University of
< Reading

What determines the asset allocation of
defined benefit pension funds?

Article
Published Version
Creative Commons: Attribution-Noncommercial-No Derivative Works 4.0

Open Access

Zhao, Z. and Suicliffe, C. ORCID: https://orcid.org/0000-0003-
0187-487X (2021) What determines the asset allocation of
defined benefit pension funds? Applied Economics, 53 (36).
pp. 4178-4191. ISSN 1466-4283 doi:
10.1080/00036846.2021.1897512 Available at
https://centaur.reading.ac.uk/96533/

It is advisable to refer to the publisher’s version if you intend to cite from the
work. See Guidance on citing.

To link to this article DOI: http://dx.doi.org/10.1080/00036846.2021.1897512

Publisher: Taylor & Francis

All outputs in CentAUR are protected by Intellectual Property Rights law,
including copyright law. Copyright and IPR is retained by the creators or other
copyright holders. Terms and conditions for use of this material are defined in
the End User Agreement.

www.reading.ac.uk/centaur

CentAUR


http://centaur.reading.ac.uk/71187/10/CentAUR%20citing%20guide.pdf
http://www.reading.ac.uk/centaur
http://centaur.reading.ac.uk/licence

University of
< Reading
Central Archive at the University of Reading

Reading’s research outputs online



€Y Routledge

g Taylor &Francis Group

Applied Economics

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/raec20

What determines the asset allocation of defined
benefit pension funds?

Zucheng Zhao & Charles Sutcliffe

To cite this article: Zucheng Zhao & Charles Sutcliffe (2021) What determines the asset
allocation of defined benefit pension funds?, Applied Economics, 53:36, 4178-4191, DOI:
10.1080/00036846.2021.1897512

To link to this article: https://doi.org/10.1080/00036846.2021.1897512

8 © 2021 The Author(s). Published by Informa
UK Limited, trading as Taylor & Francis
Group.

@ Published online: 31 Mar 2021.

N
G/ Submit your article to this journal &

||I| Article views: 574

A
& View related articles &'

@ View Crossmark data (&'

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalinformation?journalCode=raec20


https://www.tandfonline.com/action/journalInformation?journalCode=raec20
https://www.tandfonline.com/loi/raec20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/00036846.2021.1897512
https://doi.org/10.1080/00036846.2021.1897512
https://www.tandfonline.com/action/authorSubmission?journalCode=raec20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=raec20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/00036846.2021.1897512
https://www.tandfonline.com/doi/mlt/10.1080/00036846.2021.1897512
http://crossmark.crossref.org/dialog/?doi=10.1080/00036846.2021.1897512&domain=pdf&date_stamp=2021-03-31
http://crossmark.crossref.org/dialog/?doi=10.1080/00036846.2021.1897512&domain=pdf&date_stamp=2021-03-31

APPLIED ECONOMICS
2021, VOL. 53, NO. 36, 4178-4191
https://doi.org/10.1080/00036846.2021.1897512

Routledge

Taylor & Francis Group

39031LN0Y

8 OPEN ACCESS W) Check for updates

What determines the asset allocation of defined benefit pension funds?

Zucheng Zhao and Charles Sutcliffe

The ICMA Centre, Henley Business School, University of Reading, Reading, UK

ABSTRACT

The asset allocation decision is one of the most important decisions made by defined benefit
pension schemes, with a major effect on the scheme contribution rate, funding ratio and financial
position of the sponsoring company. We investigate the determinants of the equity allocation of
UK pension funds using a panel of 1,304 observations on 125 companies that were members of the
FTSE 100 over the 2003-2019 period. We find that seven variables have a significant effect on the
allocation between equities and bonds — maturity (as measured by the effective duration of
scheme liabilities), default risk, leverage of the sponsor, size of the sponsor (or the scheme),
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whether the scheme is closed to future contributions, whether the scheme has significant overseas
liabilities, and a time trend. Our sensitivity analysis finds that the biggest effects on the asset
allocation come from scheme maturity, the scheme’s funding ratio and a time trend.

I. Introduction

The asset allocation of defined benefit (DB) pen-
sion schemes is one of the most important deci-
sions taken by such schemes. It has a major effect
on their investment performance, which then
affects the scheme’s funding ratio and contribution
rates. While they are separate legal entities, since
the employer (sponsor) is responsible for any sur-
plus or deficit on their DB scheme, it is now gen-
erally accepted that the assets and liabilities of DB
pension schemes are effectively consolidated with
those of their sponsor. Therefore, a DB scheme
affects its corporate sponsor in many different
ways, including leverage, mergers and acquisitions,
dividends, capital expenditure, share price and

credit rating.'
DB pension scheme asset allocation has been the

subject of a very active debate by trustees, actuaries,
fiduciary managers, sponsors, fund managers, aca-
demics and regulators. A common solution, e.g.
60% equities and 40% bonds, does not prevail,
and there is considerable variation in the asset

allocations of UK DB pension schemes. This is
the first study of the determinants of the equity-
bond allocation of UK pension funds. The results
for other countries do not necessarily apply to the
UK due to institutional differences. The asset allo-
cation decision is affected by UK pension legisla-
tion, the requirements of the Pension Regulator
and UK institutions such as the Pension
Protection Fund (Yuan and Lui 2016); as well as
by the different circumstances of each scheme.”
A better understanding of the determinants of
asset allocation within the UK context will help
both those making this decision, and those regulat-
ing and insuring pension schemes, as well as inves-
tors in DB scheme sponsors.

We study the determinants of the percentage of
funds invested in equities by the DB pension
schemes of FTSE 100 companies for the
2003-2019 period. We analyse the effects of ten
explanatory variables on the equity allocation,
while previous studies for other countries have

CONTACT Charles Sutcliffe 8 cm.s.sutcliffe@rdg.ac.uk @ The ICMA Centre, Henley Business School, University of Reading, Reading, UK.

"Leverage (Bartram 2016; Shivdasani and Stefanesu 2010), mergers and acquisitions (Cocco and Volpin 2013; Chang, Kang, and Zhang 2012; Meijdam 2012;
Sudarsanam and Appadu 2015), dividends (Bunn and Trivedi 2005; Liu and Tonks 2010), capital expenditure (Bartram 2017; Campbell, Dhaliwal, and Schwartz
2012; Chaudhry, Yong, and Veld 2017; Dambra 2014; Kubick, Lockhart, and Robinson 2014; Phan and Hegde 2013; Rauh 2006), CAPM beta (Jin, Merton, and
Bodie 2006), share price (Castro-Gonzalez 2012; Chen et al. 2014; Chen 2015; Feldstein and Merck 1983; Feldstein and Seligman 1981; Franzoni 2009; Franzoni
and Marin 2006a, 2006b; Liu and Tonks 2013 ; Nakajima and Sasaki 2010; Phan and Hegde 2013), and credit rating (Cardinale 2007; Carroll and Niehaus 1998;
Gallagher and McKillop 2010a, 2010b; McKillop and Pogue 2009; Maher 1987, 1996; Martin and Henderson 1983; Wang, Wu, and Zhang 2013; Watson Wyatt
2005).

2There are no legal limits on the asset allocations of UK pension funds. However, the annual levy payable to the Pension Protection Fund rises with the riskiness
of the asset allocation.
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used only a few explanatory variables. This is the
first study of the effects of non-linear default risk,
leverage, cash flow volatility, size of the sponsor (or
scheme) and maturity on the asset allocation of UK
schemes. In addition to the six explanatory vari-
ables that have been used in previous research on
the asset allocation decision for various countries,
we also include four new variables - scheme clo-
sure to new contributions, overseas pension liabil-
ities, a time trend and equity returns exceeding
bond returns. This is also the first study to measure
the maturity of DB pension schemes using effective
duration, which we argue is the best available mea-
sure of scheme maturity. We find that UK DB
scheme asset allocations vary in response to eight
factors in ways that are largely consistent with prior
expectations. Our results indicate that the large
variations in pension scheme asset allocation
observed in practice are due to differences in the
circumstances of both sponsors and schemes.
There is no single ‘correct’ asset allocation where
one size fits all, e.g. 60% equities and 40% bonds.

The rest of this article is structured as follows.
Section 2 reviews the literature on the determinants
of the pension fund asset allocation. Section 3 dis-
cusses the measurement of the maturity of pension
scheme liabilities, and in section 4 we describe our
empirical model. Sample selection, data sources
and descriptive statistics are contained in section
5. Section 6 presents our empirical results, and
section 7 concludes.

Literature review

Theory indicates that three factors affect the
asset allocation of DB pension schemes. The
tax arbitrage strategies of Black (1980) and
Tepper (1981) imply 100% investment in
bonds, while the under-priced default insurance
model of Sharpe (1976) leads to 100% invest-
ment in equities. In the presence of risk sharing
between the scheme’s sponsor and members the
optimal asset allocation is indeterminate;
depending on the risk sharing proportions and
the sensitivity of total remuneration and the
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value of the sponsor’s pension call option to
changes in asset volatility (Sutcliffe 2016, pp.
219-221). Pension schemes are usually affected
by more than one of these three factors, mak-
ing it difficult to predict the optimal asset allo-
cation. The empirical evidence for the influence
of these three factors is limited, and only tax
arbitrage has been researched. Thomas (1988)
and Frank (2002) found some modest US evi-
dence in favour of the tax arbitrage strategy,
while, Bartram (2018) found no evidence for
the tax arbitrage strategy for the US. In the
UK Boots moved to 100% bonds in 2000
(Ralfe, Speed, and Palin 2004) in accordance
with tax arbitrage motive.

In addition to these three factors, a pension
fund’s asset allocation may be affected by the
default risk of the sponsor, and this has been
examined empirically by research on the oppos-
ing motives of risk management and risk shift-
ing. Risk management implies a negative
relationship between sponsor default risk and
the equity proportion of the pension fund,
while risk shifting implies a positive relationship
(Rauh 2009). There have been many empirical
studies of risk shifting versus risk management
for the US, and to a lesser extent the UK. In
these studies, most have used the scheme’s fund-
ing ratio as a reverse proxy for default risk. For
the US, the evidence is mixed, with an equal
number of studies supporting the two alternative
hypotheses,” while the smaller number of studies
for the UK mostly support risk shifting.*

A further influence on a pension fund’s asset
allocation is the degree to which the asset allo-
cation is re-balanced in response to price
changes. Unless the asset allocation is fully re-
balanced, a rise or fall in the equity market
(relative to the other assets held by the fund)
automatically changes the equity proportion of
the pension fund. For the Netherlands, Bikker,
Broeders, and De Dreu (2010) found that about
60% of such changes in asset proportions are
not removed by re-balancing. Rauh (2009)
showed that investment returns have a positive

3Addoum, Van Binsbergen, and Brandt (2010), Amir and Benartzi (1999), An, Huang, and Zhang (2013), Anantharaman and Lee (2014), Atanasova and Gatev
(2013), Bodie et al. (1985, 1987), Comprix and Muller (2006), Coronado, Liang, and Orszag (2006), Friedman (1983), Gallo and Lockwood (1995), Guan and Lui

(2014), Mohan and Zhang (2014), Petersen (1996) and Rauh (2009).

“4Guan and Lui (2014), LCP (2014), Li (2010), and McCarthy and Miles (2013).
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relationship with pension fund equity allocation,
implying less than full re-balancing.

High levels of leverage tend to increase the
risk of default by the sponsor, and Davis and De
Haan (2012) found that Dutch DB pension
funds with a more highly levered sponsor have
a lower equity allocation. Various studies have
found that DB pension funds with a large spon-
sor also tend to have higher equity allocations
(US - Amir and Benartzi 1999; Netherlands -
Bikker et al. 2012; Netherlands - Davis and De
Haan 2012; Switzerland - Gerber and Weber
2007; Kenya - Ngugi and Njuguna 2018; US -
Rauh 2009). Another factor that has been found
to influence asset allocations is the volatility of
the sponsor’s cash flows. Amir and Benartzi
(1999) found that for US schemes the more
volatile are the sponsor’s cash flows, the lower
is the equity allocation of its pension fund.

Finally, the structure of a scheme’s liabilities
may affect a pension fund’s asset allocation.
Previous studies for six countries (US, Canada,
Netherlands, Finland, Switzerland and Belgium)
of the effect of maturity (measured in various
ways) on pension fund asset allocation support
the view that, as a scheme becomes more
mature, its equity allocation decreases.’

Some DB schemes are immature with mostly
young active members, while others are mature
with few or no active members. Immature
schemes have liabilities that will not become
due for many years, and a strong positive cash
flow due to large contributions and small pen-
sion payments. Mature schemes are in the oppo-
site position, with most of their liabilities due
for payment in the near future, and a negative
cash flow due to small contributions and large
pension payments. Immature schemes are
expected to favour equity investment, as they
hope to benefit from the equity risk premium,
and have the time to recover from a deficit by
raising contribution rates and changing the ben-
efits and retirement age. As they have little
scope for raising contribution rates or changing
the benefits and retirement age, mature schemes

are expected to favour low-risk investments such
as bonds. Bonds hedge the interest rate risk of
the pension liabilities, are easy to liquidate to
pay the pensions, and have low risk.

As well as cross-section differences in the liabi-
lity structure of schemes, it has also been shifting
over time. Over recent decades, the liability struc-
ture of DB schemes has been changing as many
schemes have closed to new members or future
accruals, to be replaced by defined contribution
schemes. For example, in the UK, the proportion
of DB schemes closed to future accruals in 2020
was 46% (Pension Protection Fund 2020). As
a result, the average time lag before accrued bene-
fits are paid has become shorter. However,
increased longevity means that additional pay-
ments are required for pensioners at the end of
their lives, which tends to lengthen the average
time lag before payments are made. So the net
effect of scheme closure and increased longevity
on the time lag before accrued benefits are paid is
unclear. The measure of scheme maturity needs to
allow for such effects.

Il. Measuring maturity

There is no agreed way of measuring scheme
maturity, and a large number of alternative defini-
tions have been used in previous empirical studies.
These include the ratio of the number of active
members to pensioners (US, Canada - Lépez-
Villavicencio and Rigot 2013), the ratio of active
members to total participants (Belgium - Defau
and De Moor 2018; US - Lucas and Zeldes 2009;
Netherlands, US, Canada - Boon, Brié¢re, and Rigot
2018; US - Friedman 1983; US - Rauh 2009), the
average age of all members and pensioners
(Switzerland — Gerber and Weber 2007), the aver-
age age of active members (Netherlands — Bikker
et al. 2012; Chandler 2017; Switzerland - Gerber
and Weber 2007), the average age of the sponsor’s
employees (Finland - Alestalo and Puttonen 2006),
the average age of pensioners (Canada — Chandler
2017), the proportion of liabilities represented by
pensioners (Canada — Chandler 2017), and the log

US (Amir and Benartzi 1999; Friedman 1983; Lucas and Zeldes 2009; Lopez-Villavicencio and Rigot 2013; Rauh 2009), US, Canada and Netherlands (Boon,
Briere, and Rigot 2018), Canada (Lépez-Villavicencio and Rigot 2013), Netherlands (Bikker et al. 2012), Finland (Alestalo and Puttonen 2006), Switzerland

(Gerber and Weber 2007) and Belgium (Defau and De Moor 2018).



(Pension benefit obligation/Accrued benefit obliga-
tion) divided by the log(1+ Salary growth rate)
(US - Amir and Benartzi 1999).

All these measures of maturity, apart from the
last, simply group participants according to their
age or membership status, which assumes that
those of the same age or with the same membership
status have the same effect on maturity. This
ignores substantial differences in the magnitude
of the benefits accrued by participants of the same
age or membership status. Since scheme maturity
influences a pension fund’s asset allocation via its
effect on when the scheme’s liabilities fall due for
payment, what is needed is a summary measure of
the timing of future pension payments, irrespective
of the age or membership status of participants.
Macaulay duration provides such a measure
(Macaulay 1938; Van Zijl 1990). Duration is
expressed in years as it measures the weighted
average number of years until pension payments
are made, where the present values of these cash
flows vary with the discount rate.

1 & C
MacaulayDuration = — Z tit_t
L (1+1i)

=1

where C; is the total of the DB pension payments
expected to be made in time period ¢, i is the
discount rate used to calculate the present value
of the DB pension liabilities, L; is the DB pension
liability when the discount rate is 7, and n is the
total number of time periods

Macaulay’s duration depends on several
assumptions. First, a single interest rate is applied
to discount all the cash flows, i.e. the yield curve is
flat. Second, there are only parallel shifts in the
yield curve. Finally, the cash flows are independent
of changes in the yield curve. To avoid making
these assumptions McCaulay (2013) suggested
using effective duration to measure the duration
of pension liabilities. The value of effective dura-
tion is usually reasonably similar to the Macaulay
duration, with a smaller effective duration indicat-
ing a more mature pension scheme, i.e. pension
payments are weighted more towards the present,
than to some distant horizon. The information in
UK annual reports does not permit the calculation
of Macaulay’s duration (or modified duration),
only effective duration. So we measure the maturity
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of pension schemes in years using effective dura-
tion, which is defined as:

Li—x - Li+x
2LiX

PensionEffectiveDuration =

wherex is the change in the discount rate, and x
and L;;, are the DB pension liabilities when the
discount rate is i £ x.

lll. Empirical model

To investigate the determinants of the asset alloca-
tion of pension funds we estimate the model:

Equityyy = o + B,ED;; + B,FR; + B,FR;.
+ B,LEV; + B.SDCFy, + B,Size
+ B, Close; + B,EHB; + f3,Overseas;
+ /)710 Tt + &t

The dependent variable (Equity;;) is the percentage
of the pension fund’s equity assets, as a proportion
of the total pension assets of firm i at the end of
financial year t. ED;, is the effective duration of firm
i’s pension liabilities (years) at the end of
financial year t. We expect a positive relation
between the effective duration of pension liabilities
and the equity allocation. In other words, more
immature (or younger) schemes are expected to
have higher equity allocations.

Bader (1991) argues that pension schemes with
substantial over or underfunding should invest
mainly in fixed-income securities, whereas fully
funded schemes should allocate more to equities.
This implies an upside-down U-shaped relation-
ship between the funding ratio and equity alloca-
tion. Using UK data Li (2010) found empirical
support for this view, which involves both risk
sharing and risk management. To allow for a non-
linear relationship between the funding ratio and
equity allocation we include the funding ratio
squared (FR3), as well as the funding ratio (FR;).
FR; is the total market value of pension assets
divided by the DB pension liabilities (%) for firm
i at the end of financial year t. Whether the funding
ratio has a positive, negative on non-monotonic
effect on the equity allocation is an empirical
question.

Higher levels of leverage increase the risk of
default, and Amir, Guan, and Oswald (2010)
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argue that companies close to violating debt cove-
nants are particularly at risk. To capture the effect
of debt, we include the financial leverage ratio
(LEVy) in our model. LEV is measured as long-
term debt divided by the sum of long-term debt
and the market value of the sponsor’s equity (%)
for firm i at the end of year t. A higher level of
leverage increases the sponsor’s default risk, and we
expect this to result in a lower allocation of pension
assets to equities.

Sponsors usually make pension fund contribu-
tions using their net cash inflows from operations.
If these cash flows fluctuate this increases the risk
that the sponsor will have difficulty in making their
pension contributions; and this risk is increased if
the size of the required contributions also fluctu-
ates. To reduce this risk sponsors with fluctuating
net cash inflows from operations may tend to
invest their pension fund in low-risk assets.
SDCF; is the volatility of cash flows from operating
activities, measured as the standard deviation of
operating cash flows over the current and previous
four years, deflated by the book value of common
equity for firm i at the end of financial year t. We
expect this variable to have a negative effect on the
equity allocation.

Larger companies tend to have lower risk and
better access to investment expertise, and so are
willing to hold more risky assets in their pension
fund (De Dreu and Bikker, 2012). To control for
this effect, we include company size (Size;;), which
we measure as the natural logarithm of the DB
pension sponsor’s market capitalization
(£ million) for company i at the end of year t. We
also use an alternative measure of Size;, which is
the natural logarithm of total DB pension assets
(£ million) of company i at the end of year ¢ (Gorter
and Bikker, J.A. 2013). We expect size to have
a positive effect on the equity allocation.

Over the past two decades many UK compa-
nies have closed their DB pension schemes to
future accruals (hard closed), and these schemes
are now in ‘run-off. Since these schemes have
no contributions, they will probably invest in
low-risk assets (Butt 2011). We use the (1-0)
dummy variable Close;; to capture the effect of
hard closure on the pension fund’s asset

allocation. Close;; equals one when the sponsor’s
principal DB scheme is hard closed for firm i at
the end of financial year ¢, and zero otherwise.
We expect a negative effect of this dummy vari-
able on equity allocations.

When equity markets have a higher average total
return than bond markets, this will not only
increase the proportion of pension assets in equi-
ties but also encourage DB schemes to invest more
in equities. Therefore, we include a (1-0) dummy
variable EHB;;, which is one when the total return
on the equity index is higher than the total return
on the bond index in year t, and zero otherwise. We
expect the relation between this dummy variable
and equity allocations to be positive.

Some companies in the FTSE 100 are multina-
tional businesses with DB pension schemes in
other countries. These companies are concentrated
in industries such as basic materials and oil and gas
with major operations in developing countries, and
this may mean they have younger members.
Because overseas schemes are subject to different
regulations, we include another (1-0) dummy vari-
able (Overseas;;) to capture this effect. It is equal to
one if company i has more than 20% of its pension
assets in overseas schemes at the end of fiscal year t,
and zero otherwise. The sign on this variable is
difficult to predict.

In the 1950s UK pension funds began a trend
towards increasing their investment in equities (the
cult of the equity), which culminated in the 1990s
with very high average equity allocations (Sutcliffe
2005). As Figure 2 shows, this century there has
been a steady downward trend in the average
equity allocation. So we include a time trend (7),
with the expectation that it will have a negative
coefficient.

Since all the firms in our data are FTSE 100
companies, the tax arbitrage motive probably
applies to all, or most, of them; implying
a general motive to invest the pension fund in
100% bonds. All these firms are also subject to
the Pension Protection Fund® which aims to
price its insurance fairly, and this implies 100%
of the pension fund in equities. The presence of
risk sharing between the sponsor and members,
and its likely effect on the pension fund’s asset

®The Pension Protection Fund began operating in 2004, and so does not apply in 2003.
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Table 1. Descriptive statistics for FTSE 100 companies from 2003 to 2019.

Variable FTSE 100 Sample

Mean Median STD
Equity 35.23 34.16 18.40
ED 18.00 17.89 3.13
FR 91.88 92.65 17.96
FR? 8757.21 8572.89 3258.79
LEV 16.38 13.47 13.76
SDCF 0.12 0.06 133
Size (SMQ) 9.49 9.08 1.75
Size (PA) 7.19 7.29 1.89
Close 0.22 0 0.42
EHB 0.64 1 0.48
Overseas 0.31 0 0.46
T 11.04 1 3.61

Equity is the percentage of the pension fund'’s equity assets, as a proportion of the total pension assets. ED is the effective duration of firm’s pension liabilities
(years). FR is the total market value of pension assets divided by the DB pension liabilities (%), and FR? is the funding ratio squared to allow for the non-linear
relation between the funding ratio and equity allocation. LEV represents the leverage which is measured as long-term debt divided by the sum of long-term
debt and the market value of the sponsor’s equity (%). SDCF is the volatility of cash flows from operating activities, measured as the standard deviation of
operating cash flows over the current and previous four years, deflated by the book value of common equity. Size(SMC) is the natural logarithm of the
sponsor’s market capitalization (£ million), and Size(PA) is the natural logarithm of pension scheme assets (£ million). Close equals one when the sponsor’s
principal DB scheme is hard closed, and zero otherwise. EHB is one when the total return on the equity index is higher than the total return on the bond index,
and zero otherwise. Overseas is equal to one if a company has more than 20% of its pension assets in overseas schemes, and zero otherwise. T is a time trend
(1,2,3,4,...) starting in 2007 to pick up the time effect of the credit crunch, with prior years assigned a value of zero.

allocation are hard to determine; and could lead
to more or less investment in equities. These
three factors are not included in our empirical
model as there is minimal, or no, within sample
variation in the first two factors, and no data on
the third factor.

IV. Data

Our sample consists of annual data on 125 of
the past and present FTSE 100 constituents that
have, or had, DB pension schemes over the
2003-2019 period. The information to compute
the effective duration was collected manually
from the sensitivity analysis section of each
company’s annual reports. The dates of the clo-
sure of DB schemes to future accruals, and the
proportions of pension assets in overseas
schemes were also obtained from the annual
reports. The funding ratios, percentage of pen-
sion asset allocations, sponsors’ market capitali-
zation and other financial data for the sample
companies were downloaded from Bloomberg.
Market capitalizations denoted in foreign cur-
rency were converted to pound sterling using
official exchange rates from World Bank Open
Data.” The annual returns for the equity and

bond indices were downloaded from
Datastream.® After removing observations with
missing values, the sample contains 1,304 com-
pany-year observations.

Descriptive statistics for our data are presented
in Table 1. During the sample period companies
allocated an average of 35.23% of their total pen-
sion assets to equities. The average effective dura-
tion (ED) for the sample is 18 years, which is close
to the median. The average funding ratio (FR) is
91.88%, which means the sample is moderately
underfunded. We use the natural logarithm of
each DB pension sponsor’s market capitalization
to represent the Size (SMC); but we also consider
the natural logarithm of DB pension assets, Size
(PA), as an alternative measure of size. Finally, for
our three dummy variables, 22% of the sample
pension schemes are closed to future accruals.
Over the sample period 64% of the time the equity
index generated higher total returns than the bond
index, and 31% of the sponsors had overseas DB
schemes which accounted for over 20% of their
total pension assets.

From Figure 1, we can see a clear downward
trend in the average maturity of pension liabilities
per year for our sample companies, dropping from
21.2 years in 2003 to 17.8 years in 2019. This is

"Official exchange rate is the local currency units relative to the US dollar calculated and based on monthly averages supplied by the World Bank:
databank.worldbank.org/reports.aspx?source = 2&series = PA.NUS.FCRF&country =
8We use the FTSE All-World Index as the equity index, and the J.P. Morgan Global Aggregate Bond Index as the bond index.
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Figure 1. Trend in the average maturity (Effective duration) of UK pension funds — 2003-2019.

Average Equity Allocation (%)

70

60

50

40

30

20

10
2003 2005 2007 2009

2011 2013 2015 2017 2019

Figure 2. The average equity allocation of FTSE 100 pension funds — 2003-2019.

probably due to the continuing closure of DB
schemes to new members or future accruals. In
2006 43% of UK DB schemes were open to new
members, but by 2020 this had dropped to 11%
(Pension Protection Fund 2020). Figure 2 shows
that there is a clear and relatively smooth down-
ward trend in the average equity allocation in our
sample, decreasing from 65.17% in 2003 to 21.40%
in 2019. Table 2 has the correlations between the

variables in our model. There are only two correla-
tions above 0.5, so multicollinearity does not
appear to be a problem.

V. Empirical results

We use linear regression with heteroscedastic panel
corrected standard errors (PCSE), where we cluster
the standard errors at the level of the sponsor
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Table 2. Correlation matrix for the variables of the companies studied — 2003-2019.

Equity ED FR FR? LEV SDCF Size (SMC) Size (PA) Close EHB Overseas T
Equity 1
ED 0.173 1
FR —-0.285 0.154 1
FR? —-0.338 0.163 0.954 1
LEV 0.067 -0.012 —-0.086 —-0.099 1
SDCF —0.006 0.016 0.018 0.023 0.006 1
Size (SMQ) —-0.135 —-0.167 0.128 0.109 —-0.294 0.056 1
Size (PA) —-0.157 -0.199 0.319 0.243 0.014 0.027 0.570 1
Close —-0.252 -0.015 0.174 0.170 —-0.166 0.022 -0.077 —-0.060 1
EHB 0.077 0.003 0.024 0.010 —-0.010 —0.033 0.015 0.020 —0.055 1
Overseas 0.112 -0.294 -0.312 —0.290 0.107 -0.077 0.257 0.007 -0.218 0.018 1
T —0.521 —0.068 0.167 0.199 —-0.094 -0.016 0.031 0.006 0.377 —-0.165 —0.053 1

Equity is the percentage of the pension fund'’s equity assets, as a proportion of the total pension assets. ED is the effective duration of firm’s pension liabilities

(years). FR is the total market value of pension assets divided by the DB pension liabilities (%), and FR? is the funding ratio squared to allow for the non-linear
relation between the funding ratio and equity allocation. LEV represents the leverage which is measured as long-term debt divided by the sum of long-term
debt and the market value of the sponsor’s equity (%). SDCF is the volatility of cash flows from operating activities, measured as the standard deviation of
operating cash flows over the current and previous four years, deflated by the book value of common equity. Size(SMC) is the natural logarithm of the
sponsor’s market capitalization (£ million), and Size(PA) is the natural logarithm of pension scheme assets. Close equals one when the sponsor’s principal DB
scheme is hard closed, and zero otherwise. EHB is one when the total return on the equity index is higher than the total return on the bond index, and zero
otherwise. Overseas is equal to one if a company has more than 20% of its pension assets in overseas schemes, and zero otherwise. T is a time trend (1, 2, 3,
4, ...) starting in 2007 to pick up the time effect of the credit crunch, with prior years assigned a value of zero.

company, since the sample is an unbalanced panel
and contains possible heteroscedasticity and serial
correlation in the errors. The initial number of
observations is 1,304, but after removing observa-
tions with missing values and outliers with extre-
mely large or small values, the number of
observations decreases to 1,268. The Jarque-Bera
test (2.143, X2 = 0.3426) shows that the regression
residuals are normally distributed, and so the sig-
nificance tests on the coeflicients are reliable.

Since the coefficient on ED is positive and highly
significant, the results in model (1) of Table 3
support our hypothesis that FTSE 100 companies
with less mature pension schemes allocate more
assets to equities. The coefficient means the equity
allocation is increased by 1.232% when the effective
duration (ED) of DB pension liabilities is increased
by one year. The positive coefficient on the funding
ratio (FR) of pension schemes shows that every 1%
increase in the funding ratio leads to a 0.431%
increase in the equity allocation. This supports
the risk management hypothesis. The negative
coefficient of —0.004 on FR® indicates that, for
funding ratios of less than 54%, increases in FR
have a net positive effect on the equity allocation,
but at a decreasing rate. However, for funding
ratios above 54%, the equity allocation decreases,
giving an inverted U-shaped relationship. As only
2.84% of the funding ratios of our sample of 1,304

observations are below 54%, the empirical reality
for the UK is risk shifting.

As expected, pension funds with more highly
levered sponsors (LEV) have lower equity alloca-
tions, with a 1% higher financial leverage leading to
equity allocations that are 0.089% lower. The nega-
tive coefficient on Size (SMC) (-1.178) indicates
that the schemes of larger companies have lower
equity allocations. This conflicts with our expecta-
tion and may be because larger schemes have
responded more strongly to the general trend for
de-risking. Companies with pension schemes
closed to future accruals (Close) have equity alloca-
tions 3.413% lower than otherwise, which accords
with our expectations. Those companies with more
than 20% of their pension assets in foreign schemes
(Overseas) have equity allocations that are 4.900%
higher. The highly significant time trend (T) shows
there is a strong de-risking trend. Finally, the coef-
ficients on SDCF and EHB are insignificant, indi-
cating that changes in the volatility of operational
cash flows do not cause UK listed companies to
hold less equities in their pension funds; and higher
annualized total returns for the equity index have
no effect on the equity allocation.

Model (2) of Table 3 measures size using total
pension assets Size (PA), and leads to the same
main conclusions as model (1). The differences
are that LEV is no longer significant, Overseas has
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Table 3. The equity allocation of DB pension funds.

Variable Expected Sign (1) (2)
ED + 1.232%** 1.277%**
(9.55) (8.89)
FR ? 0.4371%** 0.452%**
(4.94) (4.57)
FR? ? —0.004%** —0.004***
(=7.31) (-6.76)
LEV - —0.089*** —-0.035
(-3.29) (-1.36)
SDCF - 0.020 —-0.053
(0.05) (-0.14)
Size + —1.178*** —0.746%**
(—4.98) (-2.75)
Close - —3.413%** —3.137%**
(-3.16) (—2.84)
EHB + 0.238 0.348
(0.29) (0.42)
Overseas ? 4.900%** 3.435%**
(5.88) (4.09)
T - —2.097*** —2.076%**
(-17.67) (=17.33)
Constant + 38.713%** 31.838***
(7.89) (6.54)
Observations 1268 1287
Number of companies 125 125
Adj. R 0.4155 0.3972

This table shows the regression results of heteroscedastic panel corrected standard errors (clustering the standard errors at the level of a sponsor firm) for
a sample of FTSE 100 companies with DB pension schemes. The dependent variable is Equity, it represents the percentage of the pension fund’s equity assets,
as a proportion of the total pension assets. ED is the effective duration of firm’s pension liabilities (years). FR is the total market value of pension assets divided
by the DB pension liabilities (%), and FR? is the funding ratio squared to allow for the non-linear relation between the funding ratio and equity allocation. LEV
represents the leverage which is measured as long-term debt divided by the sum of long-term debt and the market value of the sponsor’s equity (%). SDCF is
the volatility of cash flows from operating activities, measured as the standard deviation of operating cash flows over the current and previous four years,
deflated by the book value of common equity. Size(SMC) is the natural logarithm of the sponsor’s market capitalization (£ million), and Size(PA) is the natural
logarithm of pension scheme assets (£ million). Close equals one when the sponsor’s principal DB scheme is hard closed, and zero otherwise. EHB is one when
the total return on the equity index is higher than the total return on the bond index, and zero otherwise. Overseas is equal to one if a company has more than
20% of its pension assets in overseas schemes, and zero otherwise. T is a time trend (1, 2, 3, 4, ...) starting in 2007 to pick up the time effect of the credit
crunch, with prior years assigned a value of zero. Column (1) provides coefficients and z-statistics (in parentheses) when Size is denoted by the natural
logarithm of the sponsor’s market capitalization. Column (2) provides coefficients and z-statistics (in parentheses) when Size is denoted by the natural
logarithm of total pension assets. ***, ** and * indicate the significance levels 1%, 5% and 10%, respectively.

a smaller coefficient, and Size has a larger
coefficient.

To further measure the importance of each
explanatory variable on the equity allocation, we
use sensitivity analysis to quantify the effect of
a one standard deviation change in the value of
each significant non-dummy explanatory variable
on the predicted average equity allocation, with all
other explanatory variables set to their average
values. These sensitivities depend on both the
variability of each variable and its regression coeffi-
cient. Since the two Size variables are natural logs,
their effect on the dependent variable is non-linear.
So we first use the original values of Size (SMC) and
Size (PA) to compute their means and standard
deviations, and then employ the natural logs of
the increased and decreased Size values in the
empirical equation. The effect of changes in the
funding ratio is also non-linear as FR involves

a squared term. The sensitivity results for models
1 and 2 in Table 3 are in Table 4.

Table 4 shows that the sensitivity of the equity
allocation to one standard deviation changes in ED,
FR, Size and T are broadly similar for models (1)
and (2). The dependent variable is most sensitive to
variations in T (24%), closely followed by varia-
tions in FR (-21% for an increase, and 13% for
a decrease of one standard deviation). Variations in
ED have half the effect (12%) of T and FR on the
equity allocation. Variations in LEV have a much
smaller effect (4%), and Size has an even smaller
effect (below 1%). Changes in the dummy variables
Close and Overseas change the equity allocation by
between 3% and 5%.

As a robustness check, we apply fixed effects
and random effects panel regressions for both the
Size (SMC) and Size (PA) models, with
a Hausman test to select between fixed and
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Significant Explanatory Variable Model 1 - Model 2 -
(One Std. Dev. Increase or Decrease)* % Change in Equity % Change in Equity

ED 12.10% 12.06%

FR —21.19% & 13.09% —20.29% & 12.07%

LEV —3.84% --

Size —0.65% & 0.92% —0.42% & 1.33%

T 23.76% 23.85%

This table is calculated on the basis of the descriptive statistics from Table 1, and the regression coefficients from Table 3. All the variables have been explained
in Table 3. The predicted values of Equity using the average values of the explanatory variables are 31.86% for model 1, and 31.42% for model 2.
* The effects of a decrease of one standard deviation are the same as those for a decrease, except for the funding ratio and the size variable, where we report

the effect of both an increase and a decrease in their standard deviation.

Table 5. Robustness test for the equity allocation of DB pension funds.

Variable (1) (2) (3) (4)
ED 0.417** 0.576%** 0.434%** 0.592%**
(0.181) (0.165) (0.181) (0.166)
FR 0.038 0.083 0.012 0094
(0.092) (0.084) (0.094) (0.086)
FR? —0.001** —0.007%*** —-0.001* —0.001***
(0.000) (0.000) (0.000) (0.000)
LEV —0.073 —0.094** —-0.024 —0.021
(0.046) (0.041) (0.039) (0.037)
SDCF —0.066 —0.049 —-0.013 —-0.023
(0.182) (0.182) (0.186) (0.186)
Size 0.265 —0.558 1.655 -0.436
(0.661) (0.500) (1.021) (0.533)
Close —2.547%¥* —2.762%%* —2.893%** —2.987%**
(0.967) (0.934) (0.984) (0.957)
EHB 0.510 0.511 0.571 0.588
(0.496) (0.495) (0.502) (0.503)
Overseas 2.863 2.679 2310 2.072
(2.192) (1.733) (2.153) (1.701)
T —2.452%** —2.3771%** —2.497%** —2.327%**
(0.092) (0.087) (0.109) (0.089)
Constant 57.134%** 60.915%** 47.650%** 54.855%**
(9.328) (7.583) (8.240) (6.265)
Observations 1268 1268 1287 1287
Number of companies 125 125 125 125
Robust standard errors Yes Yes Yes Yes
Fixed effects in company Yes No Yes No
Random effects No Yes No Yes
R? overall 0.3607 0.3891 0.2882 0.3685
Hausman test 0.0064 0.0000

Notes: This table shows the regression results of the fixed and random effects with robust standard errors. All the variables have been explained in (Table 3).
Columns (1) and (2) provide coefficients and robust standard errors (in parentheses) when Size is denoted by the natural logarithm of the sponsor’s market
capitalization. Columns (3) and (4) provide coefficients and robust standard errors (in parentheses) when Size is denoted by the natural logarithm of total
pension assets. ***, ** and * indicate the significance levels 1%, 5% and 10%, respectively.

random effects. We also apply robust standard
errors to address heteroscedasticity and autocor-
relation in the errors. The panel data results of
these regressions are presented in Table 5.
Columns (1) and (2) in Table 5 show the fixed
and random effects models with robust standard
errors when size is denoted by the natural loga-
rithm of sponsor’s market capitalization, i.e. Size
(SMC). The Hausman test statistic of 0.0064 means
the fixed effects model (1) is superior to the ran-
dom effects model (2). Column (1) confirms that

for the fixed effects model ED has a positive effect
on Equity; and FR®, Close and T have a negative
effect on Equity. Columns (3) and (4) has the
results for the fixed and random effects models
with robust standard errors, where size is now
denoted by the natural logarithm of total pension
assets, i.e. Size (PD). The Hausman test statistic of
0.0000 favours the fixed effects model in column
(3), rather than the random effects model in col-
umn (4); and the results in column (3) confirm
those in column (1) of Table 5.
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Overall, the results of these four regressions
(models 1 and 2 in Table 3, and 1 and 3 in
Table 5) support a positive effect of ED on
Equity; and negative effects for FR®, Close and
T. There is also evidence from models (1) and
(2) in Table 3 that FR and Owverseas have
a positive effect on Equity, and LEV and Size
have a negative effect. Apart from Size, the
signs of the eight significant variables are in
accord with our prior expectations.

VI. Conclusions

We use a sample of 125 UK-listed companies who
were constituents of the FTSE 100 index over the
2003-2019 period to study the factors affecting their
pension fund asset allocation. This is a very important
decision for pension schemes and their sponsors that
has a major effect on their funding ratios and con-
tribution rates. We use ten explanatory variables,
including the first use of effective duration to measure
maturity, as well as being the first to include scheme
closure, the long-term downward trend, the presence
of overseas liabilities and excess equity returns in the
analysis.

Our panel regressions indicate a positive relation
between the effective duration of pension liabilities,
and the proportion of the pension fund invested in
equities. In other words, UK companies with less
mature pension schemes tend to increase the
investment of their DB pension fund in equities.
There is also evidence for a small non-linear nega-
tive effect of the funding ratio on the equity alloca-
tion, consistent with risk shifting; and strong
evidence of a de-risking time trend. We also find
that firms with a hard closed pension scheme also
have lower equity allocations.

There is weaker evidence that the equity alloca-
tion is higher for firms with more than 20% of their
pension assets in overseas schemes, and that the
funding ratio has a positive effect of the equity
allocation. When combined with the negative effect
of the squared funding ratio, the result is that the
funding ratio has an inverted U-shaped effect on
the equity allocation, as proposed by Bader (1991)
and Li (2010). Some evidence is also available that
firms with a higher leverage have a lower equity
proportion. Contrary to expectations, sponsor or

scheme size has a negative effect on the equity
proportion, which suggests that larger schemes
have responded more strongly to the general de-
risking trend. The volatility of cash flows from
operations and the return on the equity index
exceeding that on bond index do not have
a significant effect on the equity allocation. Our
sensitivity analysis finds that variations in scheme
maturity and the funding ratio, along with the time
trend, have the largest effect on the equity alloca-
tion. The leverage of the sponsor, size of the spon-
sor/scheme, hard closure of the scheme, and
a sponsor with more than 20% of its pension assets
in overseas schemes have smaller effects on the
equity allocation.

Our results indicate that the DB pension
schemes of large UK firms have adjusted their
equity allocation in a way that is consistent
with our prior expectations; and provide some
justification for the wide range of scheme spe-
cific asset allocations that occur in practice.
They may also assist trustees and scheme spon-
sors in setting an asset allocation that is appro-
priate for their particular circumstances. The
upward time trend in maturity (see Figure 1),
and the downward time trend in the equity
allocation (see Figure 2), will lead to even less
investment in low-risk assets in the future. The
continuing closure of DB schemes will also
cause a further decrease in their average equity

allocation.
Our analysis of 125 FTSE 100 companies using

nine scheme-specific variables and one economic
variable has explained about 40% of the variation in
asset allocation. It could be extended to the consti-
tuents of the FTSE 350, and by the inclusion of
additional control variables to explain more of the
variation in the dependent variable. For example,
acquisitions, mergers, and buy-ins could be exam-
ined. Finally, since pension scheme regulations
differ between countries, an analysis of DB pension
scheme asset allocation in developing countries
would be interesting.
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