may have some mixed (DB and DC) ctheritics:® Falling from 4% in 1992 to in 1%

in 1998, the share of DC increased sharply to 92008 and 2009. There are three categories of
participants exist: active, inactive, and retirdesch category increased in number, while theiresha
remained fairly constant. The variable ‘total asgetr participant’ reflects whether a pension fhad
relatively high per capita assets and, hence, hitjtag average benefit$Where we consider the

13 A DB pension fund pays a defined annual amouthegarticipant at retirement, often a percentdgbe
average (or, in earlier years, final) wage. The@2@icipant pays a defined annual premium whilekivay and
the pension pay-out is based on premiums and imesgtreturns.

4 It may also reflect a higher level of asset acdaiinn, associated with a more mature fund.
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number of participants as output measure for tin@radtration cost model, ‘total assets per
participant’ introduces the impact of the secongboudimension: total assets. Similarly, where we
consider total assets as output measure for tlestiment cost model, ‘total assets per participant’

introduces the impact of the first output dimensiggamely, number of participants.

Table 4.1. Key data of Dutch pension funds over tie(prices of 2004)

1992-199¢  1997-2001 200z-200t  200¢-200¢

Administraticn costs per participant, in eur? 37.2¢ 48.9¢ 50.9: 54.1¢
Investment cos per participant, in eurc** 16.2¢ 20.7: 32.4( 68.5¢
Investment costs/total assets, ir** 0.0¢ 0.0¢ 0.1C 0.1¢
Number of participants, in millions ( 9.7 13.4: 16.2 17.5¢
Total assets, in billion eus 207.7¢ 469.8" 526.8¢ 654.6:
Liabilities, in billion eurs 180.0( 362.7° 457.9° 530.1:
Realwagespension industry (thousand eL) 55.21 57.01 63.6¢ 66.8(
Compulsory industry pension fu part/p 0.81 0.8 0.8 0.8¢
Ccmpany pension fund participa/p 0.1z 0.1z 0.1¢ 0.1z
Non-compulsory industry pension fund par 0.0z 0.0z 0.0z 0.01
Professionagroup pension fund participa/p 0.01 0.0C 0.0C 0.0C
Otherpensionfund participant/p 0.0t 0.0z 0.01 0.c1
Pensiorschene: DC participants/j 0.0: 0.0z 0.0t 0.0¢
Retirees/ 0.1z 0.14 0.14 0.1t
Active participants/ 0.3¢ 0.3¢ 0.37 0.3t
Inactive participants, 0.51 0.47 0.4¢ 0.52
Assets per participant (thousand ) ? 21.41 35.0¢( 32.3i 37.3¢
Reporting investment co: dummy? 0.3¢€ 0.5C 0.6¢ 0.71
Outsourcing/administration co ? 0.51 0.5: 0.71i 0.6t
Reinsuanc¢ premiuns/total premiuns ® 0.1C 0.0 0.01 0.0:
Fixed incom/total investments (1*€ 0.5¢ 0.47 0.4¢€ 0.47
Investments intocks/t ® 0.2¢ 0.41 0.4( 0.3¢
Real estai /ti ® 0.12 0.1C 0.1C 0.1C
Other assets ** 0.07 0.0z 0.0: 0.0t
Private equityi ° 0.0C 0.01 0.0z 0.0z
Commodities/t - 0.0C 0.01 -
Hedge funds and commodit/ti ® - - - 0.0

Note: Variable names are abbreviated within brackets:bmurof participants is p and ‘total investmentsdi.is

30n average® To avoid the problem over underreporting, we kerages ovaton-zeroinvestment costs (ic) only, while
the variable total assets in this row refers tostin@ over the pension funds where ic are non-zérotal investment is 5
percent smaller than total assets, the differerargone-off items? This variable is used in the regressions only 892t
1996, as for later years is has been split intmeray other things — commodities and hedge funds.

Many pension funds outsource their administratiartlp or fully. Especially small funds can benefit
from outsourcing, as companies specializing in atrative work for many pension funds can work
on a large scale and, hence, are expected todievedy efficient. Note that where sponsor companie
bear a part of their funds’ administrative costshsunderreporting of costs stops as soon as
outsourcing begins. Hence, outsourcing may eitledr ygp cost reduction (negative coefficient) as
well as reduced underreporting (positive coeffifie@ur variable describes the percentage of costs
paid to third parties. The level of outsourcindpigh at more than 50% of administrative costs,
increasing over time, but falling more recentlyni@ekably, larger pension funds outsource relatively
more than smaller ones, probably because smaltaigrefunds rely on administrative work by the

sponsor company. Reinsurance of pension fundiligsibby an insurer is measured as the reinsurance
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premiums in proportion to total pension premiumeinBurance declined over the years from 10% to

3%, probably because many small funds have bedscezpentirely by collective insurance policies.

Pension funds invest in assets such as fixed-inc@woerities, stocks, real estate, participations or
private equity, commodities, hedge funds, mortgagesmoney-market funds. First, we have data on
the first three categories (as well as ‘other @§siebm the annual reports of pension funds o\@92t
2009. Table 4.1 shows an increase in stocks dainmdrst half of the sample period, at the cost of
fixed-income securities. Second, we have data westments in private equity, commodities and
hedge funds from the quarterly reports starting989. Hedge fund investments have only been
reported since 2007. Definitional breaks — thet §pliL999 of other assets into private equity and
commodities, and the split in 2007 of commoditige icommodities and hedge funds — are dealt with
in the empirical models. The more complex asse®gpected to go with higher costs, as they are
more difficult to understand and more expensivamémage. Generally, tlexpectedeturns of such
more risky assets are highex anteat least offsetting the extra costs. During thé dasiple of years

the riskier investment classes such as privatéyequammodities and hedge funds became more and
more popular with pension funds (Table 4.1; Baatal, 2010). Hence a significant influence is
expected on the investment costs of the pensiadsftirat do use these risky investment classes.
These assets are held by the largest funds: in, 200%rgest pension funds held 5% hedge funds and
3% private equityersus respectively, 2% and 0.5% for other funds (see Eig. 4.6). Using the
investment shares in stocks, real estate, privatiye commodities, hedge funds and other funds, we
aim — in our model — at correcting the investmersts for rewarding activities in these risky asset

categories.

For almost all variables, while variation over timay be generally modest (Table 4.1), variation
across pension funds is generally huge (as illtestror costs in Figures 4.2-4.5), so that contrgl|

for such variation — when measuring scale economis<rucially important.

5. Functional forms of operating cost models

This section discusses the functional form of usiwell-known cost models and the underlying
assumptions with respect to the shape of the agerasgt per unit curve, which have a major impact
on the existence and magnitude of an optimal sbidet, we develop empirical models for

administrative costs. Furthermore, this sectiorlarp the measurement of economies of scale.

5.1 Functional form and optimal size
The measurement and analysis of differences inipefisnd cost levels is based on the assumption

that an individual pension fund’s production tediogy can be described by a production function,
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which links the various types of pension fund otitipunput factor prices, such as wages, housing
rent, and so on. Under proper conditions, a dustl ftmction can be derived, using output levels and
factor prices as arguments (Coeliial, 1998, p. 43-49). In the literature, the transtogt function
(TCF) to describe costs dominates other model pations. Christenseet al. (1976) proposed the
TCF as a second-order Taylor expansion, usuallyralthe mean, of a generic function with all
variables appearing as logarithms. This TCF igslfle functional form that has proven to be an
effective tool for the empirical assessment ofoggficy, both in banking and elsewhere (Christensen
et al, 1976; Dietsch, 1993; Nauriyal, 1995; Edirisurgtaal, 2001). It is an extension of the Cobb-
Douglas function which is capable of fitting U-skapaverage cost functiofisA simple TCF reads as

follows:

INOC(0) =a +p1(In0) +f2(INo—IN0)? (5.1)

with OC for operating costs and'‘for output volume. Note that, in the squared tewa take the
logarithm of output in deviation from its mean (d&sd by the bar above the variable), in line whié t
Taylor expansion® Here, we assume only one output measure for thes@ory simplification, but

we consider more output measures in the empirezians. In that case the model is extended with
cross terms from both output measures. Since thigeNands is a relatively small country, we expect
little or no variation in input prices. (Swank, B)%Actually, pension funds do not report data guin
prices, so that we are also unable to include parfsind specific prices in the cost functions. Ve d
however, include an index of real wages in the jensector to pick up input price effects over
time.!” Unused scale economies exist whgre 0, while concavity, or a U-shaped average cost

function, requireg, > 0.

Shaffer (1998, page 94) proves that for a sampiaafotonically declining average costs the TCF
would estimate a concave function with an optincale, so that the existence of an optimal size and
diseconomies of scale for larger firms is (incols@dmposed:® Indeed, the left leg of the TCF can be
fitted to the hyperbolically declining average spstith the optimal scale in the right-hand taitto#
sample, or beyond the largest observation. Thezefinaffer (1998) suggests two additional cost

functions to estimate scale economies which dempbse this U-shaped average-cost function.

!5 For shortcomings of the TCF, see Shaffer (19981p.

18 White (1980) and Shaffer (1998, p. 95) explairt this specification also helps to avoid multico#arity.
Note thatino is the arithmetic average of thegjarithmsof output measure.

" To simplify the presentation, we do not include firice index in Eq. (5.1). Normally, a TCF wouldaa
include cross terms between output and input pridespping input prices and other output measurgsies
that no cross terms remains.

18 Except possibly over limited ranges of scale witiwhich marginal costs are steeply declining.
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The first alternative is the unrestricted Lauremidtion (ULF), which is similar to the TCF, but tvit

two inverse terms added:

INOC(©0) =a+p.(InN0)+B,(Ino—1IN0)2+p5/(In0) +f4/(In0)? (5.2)

The ULF can describe monotonically declining averagst, does not impose an optimal scale and
allows different degrees of concavity for smalled darger pension funds. For the concave properties
to hold, the coefficients; andg, should both be positive, nextfa According to Shaffer (1998), the
improvement of the ULF over the TLF may die downgkewed size, because the squared nature of
the cost-output relationship is built up by theatekly large share of observations in the smaitee
region of the data sample. Therefore, he proposesand alternative: the hyperbolically-adjusted
Cobb Douglas (HACD) cost function, see also Adanal. (2009). This model reads as (again

ignoring input prices):

INOC(0) =a +p1(In0) + /0 (5.3)
Thanks to the additional reciprocal term, this ma@e portray the U-shaped average cost function

( f1-> p2), monotonically declining average cosi&.¢ 1 ands, > 0) and the L-shaped average cost
function (f1.< 1). To investigate which functional form besitsthe sample data, we will apply
Akaike’s (1974) information criterion (AIC). In ansulation test by Shaffer (1998) on generated data,

this HACD model performed best.

Cost elasticity CE) is defined as the proportional increase in cest sesult of a proportional increase

in output. In mathematical terms this results i fibllowing expression for elasticity:

CE=0InOC/dIno

Using Eq. 5.1-5.3, this results in, for the TCFe tLF and the HACD respectively:

CE“'=p,+28:(Ino—1In0) (5.4)

CE""=p1+ 28,(In0o—IN0) —ps /(In 0)* = 24, /(In 0)* (5.5)

CEM™=p _p,/0 (5.6)
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The second term of tH@Esin the TCF and the ULF becomes zero wherQBsare evaluated around
the mean of the sampled logarithms of outputhat is:In 0. TheCE for the TCF is then equal f,
while for the ULF and the HACD, it depends on thenple observations.

The scale economieSIH) can easily be calculated from the above by satig EC from unity:

SE= 1 —EC.If the calculatedEC has a value larger than one, this indicates dismoges of scale; a
value smaller than one indicates economies of stalea value of exactly one indicates constant
returns to scale. To calculate a possible optireabpn fund size, a value forhas to be found to set

CE equal to one (or to s8Eto zero).

5.2. Empirical model for administrative costs
This section specifies empirical models for adntraisve costsAC), in logarithms, based on,
respectively, the TCF, the ULF and the HACD funetioThe TCF reads as:

In AG; = a + 81 (In participants) + A, (In participants —In participarts)* + y; In real wage +
y>,governance dummigs y; pension plan designt y, type of participants+ ys assets per

participants + ys reporting of investment cogts y; outsourcing of administratignt ys

reinsurance + yg time, + & (5.7)

Subindex refer to pension funds, whiteefers to time. Output is measuredhasnber of participants
as many administrative activities are related twises provided to participants, mainly irrespeetof
the size of their pension benefits. Output is esped in logarithms and appears linear and squired,
latter in deviation from its mean, in line with H§.1).Real wages$s a wage index for the pension and
insurance sector which acts as an input priceodksficient is expected to be positigovernance
dummiesndicate, respectively, compulsory industry pendimds, company funds, professional
group funds, and other funds, while compulsory stdufunds act as the benchmark. These dummies
may pick up cost differences across pension fupdsyTheension plan desiggummy indicates
pension funds with defined-benefit (DB) plans refileg cost differences with the remaining category:
defined contribution (DC) funds. Thrégoes of participantare distinguished: active participants,
inactive participants and retirees, each of whiay igarry different costs, as administrative aggesit
differ by type of participant. These variables expressed as shares in the total number of
participants. The share of active participants astsenchmark. Totaksets per participanheasures
whether administrative cost may increase with (e)ypension benefits. The dummy variable for

reporting of investment costssts for incorrect reporting of investment castder administrative

19 For the reciprocal terms in the ULF we replace by the geometric mean of the output term. For the
reciprocal term in the HACD model, arguments (jglaieeo) exist for both the geometric and arithmetic mean.
This choice has no further consequences.
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costs. Costs afutsourcingas share of totals administration costs may reflecsts differences.
Reinsuranceremiums as share of total premiums may pick ghsc@ther than premiums) related to

reinsurance. Finallytjme may reflect technical progress over time.

The ULF is based on Eq. (5.7) expanded it/ In participant9 + 4, (1/ (In participants %), while
the HACD cost model is equal to Eq. (5.7), wheeedf output term is replaced sy (1/
participantg. Deviations from the mean in the reciprocal temasild not make sense,g.values of

zero (or close to zero) in the inverse terms walistbrt the equations.
6. Empirical results for administrative costs

This section displays the estimation results ofttinee different cost functions, both for the entata
sample as for each year separately. The full saregiessions combine all available information,
resulting in highly significant results, while temgle year regressions take into account changss o
time. Table 6.1 shows the estimations of the adstriative cost model for three cost functions using
the full dataset of all Dutch pension funds ove®2-2009, consisting of 12,521 observati6hEhe
upper panel of the table shows the estimated ooeffis, the middle panel presents estimation asid te
statistics, and the lower panel displays the @iesivatives (oICE), the optimal scale and the cost

elasticities at the mean size values of the perfsioas.

Translog cost function

We first discuss the results of the three modeik v@spect to the cost-output relationship and then
compare them. Subsequently, we consider the camftecof the other explanatory variables. The cost
elasticity is 0.717, calculated at (the logarithintbe geometric mean of 936 participants, théags
(936)2! If the number of participants increases by 1%altatiministrative costs will increase by only
0.72%. This implies huge scale economies of 28%. ddst elasticity is higher here than the 0.64
found by Bikker and De Dreu (2009) for the Netheds over 1992—-2004, which means that the
extent of scale economies is lower, while the oppas true when comparing to the 0.76 of Bikkéer

al. (2012) found in a four-country comparison over 208008% The relationship between

administrative costs and total participants is emeqg(coefficient of the squared term is 0.021)lesca

20336 pension funds are legal vehicles for direetarge shareholders and director funds for boarshbegs and
supervisory board members with only one particip@hey have been deleted as these pension fundetre
representative and, moreover, their size wouldihwtto the inverse terms of the ULF (which would,
respectively, be equal to 1/In(0) and its square).

L pension funds with one participant have been eeduThe arithmetic mean is 19,991 participante. Bg
(5.4-5.6) for the cost elasticities of the threedels. The cost elasticity in the TCF is equal ®¢befficient of
its linear output term. In general, this does ratHor the HACD model, except in our sample whitrenon-
linear output coefficient is (at 2.502) small comeghto the arithmetic average number of participgh®,991).
2 |n their sample of large pension funds, theseasttid find the same cost elasticity (0.69) fa th
Netherlands.
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Table 6.1. Estimates of the administrative cost maals (1992-2009)

Unrestricted HACD

Laurent function

Translog Simplified ULF

Variable

Participantsin logarithm:) 0.717 **+ 7000 0 787 *xx 10X 0.748 *x* 100 0.726 *** 100

Participant® (In, mean dev ~ 0.021 *** 0.013 *** — 0.C1G ***

1/ garticipant: — — 2.501 *** —_

1/ (In farticipents) — 2.495 *** — 0.217*

1/ (In garticipants® — -1.237 *** — —

Real wage index (Ii [1]"' [1] [1] [1]

Industry funcs (NC) 0.49¢+** 0.4€2 *** 0.308 *** 0.4€0 ***

Company funs 0.65¢ *** 0.648 *** 0.434 *** 0.648 ***

Professione group funs 0.967 *** 0.C58 *** 0.734 *** 0.9€1 ***

Other fund 0.528 *** 0.521 *** 0.342 *** 0.522 ***

Pension pla: DCvs DB -0.C53* -0.C54* -0.C1€ -0.082 *

Pensioner. 0.46¢ *** 0.444 *** 0.517 *** 0.4€5 ***

Inactive partiipant: -0.417 *** -0.422 *** -0.465 *** -0.42C ***

Assets per 1000 paripants ~ 1.48C *** 1.424 *** 1.54¢E *x* 1.466 ***

Report invest co -0.3%7 *** -0.3%7 *** -0.327 *** -0.3%6 ***

Outsourcing 0.972 *** 0.968 *** 0.97] *** 0.97 ***

Reinsurec 0.001 ** 0.001 ** 0.001° 0.001 **

Time 0.C52 *** 0.C51 *** 0.C5C *** 0.C51 ***

Intercep -12.517 *** -13.272 *** -12.445 *** -12.601%**

No. of observatior 12,52: 12,52: 12,52: 12,52:

F-statistic 3149 *** 2775 ** 297Q *** 2957

R?, adjusted (% 71.8 71.8 71.6 718

Akaike’s IC 38,341 38,331 38,443 38,341

Wald test® 1045 *** 532 *** 1006 *** 704 ***

First derivative® 0.716 + 0.781+ 2*0.013 0.748 - 2.502/p 0.72€ + 2*0.019
2*0.021*(INp-  (In p-In p) — 2.495/ (In p-Inp) —
Inp) (In p)? + 2*1.237/ 0.217/ (Inp)?

(In p)°
Optimalsize (inparticipant)®  76€,394 8,048,241 No optimum 1.192.868

Cost elasticity at mei€ 0.717 0.736 0.748 0.75

Note *, ** and *** mean significantly different from ero at, respectively, the 90%, 95% and 99% confideevel, while
indicates that the Wald test on Constant Returi8cte (see footnote a) is rejected at the 99%dmmde level.

&The Wald test regards the Constant Returns te3ggiothesis: the coefficient of the linear tergmimber of participants)
is equal to 1, and the coefficient(s) of the novedir term(s) is (are) equal to°0yvith p for ‘number of participants’. See
Section 5.1 for detail$;See Eq. (5.4-5.6%;The optimal scale is calculated by setting thet filerivative equal to one, see
Section 5.1 for detailS; With mean referring to the mean value of the otutpeasure, the number of participants, see
Section 5.1! Coefficient has been set at 1 (homogeneous peleéian).

economies are almost twice as large for the vedlggension funds (compared to the 28% mean),
while they disappear entirely for large pensiord&inThe concavity is less pronounced than in Bikker
and de Dreu (2009), where the coefficient of theased term was twice as large at 0.04. Fig. 6.1
shows the plotted cost elasticity curve againssigenfund size, which is a straight line in thisnse

log graph. It is remarkable how small the corresjrg confidence band is (not included in Fig. 6.1
for the sake of clarity), reflecting the dominamipiact of scale economies. The optimal size number o
participants in a pension fund is 768 thousand@paints, with a 95% confidence band as wide as
368-1939 thousand. In 2009, and later years, thelDQuension sector had only six pension funds,

which were larger than this optimal size and (hgmoelonger operated under economies of scale (12
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pension funds have more than 368 thousand pantisi@and 2 more than 1939 thousand). Of course,
for the assessment of optimal size and (dis)ecoe®ofi scale we have to take the criticisms against

the TCF into account.

Unrestricted Laurent cost function

The unrestricted Laurent cost function (ULF) différom the translog function by having two
additional reciprocal output terms, which are dbladjust (or generalize) the U-shaped or parabolic
average costs of the TCF. Column 2 in Table 6.shbat both reciprocal terms are significant at th
1% level (possibly due to multicollinearity, seddve). Note that the concavity term (the squared
output term) is still significant, so that some got remains for the U-shaped cost curve. But tst c
elasticity curve becomes flatter for pension fuwith more participants (see Fig. 6.1), implying a
flatter right leg of the U-shaped average cost euAt the same time, the cost elasticity at themiga
— at 0.736 — slightly higher than according toTi@F. The optimal scale is estimated at 8 million
participants, which is much higher than the optis@le according to the TCF (768,394 participants).
This would imply that, according to the ULF, no piem fund in the Netherlands is larger than this

optimal-size estimate.

Fig. 6.1. Cost elasticity and optimal scale in thadministration costs model
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We apply the VIF test in order to check whethertioallinearity among the explanatory variables

may be a problem. This test rejects the ULF, bexatistrong correlation (0.93) between the two
inverse output terms. Therefore we drop one of thiema last column in Table 6.1 shows the
estimates for a simplified ULF, which hardly deesfrom the TCF. The SULF optimum size is

almost 1.2 million participants (with 95% confidengand 488-4,273 thousand participants) instead of

768 thousand for the TCF. Note, however, that ttenfidence intervals overlap.
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HACD model

The third cost function considered is the hypedBIACD model, see Column 3 in Table 6.1. This
model represents the monotonically decreasingdorincreasing) average cost function. The cost
elasticity is equal to 0.748 for pension funds Viitle thousand participants or more, and smaller fo
smaller pension funde,g.below 0.5 for ten participants (see Fig. 6.1). ¢gerwe find unused scale

economies of 25.2% for larger funds and laigEfor smaller funds.

To compare the estimated administrative cost mpdelaise the Akaike IC (AIC). The ULF reaches
its lowest value at 38.331, but failed the VIF t@$te simplified ULF (SULF) and the TCF have AIC
values at an equally low level (38,341), while &CD’s AIC, at 38,443, is ‘significantly’ higherps
that the HACD model appears to be less well-suitbédugh the TCF and SULF models are highly
similar in terms of goodness of fit (AIC and adpsR), their corresponding optimal sizes differ: 0.8
million versusl.2 million participants. This result supports approach of using various cost output
models in order to reveal the underlying uncerjaatiout the true value of the optimal size.

Moreover, it makes clear how sensitive the optigieze is for specification choices.

Other determinants of administrative costs

We now discuss the estimates of the other explanagwiables, stemming from the simplified ULF,
which has amex aequdow AIC. Note, however, that the estimated coefits hardly vary across the
four functional forms: none of the coefficients nga sign and their magnitudes and significance
levels hardly change. The real wage index and éirehighly correlated (0.955) and do not pass the
VIF test on multicollinearity, so that we canndtieste both coefficients. In line with the standard
hypothesis of price homogeneity, we set the caefitcof the wage index at 1. Four pension fund type
dummies reflect type-related variation in costaincy, where ‘compulsory industry funds’ — the
category with the largest number of participanéts as reference category. Hence, the dummy
variables for non-compulsory (NC) industry fundsmpany funds, professional group funds and other
funds measure the cost-level difference with compnyl industry funds. Apparently, all four
governance types are significantly more expensid@th economic and statistical terms than
compulsory industry funds (after controlling fohet determinants), with NC industry funds having
63% higher costs (63 = exp (0.490) — 1), while camypfunds (+91%) and professional group funds
(+161%) are even more expensive. Industry fundd terffer relatively straightforward (standard)
pension plans, leading to lower costs, while maommgany funds and professional group funds offer
more tailor-made pension schemes, which may showw bgher costs (Bikkeet al, 2012).
Furthermore, industry funds may face fewer trassééraccrued pension rights, because employees
often stay in the same industry if they switch jatesulting in little additional costs for the pems

fund. The cost differences are smaller than in Bilkdnd de Dreu (2009) for 1992-2004.
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On average, DC pension plan tend to have lowesdbath DB schemes, but the effect is not
significant at the 5% level. With respect to papéats we consider active and inactive participants
and retirees. Pensioners imply 59% higher costapeoed to active participants (the reference
category), possibly due to the pay-out of pensiemiits and increased communication. Inactive
participants go with 52% lower costs, which is glale as ‘sleeping’ pensions are less subject to
changes and need less communication, et ceterts i@orease significantly with assets per
participant, arguably because administrative costg go up (somewhat) with total assets. An
alternative explanation is that pension funds withre wealthy participants — in terms of per capita

total assets — increase luxury or face higher ahststo managerial complexity, see the introduction

Some pension funds report zero investment costshwvig highly unlikely to be accurate. A part of
them report net investment returns instead of gpogs, coupled with investment costs. Others may
include (part of) their investment costs in the adstrative costs. Our dummy variable ‘pension fsind
reporting investment costs’ tests the latter suspicTl he significantly negative coefficient leadste
conclusion that some pension funds do, in factugeinvestment costs in administrative costs. The
positive coefficient of outsourcing of administaatishows that outsourcing indicates significantly
higher costs. Logically, one would expect that outsing reduces costs, because specialized
companies exploit their larger scale, offsettingjrtiprofit margin. In practice, particularly for
company pension funds, the sponsor company bedrsfiiae administrative costs, which will thus
not show up in the bookkeeping of the pension f@atsourcing makes such costs visible, hence the

positive coefficient.

Whether a pension fund is partly or fully reinsudeets not affect administrative costs significaiatly
the 5% level (except under the HACD model), butdbenomic impact is negligible. Costs increase
over time, controlled for all other determinantsieth may reflect an increase in accounting and
supervisory requirements. The increase may alsabged by improved reporting of administrative
cost over time. In any case, such effects domiaayecost-saving technical progresgy in the area

of IT and communication systems (Konirgsal, 2002; Chattertost al, 2010).

6.1. Optimal scale estimates for individual years

The regression results on the full dataset in T@ldleresents averages over 1992-2009. In order to
obtain additional information about the developraemter time, we re-estimate the cost models for
each of the 18 years separately, and we do thisaftn of the three considered functional forms

(Table 6.2 For the same reason as above, when solving théollihearity problem, we simplify

% Note that the real wage index and ‘time’ neede@ibpped in the annual models.
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the ULF. Because the dummy and control variableshat especially relevant for the analysis on scale

economies and optimal scale, they are neither tegpan Table 6.2 nor discussed in the text.

Table 6.2. Scale economies and optimal scale of gamn funds’ administration by year

Translog cost function Simplified ULM HACD
Costs

r(i;cerzgg\ Ol:f’i C(Z)ng PET Cost Coegff. Opt_im Log- Cost Coef  Coef. Cof)ff. Opt_im Log Cost Colﬁf Cof)ff. Log
Year of ser- parti- parti- elas- squar al size like- elast- I_n-_ of reci- al size likeli-  elas- par- reci- like-

particip vat- cipant C(IESP; ticity ed 100(8() lihood icity paerit:;; ;?:r?,rf"e procal 100(8() hood ticity ticip- procal lihood

ant ions €) 2000) ternf P ternf ants term

1992 469 759 255 305 065 0.04 33 -1,239 0.64 070 0.04 -031 44 -1239 071 071 3.27 -1251
1993 478 792 260 304 067 0.04 31 -1,288 0.67 066 0.04 -0.13 29 -1,288 0.73 0.73 3.53 -1,298
1994 513 788 295 336 0.67 0.04 36 -1,263 0.68 069 0.0F 0.32 45 -1,263 0.74 074 3.78 -1,272
1995 534 789 304 338 0.69 0.04 24 -1,265 070 070 0.04 023 27 -1,265 0.76 0.76 3.88 -1,275
1996 590 786 346 37.8 0.70 0.04 29 -1261 0.69 0.68 0.04 -045 24 -1260 0.75 0.75 2.62 -1,273
1997 639 776 348 372 0.76 0.0 33 -1,216 0.74 072 0.04 -0.89 21 -1,214 0.79 079 1.32 -1,226
1998 679 784 443 464 073 0.0 53 -1,253 0.72 072 0.03 -0.34 43 -1,253 0.77 077 2.28 -1,261
1999 781 754 430 441 074 0.0% 105 -1,164 074 074 0.03 0.01 106 -1,164 0.77 0.77 243 -1,170
2000 898 768 46.0 46.0 0.73 0.02 310 -1,159 073 072 002 0.2 230 -1,159 0.76 0.76 2.07 -1,164
2001 1022 756 47.7 458 070 0.01 >>* 1,156 0.69 067 0.0Z -0.89 3,100 -1,155 071 071 0.09 -1,158
2002 1188 719 496 46.1 071 0.0 >> -1,068 071 071 0.0 -011 >>* 1,068 0.73 0.73 1.29 -1,070
2003 1339 694 515 469 073 0.01 >> 973 074 074 0.01 0.18 >> 973 0.75 0.75 166 -974
2004 1556 647 48.0 432 071 0.01 >> 865 0.72 0.74 0 0.62 >> -865 0.73 0.73 180 -865
2005 1669 643 52.9 46.8 0.76 0.00 >> -889 0.77 0.78 0 0.63 NO° -889 0.77 0.77 1.07 -889
2006 1863 590 548 479 0.73 0.00 >> 813 0.75 0.76 0 0.76 NO -812 0.75 0.75 141 -813
2007 2186 542 529 455 0.68 0.00 >> 648 0.66 0.64 0.01 -1.23 NO -648 0.67 0.67 -043 -649
2008 2515 490 58.8 494 0.67 0.01 >> 606 0.67 0.67 0 0.2 NO -606 0.67 067 0.94 -607
2009 2081 444 621 515 0.66 0.01 >> 538 0.68 0.69 0.01 0.94 >> 537 069 0.69 3.02 -538
Avgs 936 0.71 0.71 0.74
Sum 12,521 -18,665 -18,657 -18,752

Note: Euro 2000 stands for: in prices of 2008uper indices 1,2 and 3 in the column ‘Coefficieinsquared term’ under
Translog cost model indicate significance leve|ge$pectively, 10%, 5% and 19%>>' means larger than 10 million
participantsiNO means: no optimum exists.

During the years 1992-1997 the optimal pension f&ire according to the translog cost function
varied between 24,000 and 36,000 participants,yimglthat larger pension funds (representing 3% of
the respective samples) faced diseconomies of acdlevere less efficient than smaller pension
funds. For the simplified ULF, these ranges argvben 21 and 45 thousand participants. For the
HACD model Table 6.2 shows scale economies onlgalbge this model does not indicate an optimal
scale. Because the optimal scale estimate depenttie @bservations of the largest pension funds, we
re-estimated our model with weighted least squ@arbsre the weight is the square root of the number
of participants), in order to attach more weightite largest observations, see Appendix. Fig. 6.2
shows that the optimal scale over 1992-1998 isnestid at 50-100 thousand participants, rising to 1
million in 2002-2003 and up to 5-10 million in tkest years. The 95% confidence band is wide, but
the upward trend is clear cut. This implies that2@09, each pension fund would save cost after
growing or merging. The outcome reflects that dirae fixed costs have increased more than
proportionally. Additional supervisory and othegu&ation and information technology have

contributed to that.
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Fig. 6.2.0ptimal scalein the ‘weighted’ administrative costmodelovertime with confidencebands
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The estimated cost elasticities for the mean perfsind size show a similar pattern for all consadier
cost functions: fluctuation somewhat around 0.7CKTand ULF) or around 0.74 (HACD), rising
somewhat to a higher level during 1997-2005, aiatihg] back in recent years. This implies that the
average scale economies at the geometric mearotlidnmdamentally shifted over time, where that
mean of course shifts from almost 500 participant992 to 3000 participants in 2009. This implies
that the functional forms of the TCF and the ULF-ig. 6.1 (and the underlying unit cost function)
shift over time to the right, so that the optimedle increases. Without consolidation of the pemsio

sector, the unused scale economies would not lewained constant, but would have increased.

7. Empirical results for the investment cost model

This section focuses on investment costs, whiclsisbof portfolio management, financial research,
trading facilities and advice costs. Transacti@sfdrokerage fees and management fees of mutual
funds are not included, as they are normally alretetlucted from the investment returns. As for the
administrative costs investigation, a number diedént costs functions will be used to estimate the

scale economies. The translog function for investroests reads as:

InIC; = a + f1 (In total assetg + f. (In total assets— Intotalassety® + y; In real wage +

y>,governance dummigs y; pension plan designt y, type of participants+ ys assets per

participants + ys reinsurance + y; asset allocationtr ys time + & (7.2)
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The Unrestricted Laurent model is based on Eq) @tended by; (1/ Intotal assets+ £, (1/ (In

total assety?), while the HACD cost model is equal to Eq. (7ahere the #' term has been replaced
by . (1/total assets Unlike in Eq. (5.7) for administrative costs, fvere use ‘total assets’ as output
measure instead of ‘number of participants’. Furtitee, we delete ‘outsourcing of administration’
and ‘reporting of investment costs’ as explanat@wyables and we add ‘assets allocation’. Assets
allocation consists of the shares of the followdisget categories: stocks, real estate, privatéyequi
commodities, hedge funds and other assets, atr@emage of total investments. The share of bonds
acts as the reference category. The coefficientsesfe variables represent by approximation the ris
management costs of the respective investmentagtegpmpared to that of bonds. Riskier
investments cause higher investment costs due te msearch, complicated transactions and extra

risk management, while also having higher expeatadns (Baueet al, 2010).

7.1. Empirical results for 1992-2009

This section displays the results of the threeed#fit cost functions for the entire data sample
consisting of 7109 annual non-zero observationseasion funds, while the next section presents
results for each of the 18 years separately. Therypanel of Table 7.1 shows the regression results
for the three cost functions, while the lower paisplays a possible optimal scale and the cost
elasticities at the mean values for investmentscddte first derivative is used to calculate those

factors.

Translog cost function

The investment cost elasticity at the (geometriepm-— of € 80 million — is 0.88. The Wald test
rejects the constant returns to scale hypothesst @asticity is 1, quadratic effect is 0) at 186
significance. Hence, scale economies are impoitehie investment activities too (at 12%), but much
less so than in administrative activities (28%Y also less than during 1992-2004 (22%), see Bikker
and de Dreu (2009). Apparently, fixed cost — thgiorof scale economies — occur less in investment
than in administration. As the squared output teoefficient is significantly different from 0, theeis
evidence of a concave relationship between investiowsts and output size (total assets), implying
that small pension funds face higher scale ecoroamd large funds experience lower scale
economies. Fig. 7.1 shows the plotted cost el&gtitirve against pension fund size, which is a
straight rising line in this semi-log graph. An iopaél fund size occurs at total assets of € 690anill
with confidence interval € 567-813 million. In 2QGBe Dutch pension sector numbers no fewer than
83 pension funds with total assets above € 690amill

We have observed that some pension funds undetrapministrative cost, particularly smaller funds.
Note that that implies that actual scale economiedikely higher that what we have found, as full

reporting would have raised the cost of smalleisganfunds further.
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Unrestricted Laurent function
The two additional reciprocal terms of the unres#d Laurent cost function are highly correlatdd (a

0.988) and do not pass the VIF test on multicadlntg. Our solution is to simplify the model by

Table 7.1. Estimates of the investment cost moddl992-2009)

Variable Translog Unrestricted Simplified ULF HACD
Laurent function
Ta (in logarithms 0.880%**/%%® 1.E15%**/ 0% 1.380***/°% 0.938***/%%
T& (in In, mean dev  0.028*** -0.021 -0.015** —
1/ta - - — 655 ***
1/ (nta —-— 87.18¢ 57.068*** —-—
1/ (In ta? — -73.90: — —
Real wage index (Ii [1]' [1] [1] [1]
Industry fund (NC 0.09¢ 0.091 0.09: 0.08¢
Company fun 0.287*** 0.290*** 0.290*** 0.242%*
Prof. group fun 0.534*** 0.514%** 0.515*** 0.481***
Other fund 0.349*** 0.344*x* 0.345*** 0.338***
Pension plan (DB/DC  0.02¢ 0.00¢ 0.00¢ 0.01¢
Stocks 0.583*** 0.558*** 0.559*** 0.555***
Realestate 1.489%* 1.358%* 1.362%* 1.497%*
Private equity 0.12¢ 0.23i 0.23i 0.33(
Commodities -2.99¢ -3.42( -3.471° -3.05:2
Hedge fund: 0.95¢ 1.02( 1.02: 1.28¢
Other funds -0.302** -0.274** -0.274** -0.255’
Pensioner. -0.05( -0.08¢ -0.08i -0.07¢
Inactive partiipant: 0.274*** 0.288*** 0.289*** 0.225**
Reinsurec -0.006*** -0.006*** -0.006*** -0.006***
Assets per 1000 part  0.090* 0.08i 0.089* 0.145*
Time 0.021*** 0.020*** 0.020*** 0.019***
Intercep -17.420%** -31.717%** -28.103*** -17.9:6***
No. of obs 710¢ 710¢ 710¢ 710¢
F-statistic 167¢€ *** 1694 *** 1752%** 1761 ***
R?, adjuste 75.6 75.7 75.7 75.6
Akaike’s IC 20,99( 20,93¢ 20,93¢ 20,99:
Wald test® 178 *** 11€*** 167 *** 12 ***
First cerivative " 0.88C+2*0.028 (Int) 1.51t+2*0.021(Int) 0.84 + 2*(.026(Int)  0.938 — 655t
- 87.186/(Int)? + - 57.068/(Int)?
2%73.901/(Int)*
Optimal scaleg(assets®  69C million 565 million 69C million No optimal poin®
Cost elasticity at mes 0.88C 0.93¢ 0.93: 0.€3C

Note *, ** and *** mean significantly different from ero at, respectively, the 90%, 95% and 99% confideevel, while
°®indicates that the Wald test (see footnote a beiswgjected at the 99% confidence level.

&The Wald test regards the Constant Returns te3ggiothesis: the coefficient of the linear teriftdtal assets) is equal to
1, and the coefficients of the non-linear termseayeal to 0P with t for ‘total assets’. See Section 5.1 for detdilEhe
optimal scale is calculated by setting the firgidgive equal to one, see the method section étaits;” According to the
HACD model, an optimal scale does not exXitfith mean referring to the mean value of the outpeasure, total assets,

see Section 5.1 Coefficient has been set at 1 (homogeneous pelatian).

deleting the second reciprocal term (see colummpsfied ULF’). The average scale economies are
only 7%. Fig.7.1 shows that the reciprocal terrthef SULF causes additional curvature, confirming
the large unused scale economies of pension fuitdsmall portfolios as found by the TCF, but

rejecting diseconomies of scale for large pensima$ (as does the TCF). The cost elasticity curve
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just crosses the constant-return-to-scale (CRS)(gxt 1) at exactly the same point as the TCFR®E 6
million) and later bends back. This outcome sugtestall portfolio sizes above € 690 million are
optimal, which make sense from an economic viewpakpntly, the average cost curve falls gradually
for smaller funds but remains flat after the minimaverage cost level has been reached. The cost
elasticity at the geometric mean ( € 80 millionai.93 higher than in the TCF (0.88), but still
significant different from CRS. Hence, the averagale economiesSg according to the SULF

model are 7% instead of 12% (according to the TOFfourse, th&Eare larger for smaller funds

and virtually zero for larger funds.

Fig. 7.1. Cost elasticity and optimal scale in themvestment costs model
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HACD cost function

The third cost function considered is the hypedBIACD model, see Column 3 in Table 7.1. This
model represents the monotonically decreasing geerast function, where an optimal scale, or
better, diseconomies of scale, may be absent. dsteetasticity increases to 0.930 at the geometric
mean, and up to 0.938 for larger pension fundsnpaggnificantly different from CRS, see Fig. 7.1.
An optimal scale is absent: unused scale econashi@®% continue to exist for pension funds of any

size. Of course, the flexibility of the HACD modsllimited.

To compare the estimated investment cost modelsgam use the Akaike IC (AIC). Where the TCF
and SULF models for administrative costs have aairAIC value, the (S)ULF for investment cost
outperforms the TCF (and HACD) fiercely. Hence, ¢baclusion is that for investments, scale
economies do exist, but decline for larger fund$watal assets up to (around) € 690 million ared ar

absent for larger funds.
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Other determinants of investment costs

We will now discuss the estimates of the other @xplory variables stemming from the SULF. Note,
however, that the estimated coefficients hardly\aaross the four functional forms: none of the
coefficients change sign and their magnitude aguifstance levels hardly change. As observed
above, the real wage index and time are highlyetaied. In line with the standard hypothesis oferi
homogeneity, also here we set the coefficient eithge index at 1. Three governance types are, in
both economic and statistical terms, significantlyre expensive than compulsory industry funds
(after controlling for other determinants), as hasen the case for administrative costs too: company
funds having 34% higher investment costs, whileothnds (42%) and professional group funds
(67%) are even more expensive, roughly in line \Bitkker and de Dreu (2009). A convincing
explanation is lacking. Bauet al (2010) and Chattertaet al. (2010) expect lower costs for DB
plans, as they make more frequent use of asséitliahatching strategies and invest more in fixed-
income assets that generally entail lower costsvéder, we do not find any difference between DC
and DB schemes. Note that the asset allocatioalas take any different investment strategies into

account.

Fig. 4.6 shows that large funds hold more compksets with correspondingly higher risk
management costs, while on the other hand, lamgesipn funds benefit from lower unused scale
economies. Therefore we need to disentangle thessite effects. This can be done by including
pension fund-specific asset allocation variablegtie first size effect and output for the secord s
effect. The asset allocation variables do, in fexclicate significantly higher investment reseaaol

risk management costs for the riskier assets. i§m#ost evident for stocks (75% more expensive than
bonds) and real estate (290%). It may also holgfmate equity and hedge funds, but their
coefficients are not statistically significant. @tlassets, including money market funds, are
significantly less costly than bonds, all in linglwexpectations. The coefficient of commoditienidd

significant.

With respect to type of participants, we obsenghér investment costs for inactive participants,eou
clear explanation is lacking. Reinsuranoe,full or partial outsourcing of liability and invesent

risks, reduces investment costs significantly,xa@®eted, but the economic impact is low. Costs
increase over time, controlled for all other detimants, which may in part reflect improved repagtin

of investment costs over time. Of course, investrteshniques, research, risk management, technical

progress, and reporting requirements have allfsegmitly changed over time.
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The regression results on the full dataset in Tadleresents averages over 1992-2009. In order to

obtain additional information about the developmsenter time, we re-estimate each of the three

considered investment cost models for each of 8hgears separately (Table 722For the same

reason as above, when addressing the multicolltyganoblem, we simplify the ULF. Because the

dummy and control variables are not especiallyesiefor the analysis on scale economies and

optimal scale, they will not be reported in Tabl2 or discussed in the text.

Table 7.2 Scale economies and optimal scale of pemsfund investments by year

Translog Simplified ULF HACD

Geon- Cost . Opti- Coeff. Opti- Coeff.

etric ob- Per D'tFO Cost Coeff. _mal Log- Cost Coef Coeff. qf mal Log Cost Coeff qf Log
Year MeAN o minin g Of SZe O i elass In % "% gise(x likeli elast .In " likel

Of TA |t €uro euro icity sqrd. - mil- T od ticity TA sqrdl. ProC " mil- hood -icity TA P hood

.(mll- ions of 2000 ternf lion term al lion) cal

lions) TA euros) term term
1992 41 231 940 1126 0.78 0.04 649 -325 0.79 0.92 0.03 14 699 -325 0.87 0.87 661 -328
1993 36 272 893 1042 0.79 0.0 2,636 -377 0.81 0.99 0.01 20 10,245 -377 0.86 0.86 584 -377
1994 34 300 713 811 0.74 0.05 519 -444 0.78 1.06 0.02 31 672 -444 0.83 0.83 511 -448
1995 37 317 687 765 0.76 0.03 1,757 -456 0.77 0.81 0.03 5 1,980 -456 0.84 0.84 552 -457
1996 45 337 467 510 0.76 0.03 1,955 -484 0.79 1.06 0.01 31 4,009 -483 0.85 0.85 809 -485
1997 52 359 461 493 0.81 0.03 1,187 -523 0.85 1.16 0.00 36 4,824 -522 0.87 0.87 297 -524
1998 66 408 433 454 0.83 0.0 5,780 -571 0.91 1.50 -0.04 72 NO° -567 0.89 0.90 598 -567
1999 78 410 478 491 0.88 0.01 45,703 -575 0.90 1.06 -0.01 21 NO -575 0.90 0.90 385 -575
2000 87 447 640 640 0.88 0.02 2,529 -620 0.89 0.98 0.01 12 3,557 -620 0.91 091 517 -621
2001 82 477 668 641 0.89 0.01 5,983 -663 0.92 1.27 -0.02 44 NO -662 0.93 0.93 678 -662
2002 83 462 848 788 0.89 0.01 23,925 -611 0.91 1.15 -0.01 31 NO -610 0.92 0.92 605 -610
2003 87 482 989 900 0.92 0.02 622 -674 0.94 1.14 0.00 25 572 673 0.96 0.96 593 -674
2004 94 484 1019 917 0.91 0.03 328 -736 0.93 1.11 0.02 24 275 -736 0.97 097 728 -739
2005 109 505 1248 1103 0.94 0.02 553 -740 1.00 1.58 -0.03 78 95 -738 1.00 1.00 943 -739
2006 128 474 1140 997 0.94 0.02 420 -753 1.02 1.75 -0.04 101 79 -750 1.02 1.02 1309 -750
2007 146 423 2097 1805 0.93 0.02 607 -632 1.00 1.54 -0.03 76 152 -630 0.99 0.99 892 -629
2008 157 379 2550 2141 1.00 0.0Z 171 -551 1.05 1.56 -0.03 72 42 -550 1.04 1.04 766 -550
2009 202 342 1978 1642 0.97 0.02 418 -464 1.02 1.50 -0.03 71 97 -462 1.01 1.01 967 -462
Avgs 80 0.87 0.90 0.93
Sum 7,109 -10,199 -10,181 -10,196

Note: TA stands for ‘total assets’ and ‘euro 2000’ forprices of 20007 Super indices 1,2 and 3 in the column ‘Coefficient
of squared term’ under Translog cost model indisagificance levels of, respectively, 10%, 5% 46l ° NO means: no

optimum exists.

The most remarkable outcome is that the cost elysét the (geometric) mean increased over time by

around 0.20. Comparing the first and the last yigars, the cost elasticity shifted in the TCF from
0.75t0 0.95, in the SULF from 0.80 to 1 and inl&CD from 0.85 to around 1. This means that

scale economies for tlaeragepension fund were large in the earlier yearsdegtined or vanished

in the later years. This contrasts with the adrais/e costs, where we observe elasticities aatesc

economies for the average fund ,which are constattime. We further observe that the coefficient

of the squared output term in the TCF remains albo®® over the entire sample period, implying that

% Note that the real wage index and ‘time’ needet@ibpped in the annual models.
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scale economies decline with pension fund Sidanis, too, contrasts with the administrative costs
where the coefficient of the squared output tertreelio below 0.002, that is virtually zero, so that

scale economies became equal for each size class.

Fig. 7.2 shows the ULF cost curve for three sepayatirs, which represent the trend over time. These
curves show that large unused scale economiesmemesent for small pension funds. For the larger
funds, however, the trend indicates a change frigecdnomies of scale, via constant returns to scale
towards residual or even increasing scale econoiiesmarkable phenomenon shown in Fig. 7.2 is
that the flexible ULF mimics the TCF for 1992 amdldwing years, with a clear optimal scale and
scale diseconomies for larger funds, while for 1888 other years in that area, it represents the
HACD model with average investment costs declimmanotonically and flat cost elasticity, so that
scale economies exist for all medium-sized ancelpension funds and the level of scale economies is
constant. For 2008 and other recent years, theedagrds further, reflecting monotonically declining
average costs, which describes a more complicatgtdoc production structure: medium-sized

pension funds are unable to exploit unused scaleaguies (as long as they expand by small steps

only), while larger pension funds are able to doldus outcome also illustrates the shortcomings of

Fig.7.2. Cost elasticity and optimal scale in thdraplified ULF of investment costs
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the TCF, which can produce straight lines onlytliis semi log graph), and of the HACD model,

which invariably ends in a horizontal line.

% Though not significantly different from zero dugin998-2002 and in some of the later years, sekeTab.
For the administrative cost model, the significasnded completely after 2002, see Table 6.2.
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Table 7.2 shows that the optimal size estimatduktes heavily over time, indicating lack of
robustness. Given that the TCF may be misleaditiy igspect to optimal scale estimates, we focus
on the simplified ULF cost. For most years, the Eldllasticity curve touches the y = 1 or CRS axis,
but Fig. 7.2 explains that the optimal scale figuray indicate the start of a (possibly endingjnogk
scale range. If the curve does not touch the CRS ar find ‘no optimum’ and hence scale
economies for all sizes. We conclude that in regeats an optimal scale for investment cost doés no

exist but that pension funds beyond a certain smadeate under conditions close to CRS.

8. Summary and conclusions

This paper investigates the methodological proldéscale economy measurement and demonstrates
the sensitivity of the cost model’s functional forparticularly with respect to determining optimal
scale. An underlying question is whether the aveagts form a U shape, which implies existence of
an optimal scale, or whether they decline monotidlyicso that scale economies continue to exist at
any scale. Exploring three different functionalfisr, we find that the often-used translog cost fonct
has the drawback of assuming an underlying U-shaperhge cost function, as soon as the cost-
output relationship becomes non-linear. The hyperaity-adjusted Cobb Douglas model is also too
limited, as it assumes a monotonically decreasiegese cost function throughout. The unrestricted
Laurent function (ULF) is more general and abldéscribe both types of underlying average cost
functions. While the scale economy estimates femtiean pension funds are quite similar across the

three functional forms, the conclusions with respe@n optimal scale diverge widely.

Turning to the empirical results for the superidtRJthe administrative costs model shows that for
the average pension fund in the Netherlands sggmifiscale economies (SE) exist of about 27%.
These SE are size dependent: up to 50% and mosendt pension funds, but lower or even zero for
larger funds. Over time, using annual estimates Stk remain fairly constant. An optimal scale over
the entire sample period is estimated at somewd@teal million participants, but it is much lower
over 1992-1999 and increases during subsequerg §earscale above that of the largest Dutch
pension fund. This suggests that average admiti&reosts per participant now decline without

limit.

For investment costs, the picture is differentstithe SE are small at 7% for the average pension
fund. The SE are larger for smaller funds and dewdi to zero for larger funds. The optimal scale is
reached around a portfolio size of € 690 milliomjle/ larger funds remain equally cost efficientwié
focus on annual estimates, we find that the optsnale does not shift over time, in contrast to

administrative cost where the optimal scale inaeas/er time. The optimal scale estimate of
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investment costs fluctuates heavily over time, pogto lack of robustness. For investment costs it
important to consider the asset allocation as swetle, particularly in recent years, large pension
funds invest more in risky assets which go withhleigrisk management costs. Ignoring this size effec
would affect the scale economy measurement: stciseal estate do indeed carry significant higher

costs thare.g.bonds.

Annual operational costs have a huge impact ondytension fund benefits, because they erode
pension wealth year after year. This effect isrgjen the lower the returns are. Reducting suclscost
as much as possible should be an important paticgv¥ery pension fund. Consolidation among
smaller pension funds would greatly benefit thesteefficiency. We also observe huge cost
difference within each size class, with potentraag possibilities to reduce costs. So, particulzmn
administrative activities, we find significantlydhier costs for company funds and professional group
funds compared to industry funds (controlled faesketc.), though decaying somewhat over time.

Other, more idiosyncratic causes of cost differamcgiire further investigation.
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Appendix: Weighted regression of the administrative cost model

Table A.1 presents the estimates of the weightgebssions of the TCM and the SULF. Compared to
unweighted (Table 6.2), the average cost elagtfcior the two models have increased somewhat, but
remain highly significantly different from 1, imphg the existence of highly significant scale
economies. The coefficient of the squared ternos stable over time in the TCF at 0.02 and highly
significantly (andquitestable in the ULF), while it fell from 0.04 to O @vtime in the unweighted
regression. A final difference is that, startindlB03, the coefficient of the SULF reciprocal tésm
highly significant now. All these changes indicttat the functional form of the cost elasticity is
slightly different now that observations of largemsion funds have higher weights in the regression
though without significant changes in the conclasicAs a result the estimated optimal scale is
somewhat higher in the earlier period (1992-1998) lawer in later years. Fig. 6.2 shows that the
95% confidence band of the optimal scale is lasgehat the optimal scale value is quite uncer@in.

course, this is due to the fact that the optimalesties in the tail of the size distribution.
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Table A.1. Optimal scale of pension funds’ adminisation by year (weighted regression)

Translog cost model Simplified ULM
#
Ob- Coeff. Opti- Coeff. Coeff. Coeff. of Opti-
ser- Cost of mal Log- Cost In- of reci- mal Log

vat- elas- squared size (x like- elast- partici- squared procal size (x likeli-
Year ions ticity term® 1000) lihood icity pants term®  term® 1000) hood

199: 75¢ 0.7¢ 0.0z 3 65 -112¢ 0.7¢ 0.7¢ 0.07 3 -0.2¢ 64 -1,12¢
199 79z 0.7¢ 0.0z ® 112 -1147 0.7¢ 0.7¢ 0.0z ®* -0913% 104 -1,143
199¢ 78¢ 0.771 0.0z 3 65 -1131 0.7¢ 0.7¢ 0.0z % -1.31° 85 -1,13I
199t 78¢ 0.8C 0.0z ° 65 -1111 0.7¢ 0.7¢ 0.0z ® -1.2C ® 62 -1,11(
199¢ 78¢ 0.81 0.0z ° 41 -108: 0.8 0.7¢8 0.0z 3 -2.1¢°?3 43 -1,08:
1997 77€ 0.87 0.01 2 71 -101¢F 0.8® 0.8 0.0z 3% -2.2¢°3 69 -1,01¢
199¢ 784 0.81 0.0z ° 55 -106: 0.7¢ 0.71 0.0z ® -3.5¢3 57 -1,061
199¢ 754 0.81 0.0z ° 18¢ 95 0.7¢ 0.7/ 0.0z ° -262% 158 -951
200C 76€ 0.7¢ 0.0z ®* 401 -93¢ 0.7¢ 0.67 0.0z % -3.1¢° 282 -93¢4
2001 756 0.6€ 0.0 * 531 -1017 0.6 0.4¢ 0.0¢ ® -6.57 ° 32t -1,01:
200: 71¢ 0.7C 0.0z ®* 1,77C¢ -881 0.66 0.5¢ 0.0z ® -4.4:° 85¢ -87¢
2007 694 0.7C 0.0z ® 1,16¢ -784 0.66 0.6z 0.0z % -352°% 777 -782
200¢ 647 0.6¢ 0.0z ® 41,37. -704 0.66 0.6 0.0z ® -3.07 °® 1189z -70¢
200t 64z 0.71 0.0z ® 8,74¢ -732 0.6¢ 0.5¢ 0.0z 3% -577° 240¢ -731
2006 59C 0.7C 0.01 2 56,67 -644 0.6¢ 0.6 0.0z ® -3.0¢ ° 14,45¢ -64:
2007 54z 0.6z 0.0z ® 15,67¢ -52C 0.6C 0.4¢ 0.0z ® -7.42 % 3,908 -51¢
200¢ 49C 0.6 0.0z ® 41,700 -45; 0.€2 0.5¢ 0.0z ® -3.9¢ % 13,37¢ -451
200¢ 444 0.65 0.0z ® 31,65 -40¢ 0.6¢ 0.6 0.0z ® -2.5¢ 3 14,81+ -40¢
Avgs 0.77 0.7t

Sumr 12,52: -15,71C -15,68¢E

&Super indices 1,2 and 3 indicate significance el respectively, 10%, 5% and 1%.
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