
 

 

 

Risk in pension plans

Citation for published version (APA):

Tyagi, M. (2016). Risk in pension plans. [Doctoral Thesis, Maastricht University]. Datawyse / Universitaire
Pers Maastricht. https://doi.org/10.26481/dis.20160426mt

Document status and date:
Published: 01/01/2016

DOI:
10.26481/dis.20160426mt

Document Version:
Publisher's PDF, also known as Version of record

Please check the document version of this publication:

• A submitted manuscript is the version of the article upon submission and before peer-review. There can
be important differences between the submitted version and the official published version of record.
People interested in the research are advised to contact the author for the final version of the publication,
or visit the DOI to the publisher's website.
• The final author version and the galley proof are versions of the publication after peer review.
• The final published version features the final layout of the paper including the volume, issue and page
numbers.
Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright
owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these
rights.

• Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
• You may not further distribute the material or use it for any profit-making activity or commercial gain
• You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above,
please follow below link for the End User Agreement:
www.umlib.nl/taverne-license

Take down policy
If you believe that this document breaches copyright please contact us at:

repository@maastrichtuniversity.nl

providing details and we will investigate your claim.

Download date: 22 May. 2023

https://doi.org/10.26481/dis.20160426mt
https://doi.org/10.26481/dis.20160426mt
https://cris.maastrichtuniversity.nl/en/publications/c57adc3a-345e-48de-a6d8-d0fbcf25f829


Risk in Pension Plans

Mukul Tyagi





Risk in Pension Plans

Mukul Tyagi
Maastricht University School of Business and Economics

Maastricht

A thesis submitted for the degree of

Doctor of Philosophy at Maastricht University

mailto:m.tyagi@maastrichtuniversity.nl
http://www.maastrichtuniversity.nl


© 2016 by Mukul Tyagi

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system,
or transmitted, in any form, or by any means, electronic, mechanical, photocopying, recording
or otherwise, without the prior permission in writing from the author.

Printed by Datawyse / Universitaire Pers Maastricht

This book was typeset using LATEX.

ISBN 978 94 6159 551 5

UNIVERSITAIRE
PERS MAASTRICHT

U P

M



Risk in Pension Plans

DISSERTATION

to obtain the degree of Doctor at Maastricht University,
by the authority of Prof. dr. L.L.G. Soete, Rector Magnificus,

in accordance with the decision of the Board of Deans,
to be defended in public

on Tuesday, April 26th 2016, at 16:00 hours

by

Mukul Tyagi



Promotores:
Prof. dr. W.F.M. (Dennis) Bams
Prof. dr. Peter C. Schotman

Assessment Committee:
Prof. dr. Rob Bauer, Chairman
Prof. dr. Dirk Broeders
Prof. dr. E.H.M. (Eduard) Ponds, Tilburg University
Prof. dr. Alfred Slager, Tilburg University



To my parents Renu and Pramod





Acknowledgements

The last few years have been incredible for me, both in terms of learning as well as fun.
This has been possible because of some amazing people. I would like to thank them in
the next few paragraphs.

Two very special people deserve the first word of thanks, my PhD advisors. Peter
has extensive knowledge of academic literature and his talent for new ideas is excep-
tional. I will genuinely miss our email conversations just before a conference presenta-
tion. He is a great source of inspiration to me. In additional to his econometric exper-
tise, Dennis is very meticulous, has a great eye for detail as well as an emphasis for the
bigger picture. His very personal coaching style is truly effective. All the three papers
in the dissertation are a result of many simulating discussions with them and I cannot
stress enough how privileged I have been to have them as my supervisors.

I would like to thank Rob Bauer, Dirk Broeders, Eduard Ponds, and Alfred Slager
for providing me with a very helpful and constructive feedback. I am truly honored
that they agreed to be on my evaluation committee.

This dissertation was made possible by generous financial help from Rabobank,
Utrecht. I would specially like to thank Erik Winands and Mâcé Mesters for their sup-
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Chapter 1

Introduction

1.1 What’s new in pensions?

Pension funds are arguably the most important institutional investors in the world to-
day. The pension assets in 16 major pension markets at the end of 2014 totaled USD
36 trillion, which is approximately 84% of the combined gross domestic product (GDP)
of their respective economies. This alone speaks volumes about their importance and
influence.1 Moreover, pension assets in Australia, the Netherlands, Switzerland, the
UK, and the US exceed their respective GDPs. However, pension funds are arguably
not robust, even though retirees depend crucially on them for their retirement security.
Many examples can be given to illustrate their current problems, on which I elaborate
in this chapter. These have been a constant source of concern for corporations as well as
governments for many years, and can be due to inherent drawbacks in the way pension
funds have been set up but also to current trends in financial markets and demograph-
ics. It is now well understood by industry experts as well as academics that pension
funds require innovative ideas to overcome their current problems. These range from
designing appropriate pension contracts to investing in a smarter way that adds value
for the participants.

Pension problems are not an entirely new phenomenon. Drucker (1976) was among
the first to identify the impending problems with the US pension system. Even Chatham
Chest, possibly the oldest funded occupational pension fund in the world, had funding
problems. It was set up to pay benefits for Royal Navy seamen in the UK who became
disabled on active duty. The contribution into the fund at its inception was about 5% of
the wages of the seamen; it did not however keep increasing with salaries. This meant
that it was not properly funded and would inevitably run out of funds to keep paying
the beneficiaries. Other problems included mismanagement of funds by senior Navy

1Global pension assets study, Towers Watson, 2015.
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officials.2 Eventually, it could only operate with shortfalls covered by the government
on a pay-as-you-go basis, until its ultimate closure in 1814. More recently, Lowenstein
(2008) provides case studies of the pension funds of General Motors, the New York City
subway system, and the city of San Diego, each of which has been in serious trouble.
Chicago, the biggest city in the Midwest, has more than $20 billion in unfunded pen-
sion liabilities. Chicago’s credit rating has been downgraded to junk status partly due
to its pension problems. The state of Illinois, where Chicago is located, has $111 billion
in unfunded pension liabilities.3 All these pension problems are increasing at exactly
the same time as the number of people entering retirement is going up. These are only
a few examples of many pension funds with problems, the consequences of which can
be terrible for the retirees.

I focus on three main issues that pension funds face today. First, due to fund-
ing problems in defined benefit (DB) pension funds, these are being replaced by so-
called collective defined contribution (CDC) pension schemes. In these types of pen-
sion schemes, the assets are pooled and invested. However, there are no sponsor guar-
antees and the fund is allowed to reduce benefits in case of poor returns in financial
markets. One major benefit of a switch to CDC instead of a pure defined contribution
(DC) scheme is that the benefits of intergenerational risk sharing can be exploited. In
chapter 2, I specifically address these new types of contracts and demonstrate the ben-
efits of a CDC pension fund scheme in the context of intergenerational risk sharing.
Secondly, I focus on the long-term nature of pension funds and evaluate whether they
invest in a way that is value adding for a long-term investor. One essential requirement
of long-term investing is not to be pro-cyclical. In chapter 3, I assess whether pen-
sion funds are behaving counter-cyclically by investigating their portfolio rebalancing.
Thirdly, in chapter 4, I focus on how pension funds take macro-economic variables into
account when investing. In particular, I investigate their response to the current low
interest-rate environment. I also compare their actual behavior with the behavior pre-
dicted by the literature on strategic asset allocation. In the remainder of this chapter, I
discuss these three themes around which this dissertation revolves and provide a brief
overview of the motivations behind the underlying questions.

1.2 Why retirement risks should be shared

Sharing retirement risks is not a new concept. For example, tontine is a type of group
annuity that was prevalent in France, the Netherlands, England, and the United States
in the late 17th/18th century. This was an early variant of longevity risk sharing for
retirement payments. It works by dividing the total periodic payment to a group of

2“Funding the Chatham Chest”, The Actuary, 2003
3Illinois’s public pensions, The bottomless pit, The Economist, May 16th 2015.
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annuity purchasers amongst the surviving members. The working of a tontine is best
illustrated by an example. A tontine share could be purchased at say e100, which
would provide a dividend payment at say 10% every year. Now, assuming 100 people
subscribed to the scheme, the total dividend paid out will be e1000. If all 100 annu-
itants are alive, then the payment will equal e10 each. However, if only 50 are alive
then the payment to each member will be e20. Therefore the members that die earlier
contribute to the annuity payments of the members that live longer. The retirement
benefits increase over time, as if being indexed for inflation. One of the earliest known
tontines was issued by King William in 1693, when one share could be purchased for
£100. The last tontine nominee received £1081 before she died in 1783.4 By the mid-
twentieth century, the tontines were extinct.

The concept of intergenerational risk sharing refers to the ability to transfer risks
between cohorts of people who are not born at the same time. These risks can be demo-
graphic (for example, longevity) and/or economic, for example risk originating from
the financial markets where the pension savings are invested. Various academic studies
have shown that intergenerational risk sharing is welfare improving.5 Pension funds
can have a special role in facilitating intergenerational risk sharing, as they can help
transfer the risks from old people to young people.6 Effectively, young people insure
the retirement of old people. It has been shown theoretically that ex-ante Pareto im-
provement is possible in this type of arrangement. Since the financial instruments for
trading these risks do not exist, pension funds are a feasible vehicle for intergenera-
tional risk sharing. Moreover, institutionally managed pensions also minimize sub-
optimal behavior by individuals in saving and investing for their retirement.7 Thus, a
collective pension system makes sense in theory, even though an optimal way to set it
up in practice remains elusive.

Risk sharing in regard to pensions has been facilitated by defined benefit (DB) pen-
sion plans, in which the pension paid in retirement is a function of the salary earned
during the working years. However, they have run into trouble around the world. In
particular, US pension funds are severely underfunded, that is, the assets under man-
agement of the pension funds are significantly less than the pensions promised to the
members.8 The example of cuts in previously guaranteed public pensions in the city of

4I refer to Milevsky (2014) for a detailed discussion of the tontines issued by King William, and to
Forman and Sabin (2014) for a discussion of tontines for resolving the current funding crises for pension
funds.

5For a recent treatment of intergenerational risk sharing see Beetsma and Bovenberg (2009); Beetsma,
Romp, and Vos (2013); Cui, Jong, and Ponds (2011); Gollier (2008)

6Shiller (1999) has suggested that old people are more risk averse than young people, therefore transfer
of risk from more risk averse to less risk averse is logical.

7See Benartzi and Thaler (2001) and Brown, Liang, and Weisbenner (2007) for a discussion on sub-
optimal behavior by individuals in saving and investing for retirement.

8For a brief overview of the financial situation of the public pension plans in the US see http:
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1. INTRODUCTION

Detroit shows that in times of serious downturn, pensions will have to be reduced, no
matter what was agreed upon in the contract.9 It therefore emerges that the participants
do indeed bear the ultimate risk of the pension fund going under. Thus the employees
are the ultimate risk bearers of their pension, and the pension fund contracts should
explicitly state this. Moreover, sponsors of corporate pension funds want to withdraw
any guarantees as they do not want any spillover on the company’s balance sheet. This
has led to the freezing of DB pension plans (Rauh, Stefanescu, and Zeldes, 2013) and
introduction of DC pension plans. However, a new type of collective pension contract
is emerging, which is the “middle ground” between Defined Benefit (DB) and Defined
Contribution (DC). These new pension contracts have been becoming popular under
various names, being called Target Benefit Plans in Canada, Defined Ambition pen-
sion schemes in the UK,10 and Collective Defined Contributions (CDC) plans in the
Netherlands. Another similar type of contract is called the Performance Linked An-
nuity Adjustments (PLAA),11 which is used in the Wisconsin Retirement System in the
US. Simply put, this is a DB type contract with pension benefits that adjust over time in
response to investment returns earned by the pension fund.

An example of a CDC pension contract already in place is the Rabobank Pension
Fund. A shift was made from a Defined Benefit (DB) plan to a Collective Defined Con-
tribution (CDC) plan from January 1, 2014.12 The obligation of the employer to make
additional deposits was abolished. The pension fund cannot therefore ask for addi-
tional contributions from the employer in times of underfunding. Instead, the new
contract gives the pension fund the authority to reduce the pension rights “in case of a
funding ratio deficit”. Additionally, the pension accrual rate for those still working can
be reduced “pro rata to the shortfall”. The contribution policy is explicitly described
as not being a risk management tool. The pension scheme is now identified as “Group
defined contribution” but designed as an average-pay scheme, hence emphasizing its
DB character. In summary, contributions are fixed, there is no sponsor guarantee and
benefits are flexible depending on the financial situation of the fund. Is this a better way
to arrange the pension system? The contribution of the second chapter is to analyze this
type of pension contract, which aims at intergenerational risk sharing among different
age cohorts using the so-called return smoothing mechanism. This mechanism trans-
fers the positive or negative returns on the pension assets to participants over a period
of time. In this type of risk sharing arrangement, participants are the ultimate bearers of
the risk. I demonstrate that risk sharing implemented in this way is welfare-improving

//publicplansdata.org/quick-facts/national/
9see for example, A phoenix emerges, Detroit’s bankruptcy plan, Nov 7th 2014, The Economist

10Defined Ambition Pension Schemes, Djuna Thurley, House of Commons Standard note no. SN 6902,
2014

11For more details see Novy-Marx and Rauh (2014)
12For more details see https://www.rabobankpensioenfonds.nl/
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1.3 How (not) to invest for the long-term

compared to a plan with no risk sharing, and more sustainable compared to defined
benefit pension fund plans.

1.3 How (not) to invest for the long-term

Once the pension fund has decided on its strategic asset allocation, investing for the
long term is straightforward. When the realized returns on various parts of the port-
folio move the actual portfolio away from the strategic benchmark, the pension fund
should rebalance it back.13 Next, I provide two examples, one where this rebalanc-
ing was not executed as expected and one where it was properly executed, which was
ultimately beneficial to the performance of the fund. The first example is that of Cali-
fornia Public Employees’ Retirement System (CalPERS). Before the 2008 financial crisis,
the equity weighting of CalPERS was 60%. Due to the stock market decline, this went
down to 52%. CalPERS then sold equity to bring down the weighting further to 44%.
It sold equity to raise cash for short-term liquidity problems. This is theoretically unex-
pected, because pension funds are long-term investors with relatively fixed short-term
liquidity needs. The liquidity problems stemmed from obligations relating to private
equity and real estate deals. In 2009, CalPERS missed out on the rebound in equity
markets. (Ang and Kjaer, 2012). Realizing its mistake, CalPERS introduced a formal
rebalancing process to avoid such problems in the future. By contrast, Norges Bank
Investment Management (NBIM), the investment manager of Norway’s global pension
fund, made a strategic decision in 2007 to increase the allocation to equity in the fund’s
portfolio from 40% to 60%. This unfortunate timing meant that immediately following
the decision, the portfolio experienced significant losses on the equity part of the port-
folio. Continuing on with its new strategic allocation meant that the fund would be
buying in a falling market when everyone else was selling: the pension fund therefore
had to invest counter-cyclically. In 2008, NBIM actually made the decision to behave
counter-cyclically and to continue to buy equity with the inflows to the fund. The fund
made an equity return of 34% in the following year when the markets rebounded. If
it had decided to give in to external pressure instead and had not bought equity, fund
would have suffered significant losses.

In chapter three, I evaluate how pension funds rebalance their portfolio over time.
Since funds have long investment horizons, they should rebalance to preserve the risk-
returns characteristics of their portfolio. This requires pension funds to behave counter-
cyclically. They should sell assets that have increased in value and buy assets that
have lost value. Merton (1969, 1971) shows that an individual investor has a uniquely

13There has been some initiative from industry to encourage long horizon focus for institutional and
corporations, see: focusing on the long term initiative: http://www.fclt.org/en/home.html and Focusing
Capital on the Long Term, Dominic Barton and Mark Wiseman, January–February 2014, Harvard Business
Review.
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1. INTRODUCTION

optimal portfolio assuming that returns are independent and identically distributed
and therefore should rebalance it back to that optimal portfolio if the realized returns
move the portfolio away from it. Ang, Brandt, and Denison (2014) calculate the gains
from a rebalancing strategy historically. Comparing rebalancing to a fixed 60%− 40%
stock-bond portfolio with a passive strategy that holds market capitalizations in stocks
and bonds, they show that rebalancing a portfolio results in both higher cumulative
returns and a higher risk-to-reward ratio. Long-term investors like pension funds have
an additional incentive to rebalance — mean-reversion in equity prices.14 Long-term
investors can buy even more when equity prices indicate higher expected returns and
sell when expected returns are depressed (Ang, Brandt, and Denison, 2014). Moreover,
if the pension funds do not rebalance, they are then moving with the market and thus
behaving pro-cyclically. This is harmful not only for their own performance but also
for the stability of the financial system, given the size of their portfolios.

1.4 What challenges do low interest rates pose for pension funds?

Both short-term and long-term interest rates have been at historic lows since the 2008
financial crisis. Since these interest rates play an important role in the valuation of
financial securities, they can have a substantial effect on financial institutions. Rajan
(2006) claims that periods of low interest rates provide investors with incentives to en-
gage in search-for-yield and invest more in risky assets. Furthermore, an accommoda-
tive monetary policy can provide incentives that introduce pro-cyclicality into financial
markets in the form of herding and risk-shifting. Low nominal short-term interest rates
are also associated with higher risk-taking by banks. Maddaloni and Peydró (2011)
find that low short-term interest rates induce more risk-taking by banks via softening
of lending standards for households and corporate loans. This risk-taking is amplified
by extended periods of low short-term interest rates, among other things (Altunbas,
Gambacorta, and Marques-Ibanez, 2012).

Pension funds are particularly concerned by low interest rates. In a 2011 survey
of senior executives of US corporate DB plan sponsors, the low interest rate environ-
ment was the second most important decision-making factor, after volatility in financial
markets. It was deemed to have a substantial effect on the company’s policy for DB-
plan funding, risk management, and investment in the preceding five as well as in the
following two years.15 Consider the following example to understand the importance
of short-term interest rates for pension fund portfolios. Most pension funds have an
expected rate of return assumption, as do, for example, defined benefit funds in the

14Fama and French (1988b) and Poterba and Summers (1988) were the first to provide evidence of mean-
reversion in equity prices and more recently Balvers, Wu, and Gilliland (2000) have found the same in a
cross-country analysis.

15Redefining Pension Risk Management in a Volatile Economy, CFO Publishing LLC, 2011.
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1.4 What challenges do low interest rates pose for pension funds?

United States. Many pension funds have nominal return targets, generally around 8%.
If the short-term risk-free interest rate is at 4% and pension funds expect 8% returns
nominally they have to take on additional risk of 4% worth of risk premium. However,
short term interest rates are currently close to zero and have been so for some time. This
implies that pension funds have to take on additional risk if they plan to achieve the
8% nominal return target. This implies a significant change in their portfolio. Similarly,
low long-term interest rates have substantial consequences for pension fund liabilities.
Since some pension funds discount their liabilities with long-term interest rates, a de-
cline in long-term interest rates lowers the funding ratio because of the increase in the
market value of liabilities. What should pension funds do to mitigate the impact of this
special macro-economic situation? Are there any insights from strategic asset alloca-
tion models? What have the pension funds actually done so far in the low-interest rate
environment?

Many DB pension funds have shown a clear interest in a Liability Driven Invest-
ments (LDI) strategy for investing. In this approach, pension funds aim to invest in
such a way that the duration of assets matches that of the liabilities. This generally
involves an increase in the fixed income allocation in the portfolio at the expense of
equity. It appears to be a good idea, but there are at least the following two caveats that
could negate the benefits of this approach. First, this type of approach involves an en-
hanced focus on the funding ratio of the pension fund. Unless the pension fund is fully
duration matched, which is unlikely to be the case, any variation in interest rates will
introduce variation in the funding ratio. With market-consistent valuation of pension
liabilities and a heightened focus on the funding ratio, the pension fund would have
to make frequent adjustments to its portfolio in response to small movements in inter-
est rates. Secondly, the current funding status of the pension fund needs to be taken
into account when considering any portfolio shift towards fixed income. Since a shift
to fixed income allocation in a low interest rate environment implies that it will lock-in
low yields, it will be difficult to achieve a sufficient return on the portfolio. It has to be
recognized that an underfunded pension fund would then find it difficult to recover to
a fully funded status. I specifically highlight the second drawback in chapter 4.

The vast literature on stock return predictability and strategic asset allocation pro-
vides the theoretical background for the optimal behavior of pension funds. There is a
general consensus in the academic literature that stock returns are predictable, and sub-
stantial empirical evidence exists for this predictability (Ang and Bekaert, 2007; Camp-
bell and Yogo, 2006; Cochrane, 2008). There are several popular predictor variables
such as dividend-price ratio, earnings-price ratio and measures of interest rates. In
particular, nominal short term interest rates, which are especially important currently,
robustly predict future excess returns (Ang and Bekaert, 2007; Campbell and Viceira,
2002; Campbell and Yogo, 2006). Campbell and Yogo (2006) find that short-term inter-
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1. INTRODUCTION

est rate and long-short yield spread are strongly significant in predicting stock returns.
Low short-term interest rates predict high stock returns and this predictability is gener-
ally stronger at short horizons than relatively longer horizons. Investigating the behav-
ior of pension funds in chapter 4, I find that the pension funds have done exactly the
opposite to what the strategic asset allocation models predict. More generally, pension
funds are unable to “time-the-market” according to macroeconomic information. These
findings are consistent with a recent survey of UK DB pension schemes, which found
that the discipline of liability hedging is increasing in pension funds despite the low
interest rates. Liability hedging implies allocating more of the portfolio to fixed income
securities, thus locking into a historically low interest rate environment. Not only are
the pension funds with existing mandates for liability hedging increasing their efforts
in this regard, other pension funds have also started to invest in a manner consistent
with liability hedging. This shows that pension funds are concerned about the further
decline in already low long term interest rates.16

I summarize the finding of the dissertation in the concluding chapter five. Addi-
tionally, I point out some limitations of the thesis and put forward some ideas for future
research. Finally, in chapter five, I discuss the impact of my research by outlining some
recommendations for individuals, pension funds and regulators that are implied by my
research.

16Navigating the UK LDI Market, KPMG LDI Survey, 2015
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Chapter 2

Optimal risk sharing in a collective
defined contribution pension
system*

2.1 Introduction

Despite the crucial dependence of current working generations and retirees on the pen-
sion system for their retirement security, pension systems around the world have not
lived up to their expectations. There are well-known problems associated with tradi-
tional plans, in particular with Defined Benefit (DB) plans. Novy-Marx and Rauh (2011)
have documented large unfunded liabilities in US public pension plans. For corporate
pension funds, sponsors are increasingly withdrawing their guarantees as they do not
want spillover effects of underfunding on the company’s balance sheet and therefore
they prefer the workers to be the risk bearers for their own pensions. This usually in-
volves freezing DB pension plans (Rauh, Stefanescu, and Zeldes (2013)) and replacing
them with Defined Contribution (DC) plans for new and old employees.2 However, in
this case the responsibility for making complex financial decisions falls on individual
households, who can make sub-optimal decisions. This has been documented by, for
example, Choi, Laibson, and Madrian (2011), who demonstrate that individual house-
holds make poor choices in investing for their retirement, and by Lusardi and Mitchelli
(2007), who show that households lack financial skills for retirement planning.

*This chapter is co-authored with Dennis Bams (Maastricht University, Netspar) and Peter Schotman
(Maastricht University, Netspar).

2 Freezes can either be mandatory or voluntary, see Brown and Weisbenner (2014). Another common
solution implemented is reducing the generosity of pensions, for example by withholding inflation pro-
tection or cost of living adjustments (COLA) for pension payments. Again this solution is far from ideal
and erodes trust in the pension system as it amounts to an ex-post reduction in benefits.
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We analyze a Collective Defined Contribution (CDC) pension system, which is one
promising solution to the DB problem discussed in the literature. In this type of pen-
sion contract, the assets of the fund are pooled and institutionally managed, and the
benefits depend on the financial situation of the fund. This keeps the pension system
collective, as needed because individuals make poor financial decisions when it comes
to retirement saving and investing.3 Another important benefit of collective pension
funds is risk-sharing. Gollier (2008) finds potentially large benefits of intergenerational
risk-sharing; a 25% increase in the certainty equivalent of the pension benefits paid to
all current and future generations. In this chapter, we provide an estimate of the ben-
efits of intergenerational risk sharing in the absence of any form of sponsor guarantee
and with no option of increasing contributions. We find that a collective pension fund is
able to reap the benefits of intergenerational risk sharing purely by managing pension
rights.

Intergenerational risk sharing is generally welfare-increasing.4 However, efficiency
of risk-sharing can depend on the risk-sharing mechanism in place. For example, Cui,
Jong, and Ponds (2011) find a decrease in welfare compared to optimal individual
welfare in the cases of for defined-benefit plans with benefit adjustments only and of
defined-benefit plans with contributions adjustments only.5 In this chapter, we analyze
a collective defined contribution pension system that allows for intergenerational risk
sharing through return smoothing.6 We model intergenerational risk sharing with an
explicit age independent return smoothing rule to provide full transparency in risk-
sharing. Only a fraction of any financial shock is transferred to the individual cohorts’
pension wealth, while the rest is smoothed through a buffer. Our first contribution
is that we find that intergenerational risk-sharing implemented in this way increases
the certainty equivalent of pension benefits paid by approximately 6% (γ = 3) for all
current and future generations, compared to a pension fund with no risk-sharing.

3 It is also possible to share portfolio risk and take advantage of economies of scale in these pension
systems.

4 For a recent treatment of welfare benefits of intergenerational risk-sharing see Cui, Jong, and Ponds
(2011); Beetsma and Bovenberg (2009); Beetsma, Romp, and Vos (2012); Beetsma, Romp, and Vos (2013);
Chen, Beetsma, Ponds, and Romp (2014);van Bilsen and Bovenberg (2014) etc. Risk sharing can be amongst
all generations currently in the scheme or amongst all current and future generations, the latter is welfare
enhancing with market-traded risks. Moreover, limiting risk sharing to participants only in accumulation
or decumulation phase will limit the benefits.

5 See also Beetsma and Bucciol (2015)
6 Some pension funds in the Netherlands have implemented reforms to switch from DB to CDC

plans. One specific plan where this change happened in January, 2014 is Rabobank Pension Fund
(www.rabobankpensioenfonds.nl). There is no sponsor guarantee, and benefits are flexible and depend
on the financial situation of the fund. The UK government is considering similar ‘Defined Ambition’ pen-
sion schemes for the Pension Schemes Bill 2014-15 see for example Thurley (2014). In the US, cash balance
plans and the Wisconsin Retirement System (WRS) are in a similar spirit of risk sharing, see Novy-Marx
and Rauh (2014) who find substantial benefits in reducing unfunded liabilities by making pensions a func-
tion of returns
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Our second contribution is that we demonstrate that there is a tradeoff between low
risk-sharing which is beneficial for current working generations and high risk-sharing
which is beneficial for current retirees and generations close to retirement. If there is
high smoothing (more risk-sharing) then this is beneficial to current retirees and gen-
erations closer to retirement as they will not fully experience a shock. However, this is
not preferable for the current working population and future generations entering the
pension system, as they may enter into an underfunded fund. Due to this tradeoff, it is
possible to calculate the optimal level of risk-sharing or smoothing in our model. The
board of a pension fund needs to decide on optimal risk allocation, as it needs to bal-
ance the interests of current and future participants. Depending on the social discount
factor considered, optimal risk-sharing implies that only about one-fourth to one-third
of underfunding should be passed on to all the future generations in the year under-
funding occurs.

The pension funds portfolio allocation to risky assets remains constant in our model.
Our third contribution is that we demonstrate that the individuals exposure to risky
returns decreases as the individual approaches retirement. This is consistent with life-
cycle portfolio choice theory. It also extends the findings of Guillén, Jørgensen, and
Nielsen (2006) to collective pension systems. Furthermore, we look at the long-term
steady state of pension funds and find that CDC pension funds are more sustainable
compared to our proxy of DB fund. Lastly, we calculate the minimum funding ratio
that is required to ensure that the benefits of risk sharing are not outweighed by the
detrimental effect of underfunding for the generation that is about to enter the fund. It
may still be welfare-improving to enter into a underfunded pension fund when inter-
generational risk sharing provides a welfare improvement compared to a system with
no risk sharing. We find that at about 11% (γ = 3) underfunding, it is still welfare
improving for a new generation to join the fund.7

Our model is based on Gollier (2008). We first extend his model by departing from
the assumption that the present value of future contributions and present value of fu-
ture payouts are part of the pension funds balance sheet. Secondly, our risk-sharing rule
resembles that of Goecke (2013). Like him, we specify the smoothing rule as a function
of the asset liability ratio, but we extend his model by explicitly modeling overlapping
generations and cash flows due to premiums and pension payments.8 Third, we de-
velop a utility framework that can take into account intra-generational fairness. We
model an open fund in which a new cohort enters each year and shares in the risk with
the existing cohorts. This aids in understanding the behavior of the fund in the long

7 Discontinuity risk for pension fund can also arise from a very high funding ratio (Van Bommel, 2007),
something that we do not consider here. See also Siegmann (2011) for a discussion of minimum fundings
ratios for defined-benefit pension funds.

8 See Grosen and Lochte Jorgensen (2000) for a treatment of return smoothing mechanisms in life in-
surance products.

11
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run, and enables the sustainability of the pension system to be checked. In our model,
the accumulation of the assets through the investment returns deviates from the accu-
mulation of the pension rights at a rate which is a smoothed function of investment
returns. We refer to the latter as the pension return. The assets are a function of mar-
ket returns, whereas the pension rights are dependent on the funding ratio of the fund.
Since the pension rights are adjusted based on the funding level, a smoothing param-
eter is used for risk sharing across cohorts. This parameter determines the extent of
intergenerational risk sharing.

In our model, the benefits are defined implicitly through a pension indexation rule.
The ultimate objective of the fund is to design an optimal benefits policy. For the special
case of power utility and lump-sum pension payments, Gollier (2008) shows that the
optimal benefit policy is a linear function of current assets. Another example of a benefit
rule is given by Cui, Jong, and Ponds (2011), who suggest a cohort-specific benefit rule,
where each generation receives a fixed benefit plus a fraction of the returns earned on
their contributions. Our benefit rule is similar to Gollier (2008) and Cui, Jong, and
Ponds (2011) but differs in the way that risk sharing is implemented.

2.2 Risk sharing by return smoothing

2.2.1 Model

We consider a pension fund with N working and K retired overlapping generations.
Each year the oldest generation dies and a young generation enters the system. Each
generation lives N + K years. The pension scheme has mandatory enrollment. Par-
ticipants accumulate pension rights when working and decumulate the rights dur-
ing retirement. We assume that the entire cohort τ dies at time τ + K. Generations
are indexed by their retirement date τ; therefore at time t working generations are in
Wt = {τ : t < τ ≤ t + N} and retired generations are inRt = {τ : t− K < τ ≤ t}.

The pension rights at time t of participants retiring at time τ are denoted by Zt(τ).
Working generations pay annual contributions equal to Ct(τ). Their pension rights
accumulate as

Zt+1(τ) = (Zt(τ) + Ct(τ)) It, (2.1)

where It = eit is a pension return factor set by the fund. The pension rights of all
generations are adjusted by the same It. Total contributions to the fund are defined as
Ct = ∑τ∈Wt

Ct(τ). Retired generations receive pension payments Xt(τ) and decumu-
late their pension rights according to

Zt+1(τ) = (Zt(τ)− Xt(τ)) It (2.2)
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2.2 Risk sharing by return smoothing

After benefit payments, the remaining rights accumulate with the same pension re-
turn in a similar manner as the rights of the working generations. Thus, risk is not
only shared during the working life but also during the retirement years, with bene-
fit payments determined in part by the investment returns. While risk taking during
retirement is not essential to the return smoothing mechanism described below, this
assumption is in line with Koijen, Nijman, and Werker (2011), who find that individu-
als should optimally convert a sizable proportion of their retirement wealth to variable
annuities.

Benefit payments are assumed to come in the form of a variable annuity with it as
the “assumed interest rate” (cf. Brown and Poterba (2006)),

Xt(τ) = at(τ)Zt(τ), τ ∈ Rt, (2.3)

with annuity factor at(τ) = (1− I−1
t )(1− It−K−τ

t )−1. The payout would be a level an-
nuity if the pension index It is constant. With a time-varying It the payout is a variable
annuity. The total fund payout is Xt = ∑τ∈Rt

Xt(τ). The sum of all rights of both
working and retired generations is

Zt = ∑
τ∈Wt∪Rt

Zt(τ) (2.4)

The accrued pension rights can be considered as the liability of the pension fund. How-
ever, since Zt is not a guaranteed claim on the fund, it is not a formal liability. It does not
include the present value of the future expected increase in the pension rights of both
working and retired generations. In that sense Zt is similar to the actuarial concept of
Accumulated Benefit Obligations (ABO).

The fund has assets At. After paying out the benefits to the retired generations and
collecting the contributions from the working generations, assets are invested in the
financial market where they earn a risky return Rt = ert . Therefore the assets of the
fund develop according to

At+1 = (At − Xt + Ct) Rt+1 (2.5)

The assets of the fund should be balanced against the accrued pension rights Zt. In prin-
ciple the fund has two policy variables: the pension indexation It, and the investment
portfolio which determines the risk/return trade-off of the returns Rt. We consider It

as the policy instrument of the fund, and assume that it sets It to maintain a long-term
balance.

The pension rights are adjusted annually based on the returns earned by the fund
portfolio by using a return smoothing mechanism. The pension rights are indexed
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depending on the funding position of the fund through

it = µp + α ln
(

At

Zt

)
(2.6)

where µp is the expected return of the pension fund portfolio. The pension return it in
year t is the expected portfolio return with an adjustment. This adjustment depends on
the funding mismatch between assets and liabilities, where the parameter α is used for
smoothing this mismatch. It determines the extent to which the accumulation of asset
returns is passed on to accumulation of pension rights. This has a dampening effect
on liabilities, resulting in a smooth development of the liabilities. Since only part of
the mismatch is passed on to the current generations, the parameter α determines the
extent to which intergenerational risk sharing is allowed.

The adjustment is symmetrical: pension rights increase faster than average if the
funds assets yield above average returns. Pension rights can also decrease after bad
returns. Since the fund does not offer a minimum return guarantee, all investment risk
is borne by current and future generations. Linearity of the adjustment mechanisms
also means that there is no limit to pension wealth.9 The return smoothing makes risk
sharing possible both over all cohorts in a given year and over time. It provides a
relatively stable accumulation of pension rights compared to the more volatile asset
return. The pension return rule provides a means of automatic adjustment of pension
rights to enable the pension fund to maintain a healthy solvency level. However, since
a shock is not immediately passed on to participants, new entrants may be faced with
large unrealized bad returns. The pension return rule generates mean reversion in the
funding ratio of the fund.10

To complete the model, we need to specify the contributions and portfolio choice.
In the stylized model, we keep both fairly simple. Many assumptions of the stylized
model can be relaxed in an empirical application. All the generations are assumed to
have an equal number of workers. We assume that for each period t

Ct(τ) = 1, τ ∈ Wt (2.7)

Contributions are constant in real terms. With the fixed population size, they can be
normalized to one. In a more elaborate realistic setting, it is possible to add income
risk and demographics. If yt is real per capita income and n(τ) the size of the entering
cohort, contributions could be Ct(τ) = κn(τ)yt.

9 Other possible alternatives for the pension return rule could be a S-shape function which would avoid
extreme values in assets, but also slow down the recovery after a bad shock. However, since we want to
illustrate the simple return smoothing for pension funds, we refrain from such extended rules.

10 Since the fund does not have liabilities in a strict sense, the term funding ratio is not entirely accurate.
However, it is used here and elsewhere in the chapter for lack of a better term.
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2.2 Risk sharing by return smoothing

The pension fund invests in a portfolio of risk-free and risky assets. The return on
the risky assets at time t is denoted by RS

t . The risk-free interest rate is assumed constant
and denoted by R f . The share in the risky asset is denoted by ω, which is assumed to
be constant. Hence the portfolio return at time t equals Rt = ωRS

t + (1− ω)R f . For
the risky asset we assume that the log return rS

t = ln RS
t is independently normally

distributed with mean µ and variance σ2. Both the existence of a real risk-free rate
and the normality of the returns are clearly simplifications to explain the main ideas of
the model. Under the assumption of constant investment opportunities and a constant
population size, the optimal portfolio weight ω will also be constant.

2.2.2 Preferences and the fund policy

This section considers the optimal return smoothing parameter α in (2.6). We assume
that the pension fund designs the adjustment rule with the aim of maximizing the wel-
fare of all the participants of the fund. Since the pension fund board represents both
current working and retired cohorts as well as future generations, it faces an intertem-
poral trade-off in the benefits paid to current and future retirees. Since there are also K
overlapping generations receiving benefits at each time t, the fund should also consider
the intratemporal distribution of benefits over different age groups. Several utility func-
tions express both the intratemporal and intertemporal effects of the benefits policies.
We use the following simple parametric specification

Qt = Et

[
∞

∑
s=0

δsUt+s

]
, (2.8)

and where

Ut =
V1−γ

t
1− γ

(2.9)

Vt =

(
∑

τ∈Rt

Xt(τ)
ρ

)1/ρ

(2.10)

The intertemporal choice is determined by the pension fund’s social discount factor δ

and the constant relative risk aversion parameter γ. The intratemporal choice is speci-
fied by using a CES specification as an aggregator of the benefits to the different over-
lapping generations. The parameter ρ defines the preference for equality over cohorts.
If ρ = 1, the fund is only concerned with the total payout and Vt = Xt. For smaller ρ

the pension fund views a large dispersion in payments made in the same year to differ-
ent cohorts as an undesirable feature. Such preferences induce a degree of fairness in
the distribution of payments. In the limit as ρ → −∞ the intratemporal utility reduces
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to Vt = minτ∈Rt Xt(τ), which is the ‘Rawlsian social welfare functional’ and appears
standard in the literature (c.f. Kreps (1990), p 160). Since the CES function is first degree
homogeneous, an overall proportional increase in payments Xt(τ) to all cohorts raises
the utility Vt by the same proportion. The CES specification is related to a multiplica-
tive habit model, in which individuals view their utility as a function of their benefits
relative to the average payments to all retirees.

The pension fund’s utility function is still time-separable in Vs. The utility function
is not necessarily separable in the benefit payments of the individual cohorts. With an
objective function as in (2.8), the pension board makes decisions for the fund such that
higher payouts are better, smoothing over time is encouraged (γ) and intratemporal
equality has value (ρ).

The optimal risk-sharing parameter α is chosen such that it maximizes the dis-
counted sum of expected utility generated by pension wealth. The fund faces a budget
constraint in its optimization, since contributions are fixed by design as we are con-
sidering a collective defined contribution pension system. Changing α generally has
two effects. First, a smaller α provides more smoothing and will reduce risk for older
generations. Secondly, a smaller α increases the volatility of the funding ratio, which
increases the risk for young generations of entering the fund when its funding ratio is
very low.

To obtain a transparent adjustment rule with a fixed smoothing parameter we solve
for the optimal α that maximizes the average of Q0 when we start the system in a steady
state. From there, we simulate a series of paths of length T and compute the realized
fund utilities

Q0 =
T

∑
t=0

δt 1
1− γ

(
∑

τ∈Rt

Xt(τ)
ρ

)(1−γ)/ρ

, (2.11)

and find the value of α that maximizes the average Q̄0.
For the optimal smoothing parameter, we look at the utility from the perspective

of the pension fund, not from an individual’s perspective. For an individual cohort
retiring at time τ, the life-time utility is Vτ−N(τ) = Eτ−N ∑K−1

s=0 δs
τU(Xτ+s(τ)), where U

is a utility function and δ is pension fund’s social discount factor. The pension fund’s
objective is not simply the sum of the individual utilities, but rather at each time t it
calculates the utility by including all cohorts that are alive, both working and retired,
at that time. The fund needs to aggregate individual cohorts’ utilities, without being
able to assess whether individual utilities are preference independent. In defining pref-
erences for a pension scheme, inter-cohort comparisons may be an important consider-
ation, since generations may view their benefits from the system relative to what other
cohorts receive at the same time. A reduction in pension seems less painful when ev-
eryone is facing a reduction. Additionally, an extensive literature on habit formation
(cf. Abel (1990) ) questions the assumption of preference independence. Luttmer (2005)
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provides empirical evidence for the effect of the neighbor’s consumption on the indi-
vidual’s own well-being. For this reason, we have chosen the objective function (2.8).

2.3 Results

We analyse the pension system using simulation. As in Cui, Jong, and Ponds (2011)
we take N = 40 and K = 15 and thus have 55 overlapping generations. We set the
return parameters for the risky asset at µ = 5% and σ = 15%, and its portfolio share
at ω = 0.6. The risk-free rate is R f = 2%. We start the simulations at t = 0, assuming
that returns before t = 0 have always been equal to the expected return E[Rt]. Section
2.5.1 provides the details for the initial pension rights Z0(τ). The initial conditions for
the pension rights are set independently of the adjustment parameter α.

2.3.1 Stochastic steady state

Using 100,000 simulated paths, we evaluate the cross-sectional distribution of the out-
comes at time t = 200, assuming that after such a long period we have reached the
stationary distribution. Table 2.1 presents the value of various pension fund indicators
for different values of the policy parameter α. First of all, with α < 1, the distribution
of the pension index It is much more concentrated than that of the actual portfolio re-
turns Rt, showing that the smoothing of risk across generations implies less uncertainty
in pension returns. The standard deviation (and 95% interval) shrinks with α. Another
aspect of the smoothing is that the pension return is highly autocorrelated, even though
returns themselves are not autocorrelated. The autocorrelation increases as we decrease
α. To characterize the pension returns further, we consider the regression of the pension
return on current and lagged asset returns

it = c +
60

∑
j=0

bjrt−j + et (2.12)

Figure 2.1 plots the regression coefficients for different values of α. For α < 1 the
coefficients show a slowly (geometrically) declining pattern. The coefficient b0 for the
current return is approximately the weight in the risky asset (ω) times the risk-sharing
parameter (α). The coefficients decline faster for the larger α; for small α, the pension
return is simply a long weighted moving average of market returns. The log-linear
relationship between the pension return and the market returns is almost perfect, with
R2 of the regression above 0.993.
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Table 2.1: Pension fund indicators in steady state

Mean 95 percentile 5 percentile Std. error Autocorrelation

Panel A. α = 0.25
Pension return 1.042 1.109 0.981 0.0001 0.7063
Payouts 157.0 326.0 63.0 0.2913 0.8804
Assets 2660 5190 1210 4.2920 0.8754
Liabilities 2630 4730 1370 3.5483 0.9454
Funding ratio 0.995 1.264 0.774 0.0005 0.7027

Panel A. α = 0.5
Pension return 1.044 1.143 0.956 0.0002 0.4808
Payouts 157.0 315.0 64.0 0.2684 0.7424
Assets 2656 4810 1332 3.6136 0.8626
Liabilities 2640 4610 1410 3.3012 0.9332
Funding ratio 0.999 1.193 0.835 0.0003 0.4781

Panel A. α = 0.75
Pension return 1.046 1.177 0.930 0.0002 0.2524
Payouts 157.0 317.0 63.0 0.2704 0.5612
Assets 2660 4700 1370 3.4216 0.8554
Liabilities 2650 4570 1420 3.2331 0.9140
Funding ratio 1.001 1.170 0.856 0.0003 0.2510

Panel A. α = 1
Pension return 1.048 1.217 0.902 0.0003 0.0236
Payouts 157.0 324.0 60.0 0.2814 0.3506
Assets 2660 4660 1400 3.3391 0.8506
Liabilities 2660 4560 1430 3.2134 0.8859
Funding ratio 1.002 1.164 0.863 0.0003 0.0241

Note: This table shows the average, standard deviation, 95 and 5 percentiles, and first order autocorrelation for various
outcomes of the pension fund in steady state (here at time point 200 after start) for different values of the smoothing
parameter α. The number of simulated paths is 100,000. The mean return for each of the simulations is 1.046, with 95th
percentile = 1.216 and 5th percentile = 0.901. The parameters of the log-normal distribution are µ = 5% and σ = 15%;
the share in the risky asset is fixed at ω = 0.6. The risk-free rate is R f = 2%
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Figure 2.1: Smoothing effect of the parameter α. This figure plots the coefficients of regres-
sion (2.12) for different values of the return smoothing parameter α.

Table 2.1 also shows the downside of return smoothing: a lower α implies a more
volatile funding ratio. This is because the fund does not adjust quickly to the mismatch
in funding ratio with a lower value of α, but delays the shock over a long horizon. This
has implications for generations entering the fund during times of underfunding. For
them, the return smoothing may be sub-optimal. When entering at a low funding ratio,
the expected return will be below the market average. New entrants will thus face a low
expected return, although they will later benefit from the lower risk at retirement. This
shows the tradeoff between uncertainty in pension returns and uncertainty in funding
ratio. The distributions of pension return and funding ratio are shown in figures 2.2 and
2.3 respectively. It is clear from the figures that the model with highest risk sharing (α =

0.25) has the highest standard deviation of funding ratio but lowest standard deviation
of pension return. Table 2.1 also shows that the average benefit level and the average
pension return are independent of α. Given the specification of the return smoothing
rule (2.6), the average funding ratio is equal to one, and assets are on average equal to
the total liabilities. The average level of the assets is also independent of the adjustment
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Figure 2.2: Distribution of pension return in steady state for different values of the return
smoothing parameter α.

parameter α. In the stylized model, the effect of α is concentrated on the volatility of
the funding ratio and the stability of the pension return and benefits. To learn more
about the stability and adjustment speed of the system, we rerun the simulations with
different initial conditions for the assets at time t = 0. We experiment with different
values for the funding ratio f0 = A0/Z0 ranging between 80% and 120%, Given the
funding ratio, the initial assets are taken as the funding ratio times the pension rights,
A0 = f0Z0. Figure 2.4 presents the result of the shock to the assets on the evolution
of the system. The fund reaches the steady-state ratio of approximately one after some
years. Convergence to the steady state is faster in case of a higher value for α.

2.3.2 Optimal risk sharing

To compute the optimal adjustment parameter, we need to choose the pension fund
preference parameters. To compare the welfare of different generations over time, we
require a discount factor (δ) that reflects the rate of social time preference. This social
discount factor is used to discount future utility from the point of view of the social
planner. There is considerable debate on the choice of this long-term discount rate.
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Figure 2.3: Distribution of funding ratio in steady state for different values of the return
smoothing parameter α.

Studies that look at intergenerational risk-sharing in the pension context like Gollier
(2008) use a discount factor of 0.9728, whereas Cui, Jong, and Ponds (2011) use 0.9615
and in climate change literature, Nordhaus (2007) uses 0.9852. We compare results for
different values of δ between 0.96 and 0.98 as the values for the discount factor. We also
use alternative values for the preference parameters γ and ρ. For each set of preference
parameters, we determine numerically the value of α that maximises the pension fund
objective (2.11). Table 2.2 reports the results. The optimal value of the risk-sharing
parameter generally falls between 1/4 and 1/3. Thus it is optimal to have the risk
sharing such that about one third or one fourth of the funding mismatch is passed on
to all participants and retirees in the next year. The optimal value for α decreases as
the discount factor decreases. A lower discount factor implies that the pension fund
cares less about future generations. Thus lower α is preferred, which means more risk
sharing, less uncertainty in pension returns and high auto-correlation but also high
uncertainty on the funding ratio (see table 2.1). High uncertainty on the funding ratio is
not preferable for cohorts just entering the fund, as they may be joining an underfunded
pension system. The parameter ρ is used to emphasize equality across generations at
a particular point in time. If ρ = 1, the fund is only concerned with the total payout.
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Figure 2.4: Average funding ratio of the pension fund following different initial funding
ratios.

For smaller ρ ,the pension fund views a large dispersion in payments made in the same
year to different cohorts as an undesirable feature. Thus it is optimal to have more risk
sharing if intra-generational equality is valued.

As an economically interpretable measure of the cost of a suboptimal α, we calculate
a certainty equivalent. For an arbitrary value of α, we compute the objective Q̄0(α). By
construction this will be less than the maximized value Q̄0 at the optimal α. We then
find a constant c such that if we multiply all the payouts Xt(τ) of the suboptimal policy
with that constant, these benefits would yield the same expected utility as the optimal

policy. This is equivalent to c = (Q̄0/Q̄0(α))
1

1−γ . Figure 2.5 presents the value of c
against the value of given α for the preference parameters γ = 3, δ = 0.97 and ρ = 1,
which corresponds to an optimal α of 0.31 (see table 2.2). At α = 1 the pension payments
should be increased by as much as 7% per annum as compared to the benefits at the
optimal α.11 The certainty equivalents are U-shaped, showing the clear optimum for

11 See Bonenkamp, Meijdam, Ponds, and Westerhout (2014) for a comparison of welfare gains of inter-
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Table 2.2: Optimal risk sharing parameter α

ρ Discount factor (δ)
0.96 0.97 0.98

Panel A. γ = 2
0.50 0.22 0.29 0.35
0.75 0.23 0.30 0.35
1.00 0.24 0.31 0.36

Panel B. γ = 3
0.50 0.23 0.30 0.35
0.75 0.24 0.30 0.36
1.00 0.25 0.31 0.36

Note: This table shows the optimal value of α obtained by numerically maximizing the pension fund objective (2.11).
Return parameters are as in table 2.1.

α. Too much risk sharing is not optimal. The limiting case of α = 0, a defined benefit
system where the pension payments are fixed, is not sustainable in this model without
sponsor guarantees.

Another way to measure the value of optimal risk sharing is by computing the
equivalent initial funding ratio at different values of α. The equivalent funding ratio
is such that the utility generated by a underfunded pension system with risk sharing
α is the same as the utility generated by a pension system that is fully funded ( f0 = 1)
and has no risk smoothing (α = 1). Without risk smoothing, all return shocks in the
system are immediately passed on to the current generations. How much lower can
the initial funding ratio f0 be at different values of α without a loss in expected utility?
We find f0 by numerically solving

Q̄0( f0, α) = Q̄0( f0 = 1, α = 1) (2.13)

The funding ratio of f0 can be interpreted as the minimum funding ratio that needs to
be maintained so that it is still welfare improving for future generations to enter this
pension fund. The collective defined contribution pension system in our model goes
through cycles of over and under-funding depending on the returns of the fund portfo-
lio. Some generations therefore enter the system when it is in a state of underfunding.
The generations that enter the fund at a funding ratio below the minimum level may
refuse to enter into the mandatory pension contract and choose to renegotiate, thus ren-
dering the pension system unsustainable. If the funding ratio drops below this level,
newly entering cohorts would be better off in welfare terms to save and invest individ-
ually. Even for them, however, it could still be worthwhile to enter the pension fund for

generation risk sharing in the literature which range from 1 to 25%.
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Figure 2.5: This figure shows certainty equivalent per annum. Preference parameters are
γ = 3, δ = 0.97 and ρ = 1. Return parameters are as in table 2.1.

reasons outside the model, for example to avoid welfare loss resulting from financial
mistakes by households and to benefit from scale economies of pension funds. Figure
2.6 shows the minimum funding ratio for a given level of risk sharing. For the opti-
mal level of risk sharing, the minimum required funding ratio is approximately 89%
percent. Therefore about 11% underfunding is sustainable without creating incentives
to abandon the risk smoothing rule. Table 2.3 shows probabilities of underfunding
(funding ratio less than one) of the pension fund with various values for α. Note that
although for α = 0.5, the probability of underfunding is about 53% the probability of
the funding ratio falling below the sustainability threshold is relatively low at approxi-
mately 19%.

2.3.3 Implicit exposure to risky asset

Optimal life-cycle theory (Merton (1969), Merton (1971), Bodie, Merton, and Samuelson
(1992) and Bovenberg, Koijen, Nijman, and Teulings (2007)) states that a young person
should hold a larger component of financial wealth in risky assets than an older per-
son. Some models advise borrowing to invest in risky investments at a young age when
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Figure 2.6: This figure shows the equivalent funding ratio (EFR) for different levels of risk-
sharing. It is calculated using (2.13).

financial capital is small and human capital is large, in order to obtain optimal expo-
sure to the risky assets.12 However, young people might be reluctant to do so, which
may explain the emergence of institutionally managed life-cycle or target date funds
which invest more conservatively over time. Individuals may also lack the capability
to do so, due to limited financial literacy (Lusardi and Mitchelli, 2007). Pension wealth
is a significant component of an individual’s financial wealth and therefore there are
arguments in favor of age-dependent exposure to risky assets by a pension fund on
behalf of the members of the fund (Bikker, Broeders, Hollanders, and Ponds, 2012). We
evaluate how the benefits provided by a collective defined contribution system with
risk sharing implemented via return-smoothing are dependent on past returns on the
risky asset. To keep the analysis simple, we assume here that N = 40 and K = 1, thus
considering lump-sum pension wealth. We regress this lump-sum pension wealth at
retirement date on the past returns on equity, using the regression

log(Xt) = c +
60

∑
j=1

bjrt−j + et, (2.14)

12This also depends on the riskiness of human capital including covariance with stock returns.
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Table 2.3: Sustainability of the pension fund

α P(FR<0.7) P(FR<1) P(FR>1.3) EFR (γ = 3) P(FR<EFR)

0.10 0.128 0.592 0.127 0.948 0.515
0.25 0.010 0.555 0.034 0.895 0.268
0.50 0.000 0.532 0.009 0.901 0.187
0.75 0.000 0.523 0.005 0.936 0.260
1.00 0.000 0.519 0.004 1.000 0.519

Note: This table reports the probability of underfunding, significant shortfall and significant overfunding. The table
also reports equivalent funding ratio (EFR) for different levels of risk-sharing and the probability that the funding ratio
falls below this level. It is calculated using (2.13). Return parameters are as in table 2.1.

similar to (2.12). Figure 2.7 plots the coefficients for different values of α. For α = 1
the payouts only depend on the returns during the working life and payouts are most
sensitive to the most recent returns close to retirement. For smaller α the payout also
depends on returns before a generation enters the fund. This illustrates the benefits of
intergenerational risk sharing. When a young worker enters the pension system, he has
a higher exposure to risky asset than in a system with no risk sharing. This is in line
with the optimal life-cycle theory. Initially the exposure still increases with age due to
annual contributions, but the most important element of the graph is the decreasing
exposure closer to retirement. Because of the return smoothing, the exposure to the
risky asset decreases automatically, again in line with life cycle theory.

2.4 Concluding remarks

We have analyzed a stylized model of a collective pension system that allows for in-
tergenerational risk sharing based on return smoothing. The pension fund’s board sets
the optimal amount of return smoothing taking into account the payouts to current and
future generations as well as intra-generational fairness. Since a tradeoff exists between
uncertainty in pension returns and uncertainty in the funding ratio, there is an optimal
level of return smoothing. Given our specification of the risk and return tradeoff in the
financial market, and given the preference parameters of the pension fund, the optimal
amount of return smoothing implies that only less than one third of a shock should
be passed on immediately. As a result, the pension return for participants becomes a
long weighted moving average of past returns. The implied age-related exposure to
the risky asset return automatically attains a shape that is broadly in line with life-cycle
portfolio choice. Certainty equivalent calculations show that the welfare improvements
provided by the intergenerational risk sharing are economically significant in the order
of a 6% increase in annual benefits compared to the case without return smoothing.
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Figure 2.7: Sensitivity of the pension wealth to past returns. This figure plots the coeffi-
cients of regression (2.14) for two different values of the return smoothing parameter α.

The current stylized model can be extended in several directions. First, instead of
focusing solely on financial risks, an empirical model should also include income and
demographic risks. In the collective defined contribution system these risks affect both
the contributions and the retirement benefits. Secondly, a more realistic return model
would deviate from a normal distribution with independent returns and constant mean
and variance. Thirdly, we assumed the existence of a real risk-free rate. With only
nominal financial instruments, inflation should also be included as an additional risk
factor. Fourthly, given these additional risks, the portfolio allocation problem can be
treated more seriously by including additional financial instruments and optimizing
over the portfolio weights.

A separate aspect is the robustness of the pension system. In our stylized model,
the log-linear adjustment rule contains the expected portfolio return as a constant that
determines the average pension return. This parameter will be hard to estimate from
the data. Misspecification of the expected return parameter may have consequences
for the dynamic behavior of the system. For example, setting the expected return too
low will give current generations a low indexation of their pension rights, leading to
the creation of a persistent financial buffer in the fund that will benefit future genera-
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tions. To avoid an explosion or collapse of the system the simple log-linear rule needs
amendment at the extremes when the assets are either exceptionally high or low.

2.5 Appendix

2.5.1 Initial conditions

We start our simulations from a deterministic steady state. At time t = 0 the fund
starts as if returns have always been equal to R = E[er] = exp(µp + 1

2 ωσ2) and pension
indexation equal to I = R. With contributions normalised to one, the initial conditions
for pension rights become

Z0(τ) =

{
R RN−τ−1

R−1 τ ∈ W0

R RN−τ−1
R−1 ×

1−R−(K+τ)

1−R−K τ ∈ R0
(2.15)

and Z0(τ) = 0 for all other τ. The initial conditional can be interpreted as the value of
individual accounts, where each cohort has been contributing one unit per year during
the working life and where retired generations have been extracting annuity benefits.
Implicitly the payouts to the retired cohorts are then equal to

X0(τ) =
RN − 1

1− R−K (2.16)

To fix the inital funding ratio at one, the starting value for the assets is equal to the sum
of the pension rights

A0 = ∑
τ∈W0∪R0

Z0(τ) (2.17)

These initial conditions are independent of the smoothing parameter α.
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Chapter 3

Asset Allocation Dynamics of
Pension Funds*

3.1 Introduction

How do long-term investors like pension funds adjust their portfolios over time? Em-
pirical investigations of pension fund portfolios have provided evidence that past in-
vestment returns are important drivers of their investment policy. Rauh (2009) finds
that the one-year lagged investment return of corporate pension funds in the US is
positively correlated with the next time period investment in equity. Pennacchi and
Rastad (2011) find that US public pension funds choose greater portfolio risk following
periods of poor investment performance, due to the agency behavior of public pen-
sion fund management. Additionally, using the same data, Mohan and Zhang (2014)
find that past investment returns are negatively correlated to the percentage of equity
allocation in the fund portfolio. Why do past returns influence the pension fund port-
folio allocation and how does the portfolio change relative to stated policy or strategic
portfolio allocation?

Realized returns on different asset classes will lead to changes in actual portfolio
weights. If pension funds chose not to fully rebalance these mechanical variations, they
would then be “moving with the market” or behaving pro-cyclically.2 Since this can
become a buy-high sell-low strategy, it can be detrimental to their performance (Pa-
paioannou, Park, Pihlman, and Van der Hoorn, 2013). Moreover, pension funds as
institutional investors constitute a big part of the economy, with their holdings some-

*This chapter is co-authored with Dennis Bams (Maastricht University, Netspar) and Peter Schotman
(Maastricht University, Netspar).

2Papaioannou, Park, Pihlman, and Van der Hoorn (2013) provide an example of the pro-cyclical be-
havior of US Pension Funds who were net sellers of equities in 2008 and 2009. They were selling equities
when the equity prices were low and expected returns were high. This indicates that US Pension funds
engaged in pro-cyclical investment action during the recent crisis.
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times almost as large as the gross domestic product (GDP) of the country or even larger.
Pro-cyclical investment behavior by institutional investors can therefore have serious
consequences for the stability of the financial system and could also be harmful for the
real economy. Additionally, empirical evidence exists that pro-cyclical behavior can
transmit financial shocks internationally. For example, Raddatz and Schmukler (2012)
find that mutual funds transmit shocks internationally by their pro-cyclical behavior.
Lastly, pension funds in particular can benefit from being contrarian as they have long
investment horizons. This gives them an advantage over short-horizon investors and
allows them to benefit from short-term mispricing in equities.3 In this chapter, we fo-
cus on portfolio rebalancing to analyze pension funds’ response to realized returns, and
hence evaluate their pro-cyclicality.4

We find that pension funds strongly rebalance their portfolios to counteract the im-
pact of return on their portfolios. On average, pension funds rebalance about 80-90%
of passive equity variation in the portfolio annually. However, a portion of the actual
change in equity weights can be attributed to passive change due to realized returns.
We find that on average about 10-20% of passive change is not rebalanced and con-
tributes towards the actual change in the equity portfolio weight. Therefore, we find
evidence that not rebalancing completely can be a reason for past returns being corre-
lated with the investment policy. Although we observe this strong rebalancing follow-
ing shocks like those of 2001 and 2008, funds can choose to rebalance to ensure that
their actual asset allocation equals their strategic asset allocation or choose not to re-
balance the portfolio to exploit any perceived change in the time-varying investment
opportunity set.5 Pension funds could choose to rebalance their portfolio in line with
their belief in mean-reversion in equity prices. This would imply that if stock markets
rebound following a downturn, pension funds would recover their losses. However,
since pension funds have liabilities, risk aversion can increase with declining wealth.
If they become more risk averse, standard portfolio theory implies less investment in
risky assets. Therefore, elevated risk-aversion can in the short term make pension funds
pro-cyclical. Additionally, to preclude further underfunding and facing regulatory ac-
tion, the pension fund can choose portfolio insurance behavior by not rebalancing or
can even de-risk the portfolio.

3Ang and Kjaer (2012) define a long-term/ long-horizon investor as one who does not have short-term
liabilities or liquidity demands or these are small compared to the total portfolio of the investor.

4See Ang, Brandt, and Denison (2014) and Ang and Kjaer (2012) for the institutionalized rebalancing
strategy of California Public Employees’ Retirement System (CalPERS) and Norwegian Government Pen-
sion Fund Global.

5Timmermann and Blake (2005) find that international portfolio weights of pension funds in the UK
are highly correlated to the time-varying investment opportunities set i.e. time-varying expected returns,
volatilities, and conditional covariances with global equity returns. However, they find negative average
return of market timing, therefore providing further evidence on the importance of rebalancing towards
the long-term strategic asset allocation.
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The rebalancing coefficient that we estimate for professionally managed pension
fund portfolios is much stronger than the coefficient estimated by Calvet, Campbell,
and Sodini (2009) for risky and risk-free parts of the household portfolio. They find
that approximately 50% of risky passive change is rebalanced. Our results are also
stronger than Bikker, Broeders, and De Dreu (2010), who find that Dutch pension funds
rebalance only 39% of passive change - albeit that this estimate is at quarterly frequency
and is expected to increase as the horizon increases. Rebalancing of investment portfo-
lios has also been studied in the context of international portfolio allocation. Curcuru,
Thomas, Warnock, and Wongswan (2011) find evidence that US investors do not chase
returns in international markets. They rebalance their international portfolio by selling
past winners, which is a form of partial rebalancing.

Do pension funds rebalance the same amount each year or does this vary over time?
Calvet, Campbell, and Sodini (2009) find that the rebalancing coefficient varies over
time to a certain extent, when they estimate yearly regressions. Exploiting our long
time-series of data, we find that pension funds follow asymmetric rebalancing. They
rebalance more when the stock market is performing poorly but less when it is per-
forming well. In the years following positive stock index return, the part of the equity
return not rebalanced goes from 20% to 38%, implying poor rebalancing. However, this
coefficient comes down to 10% in case of negative stock index returns, showing strong
rebalancing. Therefore they appear to be momentum-type investors when the stock
market is doing well and contrarian when it is doing poorly.

We find that pension funds are slow in incorporating change in strategic asset al-
location into their actual equity portfolio in line with expectations given that pension
funds need time to implement the changes, e.g. due to liquidity constraints or to reduce
potential market impact. Approximately 37% of the change in strategic asset allocation
is incorporated by the pension funds in one year. Next, looking at longer-horizon ex-
tensions, it appears that pension funds rebalance fully over a 5-year horizon. However,
over a 3-year horizon, a portion of return is still not fully rebalanced. Many pension
funds use derivative strategies to achieve the desired shift in the risk exposure to keep
it close to the long-term strategic allocation. Analyzing the costs of these strategies,
we find that they show economies of scale. Moreover, the asset classes for which these
strategies are used matters less, as we obtain similar coefficients for equities and alter-
natives as for bonds.

Next, we analyze cross-sectional variation in rebalancing behavior. Calvet, Camp-
bell, and Sodini (2009) find that financially sophisticated households rebalance more.
Do all pension funds rebalance similarly or are there any cross-sectional characteristics
that influence their rebalancing behavior? Overall, we only find statistically qualified
support for cross-sectional differences in rebalancing speeds. The results indicate that
US and defined benefit funds are less likely to rebalance fully any change due to past
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returns. Unlike Bikker, Broeders, and De Dreu (2010), we do not find that the size of
a pension fund is a determining factor. Ang and Kjaer (2012) and Papaioannou, Park,
Pihlman, and Van der Hoorn (2013) have suggested that one of the causes of poor re-
balancing behavior can be the principal-agent problem encountered by pension funds,
in particular between internal and external managers. We test this hypothesis, and
our results suggest that external managers can be identified as the major source of re-
balancing coefficient observed in the baseline results. Moreover, as between passively
and actively managed equity, the latter has the larger concentration of passive change
that is not rebalanced. Lastly, analyzing rebalancing between equity, alternatives and
bonds, we find that pension funds are more passive in alternatives. They are slower in
rebalancing these than both the other asset classes and also in incorporating strategic
changes and closing the existing gap between strategic and actual allocations.

3.2 Data description

Our data is obtained from CEM Benchmarking Inc., a pension fund cost benchmarking
company located in Toronto, Canada that uses a survey to collect data annually from
pension funds, primarily for cost benchmarking purposes.6 The original dataset con-
tains 6129 observations from 1990 to 2011 of 978 unique funds. Most of the pension
funds in our sample are defined-benefit (final average or career-average wage type)
and are from the US, Canada or Europe. We also have some observations of funds from
Australia and New Zealand. The database contains information about public as well
as corporate pension plans, industry-wide pension funds and some sovereign wealth
funds. The information available in the database for each pension fund can be grouped
into three main categories: asset allocation, strategic asset allocation and plan charac-
teristics.

The asset allocation section contains information about the assets held by the pen-
sion funds, costs associated in investing and return on the investments in as many as
186 asset-classes. The information is therefore highly disaggregated and helps us in cal-
culating the passive return. The strategic asset allocation section contains information
on the policy weights in the asset classes. Strategic asset allocation is the policy mix
between asset classes reflecting the long-term target of the pension fund.7 The values

6Pension funds fill in the questionnaire approximately in May for their asset holdings for the year
ended in December of last year, for the latest text of the survey see www.cembenchmarking.com/Files/

Documents/Surveys/2014_CEM_IBS_World_Survey.pdf
7CalPERS, for example, chooses a strategic asset mix after an Asset Liability Management (ALM) pro-

cess. Given capital market assumptions, this process determines the appropriate mix of asset classes
for a given expected return, minimizing the volatility of return. This ALM process takes into ac-
count actuarial factors like discount rate, funding ratio, contribution level, and contribution volatil-
ity. CalPERS currently revises its strategic asset allocation every three years. For CalPERS’ investment
committee report on strategic asset allocation implementation see https://www.calpers.ca.gov/docs/
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3.2 Data description

in our database reflect midpoints if the asset mix is chosen as ranges instead of points.
Some pension funds utilize policy ranges around the target allocation to manage and
monitor their portfolio. Unfortunately, we do not have any information on them or any
widening or narrowing of them over the sample period. There is information on the
benchmarks used by the fund and the benchmark returns. Plan characteristics include
information on the type of plan e.g. public, private or corporate; defined benefit or
defined contribution; location of the plan, i.e. US, Canada or Europe; number of plan
members; number of plan members that are retired; type of inflation indexation that
is provided; the liability associated with retired members; liability discount rate and
expected rate of return assumptions.8

The mean pension plan observation in the full sample has asset under management
of about $10.4 billion and the median has an asset value of $2.3 billion. Table 3.1 pro-
vides summary statistics of pension plan characteristics. The majority of pension plans
are defined benefit (79%) and United States based (58%). The second biggest group is of
Canadian pension funds (34%). About 37% of the pension funds provide some contrac-
tual inflation protection of benefits. Table 3.1 also provides the details of plan member
characteristics of the pension funds in the full sample. The mean percentage of retired
members is 39%. The mean pension plan observation has approximately 60 thousand
active members and 33 thousand retired members. Furthermore, Table 3.1 provides the
details of actuarial assumptions used by the pension funds. The mean pension plan
observation has an expected rate of return of 7.5% whereas the actual realized return
is higher at 8.7% which is also higher than the mean return of the benchmarks utilized
by the pensions funds of approximately 8.2%. The discount rate used by the pension
funds for liabilities is only slightly smaller than the expected returns at approximately
7% where the 95th percentile is as high as 9%.

Panel A of Table 3.2 shows the summary of actual and strategic asset allocation of
the pension funds in our sample. Alternative assets include allocations to commodi-
ties, real estate, hedge funds, private equity etc. All the asset classes in the fixed income
category are described as bonds or fixed income. Both equity and fixed income as-
set classes include allocations to international and domestic investments, active and
passive mandates and internally and externally managed funds. On average, the ac-

board-agendas/201403/invest/item09a-00.pdf and for a brief description of strategic portfolio see
https://www.calpers.ca.gov/docs/forms-publications/cerbt-strategy-1.pdf

8Since it is voluntary to participate in the survey, there could be potential self-reported bias arising from
poorly performing pension plans choosing not to report or reporting only “good years”. Recent papers
using this database including Bauer, Cremers, and Frehen (2010) and Andonov, Bauer, and Cremers (2012)
do not find any evidence of such behavior when checking for self-reporting bias in the dataset. Moreover,
companies have an incentive to be honest in self-reporting to the data collector because they will know
later about their own performance relative to their peers and intentionally wrong reporting will not do
them any good.
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Figure 3.1: Portfolio dynamics: Panel (a) of the figure shows the time series of the cross-
sectional mean of actual minus strategic or policy allocation in Equity. The total portfolio
adds to one. Panel (b) shows the cross-section standard deviation of the same variable.
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3.3 Rebalancing of fund portfolio

tual asset allocation is very close to the strategic asset allocation. The mean pension
plan observation has approximately 54.7% of the assets invested in equity whereas the
strategic asset allocation is 54.6%. Figure 3.1 is a graphical presentation of the summary
statistics of the difference between actual and strategic allocations to equity. Panel (a)
of the figure shows the time series of the cross-sectional mean of actual minus strategic
allocation to equity. The mean does not stay constant over time but exhibits consider-
able ups and downs. This variable is known as the adjustment term. Panel (b) shows
the cross-section standard deviation of the same variable, which provides an indication
of cross-sectional dispersion. The biggest difference in the asset allocation comes from
cash. The mean pension plan observation has 2.4% of actual cash against the target of
1.5%. Again, the median is zero, indicating that at least half of the pension funds do
not target holding any cash at all. This may seem counter-intuitive since they have to
pay pension benefits. However, the median of actual allocation indicates about 1.2%
of cash holding in the portfolio. One possible explanation is provided by Novy-Marx
and Rauh (2009), who point out that government accounting standards require pension
funds to discount liabilities by expected rate of return. Therefore it is not optimal to
have cash in the strategic portfolio as this will lower the liability discount rate, thereby
increasing the liabilities of the fund.

3.3 Rebalancing of fund portfolio

3.3.1 Decomposition

To test the extent of portfolio rebalancing by the pension funds in our sample, we de-
compose the total change in the portfolio weights into active and passive changes fol-
lowing the methodology of Calvet, Campbell, and Sodini (2009). This decomposes the
total change into passive change, which is the change that we would observe if there
was no trading in the portfolio, and active change, which is the change attributable
to rebalancing or trading in order to exploit the time-varying investment opportuni-
ties. Let wi,t at time t for fund i denote the fraction of the total fund portfolio invested
in equities. Additionally, we define the passive equity return for fund i in the period
(t, t + 1] as ri,t+1 which is the weighted average of returns in the equity asset classes
(rj,i,t+1) where the weights (we

j,i,t) are determined by the fraction of the asset in the eq-
uity part of the portfolio. Assuming there are J equity asset classes

1 + ri,t+1 =
J

∑
j=1

we
j,i,t(1 + rj,i,t+1) (3.1)

Return data for certain asset classes is missing for a few years. We adopt the fol-
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3. ASSET ALLOCATION DYNAMICS OF PENSION FUNDS

lowing strategy in order not to lose out on observations because passive returns cannot
be calculated due to missing returns. First, we substitute the benchmark returns for
the missing returns, and if there are still any missing returns, we replace them by the
average return in that particular year in that asset class for that pension fund. For ex-
ample, if the return for the fixed income Asia-Pacific asset class is missing for a certain
year for a certain pension fund, we first try to replace the return by the benchmark re-
turn. If that is not possible, we replace the missing value with the average return for
the fixed-income asset class of that particular pension fund in that year.

Now we define the passive equity weight at time t + 1 as wPAS
i,t+1 which is the zero-

rebalancing weight in equity. In other words, passive equity share is the weight in
equity in year t + 1 if the pension fund does not trade in equity in period (t, t + 1]. Let
r̃i,t+1 be the return on the remaining (fixed-income, alternative and cash) part of the
portfolio which is calculated in a similar way as passive equity return using equation
(3.1) above. Then,

wPAS
i,t+1 =

wi,t(1 + ri,t+1)

wi,t(1 + ri,t+1) + (1− wi,t)(1 + r̃i,t+1)
(3.2)

Having defined the passive return and the passive weight, we can now define the pas-
sive change. The actual change denoted by ∆wi,t is wi,t−wi,t−1 which is the total change
in the weight of equity from year t− 1 to year t. This total change is attributable to pas-
sive change due to realized returns, active change due to active investment decisions
and to changes in strategic asset allocation. The passive change for fund i is denoted
by PASi,t+1 and is the change in the weight of risky asset due to realized returns. It is
calculated in the following way

PASi,t+1 = wPAS
i,t+1 − wi,t (3.3)

We summarize the variables used to study rebalancing in the panel B of Table 3.2.
The mean of active and passive change add up to the mean of total change in equity. We
can use a fund-year observation if we can calculate the passive risky share for which we
require information on returns and portfolio weights in all sub-asset classes that make
up the asset class. This results in 3165 fund-year observations, which we use for our
regression analysis.

3.3.2 Rebalancing regressions

Superior performance in equity will automatically lead to an increase in the allocation
of equity in the total portfolio unless the pension fund rebalance this increase com-
pletely. How do large institutional investors like pension funds adjust their risk expo-
sure due to portfolio returns that they experience? Do they fully rebalance to maintain
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3.3 Rebalancing of fund portfolio

Table 3.3: Regression of total change on passive change

Dependent: Change in Equity
(1) (2) (3) (4)

Passive change 0.10** 0.20*** 0.10** 0.19***
(2.40) (12.16) (2.52) (11.17)

Strategic change 0.37*** 0.44*** 0.36*** 0.44***
(14.04) (16.48) (14.08) (17.31)

Adjustment 0.40*** 0.44*** 0.30*** 0.34***
(11.83) (12.47) (10.06) (10.58)

Observations 3,165 3,165 3,165 3,165
Number of plans 505 505 505 505
Fund FE Y Y N N
Year FE Y N Y N
R-squared (within) 0.464 0.352 0.455 0.344

Notes: This table presents the results of panel regressions of change in ac-
tual portfolio weights of Equity on passive & strategic or policy change
in Equity and the adjustment variable. Adjustment is defined as the differ-
ence between actual and strategic weight in risky asset in the previous year.
The regressions include all the funds that have information available in two
consecutive years and we are able to calculate the passive risky share. Ro-
bust standard errors are clustered at fund level and associated t-statistics
are in parentheses below the coefficient. Statistical significance is denoted
by asterisks using ∗ ∗ ∗ p < 0.01, ∗∗ p < 0.05 & ∗ p < 0.1 respectively.

the risk-return characteristics of their strategic asset allocation and focus on this for any
variation in return over the long term? For example, a pension fund’s response to the
bad market conditions of 2001 and 2008 could go in three directions. First, they can
choose to decrease risk, which can translate into reducing the equity allocation in the
total portfolio. This could be motivated by (anticipated) regulatory pressure when the
funding ratio becomes low. An increase in risk aversion could be another reason. If the
pension fund becomes more risk averse, standard portfolio theory would indicate the
reduction of risk in the portfolio. Secondly, pension funds can leave the risk unchanged,
being long-term investors. Furthermore, as pointed out by Ang and Kjaer (2012), pen-
sion funds being long-term investors should be able to ride out this period of short-term
mispricing. In fact, they should profit from it. Thirdly, they can choose to increase the
risk. One possible motivation for this could be their belief in mean-reversion in prices.
Poterba and Summers (1988) and Balvers, Wu, and Gilliland (2000) provide evidence
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3. ASSET ALLOCATION DYNAMICS OF PENSION FUNDS

of mean reversion in stock prices. By rebalancing, they can benefit from buy-low and
sell-high strategy if the prices mean-revert. To estimate the rebalancing at the pension
fund portfolio level, we estimate the following regression

∆wi,t = β0,t + β1PASi,t + β2∆w∗i,t + β3(w∗i,t−1 − wi,t−1) + φi + εi,t (3.4)

where strategic asset allocation weights for fund i in year t are denoted by w∗i,t. This
equation explains how much of the change in equity allocation is explained by passive
equity change. The regressor ∆w∗i,t is included to capture the dependence of the change
in strategic equity asset allocation on actual change. The regressor w∗i,t−1 − wi,t−1 is
included as an adjustment term. In addition to these variables, we also include fixed
effects (φi) and year dummies (β0,t) in our regressions. They are mentioned specifically
in the tables when switched on. For all the regressions we use robust standard errors
for the coefficients which are clustered at fund level, and the associated standard er-
rors are provided below the coefficient. β1 estimates the part of portfolio change that
is not rebalanced, 1− β1 therefore measures the part of portfolio change that is rebal-
anced. Note that β1 measures the propensity to rebalance, distinguishing this from
idiosyncratic shifts in policy weights and reversion to policy weight. If the pension
fund managers periodically rebalance their portfolios to maintain a stable risk-return
profile as their long-term objective, the coefficient β1 will be measured as statistically
indifferent from zero. This is because any change in the portfolio will be rebalanced
and the total change in the portfolio will not be correlated with the passive change in
it. This would imply that pension funds are fully active in rebalancing. On the other
hand, if the pension funds follow a buy-and-hold strategy, then we should expect that
the passive share coefficient is one.

The second coefficient β2 measures the speed at which the changes in policy or
strategic portfolio weights are incorporated in the actual portfolio. The coefficient β2

being close to one implies that pension funds immediately incorporate any change in
strategic asset allocation in the actual portfolio. Lastly, β3 being close to one implies that
any difference in portfolio weight and actual weight is immediately adjusted in the next
time period. It thus measures the speed of adjustment towards the long-term strategic
portfolio. The results of regression (3.4) are presented in Table 3.3. The regressions
include all the funds that have data available in two consecutive years and where we
are able to calculate passive change.

The coefficient estimate of β1, the rebalancing coefficient, is 0.10 and statistically sig-
nificant in the most comprehensive model with both year effects and fund-fixed effects.
They rebalance 90% of the passive variation. This means that pension fund managers,
on average, strongly rebalance towards their long-term strategic allocations instead of
letting the weight of appreciating assets increase. Thus, we find evidence that pension
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3.3 Rebalancing of fund portfolio

fund managers strongly rebalance the portfolio to stabilize the risk-return profile of the
pension fund, with active rebalancing reversing 90% of change due to returns on the
equity. Next, we focus on how pension fund managers incorporate changes in strategic
asset allocation. If the pension fund would fully incorporate the changes in strategic
asset allocation in one year, than we would expect the coefficient of change in strategic
asset allocation be close to one. Instead, the coefficient is positive but perhaps surpris-
ingly considerably smaller than one. The coefficient estimate of β2 is 0.37, implying
that pension funds are slow in incorporating policy change in equities. The coefficient
implies that a one percent increase in the change in strategic equity asset allocation
increases the actual change by approximately 37 basis points in one year.

Next, we discuss whether the initial difference between the actual and strategic
weight has any influence on total change in the pension fund’s equity allocation. Change
in portfolio weights is indeed strongly affected by the difference between the actual and
strategic weights of the pension fund in the previous year, in line with expectations. We
find a positive coefficient and estimate of β3 is 0.40, implying that if the pension fund
is far away from its stated objective, it then aggressively attempts to close this gap.
However, pension fund managers are able to close only about 40% of this gap on aver-
age in one year. Lastly, our baseline model for the rebalancing discussion is the most
comprehensive model so far, with both year dummies and fund-fixed effects. The year
dummies capture the common rebalancing of all funds in each year. Interestingly, we
find that the rebalancing coefficient doubles in magnitude to 0.20 when we switch off
the year dummies. This indicates that pension funds rebalance 80% of passive equity
change and the remaining 20% is not rebalanced.

The rebalancing coefficient that we estimate for professionally managed pension
fund portfolios is much stronger than the coefficient estimated by Calvet, Campbell,
and Sodini (2009) for risky and risk-free parts of the household portfolio. We find that
pension funds rebalance 80− 90% of the equity passive change, whereas Calvet, Camp-
bell, and Sodini (2009) estimate that approximately 50% of risky passive change is rebal-
anced. Their empirical evidence suggests that households only partially rebalance the
passive variation in their portfolio. Our results are also stronger than Bikker, Broeders,
and De Dreu (2010), who find that pension funds rebalance only 39% of passive change.
However, their sample is restricted to Dutch pension funds and they estimate rebalanc-
ing quarterly in contrast to our annual frequency. Furthermore, Bikker, Broeders, and
De Dreu (2010) also analyze the effect of change of strategic asset allocation. They find
that Dutch pension funds almost fully adjust their portfolios in response to any change
in the policy weights. On the other hand, we find that pension funds are on average
quite slow in implementing changes in their strategic asset allocation.

The empirical analysis of this section finds that although pension funds rebalance
strongly, they do not do so completely. Pension funds have at least two theoretical rea-
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Table 3.4: Longer horizon rebalancing

Panel I Actual change in Equity 3 years
(1) (2) (3) (4)

Passive change 0.12** 0.16*** 0.11** 0.17***
(2.39) (5.87) (2.50) (6.40)

Strategic change 0.65*** 0.74*** 0.65*** 0.75***
(15.88) (20.83) (16.83) (22.61)

Adjustment 0.81*** 0.93*** 0.73*** 0.84***
(17.36) (20.36) (15.49) (17.71)

Observations 1,994 1,994 1,994 1,994
Number of plans 323 323 323 323
R-squared (within) 0.714 0.650 0.712 0.647

Panel II Actual change in Equity 5 years

Passive change 0.07 0.05 0.06 0.06*
(1.17) (1.29) (1.15) (1.65)

Strategic change 0.74*** 0.87*** 0.74*** 0.86***
(15.58) (24.01) (17.06) (25.88)

Adjustment 0.91*** 1.03*** 0.87*** 0.99***
(18.12) (22.05) (18.10) (22.15)

Observations 1,322 1,322 1,322 1,322
Number of planid 224 224 224 224
Fund FE Y Y N N
Year FE Y N Y N
R-squared (within) 0.806 0.751 0.806 0.751

Notes: This table presents the results of regressions of longer horizon re-
balancing in Equity allocation — three years for Panel I and five years for
Panel II. The passive and strategic change are at the three year horizon
for Panel I and adjustment variable represents the difference between the
strategic and actual allocation three years ago. The variables are similarly
calculated at the five year horizon for Panel II. Robust standard errors are
clustered at fund level and associated t-statistics are in parentheses below
the coefficient. Statistical significance is denoted by asterisks using ∗ ∗ ∗ p
< 0.01, ∗∗ p < 0.05 & ∗ p < 0.1 respectively.
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sons to move away from their strategic asset allocation in the short-term. The first is
due to costs associated with rebalancing the portfolio. The costs can be fixed, for ex-
ample the opportunity cost of fund manager’s time, or they can be proportional to the
change in the value of asset holding, for example the transaction costs. Costs define op-
timal rebalancing rules which comprise a no-trade region around the strategic portfolio
(Lynch and Balduzzi, 2000). For this reason, funds have bands around their strategic
asset allocation which allows them some scope for not rebalancing very often (Bikker,
Broeders, and De Dreu, 2010). The second reason can be a decision by pension fund to
engage in active management of assets in order to outperform the market and exploit
the perceived change in time-varying investment opportunity set. These active man-
agement decisions can be related to variation over time in allocation of funds across
asset classes (market timing) and allocation of funds within certain asset class (security
selection).9 Additionally, pension funds can choose to engage in momentum types of
strategies and chase returns.10

In spite of these legitimate reasons why pension funds might not rebalance very
often, it is very important that pension fund should rebalance at least a few times to
stay close to their strategic asset allocation. If pension funds do not rebalance, they
will be exposed to undesirable risks due to automatic variations in the portfolio. The
actual portfolio will not represent the desired risk-return characteristics of the strate-
gic asset allocation, determined optimally by the pension fund board. Additionally,
the majority of the historical variations in returns on the fund portfolio historically
are explained by the strategic asset allocation of the portfolio (Ibbotson and Kaplan
(2000);Blake, Lehmann, and Timmermann (1999)), and engaging in market timing does
not result in additional returns (Timmermann and Blake (2005)).11 Therefore, pension
funds should try to stay as close as possible to the strategic asset allocation. Moreover,
selling of equities that have performed well in the past is also consistent with the lit-
erature on mean reversion in equity prices. Rebalancing would therefore be especially
important in the equity asset class.

Mohan and Zhang (2014); Pennacchi and Rastad (2011); Rauh (2009) have suggested
that past investment returns can influence the investment behavior of pension funds.
The results of this section supplement and extend these findings by showing that these
empirical observations are possibly due to pension funds choosing not to fully rebal-
ance their portfolio. Furthermore, these results have implications for theoretical models
of life-cycle asset allocation which include professionally managed pensions. Thus, in-

9See Andonov, Bauer, and Cremers (2012) for an analysis of active management decisions of pension
funds.

10See Curcuru, Thomas, Warnock, and Wongswan (2011) for an analysis of rebalancing behavior of US
international investors.

11See Brown, Garlappi, and Tiu (2010) for university endowment funds that have multiple asset class
portfolios like pension funds.
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dividuals exposed to risk due to mechanical variation like the above cannot adjust their
privately held investments so that their total investment reflect their optimal allocation,
as they will be unaware of any such risks.

3.3.3 Robustness check

In the previous section, we have used an annual time frame to judge the rebalancing
behavior of the pension funds. This is also consistent with the frequency used by Cal-
vet, Campbell, and Sodini (2009). Additionally, other short-term tactical investment
strategies like momentum are effective over a shorter horizon, for example 6 months to
one year (Jegadeesh and Titman, 1993). One might worry about the fact that pension
funds do not rebalance annually, but rather as long-term investors rebalance over a two
or three year horizon. In this section, we analyze the rebalancing behavior of pension
funds over a 3-year (medium term) and a 5-year (long term) horizon. We estimate the
rebalancing regression (3.4) with longer horizon passive change, longer horizon strate-
gic change and the adjustment variable. The long horizon passive change can be cal-
culated as in (3.2), using longer K horizon returns: ∏K

k=1opl(1 + ri,t+k). The results are
presented in Table 3.4, with Panel I listing the results for medium three-year horizon
and Panel II listing the longer five-year horizon results.

In the 3-year horizon regression, we find that pension funds still do not fully rebal-
ance. However, a quantitatively larger coefficient is obtained for the strategic change
variable, as well as for the adjustment variable. In the 5-year horizon regressions, we
find no evidence of poor rebalancing. Therefore over the long horizon, pension funds
seem to actively rebalance any passive variation in the portfolio. We also obtain larger
coefficients for both the strategic change variable and the adjustment variable. This im-
plies that pension funds almost fully incorporate policy weights in five years and any
mismatch between strategic and actual allocation 5 years ago, as would be expected.
It is also interesting to note that R2s of the long horizon specification is very high (ap-
proximately 80%) implying that we are able to explain most of the variation in long
term changes in the pension funds portfolios using our empirical specification.

3.3.4 Asymmetric rebalancing

Do pension funds rebalance the same amount each year, and does the rebalancing be-
havior remain constant or does it vary over time? Calvet, Campbell, and Sodini (2009)
find when they estimate yearly regressions that the rebalancing coefficient varies over
time to a certain extent. For example, they estimate an overall rebalancing coefficient
of around 50% which varies between 40% to 80% in yearly regressions. This can im-
ply that quite different quantitative estimates can be obtained depending on the years
in the sample if a short time series is used. Bikker, Broeders, and De Dreu (2010) find
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that pension funds behave differently in response to positive than to negative equity
returns, rebalancing more when there are negative equity returns. Other studies such
as Curcuru, Thomas, Warnock, and Wongswan (2011) also find asymmetric rebalanc-
ing by US investors in international portfolios. They find that US investors are con-
trarian when selling, i.e. they sell past winners. Similarly, other studies focus almost
entirely on rebalancing in specific years. For example, Papaioannou, Park, Pihlman,
and Van der Hoorn (2013) focus solely on the pro-cyclical behavior of institutional in-
vestors like pension funds in the recent financial crisis. In our baseline results from the
previous section, the rebalancing coefficient varies substantially when we switch on the
year dummies, which capture the common reallocations in each year.

The rebalancing behavior can be different in bull and bear markets because the
liquidity needs during a time of crisis can be underestimated (Papaioannou, Park,
Pihlman, and Van der Hoorn, 2013).12 To identify any asymmetric effects in rebalanc-
ing, we use a similar specification to that in our baseline regressions (3.4) but make the
rebalancing coefficient β1 a function of time-dependent dummy variables signifying
different market conditions. We use the following two separate dummies a MSCI neg-
ative dummy and a high volatility dummy, and they are defined as follows. The MSCI
negative dummy is 1 when the last year’s return on the MSCI World Index is less than
zero, otherwise zero.13 The high volatility dummy is one when the yearly standard
deviation of daily returns on S&P 500 index in the last year is greater than the sample
mean, otherwise zero. Thus, the rebalancing coefficient is split into two values, one
value when the dummy variable is one and another value when it is zero. The results
are presented in Table 3.6.

The results reveal that rebalancing behavior changes a lot over time and is asym-
metric. In the years when the previous MSCI World Index is positive and therefore
the dummy is zero, the estimate of the rebalancing coefficient is 0.38. This implies that
pension funds do not rebalance, and exhibit a momentum-type behavior. On the other
hand when the dummy is 1, the total rebalancing coefficient is 0.38 + (−0.24) = 0.10.
This implies that when the stock market is doing well, pension funds rebalance sig-
nificantly less. Similarly, we estimate that pension funds rebalance less when stock
market volatility is low and more when it is high, with a rebalancing coefficient of 0.43
and 0.17 respectively. Curcuru, Thomas, Warnock, and Wongswan (2011) also observe
asymmetric behavior; they find that US investors sell past winners in international
portfolios. Bikker, Broeders, and De Dreu (2010) find that positive shocks are rebal-

12For example, California Public Employees’ Retirement System (CalPERS) was forced to sell equity
to raise cash instead of rebalancing by buying more equities during 2007-08, due to significant liquidity
needs during the crisis period (Ang and Kjaer, 2012).

13When the MSCI index return is negative, it is highly likely that the equity return of the fund portfolio
is also negative. This would imply a negative passive change. Therefore this analysis is in a similar spirit
to Bikker, Broeders, and De Dreu (2010) and Curcuru, Thomas, Warnock, and Wongswan (2011), who also
identify asymmetry based on the returns realized on the portfolio.
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Table 3.5: Rebalancing costs

Dependent variable: rebalancing overlays
(1) (2) (3) (4) (5)

Constant 0.43*** 0.34*** 0.37*** 2.22*** 2.21***
(10.82) (10.40) (5.42) (5.21) (5.43)

Adjustment Equity 3.13*** 3.08*** 3.81** 3.74**
(2.69) (2.68) (2.02) (2.00)

Adjustment Alternatives 3.48*** 3.43*** 2.91* 2.85*
(2.75) (2.61) (1.80) (1.77)

Adjustment Bond 3.43*** 3.48*** 3.08** 3.05**
(3.49) (3.33) (2.11) (2.08)

Log fund size -0.15*** -0.16***
(-3.94) (-4.05)

Retired -0.01 0.02
(-0.04) (0.13)

Public fund 0.04 0.06
(0.27) (0.43)

Defined Benefit -0.34 -0.33
(-0.82) (-0.83)

US dummy -0.24** -0.23**
(-2.56) (-2.17)

Observations 162 162 162 137 137
R-squared 0.08 0.11 0.28 0.32
Time Dummies N Y N Y

Notes: This table presents the results of pooled regressions of rebalancing overlays in basis
points on differences between actual and strategic or policy weights in Equity, Alterna-
tives and Bond. Rebalancing overlays are defined as the cost of strategies implemented
using derivatives to implement asset class rebalancing. Columns (4 & 5) include cross-
sectional control varibales. Robust standard errors are clustered at fund level and associ-
ated t-statistics are in parentheses below the coefficient. Statistical significance is denoted
by asterisks using ∗ ∗ ∗ p < 0.01, ∗∗ p < 0.05 & ∗ p < 0.1 respectively.
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3. ASSET ALLOCATION DYNAMICS OF PENSION FUNDS

anced less compared to negative shocks. They conclude that pension funds limit any
decline in portfolio weight of equity due to low returns, but when equity outperforms,
it is not rebalanced as much. Thus, consistent with the results of Bikker, Broeders, and
De Dreu (2010), we find that pension funds are asymmetric in responding to stock mar-
ket shocks. They behave as momentum-type investors and take on more risk when the
stock market is doing well but are contrarian when the stock market is doing poorly,
consistent with aiming to benefit from mean-reversion in equity prices. Overall, the re-
sults of this section suggest that pension funds tend to be pro-cyclical on average when
the stock market is doing well.

3.3.5 Rebalancing costs

Many pension funds use derivative strategies to achieve the desired shift in the risk
exposure so that it stays close to the long-term strategic allocation. These so-called re-
balancing overlays are derivative strategies that allow the pension fund to calibrate its
risk exposure with strategic investment targets without actual buying or selling of se-
curities, and they are therefore cost effective. Our CEM database has some information
about the costs of these strategies to pension funds, and in this section, we analyze these
costs. This is not the overall cost of rebalancing but concerns only partial costs pertain-
ing specifically to synthetic adjustments using derivatives. This information is available
for a few pension funds and over a few years only. In total, we have 162 fund-year ob-
servations. We regress these costs in basis points (bps) on differences between actual
and strategic weights in equity, alternatives and bond asset classes and cross-sectional
fund characteristics. The results of the regressions are presented in Table 3.5.

The most important result in Table 3.5 is that the costs of implementing the deriva-
tive strategies for steadying risk exposure have scale economies. The results clearly
indicate that bigger pension funds have lower costs of implementing these strategies.
This implies that it makes sense for bigger pension funds to use them to stabilize their
risk exposure. In addition, US pension funds have lower costs of implementing these
strategies. As expected, pension funds spend more on rebalancing overlays the fur-
ther they are from their policy weights. The costs are indeed strongly determined by
how far away the actual allocation is from its policy allocation. However, which asset
class it is matters less as we obtain similar magnitudes of coefficients for equities and
alternatives as well as for bonds.
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3.4 Extensions

3.4.1 Cross-sectional variation in rebalancing

Do all pension funds rebalance similarly, or are there any cross-sectional characteristics
that influence their rebalancing behavior? Calvet, Campbell, and Sodini (2009) find that
wealthy, more educated and financially sophisticated investors rebalance more actively.
Bikker, Broeders, and De Dreu (2010) find that larger pension funds do less rebalanc-
ing. In the analysis of the previous section, we estimated one rebalancing coefficient
for all pension funds in our sample. In this section, we extend the analysis to allow for
any variation in rebalancing speeds across pension funds and we investigate whether
there are any fund-specific features that are responsible for cross-sectional variation in
rebalancing speeds. We use the following five variables:- size, the liability structure of
the pension fund implied by the percentage of retired members, public fund, defined
benefit (DB) fund, and US fund. We make the regression coefficients of passive change,
strategic weight change and adjustment term in equation (3.4) a linear function of pen-
sion fund characteristics. Therefore, β j = δ0,j + δ

′
jXi, where j denotes the variables

passive (β1), strategic (β2), adjustment (β3) and Xi is the vector of fund characteristics
for ith fund. All the cross-sectional variables are used as dummies, with large fund
representing larger than median size and old fund representing larger than median
percentage of retired members. Table 3.7 reports the coefficient vectors δj for regression
with year dummies in Panel I and without in Panel II.

Overall, we find qualified support for cross-sectional differences in rebalancing
speeds. The results indicate that US pension funds are less likely to rebalance fully any
change due to past returns. Additionally, defined benefit pension funds are also likely
to rebalance less. These results are consistent with the observations of Papaioannou,
Park, Pihlman, and Van der Hoorn (2013) who note that defined benefit US pension
funds were net sellers of equity in 2008-09 when equity was performing poorly. Per-
haps surprisingly, we find no evidence of size of fund having a significant effect on the
rebalancing speed. There is however evidence that bigger pension funds take more risk
az“az(Andonov, Bauer, and Cremers, 2013; Mohan and Zhang, 2014; Rauh, 2009) and
according to Bikker, Broeders, and De Dreu (2010) large pension funds do have a higher
rebalancing speed. Further, the percentage of retired members does not have any sig-
nificant effect on the rebalancing speed, although the investment policy is known to be
influenced by the age structure of the participants in the pension fund (Bikker, Broed-
ers, Hollanders, and Ponds, 2012; Bodie, Merton, and Samuelson, 1992). Moreover,
more liabilities associated with retired members make pension funds risk-averse. Next,
we focus on the cross-sectional determinants of speeds of incorporating strategic asset
allocation change. The results indicate that large funds are faster in incorporating the
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Table 3.7: Cross-sectional differences in rebalancing

Panel I Passive Strategic Adjustment

Constant -0.04 0.32*** 0.24***
(-0.57) (4.74) (3.83)

Large fund 0.01 0.07* -0.04
(0.28) (1.74) (-0.85)

Old fund 0.04 -0.01 0.04
(1.08) (-0.16) (0.84)

Public dummy 0.04 -0.02 0.08*
(1.08) (-0.46) (1.73)

Defined Benefit 0.09* -0.01 0.09*
(1.66) (-0.15) (1.88)

US dummy 0.02 0.03 -0.07
(0.45) (0.62) (-1.36)

Fund FE N
Year FE Y

Panel II Passive Strategic Adjustment

Constant 0.05 0.39*** 0.25***
(0.80) (5.39) (3.46)

Large fund -0.00 0.09** -0.03
(-0.01) (2.19) (-0.64)

Old fund 0.03 0.01 0.04
(0.66) (0.19) (0.78)

Public dummy 0.04 -0.01 0.10*
(0.90) (-0.23) (1.73)

Defined Benefit 0.07 -0.03 0.09*
(1.46) (-0.63) (1.74)

US dummy 0.07* 0.04 -0.05
(1.67) (0.76) (-0.91)

Fund FE N
Year FE N

Notes: This table presents the results of panel regressions when the coefficient of three
independent variables — passive change, strategic change and adjustment are made a
linear function of fund characteristics. Therefore, β j = δ0,j +δ

′
jXi , where j denotes the

variables passive (β1), strategic (β2) and adjustment (β3) andXi is the vector of fund
characteristics for ith fund. This table reports the coefficient vectors δj for regression
with year fixed effects in Panel I and without in Panel II. Robust standard errors are
clustered at fund level and associated t-statistics are in parentheses below the coeffi-
cient. Statistical significance is denoted by asterisks using ∗ ∗ ∗ p < 0.01, ∗∗ p < 0.05
& ∗ p < 0.1 respectively. Additionally, coefficients significant at the 10% level appear
in bold face.
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strategic changes in their actual asset allocation. Lastly, looking at the adjustment βs,
we find that public and US funds are fastest in adjusting for the difference between
actual and strategic weight in the previous year.

3.4.2 Contribution of differently managed funds to rebalancing

One of the causes of poor rebalancing behavior can be the principal-agent problem en-
countered by pension funds (Ang and Kjaer, 2012; Papaioannou, Park, Pihlman, and
Van der Hoorn, 2013). There can be many principal (the asset owner) and agent (the
asset manager) problems in pension funds. The asset managers, having superior infor-
mation about investments, may use this for making decisions that benefit them instead
of the asset owners. One example of this misalignment in pension funds is the follow-
ing. Although pension funds have long horizon, the fund managers compensation is
generally determined by their short-term performance. This implies that fund man-
agers are unlikely to tolerate temporary short-term losses for long-term gains. One
other principal-agent problem can be between internal and external managers. Inter-
nal management implies that the buying and selling decisions are made by the pension
fund or its wholly owned subsidiaries, whereas in an externally managed fund, the as-
sets are managed by external financial intermediaries. They are hired by the pension
fund on the assumption that they have superior skills in managing the assets. However,
Binsbergen, Jules, Brandt, and Koijen (2008) show that this can result in misalignment
between the incentives of the pension fund and the asset manager, which can prove
costly.14 In this section, we examine the contribution of internal and external manage-
ment of equity to total equity rebalancing.

We also examine the contribution of passively and actively managed equity to to-
tal equity rebalancing. Passively managed equity corresponds to the replication of a
broad market index, whereas actively managed equity takes bets on certain investment
strategies to outperform the market and exploit the perceived change in time-varying
investment opportunity set. These active management decisions can be related to varia-
tion over time in the allocation of funds across asset classes (market-timing) and alloca-
tion of funds within certain asset class (security selection). Engaging in these strategies
would be one reason for moving away from the strategic asset allocation and not re-
balancing. The total equity change ∆wi,t of (3.4) can be decomposed as the sum of the
change in internally and externally managed funds in equity. Similarly, it can be decom-
posed as the sum of passively and actively managed equity change.15 We then regress

14See also Blake, Rossi, Timmermann, Tonks, and Wermers (2013) for a discussion of shift from central-
ized to decentralized pension fund management.

15Since we decompose the active change in equity between the external & internal managers and be-
tween active & passive managers, we can find out how these type of asset management contribute to
portfolio rebalancing.
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these decompositions on the right hand side of (3.4).16 The results are presented in Ta-
ble 3.8, with Panel I presenting the regression results without and Panel II with year
dummies.

The results suggest that external managers and active managers can be identified as
the major source of the rebalancing coefficient observed in the baseline results of section
3.3.2. As between internally and externally managed equity, most of the passive change
that is not rebalanced is attributed to externally managed equity. This suggests that
agency problems between internal and external managers can lead to poor rebalancing
behavior. Next, as between passively and actively managed equity, actively managed
equity has a larger concentration of passive change that is not rebalanced. However, as
soon as the year dummies are turned on, the coefficient becomes quantitatively smaller
but also statistically insignificant. This suggests that actively managed funds tend to
make active bets together in certain years and therefore show herding behavior. This
should be of special concern to long-term investors like pension funds because institu-
tional herding leads to negative long-term returns (Dasgupta, Prat, and Verardo, 2011).
The results of this section show that to develop effective rebalancing rules on a pension
fund level, special attention should be paid to external and active managers.

3.4.3 Rebalancing in other asset classes

We have previously considered rebalancing behavior of pension funds solely in equity.
In this section, we further extend our analysis to alternatives and bonds. The rebal-
ancing behavior can be different in these assets for two reasons. First, whereas there
is strong evidence of the phenomenon of mean-reversion in equity, in bonds and espe-
cially in alternatives this evidence is slight. Pension funds therefore have less incentive
to be active in rebalancing. Secondly, real estate and private equity are less liquid than
public equity and it will therefore be more costly to rebalance them. Pension funds will
avoid trading less liquid asset classes due to costs, and possibly may have a greater
tolerance regarding closeness to stated strategic asset allocation. To analyze whether
the rebalancing behavior in these asset classes is indeed influenced by these factors, we
replicate our analysis of section 3.3.2 for these asset classes. Table 3.9 presents the panel
regressions of change in actual portfolio weights on passive change for the three asset
classes equities (in columns 1 & 2 for comparison), alternatives (columns 3 & 4) and
bonds (columns 5 & 6). The † next to the variables denotes that it is calculated for the
dependent variable of that column, for example, the strategic change† for column (3) is
the change in the strategic weight in alternatives.

16This implies that the coefficients of regressions (2) & (3) as well as (4) & (5) in Table 3.8 should add to
the coefficients in regression (1). However, there are small differences due to rounding.
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Table 3.8: Contributions of asset classes to equity rebalancing

Panel I Dependent variable: change in
Equity Internal Equity External Equity Passive Equity Active Equity

(1) (2) (3) (4) (5)

Passive change 0.20*** 0.04** 0.16*** 0.05** 0.16***
(12.16) (2.54) (8.06) (2.13) (5.91)

Strategic change 0.44*** 0.10*** 0.34*** 0.15*** 0.29***
(16.48) (3.71) (10.67) (5.32) (8.14)

Adjustment 0.44*** 0.05*** 0.38*** 0.14*** 0.30***
(12.47) (2.68) (10.69) (5.87) (9.41)

Observations 3,165 3,165 3,165 3,165 3,165
Number of plans 505 505 505 505 505
Fund FE Y Y Y Y Y
Year FE N N N N N
R-squared (within) 0.352 0.0254 0.215 0.0400 0.125

Panel II Dependent variable: change in
Equity Internal Equity External Equity Passive Equity Active Equity

Passive change 0.10** 0.01 0.09* 0.07 0.03
(2.40) (0.34) (1.68) (1.48) (0.50)

Strategic change 0.37*** 0.09*** 0.28*** 0.13*** 0.24***
(14.04) (3.32) (9.00) (4.47) (6.97)

Adjustment 0.40*** 0.05*** 0.35*** 0.13*** 0.27***
(11.83) (2.65) (10.16) (5.16) (8.62)

Observations 3,165 3,165 3,165 3,165 3,165
Number of plans 505 505 505 505 505
Fund FE Y Y Y Y Y
Year FE Y Y Y Y Y
R-squared (within) 0.464 0.0329 0.294 0.0833 0.206

Notes: This table presents the panel regressions of change in actual allocation of differently manged asset classes in
Equity on overall passive change in Equity to determine their contributions to overall passive change. Panel I presents
the regression results without and Panel II with year fixed effects. The coefficients of regressions presented in columns
(2 & 3) and columns (4 & 5) should add up to the coefficients of regression (1) but may not due to rounding. The
regressions include all the funds that have information available in two consecutive years and we are able to calculate
the passive share. Robust standard errors are clustered at fund level and associated t-statistics are in parentheses below
the coefficient. Statistical significance is denoted by asterisks using ∗ ∗ ∗ p < 0.01, ∗∗ p < 0.05 & ∗ p < 0.1 respectively.
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Table 3.9: Rebalancing regressions within asset classes

Change Equity Change Alternatives Change Bond
(1) (2) (3) (4) (5) (6)

Passive change† 0.10** 0.20*** 0.20*** 0.29*** 0.13*** 0.19***
(2.40) (12.16) (4.60) (9.21) (3.10) (10.51)

Strategic change† 0.37*** 0.44*** 0.22*** 0.24*** 0.44*** 0.46***
(14.04) (16.48) (7.22) (7.75) (12.92) (13.52)

Adjustment† 0.40*** 0.44*** 0.22*** 0.22*** 0.54*** 0.55***
(11.83) (12.47) (8.07) (7.65) (17.51) (18.24)

Observations 3,165 3,165 3,165 3,165 3,164 3,164
Number of plans 505 505 505 505 505 505
Fund FE Y Y Y Y Y Y
Year FE Y N Y N Y N
R-squared (within) 0.464 0.352 0.287 0.214 0.462 0.420

Notes: This table presents the panel regressions of change in actual portfolio weights on passive change for
three asset classes Equity (columns 1 & 2), Alternatives (columns 3 & 4) and Bond (columns 5 & 6). The †
next to the independent variables denotes that it is calculated for the dependent variable of that column, for
example, the strategic change† for column (3) is the change in the strategic or policy weight in alternatives.
The regressions include all the funds that have information available in two consecutive years and where
we are able to calculate the passive share. Robust standard errors are clustered at fund level and associated
t-statistics are in parentheses below the coefficient. Statistical significance is denoted by asterisks using
∗ ∗ ∗ p < 0.01, ∗∗ p < 0.05 & ∗ p < 0.1 respectively.
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3.5 Concluding remarks

The results presented in Table 3.9 clearly show that pension fund are most passive
in alternatives.17 They are slower than with both the other asset classes in rebalancing
and in incorporating strategic changes as well as in closing the existing gap between
strategic and actual allocations. It appears that the costs of rebalancing and liquidity
issues are very important in relation to the alternative asset class. This has important
implications for pension funds, since it can lead to substantial divergence from the
desired long-term risk-return characteristics and underestimation of future liquidity
needs, which can even spill over to other asset classes. This can set off a herd sale
of assets to cover any liquidity shortfalls (Papaioannou, Park, Pihlman, and Van der
Hoorn, 2013). As long-term investors, pension funds should avoid such pitfalls. For
example, Ang and Kjaer (2012) point out that California Public Employees’ Retirement
System (CalPERS) had severe liquidity problems in 2008 when it sold equity to meet
obligations in private equity and real estate investments. This meant CalPERS selling
equity at a low price and missing out on the equity market rebound that followed the
downturn. Not rebalancing can expose a fund to hidden and opaque risks for which
pension fund managers are unprepared. Lastly, there is only a marginal difference
between equity and bonds. It appears that, in terms of rebalancing, these two asset
classes are managed similarly.

3.5 Concluding remarks

Institutional investors with long horizons for investing should rebalance their portfo-
lio to preserve the desired risk-return characteristics specified by their strategic asset
allocation. This requires the investors to be countercyclical, that is, sell the assets that
have performed better in the past and buy the assets that have performed poorly. We
study the changes in portfolio weights of pension funds over time and how they re-
flect past returns using a database of pension funds from the US, Canada and Europe
which spans the period from 1990 to 2011. We find that pension funds actively rebal-
ance their portfolio to counteract the impact of return on their portfolios significantly
more than the rebalancing estimated for households by Calvet, Campbell, and Sodini
(2009). However, a portion of the actual change in the equity weights can be attributed
to passive change due to realized returns, unexpectedly in the case of professionally
managed portfolios. Moreover, we find that the rebalancing behavior is not constant
over time. Pension funds tend to rebalance considerably less following a year with a
good stock market performance. This “moving with the market” and behaving pro-
cyclically can be detrimental both to their own performance and for the stability of the
financial system.

17We assume that cash is the “residual” asset class and the weights in this asset class change such that
the sum of changes in all asset class equals zero.
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An important issue that we do not take into account in this chapter is: How do pen-
sion funds determine the strategic asset allocation? Since our analysis is conditional
on this, it is an important caveat regarding our results. It remains an open question as
to how the strategic asset allocation relates to the fund characteristics and whether it
relates to past returns. Moreover, we assume that pension funds are committed to what
they state in their strategic asset allocation and that all pension funds interpret strate-
gic asset allocation similarly. Another important limitation of our analysis is that in
equilibrium, if all investors including pension funds hold the same portfolio, for exam-
ple the market portfolio, then they cannot rebalance. However, when different pension
funds have heterogeneous portfolios, as is generally the case, there can be substantial
rebalancing between pension funds. Different portfolios will generate cross-sectional
variation in passive changes, and funds with lower than average returns can buy stocks
from pension funds with higher than average returns.

Additionally, we cannot control for any contractual issues between pension fund
and asset managers. For example, it could be the case that the fund is unable to switch
money from one external manager to another (across or within asset classes) quickly
due to contractual obligations with the present manager, and this contributes to the
rebalancing coefficient observed. Moreover, we assume that pension funds can freely
make trades whenever and in whichever asset class they prefer. In practice, there can
be certain restrictions on the frequency and size of the trades due to the market impact
of pension funds, and limitations due to other rules, regulations and restrictions that
govern pension funds. Lastly, our data does not contain information on the liabilities
of pension funds. Therefore, we cannot control for any change in the value of liabilities
and the funding ratio of funds in our analysis.
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Chapter 4

Pension Fund Asset Allocation In
Low Interest Rate Environment*

4.1 Introduction

The financial crisis of 2008 has led to a substantial and lasting change in investment
opportunities. Both long-term and short-term interest rates have now been at historic
lows in many countries for more than five years, presenting new challenges for pension
funds. One result has been a substantial increase in the present value of liabilities for
Defined Benefit (DB) pension funds. At the same time, fixed-income has become a less
attractive asset class due to lower expected returns, which has implications for Defined
Contribution (DC) as well as DB funds. We examine the response of pension funds to
this prolonged low interest rate environment by analyzing the changes in the portfolio
of pensions funds since 2008. However, since other variables have also changed, we
examine more generally the actual response of pension funds to variables that predict
asset returns, and compare this to what the direction of the response should have been
according to existing models in the strategic asset allocation literature that acknowledge
predictive variables and the investment constraints of pension funds.

It is well established in the financial literature that macro-economic variables pre-
dict asset returns (Ang and Bekaert, 2007; Fama and French, 1989). It is also well es-
tablished that changes in investment opportunities have implications for long-term in-
vestors. Long-term investors can therefore benefit by incorporating this information
into their asset allocation (Campbell, Chan, and Viceira, 2003; Hoevenaars, Molenaar,
Schotman, and Steenkamp, 2008). The goal of this chapter is to determine whether large
institutional investors like pension funds incorporate macro-economic predictive vari-
ables for asset allocation. If they do, is this consistent with economic theory? Campbell,

*This chapter is co-authored with Dennis Bams (Maastricht University, Netspar) and Peter Schotman
(Maastricht University, Netspar).
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Chan, and Viceira (2003) find that short-term interest rates forecast excess stock returns
negatively. An investor should therefore view a decline in interest rates as an improve-
ment in investment opportunities and invest more in stocks. Additionally, expected
stock returns increase when the dividend-price ratio increases. Also stocks are nega-
tively correlated with the dividend-price ratio, which implies that poor stock returns
are associated with a high dividend-price ratio, in turn implying higher future stock re-
turns. Thus, good current stock returns are associated with poor expected future stock
returns. Yield spread predicts excess bond returns positively, thus an increase in yield
spread implies that the investor should increase exposure to bonds to time the market.
We test these predictions empirically.

We find that pension funds have on average reduced their allocation to equity and
increased their allocation to bonds in the low-interest rate environment. This is incon-
sistent with the strategic asset allocation literature. However, this behavior is consis-
tent with hedging the asset-liability duration mismatch risk. Next, we find that pension
funds are unable to time the market in a way consistent with the return predictability
literature. The dividend-price ratio shows the strongest relationship, but the sign is op-
posite to the expectation. However, when we examine the active changes by pension
funds, they are consistent with economic theory. This suggests that when predictive
variables move the portfolio away from the previously chosen optimal allocation, pen-
sion funds trade actively to rebalance it.

Our results contribute to the literature that examines empirically whether investors
take into account economic conditions and vary their allocation over time in accordance
with the literature on predictable expected returns. An extensive literature claims that
investors can use predictive variables to improve their portfolio performance. Chalmers,
Kaul, and Phillips (2013) find that individual investors react to changing macroeco-
nomic conditions and reallocate their portfolios in response to forecasting variables.
They study the aggregate asset allocation decisions of US mutual fund investors and
consider mutual fund flows and the level of predictive variables; Jank (2012) considers
changes in the level of predictive variables as an indicator of macro-economic news.
However, the two studies reach different conclusions. Chalmers, Kaul, and Phillips
(2013) find that investors increase risk as the economy is expect to improve, whereas
Jank (2012) finds that mutual fund investors sell stocks when predictive variables signal
high expected returns. However, our focus of study is on institutional investors. Jiang,
Yao, and Yu (2007) find that mutual funds have positive market timing ability based on
portfolio holdings. They find that active mutual funds use predictive economic vari-
ables, in particular dividend yield, to adjust the market exposure of the portfolio. They
find that the average market timing measures are positive at short horizons.2 By con-

2Avramov, Barras, and Kosowski (2013) analyze the performance of hedge funds over changing eco-
nomic conditions.
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sidering the strategic asset allocation of the fund instead of the actual asset allocation,
we avoid the bias that returns on the portfolio can move the portfolio.

Large institutional investors like pension funds which have liabilities usually per-
form asset-liability studies for asset allocation purposes.3. These asset-liability studies
typically generate possible future economic scenarios. They are then used to under-
stand what impact major decision variables, for example, portfolio choice, contribu-
tion management and indexation decisions, will have on the pension fund’s solvency.
Portfolio decisions can thereafter be made based on the results coming out of the stud-
ies. However, empirical evidence on how institutional investors actually incorporate
macro-economic news in their portfolio is limited, and our results contribute to this
literature.

The paper closest to us is that of Addoum, Van Binsbergen, and Brandt (2010) who
find that pension fund mangers increase the riskiness of the portfolio when approach-
ing the underfunding status from below to increase the chances of avoiding mandatory
additional contributions. They study the market timing ability of pension funds, but
consider only US defined benefit (DB) corporate plans, and only one predictive vari-
able (dividend-price ratio). We extend the analysis on both these dimensions. They
find that pension funds are unable to time the market in a way that is consistent with
return predictability literature. They conclude that pension funds react strongly to reg-
ulatory requirements. The regulatory requirements for pension funds can override the
sponsor’s optimal investment strategy, and the pension funds may therefore be un-
able to time the market due to these regulatory constraints. Blome, Fachinger, Franzen,
Scheuenstuhl, and Yermo (2007) analyze the impact of different regulations on the in-
vestments of pension funds. They find that the sensitivity of liabilities to interest rate
changes can be the key driver of asset allocation decisions. They also conclude that
strict funding requirements followed by pension funds may lead them to invest more
conservatively, thereby increasing the total funding costs. This short-term regulation
based on the funding ratio can induce real sub-optimal decisions, and pension funds
will be unable to time the market. Plantin, Sapra, and Shin (2008) find that damage
done by marking-to-market is substantial when the claims are long-lived as in the case
of pension funds.

3For examples of Asset-Liability management (ALM) studies for pension funds see for example Bauer,
Hoevenaars, and Steenkamp (2006) and van Binsbergen and Brandt (2015) The future scenarios of key
economic variables are generated for example by a vector auto-regression (VAR) model.
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Table 4.1: Summary Statistics

Mean Std. dev. 5th percentile Median 95th Percentile N

A1. Regressions
Domestic T-bill 3.41 2.14 0.07 3.40 7.11 4613
Log DP Ratio -3.99 0.30 -4.47 -4.04 -3.43 4613
Credit Spread 1.05 0.63 0.54 0.95 3.37 4613
Yield Spread 1.66 1.26 -0.28 1.71 3.52 4613

A2. Correlations (1) (2) (3) (4)

Domestic T-bill (1) 1
Log DP Ratio (2) -0.04 1
Credit Spread (3) -0.46 0.46 1
Yield Spread (4) -0.71 0.30 0.18 1

Mean Std. dev.

B. Model Calibration
Real T-bills 0.92 1.61
Excess Equities 7.25 16.89
Excess Bonds 1.76 5.46
Nominal Yield 4.42 1.45
DP ratio -3.56 0.38
Yield Spread 1.12 0.45
Credit Spread 1.75 0.39

Notes: This table gives the summary statistics of the macro-economic variables. Panel A
shows the statistics of the variables used for the regressions with sample period 1990-2011.
The Domestic T-bill is the short term Treasury Bills for United States, France or Canada de-
pending on the pension fund. Panel B shows the statistics of the variables used to estimate
the Campbell, Chan, and Viceira (2003) model with sample period 1952 Q2-2014 Q4. The
variables are in logs and the mean excess log returns are adjusted by one-half of the vari-
ance. The sample statistics are annualized except for dividend-price ratio.

4.2 Portfolio implications from the strategic asset allocation lit-
erature

What should have been the response of pension funds to the prolonged low inter-
est rate environment according to models of strategic asset allocation? We show in
this section that results from the literature imply that pension funds should have in-
creased allocations to equity and reduced allocations to bonds. The theoretical frame-
work for answering this question is provided by the extensive literature on strategic
asset allocation.4 Past empirical research has identified various economic variables as
predictors for expected returns. These variables are: short-term interest rates (Ang
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Table 4.2: VAR parameter estimation results (1952.Q2-2014.Q4)

rtbt xrt xbt yt (d− p)t sprt cst R2/p

rtbt+1 0.153 -0.002 0.043 0.392 -0.003 0.740 -0.861 0.192
(1.946) (-0.332) (1.981) (4.288) (-2.256) (3.367) (-2.534) (0.000)

xrt+1 0.262 0.084 0.222 -2.420 0.056 -1.058 3.189 0.077
(0.295) (1.124) (0.954) (-2.593) (3.095) (-0.387) (0.791) (0.002)

xbt+1 -0.122 -0.058 -0.039 0.391 -0.008 3.464 -0.710 0.096
(-0.538) (-3.091) (-0.344) (1.088) (-1.607) (3.131) (-0.619) (0.000)

yt+1 0.008 0.003 0.000 0.962 -0.000 0.179 -0.180 0.911
(0.372) (1.955) (0.020) (26.199) (-0.064) (1.649) (-1.517) (0.000)

(d− p)t+1 -0.614 -0.076 -0.135 1.570 0.947 0.525 -4.997 0.952
(-0.685) (-0.970) (-0.551) (1.604) (49.005) (0.187) (-1.082) (0.000)

sprt+1 -0.003 0.001 0.003 0.010 0.000 0.672 0.237 0.575
(-0.217) (0.452) (0.407) (0.474) (1.600) (10.627) (3.113) (0.000)

cst+1 -0.011 -0.003 -0.001 0.023 -0.000 0.017 0.888 0.842
(-1.657) (-3.374) (-0.230) (2.199) (-2.327) (0.720) (15.332) (0.000)

Cross-correlations of residuals

rtb xr xb y (d− p) spr cs
rtb 0.725 0.101 0.327 -0.313 -0.132 0.088 0.358
xr - 8.121 0.024 -0.101 -0.963 0.079 -0.205
xb - - 2.597 -0.694 -0.043 -0.070 0.723
y - - - 0.216 0.126 -0.660 -0.446
(d− p) - - - - 8.317 -0.094 0.193
spr - - - - - 0.147 -0.117
cs - - - - - - 0.078

Notes: This table presents the results of VAR estimation with sample 1952 Q2- 2014 Q4. rtb denotes the
ex post real treasury bill rate, xr denotes the excess stock return, xb denotes the excess bond return, y
denotes the nominal treasury yield, (d− p) denotes the dividend price ratio, spr denotes the yield spread
and cs denotes the credit spread. The last column reports the R2 statistic for each equation in the system
and the p-value of the F-test of the joint significance in parenthesis. Panel B reports the covariances of the
innovations in the VAR, with the diagonal elements being the standard deviations per quarter.
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and Bekaert, 2007; Campbell, 1987); the dividend-price ratio (Campbell and Shiller,
1988; Fama and French, 1988a); the yield spread between long-term and short-term in-
terest rates (Cochrane and Piazzesi, 2005; Fama and French, 1989; Shiller, Campbell,
Schoenholtz, and Weiss, 1983), and the credit spread between BAA and AAA corporate
bond yields (Hoevenaars, Molenaar, Schotman, and Steenkamp, 2008). These macroe-
conomic predictive variables including the short-term interest rate are used to derive
optimal portfolios for long-term investors like pension funds. Campbell, Chan, and
Viceira (2003) provide an approximate solution for the optimal portfolio choice in cash,
stocks and bonds for an investor who faces a time-varying investment opportunity set
in terms of a vector auto-regression (VAR) in returns and state variables. They show
that the optimal portfolio rule (αt) is a linear function of VAR state variables

αt = A0+A1zt (4.1)

where zt is the m × 1 state vector which is first order autoregressive. A0 and A1 are
constant coefficient matrices estimated on the history of variables which are (n− 1)× 1
and (n − 1) × m respectively. Here n is the number of assets and m is the total num-
ber of assets and other state variables. This model provides insights on how long-term
investors should behave when asset returns are assumed to be predictable. The coeffi-
cientA1 implies the sensitivity of optimal portfolio choice to changes in state variables.
Table 4.1 presents the summary statistics of the macro-economic variables. Panel A
shows the statistics of the variables used for the regressions with sample period 1990-
2011. The Domestic T-bill is the short term Treasury Bills for United States, France or
Canada depending on the pension fund. Panel B shows the statistics of the variables
used to estimate the Campbell, Chan, and Viceira (2003) model with sample period
1952 Q2-2014 Q4. The VAR parameter estimates are detailed in Table 4.2, which are in
line with other studies on strategic asset allocation (Campbell, Chan, and Viceira, 2003;
Diris, Palm, and Schotman, 2014; Hoevenaars, Molenaar, Schotman, and Steenkamp,
2008). Panel A of Table 4.3 shows the matrix A1 estimated from quarterly data for four
levels of risk aversion (γ = 2, 5, 10, 20). This matrix is normalized using the standard
deviation of the state variables. It shows that portfolio allocation to stocks is negatively
related to short-term interest rates, positively related to dividend-price ratio and credit
spread and negatively related to yield spread. The signs are opposite for excess bond
returns. Therefore the allocation to stocks should increase when the short-term interest
rate declines. These signs are summarized in Panel B of Table 4.3. We test these signs in
the empirical section. The magnitude of the coefficients increases as the risk-aversion
parameter decreases. The data used to estimate the VAR and the matrix A1 is similar
to other studies on strategic asset allocation and the details are given in the Appendix

4A seminal contribution in this area is the Campbell and Viceira (2002) textbook.
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Table 4.3: Sensitivity of the optimal portfolio allocation to changes in the state variables

Real rate Ex stock Ex bonds Nom yield Div-price ratio Yield spread Credit spread

Panel A:
γ = 2
Ex stock 11.78 0.38 3.02 -160.31 13.65 -263.21 614.28
Ex bonds -55.37 -2.48 -5.34 367.09 -27.15 6271.15 -1409.46

γ = 5
Ex stock 4.38 0.14 1.16 -86.64 6.93 -165.65 208.08
Ex bonds -21.17 -0.95 -1.99 247.81 -17.09 2839.00 -427.91

γ = 10
Ex stock 2.10 0.07 0.57 -52.63 4.02 -110.75 85.13
Ex bonds -10.25 -0.46 -0.94 165.28 -10.88 1549.83 -132.74

γ = 20
Ex stock 1.01 0.03 0.28 -30.43 2.24 -67.99 33.75
Ex bonds -4.99 -0.22 -0.44 101.18 -6.43 832.32 -26.17

Panel B:
Ex stock – + – +
Ex bonds + – + –

Notes: Panel A of the Table presents the rescaled coefficient matrix A1 from the equation αt = A0+A1zt. αt is the
optimal portfolio rule. The constant coefficient matrices A0 and A1 are estimated on the history of state vector zt with
sample period 1952 Q2 to 2014 Q4. The results are presented for four levels of relative risk aversion parameter (γ) 2, 5, 10
and 20. The coefficient matrixA1 is rescaled using the standard deviations of the state variables from Table 4.1. The panel
B summarizes the expected signs based on the model.

4.6.1.

Figure 4.3 in the appendix shows the optimal allocation to stocks and bonds ac-
cording to Campbell, Chan, and Viceira (2003). As expected, the allocations are quite
volatile, but they clearly imply that pension funds should have increased the allocation
to equity and decreased the allocation to bonds since the start of the low interest envi-
ronment.5 The optimal portfolio allocation for a long-term investor described in (4.1) is
different from the optimal allocation of a short-term investor and can be formulated as a
combination of a myopic and a hedging portfolio. Myopic is simply the mean-variance
optimal portfolio. When investment opportunities are time varying, a risk-averse in-
vestor will hedge against the adverse changes in the investment opportunities set, thus
giving rise to a hedging portfolio. When the investment opportunities are constant, the

5Indeed the changes over time do not appear to be very practical given the volatility, however they are
indicative of the direction of portfolio movement, see Campbell, Chan, and Viceira (2003) for a discussion.
A more elaborate model with constraints to prevent extreme movements could generate more practical
results, however such a model is will require a numerical optimization procedure, as no analytical model
exists.
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Figure 4.1: The level of interest rates. This figure provides the level of both short term
three-Month Treasury Bill as well as long term ten-Year Treasury Constant Maturity Rate
rates over the period 1989-2014. The Figure depicts that the short term interest rate has
been almost zero from 2008 onwards as well as the long term interest rate has been at the
lowest level since the start of the sample period.

hedging portfolio is zero.

Moreover, we also analyze the portfolio implications of the study by Ang and Bekaert
(2002a) of asset allocation that takes into account return predictability as well as regimes
in interest rates. Ang and Bekaert (2007) find that when short-term rates are low the
subsequent equity returns tend to be high. They show that the short rate is a robust
predictor in five countries and more significant than the dividend yield. This obser-
vation is exploited by the switching market-timing model for asset allocation regime
developed in Ang and Bekaert (2002a). The model takes into account time variation in
expected returns through a regime change and variations in interest rates. Two inter-
est rate regimes are specified in the model: a normal regime with relatively low mean
returns on short-term interest rates, low standard deviation and high autocorrelation
(therefore more persistent); and a volatile regime with relatively high mean returns and
standard deviation and lower autocorrelations. The second regime is therefore volatile,
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with higher interest rates, and less persistent. The researchers find that the equity beta
with respect to interest rate is negative which implies that low interest rates are typi-
cally associated with high expected excess equity returns. This means that allocation to
equity should be high when interest rates are low. Figure 4.4 in the appendix shows the
allocation according to this model. The results again imply that pension funds should
have increased the allocation to equity and decreased the allocation to bonds.

0
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60

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

Stock Bond
Cash Alternative

Average Strategic Allocation of Pension Funds

Figure 4.2: The average allocation of the pension funds is the mean of all funds in a given
year as reported in the CEM database. The alternative asset class includes allocations to
Real Estate, Private Equity, Hedge Funds and Commodities.

Figure 4.1 provides the level of both short-term three-month treasury bill as well as
the long term ten-year treasury constant maturity rate over the 1989-2014. The figure
shows that the short-term interest rate has been almost zero from 2008 onwards and the
long-term interest rate has been at the lowest level since the start of the sample period.
Figure 4.2 plots the average strategic allocation in the three asset classes and alterna-
tives from the CEM database.6 The alternative asset class includes allocations to Real

6Our data is obtained from CEM Benchmarking Inc., a pension fund cost benchmarking company
located in Toronto, Canada that collects data from pension funds annually via a survey, primarily for cost
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Table 4.4: Sensitivity of portfolio choice to state variables, with liabilities and
longer horizons

Panel I Nominal yield Dividend yield Yield Spread Credit spread

γ = 5
5 year horizon
Stocks -1526.1 3281.2 -1250.7 1454.8
Bonds 3092.7 -3801.6 3850.4 1806.5

20 year horizon
Stocks -3566.8 8015.0 -2806.4 -178.1
Bonds 10135.6 -9332.4 9891.9 5010.2

γ = 20
5 year horizon
Stocks -456.3 926.2 -399.5 342.9
Bonds 912.6 -1179.4 1108.8 434.5

20 year horizon
Stocks -1330.6 2581.9 -1105.1 -203.1
Bonds 3552.8 -3566.2 3425.4 1656.3

Panel II
Stocks - + - ?
Bonds + - + ?

Notes: The Panel I of this table presents the coefficient matrix A1 from the equation α
(τ)
t = A0 +

A1zt. α
(τ)
t is the optimal portfolio rule of Hoevenaars, Molenaar, Schotman, and Steenkamp

(2008), for a pension fund with liabilities and horizon τ. The constant coefficient matrices
are calculated using the coefficients in their results. The results are presented for two levels of
relative risk aversion parameter (γ) 5 and 20 and two horizons 5, 20 years. Panel II summarizes
the expected signs.

66



4.2 Portfolio implications from the strategic asset allocation literature

Estate, Private Equity, Hedge Funds and Commodities.7 This figure can be compared
with the models of implied optimal allocations by Campbell, Chan, and Viceira (2003)
and Ang and Bekaert (2002b), which are shown in the appendix. The figures plot the
allocations only after 2002, to focus on the allocation before and during the low-interest
rate environment. The Campbell, Chan, and Viceira (2003) model shows that the opti-
mal allocation in bonds should be declining, whereas the optimal allocation to equity
should be increasing. However, in the data we find the opposite. Average allocations to
equity have been decreasing since the start of the low-interest rate regime and alloca-
tions to bonds have been increasing.

4.2.1 Optimal portfolio choice with liabilities

Pension funds have long-term liabilities. Assets that can hedge their long-term liabil-
ities are therefore valuable for them. Moreover, many regulations for pension funds
are based on their funding ratios. Therefore pension funds look particularly at the
asset-liability mismatch risk of their portfolio and decide upon an acceptable duration
mismatch between assets and liabilities, so that any changes in interest rates have a
tolerable impact on their funding ratio. One might be concerned about the fact that
the linear portfolio rule (4.1) of Campbell, Chan, and Viceira (2003) is for an investor
without liabilities, and results may therefore not be completely relevant for pension
funds, which do have liabilities. Hoevenaars, Molenaar, Schotman, and Steenkamp
(2008) consider differences between the optimal portfolio of an asset-only and an asset-
liability investor. The Hoevenaars, Molenaar, Schotman, and Steenkamp (2008) model
allows us to determine how the changes in the state variables affect optimal asset allo-
cation for an investor with liabilities. Using their model and insights from Campbell,
Chan, and Viceira (2003), we find that the optimal portfolio rule is a linear function of
the state variables of the VAR(1) model, where the coefficients of the linear rule can be
calculated from the VAR coefficients. 4.6.2 shows that the τ horizon optimal portfolio
choice with liabilities is

α
(τ)
t,L = Ã0 + Ã1zt (4.2)

Moreover, for the asset-only investor, the optimal portfolio choice is

α
(τ)
t,AO = Ã2 + Ã1zt (4.3)

where Ã0, Ã1 and Ã2 are constant functions of estimated parameters of VAR(1) model
and the risk-aversion parameter. The coefficient Ã1 measures the sensitivity of optimal
portfolio allocation to changes in the state variables. Additionally, the sensitivity Ã1

does not change between the asset-liability and asset only investor.

benchmarking purposes.
7For more details on the database, we refer to Andonov (2014).
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The difference between the asset-liability and asset-only portfolio stems from the so-
called hedging portfolio. The optimal portfolio rule can be decomposed into two com-
ponents, a speculative portfolio and the hedging portfolio. The asset-only investor’s
hedging portfolio minimizes the risk of the asset mix, whereas the hedging portfolio
of asset-liability investor takes into account the time-invariant covariance of assets and
liabilities. The hedging portfolio in this setting does not change over time and is con-
stant. The correlations and volatilities are assumed constant in the model and do not
change with time. Overall, bonds are the best hedge against interest rate risk and there-
fore have a large weighting in the liability hedging portfolio, even in a constrained
portfolio.8

The inter-temporal hedging considerations of liabilities affect the optimal portfolio
choice through Ã0 and Ã2 only as these are the constants that contain correlations with
liabilities. The Ã1 function is not dependent on the correlation between asset and liabil-
ities. This sensitivity is related to liabilities through the coefficients of the VAR process.
There is therefore no reason for the pension fund to change its allocation apart from
the observed changes in the state variables. Table 4.4 presents the coefficient matrix Ã1

for stocks and bonds and for the four main state variables. The results are shown for
two values of risk aversion parameter γ = 5, 20 and two horizons 5, 20. The results are
consistent with the results from the earlier analysis and imply that the pension fund
should have increased its allocation to stocks since the start of the low interest rate en-
vironment. The only change stems from the coefficient of credit spread, whose sign is
different for short and long horizons.

The linear portfolio rules (4.1) of Campbell, Chan, and Viceira (2003) and Hoeve-
naars, Molenaar, Schotman, and Steenkamp (2008) are for an unconstrained investor,
i.e. one who does not have any borrowing, short-selling or regulatory constraints. Im-
posing any of these constraints makes the portfolio choice much more complex: no
tractable theoretical result can be derived, and only numerical solutions can be found.
Pension funds do indeed have all of these constraints. It is therefore interesting to test
whether pension funds can still utilize the benefits of timing the market in the presence
of these constraints. One additional reason for change in the portfolio can be change
in the risk aversion parameter. If the pension fund becomes more risk averse, then it
will invest more in less-risky assets. Less-risky assets for long-term investors are long-
term bonds. T-bills are risky at long horizons as they have a substantial roll-over risk.
Hoevenaars, Molenaar, Schotman, and Steenkamp (2008) also show that bonds are the
best hedge against real interest rate risk and therefore have a large weighting in the
liability-hedge portfolio.

8See for example Table 5, 6 in Hoevenaars, Molenaar, Schotman, and Steenkamp (2008).
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4.3 How do low interest rates affect asset allocation?

The prolonged low interest rate environment poses a new challenge for the portfolio
allocation of pension funds. Not only have the investment opportunities been affected,
but also the market value of liabilities has increased due to low long-term interest rates,
thus reducing the funding ratio of pension funds. Figure 4.1 shows that long-term as
well as short-term interest rates have been exceptionally low since 2008. First, the em-
pirical work in this section assesses how pension funds have responded to this special
macro-economic situation. Secondly, we look at the cross-sectional characteristics of
pension funds and examine whether different pension funds have responded differ-
ently. To explore pre and post 2008 equity allocation, we construct a new variable ∆w̄i

which is the difference between the average allocation to equity in 2009, 2010, and 2011
and in 2005, 2006, and 2007 for pension fund i. We look at an average difference over
three years to minimize any short-term changes and focus on long-term changes in the
portfolio. The differences are calculated on the policy or strategic asset allocation, as
this signals the explicit policy direction of the pension fund.

A statistically significantly positive ∆w̄i would indicate that pension funds have in-
creased their allocation to equity in the low-interest rate environment. In the same way,
we compute average change variables for fixed income and alternative asset classes.
Table 4.5 provides summary statistics for these variables. Panel A assesses whether
there is any significant change in allocation, and Panel B details the difference within
various cross-sectional groups. The change in equity is negative at –6.97 percentage
point and statistically significant. On the other hand, there is a significant increase in
both bonds (+2.36) and alternatives (+4.43). This implies that pension funds, on av-
erage, have explicitly decided to reduce their exposure to equities and increase their
exposure to bonds as well as alternatives since the onset of low interest rates. Next,
we analyze the effect of all the cross-sectional variables together by using the following
multivariate regression specification:

∆w̄j
i = c0 + c1USi + c2Publici + c3DBi + c4 log Fund Sizei + c5Retiredi + εi (4.4)

the super-script j refers to equity, bonds and alternative asset classes. Table 4.6 presents
the results of this regression. The standard errors are corrected for heterogeneity and
lack of normality by using the Huber-White sandwich estimators.

There are two different motives at work here, a market-timing and a liability-hedging
motive. The market-timing motive stems from the predictability literature. Since the
short-term interest rate is low, expected returns on equity are high and therefore pen-
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Table 4.5: Summary statistics: Average change in strategic asset alloca-
tion before and during low-interest rate environment

Equity Bonds Alternatives Obs

Panel A:

Difference -6.97 2.36 4.43 313
t-value (-14.05) (5.07) (10.99)

Panel B:

US -8.92 3.47 5.11 188
Non US -4.04 0.69 3.40 125
Difference -4.88 2.78 1.72
t-value (-5.00) (2.96) (2.10)

Public -4.93 -1.82 6.38 110
Non-public -8.00 4.66 3.25 200
Difference 3.07 -6.47 3.12
t-value (2.98) (-7.11) (3.78)

DB -7.51 3.00 4.36 260
Non-DB -4.31 -0.78 4.77 53
Difference -3.21 3.77 -0.42
t-value (-2.45) (3.08) (-0.39)

Large -7.22 0.97 5.91 156
Small -6.72 3.73 2.95 157
Difference -0.50 -2.76 2.96
t-value (-0.50) (-3.01) (3.75)

Old -8.70 4.70 3.97 134
Young -6.63 1.17 5.23 135
Difference -2.07 3.53 1.26
t-value (-2.01) (3.70) (1.40)

Notes: This Table provides the results of t-tests of equality of mean of average change
variable within various cross-sectional groups. The panel A test if the average change
variable has a mean of zero., whereas panel B test if the means are different within
different groups. Large group refers to the largest 50 percent pension funds and old
refers to top 50 percent pension funds with the highest retired to active participants.
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Table 4.6: Average change in strategic asset allocation before and during low-interest rate
environment

(1) (2) (3)

Difference equity Difference bond Difference alternatives

US dummy -4.55*** 2.05** 1.66*
(-4.29) (2.18) (1.85)

Public dummy 3.88*** -5.64*** 1.91*
(3.63) (-6.46) (1.93)

Defined Benefit -0.07 0.40 -1.32
(-0.04) (0.23) (-0.66)

Log Fund Size -0.94** -0.14 1.00***
(-2.43) (-0.47) (3.13)

Retired -2.50 3.81* -1.30
(-1.07) (1.73) (-0.66)

Constant 3.23 2.56 -3.81
(0.91) (0.83) (-1.13)

Observations 266 266 266
R-squared 0.13 0.15 0.10

Notes: This table reports the OLS regression results of average change variable in each asset class on cross-
sectional fund characteristics. The Difference equity variable is the difference between the average strategic
or policy allocation to equity in 2009, 2010, and 2011 and in 2005, 2006, and 2007. The Difference bonds and
Difference alternatives are similarly constructed. The observations include the pension funds for which at
least one observation in each period is available. Robust t-stats are in parentheses, statistical significance is
denoted by ∗ ∗ ∗ p < 0.01, ∗∗ p < 0.05 & ∗ p < 0.1.
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sion funds should increase their allocation to equity. On the other hand, since long-term
interest rates are low pension funds should increase the allocation to bonds to reduce
the duration gap between assets and liabilities in anticipation of a further decline in
long-term interest rates. Duration of pension liabilities is a concept that measures the
sensitivity of the liability to interest rates. The longer the duration of the liability of the
pension fund, the greater is the impact of change in interest rates on the funding ra-
tio. A further decline in interest rates at which liabilities are discounted will lower the
funding ratio if liabilities have a longer duration than assets. However, this duration
immunization at the moment of low long-term interest rates comes at a significant cost.
The reason is that buying long-term bonds at historically low interest rates will lock in
low yields.

If the pension fund has fully immunized its portfolio, then any change in interest
rates will have a similar impact on asset and liabilities and the change in the funding
ratio will be minimal. However, full immunization can be very costly due to hedging
and transaction costs. The sensitivity of equity in response to changes in interest rate
is not useful for liability hedging purposes, so its duration can be assumed to be zero.
Thus to gain duration and match assets to liabilities, assets are likely to be shifted to the
bond asset class.

The effect of interest rates is strongest for pension funds that have “hard” liabilities,
which is the case for defined benefit (DB) pension funds. The overall effect of low
interest rates on the funding ratio of the pension fund depends on the duration gap
between asset and liabilities (Antolin, Schich, and Yermo, 2011). The effect can also vary
depending on the financial reporting standards used by the pension fund. For example,
discount rate, liability valuation method and asset valuation method (mark-to-market
or mark-to-book) will also affect the strength of the impact on the fund’s balance sheet.
Pension funds may seek to hedge their interest rate risk by increasing the duration
of their portfolio, for example by increasing the allocation to bonds in their portfolio.
However, strong demand for hedging activities could further reduce the bond yield if
all the institutional investors were to herd in a similar way. This would further worsen
the financial situation of the pension funds.

The results of linear regression include five cross-sectional variables, two contin-
uous variables - log of fund’s assets and percentage of retired members - and three
dummy variables to indicate a US fund, a public fund and a defined benefit (DB) fund.
We find that US pension funds have strongly reduced their exposure to equity and in-
creased exposure to the fixed-income asset class. One of the most important differences
between US and non-US funds lies in the severe underfunding of US funds. This means
that US funds are even more constrained than any other pension funds. Additionally,
the available assets required for liability hedging are rather limited. Public funds in
the US are severely underfunded even according to the relaxed accounting standards
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(Munnell, Aubry, and Quinby, 2011).

Public funds have, on the other hand, significantly increased their exposure to eq-
uity and reduced their exposure to bonds. The difference between Public and Corporate
funds stems from the regulations they have to follow. In the US, for example, the public
and corporate pension funds follow different financial accounting principles. The state
and local public pension funds follow the Governmental Accounting Standards Board
(GASB) balance sheet accounting. On the other hand, the corporate pension plans fol-
low Financial Accounting Standards Board (FASB) for their financial accounting. One
important difference is that corporate pension funds use a corporate bond yield curve
as discounting rate whereas public pension funds use expected rate of return. Different
rules for discounting liabilities have implications for the interest rate sensitivity of the
funding ratio of the fund. More importantly, public funds have no motive for liabil-
ity hedging since they use the expected rate of return as a liability discount rate which
remains fixed. Therefore they can focus fully on market timing by increasing their expo-
sure to equity when expected returns on equity are high. On the other hand, corporate
pension funds do have a strong incentive to hedge their liabilities. Although mark-to-
market is considered better for transparency, we can see that this can put an additional
constraint on pension funds, hindering their ability to time the market. Plantin, Sapra,
and Shin (2008) find that damage done by marking-to-market is substantial when the
claims have a long life, as in the case of pension funds.

According to life-cycle literature, pension funds should reduce the risk of their port-
folio if they have a higher proportion of retired members. On the other hand, the effect
of low long-term interest rates is exacerbated for pension funds with a longer duration
of liabilities. This can be approximated by the percentage of retired members of the
pension fund. If there are less retired members in the pension fund, then the duration
of liabilities is larger than a pension fund that has more retired members, other things
being equal. Therefore the effect of low long-term interest rates is relatively strong. We
find a positive sign for the percentage of retired members, consistent with life cycle the-
ory, but it is only marginally statistically significant. Furthermore, the significant and
positive coefficients on the size variable show that larger pension funds increased their
allocation to alternatives more. On the other hand, larger pension funds reduced their
allocation to equity to about the same degree.9
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Table 4.7: Robustness check – a comparison with another crisis period:
We construct ∆w̄i which is the difference between the average allocation
to equity in 2009, 2010, and 2011 and in 2000, 2001, and 2002 for pension
fund i. 2000, 2001 and 2002 were chosen because the S&P return had been
negative for all three years

Equity Bonds Alternatives Obs

Panel A

Difference -9.49 1.86 7.66 233
t-value (-12.10) (2.53) (12.82)

Panel B

US -11.55 2.53 8.95 140
Non US -6.37 0.86 5.71 93
Difference -5.18 1.67 3.24
t-value (-3.30) (1.11) (2.70)

Public -6.29 -3.14 9.64 93
Non-public -11.61 5.18 6.34 140
Difference 5.32 -8.33 3.30
t-value (3.40) (-5.94) (2.75)

DB -9.56 2.30 7.37 197
Non-DB -9.07 -0.53 9.20 36
Difference -0.50 2.83 -1.82
t-value (-0.23) (1.39) (-1.10)

Large -10.53 0.69 9.90 116
Small -8.45 3.02 5.43 117
Difference -2.09 -2.33 4.47
t-value (-1.33) (-1.59) (3.85)

Old -11.91 5.27 6.55 101
Young -7.36 -1.30 8.86 102
Difference -4.55 6.57 -2.31
t-value (-2.70) (4.36) (-1.78)

Notes: This table provides the results of t-tests of equality of mean of average change
variable within various cross-sectional groups. The panel A test if the average change
variable has a mean of zero., whereas panel B test if the means are different within
different groups. Large group refers to the largest 50 percent pension funds and old
refers to top 50 percent pension funds with the highest retired to active participants.
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4.3 How do low interest rates affect asset allocation?

Table 4.8: Robustness regressions – a comparison with another crisis period: We construct
∆w̄i which is the difference between the average allocation to equity in 2009, 2010, and 2011
and in 2000, 2001, and 2002 for pension fund i. 2000, 2001 and 2002 were chosen because
the S&P return had been negative for all three years.

(1) (2) (3)

Difference equity Difference bonds Difference alternatives

US dummy -5.58*** 2.81* 2.29*
(-3.19) (1.70) (1.73)

Public dummy 6.69*** -7.90*** 1.69
(3.99) (-5.59) (1.17)

Defined Benefit 0.77 1.74 -2.10
(0.20) (0.52) (-0.72)

Log Fund Size -1.33** 0.06 1.28***
(-2.44) (0.11) (2.95)

Retired -9.20** 9.96** -1.54
(-2.28) (2.30) (-0.54)

Constant 6.36 -3.60 -2.67
(1.01) (-0.67) (-0.56)

Observations 203 203 203
R-squared 0.15 0.19 0.11

Notes: This table reports the OLS regression results of average change variable in each asset class on cross-
sectional fund characteristics. The Difference equity variable is the difference between the average strategic
or policy allocation to equity in 2009, 2010, and 2011 and in 2000, 2001, and 2002. The Difference bonds and
Difference alternatives are similarly constructed. The observations include the pension funds for which at-
least one observation in each period is available. Robust t-stats are in parentheses, statistical significance is
denoted by ∗ ∗ ∗ p < 0.01, ∗∗ p < 0.05 & ∗ p < 0.1.
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4.3.1 Robustness check

One might worry about the fact that pension funds changed their allocation substan-
tially due to a crisis environment in the years following 2008. The methodology used
for Tables 4.5 and 4.6 is designed in a fashion similar to several event studies in the
finance literature, to compare the change in allocation before and during a low-interest
rate environment. The main benefit of comparing portfolio allocation in 2009− 2011
to 2005 − 2007 is that the fund characteristics and regulatory environment have not
changed substantially and thus we can control for them. One additional benefit is that
we do not need a pension fund to be in the database for a long time period, therefore
we have more observations. To address the concern that the change in allocation can
be due to the crisis environment, we compare the change in allocation in 2009− 2011 to
another crisis period which does not exhibit significantly low interest rates.

We compare the allocation in 2009− 2011 with the crisis period 2000− 2002. We
choose this crisis period as it is the most recent crisis before 2008, and the annual S&P
returns were negative for all three years. These two periods are also comparable in
terms of business cycle contractions as specified by NBER.10 The latest business cycle
contraction was from December 2007 to June 2009 and the one immediately proceeding
this was during the period of our choice in March 2001 to November 2001. The results
are presented in Tables 4.7 and 4.8 in the appendix.

Consistent with earlier results presented in Table 4.5, allocation to Equity and Al-
ternatives has significantly increased and allocation to bonds significantly decreased.
Changes for public and non-public funds have similar magnitudes and the same sign.
Although the signs are consistent with Table 4.5, the results for defined benefit (DB)
funds have become weaker statistically. However, we now only have 36 observations
for non-DB funds, and this may have contributed to the lack of statistical significance.
Similarly, the regression results presented in Table 4.8 are comparable to results pre-
sented in Table 4.6, where the signs, magnitude and statistical significance are com-
parable. Additionally, we find that the coefficient of the retired percentage is strongly
negative in case of equity and vice-versa for bonds. This is to be expected, as a pension
fund would decrease the allocation to risky assets when it has more retired people, in
line with life-cycle theory. This analysis suggests that a crisis environment alone can-
not explain the magnitude and sign of the coefficients that we observe in the tables.
Since other macro-economic variables and expected returns on asset classes have also

9Rajan (2006) claims that periods of low interest rates induced by monetary policy provide investors
with incentives to search-for-yield and invest more in risky assets. In unreported results, we added ex-
pected rate of return (EROR) of the pension fund to (4.4) and restricted the sample to the funds that did not
change the EROR, to address the concerns about endogeneity. We found that pension funds which have
a higher expected rate of return (EROR) assumption have invested significantly more in equities since the
onset of the low interest rate environment.

10http://www.nber.org/cycles.html
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4.4 Pension fund asset allocation and predictive variables

changed, we examine their effect more generally for the entire time-series in the next
section.

4.4 Pension fund asset allocation and predictive variables

The return predictability literature indicates that the level of variables such as short-
term interest rate, dividend-price ratio, credit spread and yield spread predicts asset
returns. In this section, we examine whether pension funds respond to the level of
predictive variables in their asset allocation decisions. Inspired by the linear portfolio
rule (4.1) of Campbell, Chan, and Viceira (2003), we specify the portfolio weight of the
pension fund as a linear function of predictive variables. However, we introduce a lag
on the independent variables because the pension funds’ response would be delayed.
We use the following regression model:

wj
i,t = α + β1Yt−1 + β2(d− p)t−1 + β3CSt−1 + β4Sprt−1 + θi + εi,t (4.5)

The dependent variable is the strategic asset allocation for fund i in asset class j, where
j can be equities, bonds, or alternative assets. The independent variables are the pre-
dictive variables: Yt is the short-term interest rate, (d − p)t is the log dividend-price
ratio, CSt is the credit spread, and lastly Sprt is the yield spread between long-term and
short-term yield. The summary statistics of the macro-economic variables are provided
in Panel A of Table 4.1. This model is estimated with fixed-effects θi. Therefore, the re-
gression coefficients are driven by the variation over time within each pension fund. In
addition, we use a model in which we include the five control variables used in section
4.3, which results in the following regression model:

wj
i,t = α + β1Yt−1 + β2(d− p)t−1 + β3CSt−1 + β4Sprt−1 + β5 log Fund Sizei

+ β6Retired + β7DB + β8US + β9Public + εi,t (4.6)

the super-script j refers to equities, bonds and alternative assets. Table 4.9 presents the
regression results of strategic asset allocation in Equity, Bonds and Alternatives on one
period lag of the variables of interest - domestic T-bills, log D–P ratio, credit spread and
yield spread. The first three columns present the plan fixed effects specifications using
equation (4.5) and the last three columns present the pooled specification in which we
add five plan characteristics using (4.6). For all the regressions, the standard errors are
clustered by fund as well as by year. The signs of the coefficients can be compared with
the signs of the coefficients in Table 4.3 which are expected if the pension funds are
able to time the market. In terms of statistical significance, the results are strongest for
dividend-price ratio. Since a high dividend-price ratio forecasts high excess stock re-
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4. PENSION FUND ASSET ALLOCATION IN LOW INTEREST RATE ENVIRONMENT

turns, we expect a positive relationship between strategic allocation to equity and level
of dividend-price ratio. Surprisingly, we find that the opposite is true in our empirical
tests. The coefficient is statistically significantly negative.

We also find a statistically significant relationship between the other three predictive
variables and strategic asset allocation. However, the signs are again inconsistent for
T-bills and Yield spread. In the pooled specifications, after controlling for various fund
characteristics we find that the relationships between the predictive variable and strate-
gic allocation still holds. Thus, the results are robust to controlling for cross-sectional
fund characteristics.11

The results show that the level of equity allocation is positively correlated with
lagged short-term interest rates, negatively correlated with lagged dividend-price ra-
tio, and positively related to lagged yield spread. For equity allocation, all of the co-
efficients are statistically significant. Pension funds make decisions that appear to be
in contrast with the model predictions, as they increase the exposure to equity pre-
cisely when the predictive variables signal low expected returns. The results show
that the level of equity allocation is positively correlated with credit spread, which has
the correct sign; however, the signification weakens when we add the control vari-
ables. The economic significance is also strong, for example a one percentage point
increase in short term interest rate implies a 0.95 percentage point increase in strategic
equity allocation. Similar magnitudes are found for yield spread and slightly magni-
tudes higher for credit spread. The highest magnitude of the coefficient is found for
the dividend-price ratio; however, the standard deviation is also small for this variable.
For example, a 0.30 (one standard deviation) increase in dividend price ratio implies a
3.15(0.3×−10.5) percentage point decrease in strategic asset allocation to equity.

Similarly, the results for the dividend-price ratio are statistically strongest for strate-
gic bond and alternatives allocation. However, again the signs are inconsistent with
theory. The signs remain the same and still statistically significant when we consider
the pooled regression with additional control variables. The signs of the control vari-
ables are in accordance with expectations. The pension funds invest more conserva-
tively when the percentage of retired members in the pension fund increases, in line
with life-cycle theory. US funds and DB funds take more risk than the average fund in
the sample. Lastly, larger pension funds are investing more in alternative asset classes
as expected; however, there seems to be asset substitution from equities to alternatives
by these pension funds.

The results discussed above suggest that pension funds are not able to invest taking
into account macro-economic information that predicts future asset returns. One of the

11In unreported results, we repeat our analysis of Table 4.9 with actual asset allocation. The results
are statistically weaker compared to Table 4.9, possibly because of portfolio movements due to realized
returns. However, sign are consistent and the statistical significance of the dividend-price ratio is still
found to be high.
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4.4 Pension fund asset allocation and predictive variables

possible reasons could be that pension funds are constrained from fully benefiting from
the changing economic conditions. Although they are aware of the possible benefits of
shifting their portfolio weights, they are unable to invest like an unconstrained investor.
For example, (Shin, 2010, Chapter 5) provides a theoretical model with mark-market
accounting for pension funds in which demand for bonds by a liability hedging fund
increases as the price of the bonds increases. This behavior is clearly not desirable from
a market timing perspective.

4.4.1 Active changes and asset allocation

Pension funds are allowed to deviate from their strategic asset allocation in the short
term in order to benefit from the changing investment scenario.12 This involves under
or over weighting a particular asset class relative to the strategic benchmark, based on
the market or economic considerations. Moreover, any change in the macro-economic
scenario is reflected in changes in the predictive variables. Jank (2012) also carries out
an analysis with changes in the variables. For this reason, we examine the relationship
between the active changes (i.e. the explicit active investment decisions of the pension
fund) and the lagged changes in predictive variables. The active change, denoted by
Acti,t+1, is the change in the weight of the risky asset due to active investment decisions
by the fund managers. Following Calvet, Campbell, and Sodini (2009), we calculate
Acti,j,t, the active change for fund i at time t, in asset class j, where j is either equity,
bonds or alternatives. It is calculated in the following way

Acti,j,t+1 = wi,j,t+1 − wi,j,t ×
(

1 + ri,j,t

1 + ri,p,t

)
(4.7)

where w and r denote weights and returns respectively. Thus, the return of asset class j
for fund i at time t is denoted by ri,j,t and ri,p,t similarly denotes the return for the whole
portfolio of the fund. We use the following regression model:

Acti,j,t = α + β1∆Yt−1 + β2∆(d− p)t−1 + β3∆CSt−1 + β4∆Sprt−1 + θi + εi,t (4.8)

As before, log dividend-price ratio is denoted by (d− p), credit spread by CS, Y is the
nominal T-Bill rate. The coefficients of interest are β1, β2, β3, and β4. Finally, θi denotes
the fund fixed effects. The results of regression (4.8) are presented in Table 4.10.

We find that the relationship between active changes in asset allocation and predic-
tive variables is consistent with theoretical predictions. The coefficients for changes in
T-bill rates and changes in yield spread are negative and statistically significant. There-

12For a brief description of the strategic portfolio and the tolerance around it for active decisions by the
largest pension fund in the US, California Public Employees’ Retirement System (CalPERS) see https:

//www.calpers.ca.gov/docs/forms-publications/cerbt-strategy-1.pdf
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4.4 Pension fund asset allocation and predictive variables

Table 4.10: Active changes in asset allocation and changes in predictive variables

(1) (2) (3)

Active equity Active bonds Active alternatives

∆T-bills (t− 1) -1.59*** 1.50*** 0.13
(-2.84) (3.40) (1.16)

∆Log D-P ratio (t− 1) 11.72*** -10.44*** -1.68**
(3.87) (-3.88) (-2.03)

∆Credit spread (t− 1) -1.16 1.55** -0.27
(-1.46) (2.13) (-1.38)

∆Yield spread (t− 1) -1.63*** 1.38*** 0.26**
(-2.81) (2.88) (2.05)

Observations 2,564 2,563 2,564
R-squared 0.25 0.22 0.07
Number of planid 340 340 340

Notes: This table presents the result of fixed-effects regressions of active change in asset allocation in
equity, bonds, and alternatives on lagged changes in variables that predict asset returns. Active change
measures the active investment decisions of the pension fund managers. The sample period is 1990-
2011. Robust t-stats in parentheses are double clustered at year and plan level, statistical significance
is denoted by ∗ ∗ ∗ p < 0.01, ∗∗ p < 0.05 & ∗ p < 0.1.

fore when the value of T-bills increases, then pension funds actively reduce the alloca-
tion to equities, consistent with theoretical prediction. Similarly, when the yield spread
widens, the pension funds reduce their exposure to equity. The coefficient for dividend-
price ratio is positive. When the change in the D-P ratio is positive, the pension funds
increase their exposure to equity.

There are two possible explanations. First, when the changes in predictive variables
change the actual portfolio of the pension funds, they actively trade in order to negate
this mechanical movement, consistent with the market-timing motive. The changes in
predictive variables can move the pension fund portfolio because the returns on various
asset classes are correlated with predictive variables, as is clear from cross-correlations
of residuals in Table 4.2. When the realized returns move the portfolio away from the
optimal allocation, pension funds actively trade in order to rebalance back to the pre-
vious optimal. Secondly, pension funds can take into account the predictive variables
in actively under or over-weighting the portfolio relative to the strategic portfolio. This
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implies that pension funds exploit the predictive variables in the short-term via active
bets.

4.5 Concluding remarks

This chapter addresses two related questions regarding the portfolio allocation of pen-
sion funds. First, how have pension funds responded to the fundamental changes in
the economy since the start of the low interest rate environment? Secondly and more
generally, are pension funds able to time the market in a way that is consistent with
finance literature on return predictability? It is important to determine whether the
pension funds are able to exploit the changes in investment opportunities as long-term
investors. Pension funds are also constrained investors, raising the question of whether
this affects their ability to time the market and invest in a way that is consistent with
economic theory.

We find that pension funds have responded strongly to this fundamental change
in the economy, and there are interesting cross-sectional differences in their response.
Overall, pension funds have reduced their allocation to the equity asset class and in-
crease their allocation to fixed income and alternative asset classes. From a market
timing perspective, this is inconsistent with the finance literature on return predictabil-
ity, which would suggest an increase in equity allocation and reduction in fixed income
exposure. More generally, we next analyze the response of pension funds to other vari-
ables that have been found to predict asset returns. We find that pension funds are
largely unable to time the market and miss out on benefiting from changes in the in-
vestment opportunity set. One of the possible reasons is that various constraints are
binding on the pension funds and prevent them from investing as an efficient investor.

Next, analyzing the active changes of pension funds net of changes due to real-
ized returns we find that pension funds actively rebalance the allocation to neutralize
the changes in actual portfolio reflecting changes in predictive variables. Although
pension funds are long-term investors, future work could analyze a shorter horizon re-
sponse of the pension funds to changes in predictive variables. However, we are unable
to do so due to the data only being available annually. These results raise interesting
questions about the constraints pension funds face when investing. It would be a ques-
tion for future research to test which specific short-term constraints on pension funds,
for example regulations or short term liability hedging motives, contribute the most to
under-performance of the pension funds and restrict them from exploiting the benefits
from changes in the investment opportunities set.
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4.6 Appendix

4.6 Appendix

4.6.1 Data sources

To calibrate the VAR model of Campbell, Chan, and Viceira (2003), we use post-war
quarterly data for the US stock market as in their paper. However, our data extends
from the second quarter of 1952 to the fourth quarter of 2014, and therefore includes
the special macro-economic conditions of low interest rates since 2007-08. We obtain
most of our data from the Board of Governors of the Federal Reserve System (FRED)
and Wharton Research Data Services (WRDS). The three assets are short-term ex post
real interest rates, excess stock returns and excess bond returns. The short-term ex
post real interest rates are constructed as log lagged yield on three-Month Treasury
Bill (obtained from FRED website) minus the log Inflation (obtained from WRDS). The
excess stock returns are constructed as the difference between the log Value-Weighted
Return-including dividends on NYSE/AMEX/NASDAQ (obtained from WRDS) and
the log three-Month Treasury Bill (obtained from FRED). Lastly, the excess bond return
is constructed as the difference between log five Year Bond Returns (obtained from
WRDS) and log three-Month Treasury Bill (again obtained from FRED). As the data
on Yield on 5-year bond from WRDS is only available after quarter one of 1961, we
prepend that with data from Campbell, Chan, and Viceira (2003) for 1952 Quarter two
to 1960 Quarter four.

The return predictive variables that we use are short-term nominal interest rate,
the dividend-price ratio, the yield spread and lastly we add credit spread as an ad-
ditional state variable as in Hoevenaars, Molenaar, Schotman, and Steenkamp (2008).
The short-term nominal interest rate is log yield on three-Month Treasury Bill (obtained
from FRED). To construct the dividend-price ratio, we follow Campbell, Chan, and Vi-
ceira (2003). First, a dividend payouts series is constructed using the Value-Weighted
Return including dividends and price index series Value-Weighted Return excluding
dividends (both obtained from WRDS). The dividend series is then the sum of divi-
dends payments over the past year implied from the monthly data. The dividend-price
ratio is then simply the log of dividend minus the price index. The log yield spread
is constructed as the difference between the log yield on a five-year bond and the log
yield on the three-month Treasury bill (both obtained from the FRED). Lastly, the credit
spread is constructed as the difference between log Moody’s Seasoned Baa Corporate
Bond Yield (DAAA) and log yield on ten Year Treasury Constant Maturity Rate (both
obtained from FRED).

For the regression analysis we make use of annual macro data from 1990 to 2011.
The data is also international. For this reason and for reasons of comparison with other
studies, the data used for regression analysis is slightly different than the data for the
VAR model calibration. We use quarterly data to model the VAR because we have more
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data points to estimate our model, so there is less model uncertainty about the param-
eter and this is also consistent and comparable with other studies like Campbell, Chan,
and Viceira (2003); Hoevenaars, Molenaar, Schotman, and Steenkamp (2008, 2014).

The domestic nominal yield is the Interest Rates, Government Securities, Treasury
Bills series for Canada, United States and France (as an approximation for the Euro
area). All these series are obtained from FRED database; the original source is Interna-
tional Monetary Fund (IMF) International Financial Statistics. The dividend-price ratio
is constructed from the “Irrational Exuberance” data obtained from Robert Shiller’s
website. The log dividend-price ratio is the log of average dividend in the preceding
twelve months divided by the S&P composite price. The yield spread is constructed as
the difference between the Moody’s Seasoned Aaa Corporate Bond Yield and Moody’s
Seasoned Baa Corporate Bond Yield (both obtained from FRED). The long-term interest
rate is constructed using the Long-Term Government Bond Yields: 10-year: Main (In-
cluding Benchmark) series for Canada, United States and France. All these series are
obtained from FRED; the original source is Organisation for Economic Co-operation
and Development (OECD) Main Economic Indicators. The yield spread is then the dif-
ference between the domestic long-term and domestic short-term interest rates.

4.6.2 Optimal asset allocation with liabilities

Let the VAR model be given by

zt+1 = Φ0 + Φ1zt + vt+1 (4.9)

where

zt =

rtb,t

st

xt


The excess returns on asset i are denoted by xi,t = ri,t − rtb,t which are calculated in
excess of return on t-bills rtb,t and the state variables are given by st. Assuming that
we have CRRA preferences on the future funding ratio of the pension fund with risk-
aversion parameter (γ) and with τ period return with fixed horizon specific portfolio
weights, given that pension funds rebalance to the initial weight at the end of the period
and at some future point in time (t + τ), if the investor chooses to invest αt in the
risky assets, then the portfolio return is given by the following log-linear approximation
using the Taylors series expansion, that is

V(τ)
t = max

α
(τ)
t

E

[
F1−γ

t+τ

1− γ

]
(4.10)
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Hoevenaars, Molenaar, Schotman, and Steenkamp (2008) show that in this case the
optimal portfolio choice for an asset-liability investor is given by

α
(τ)
t,L =

1
γ

((
1− 1

γ

)
Σ(τ)

AA +
1
γ

ΣAA

)−1 (
µ
(τ)
t,A +

1
2

σ2
A − (1− γ)σ

(τ)
AL

)
(4.11)

whereas the the same for asset only investor is given by

α
(τ)
t,AO =

1
γ

((
1− 1

γ

)
Σ(τ)

AA +
1
γ

ΣAA

)−1 (
µ
(τ)
t,A +

1
2

σ2
A + (1− γ)σ

(τ)
Ar

)
(4.12)

From (4.9), we can calculate

µ
(τ)
t = Et(zt+1 . . . zt+τ) =

[
τ

∑
j=1

j−1

∑
i=0

Φi
1

]
Φ0 +

[
τ

∑
j=1

Φj
1

]
zt

Note that the conditional mean depends on the state variables. Finally, the conditional
variance is given by

Σ(τ) = Vart(zt+1 . . . + zt+τ) = Vart

[
τ

∑
j=1

[
τ−j

∑
i=0

Φi
1vt+j

]]
=

τ

∑
j=1

(j−1

∑
i=0

Φi
1

)
Σ

(
j−1

∑
i=0

Φi
1

)′
From these matrices, we can select the relevant rows and columns relevant for xt for
portfolio choice and calculate Σ(τ)

AA, ΣAA and µ
(τ)
t,A using a selection matrix H that selects

the xt relevant row and columns from the whole matrix. Note that this means

α
(τ)
t,L = Ã0 + Ã1zt (4.13)

Moreover, for the asset-only investor the optimal portfolio choice is

α
(τ)
t,AO = Ã2 + Ã1zt (4.14)

where Ã0, Ã1 and Ã2 are constant functions of estimated parameters of the VAR(1)
model and the risk aversion parameter. The coefficient Ã1 measures the sensitivity of
optimal portfolio allocation to changes in the state variables. Additionally, the sensitiv-
ity Ã1 does not change between investment as an asset-liability or asset only investor.

4.6.3 Figures
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Figure 4.3: The model implied optimal strategic asset allocation and actual allocation of
pension funds before and since the low-interest rate environment. The model implied
strategic asset allocation is calculated from Campbell, Chan, and Viceira (2003) model. The
weight in stock and bond is average of the four quarters in a given year. The time dis-
count factor equals 0.92 annually, the relative risk aversion is equal to 5 and the elasticity
of inter-temporal substitution is 1.
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Figure 4.4: Asset allocation in a regime switching model (Ang and Bekaert, 2002a). This fig-
ure replicates model I of the Inquire version of their paper which incorporates predictability
of returns, extended to the end of 2014. The values in the second panel are averages over
year.
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Chapter 5

Conclusion

This dissertation is a compilation of three related studies on pension funds, and in par-
ticular on pension contracts, fund management and risk management. The chapters
concentrate on topical issues currently facing pension funds, namely: how to organize
new pension contracts, how to invest for the long term and how to respond to the his-
torically low interest rates prevalent in the aftermath of the 2008 financial crisis. The
findings of the chapters contribute to our understanding of these practical issues, and
can aid pension funds, the pension regulators and individuals themselves in being bet-
ter prepared to face these challenges.

5.1 Summary of findings

The second chapter evaluates the benefits of intergenerational risk-sharing in a pen-
sion system without any guarantees. More and more employers around the world are
concerned about what corporate pension guarantees mean for the balance sheet of the
company. Many companies have gone bankrupt due to overwhelming pension liabil-
ities. Accordingly, many companies are moving from Defined Benefit (DB) to Defined
Contribution (DC) for just this reason. When an employer does not want to carry the
risk of the pension, employees can share the risk among themselves. One of the main
findings of the chapter is that risk-sharing is welfare improving even without any sort
of employer guarantee.

In particular, I analyze a collective defined contribution (CDC) pension fund which
aims at intergenerational risk sharing among different age cohorts using a return smooth-
ing mechanism. Using a utility based framework, I find that approximately one third of
unexpected return shocks should be passed on directly to all the cohorts in the year the
shock occurs, by means of the smoothing mechanism. I demonstrate that risk-sharing
implemented in this way is welfare improving compared to a plan with no risk shar-
ing, and is more sustainable compared to a defined benefit pension fund. Additionally,
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I show that the asset allocation of such a pension fund automatically corresponds to the
life-cycle portfolio choice theory.

In the next chapter, I move on to analyze the investments of pension funds, and
evaluate their long-term mindset. This question is constantly raised at academic and
practitioner conferences, as there is strong potential for increasing the returns of indi-
viduals’ saving for retirement. I consider a long-horizon investor as an investor that is
not influenced by recent returns on the portfolio in setting investment objectives. This
investor rebalances any substantial changes to the portfolio due to market movements.
This means that the investor is not “moving with the market”, which could be a buy-
low and sell-high strategy and hence harmful for investment performance.

So, the main question boils down to: how does the portfolio of a long-term investor
like a pension fund change relative to the stated strategic portfolio? I investigate the
dynamics of pension fund portfolios using an international database of pension funds
that spans over twenty years, and I focus on portfolio rebalancing. I find that a signif-
icant proportion of the change in the weight of equity is related to passive change in
the portfolio due to realized equity returns. Moreover, pension funds engage in asym-
metric rebalancing, as they rebalance poorly when the stock market is doing well but
strongly when the stock market is doing badly. Actual changes in the equity portfolio
only partially reflect strategic changes. I also study cross-sectional differences in rebal-
ancing. The results indicate that US and defined benefit pension funds rebalance less.
Moreover, external managers and active managers can be identified as the major source
of poor rebalancing. Lastly, as between asset classes, pension funds are more passive in
alternative investments.

Continuing the analysis of the investments of pension funds in the next chapter,
I look at the effects of a low-interest rate environment on pension fund investments.
Interest rates are important for pension funds because they serve as an indicator of
future economic activity and thus of the performance of multi-asset class pension fund
portfolios. Moreover, long-term interest rates determine the market value of pension
liabilities. Thus, a decrease in long-term interest rates depresses the funding ratio of
pension funds, ceteris paribus. Interest rates have been exceptionally low since 2008 and
this has led to a significant change in investment opportunities. For this reason, I try to
answer the question of whether this has led to any substantial changes in pension fund
portfolios and whether there are any insights from the academic literature on how to
overcome the challenges posed by low interest rates.

I analyze changes in the portfolio policies of pension funds since the start of the
current low interest rate environment. I find that they have on average reduced the
allocation to equity and increased the allocation to fixed income, which is inconsis-
tent with the literature on strategic asset allocation. Next, more generally, I investigate
empirically the relationship between variables that predict asset returns and portfolio
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allocation in levels as well as changes. I find that the dividend-price ratio shows the
strongest relationship among other variables. However, I find a negative relationship
as opposed to a positive one as predicted by the literature. Overall, the results suggest
that pension funds are unable to incorporate predictive information in their strategic
asset allocation, but they do take active decisions by under or over-weighting their
portfolio relative to the stated strategic portfolio in order to benefit from time-varying
investment opportunities. Analyzing these results in the context of the results of Chap-
ter 3, actively managed portfolios that make market timing decisions also appear to
be chiefly responsible for the procyclical investment behavior. Given that more and
more pension risks are being transferred to employees from employers, via e.g. CDC
contracts discussed in Chapter 2, these results points towards causes of major future
setbacks in retirement.

5.2 Future research

These are exciting times for research in pension finance. Any outstanding research
has real potential for impacting lives in a substantive and positive way. Moreover,
as the coverage of pensions increases in developing countries, the influence of pension
research will also increase. Results of the research can help formulate better governance
regulations, which need to evolve as quickly as the pension systems themselves are
evolving.

There are multiple directions in which the research presented in this dissertation
can be extended. In analyzing the collective defined contribution (CDC) system, I have
assumed that the introduction of a CDC pension contract would mean that the firm
does not have any liability in relation to underfunding of its pension fund. One inter-
esting avenue would however be to introduce a “soft” guarantee. If the pension fund
of a company is performing very poorly, the employees may have an incentive to leave
the company. This is because they will not expect to receive a big part of their salary
in the future in the form of their pension payments. This suggests that although the
firm does not have any explicit obligation in times of pension fund underfunding, it
may nonetheless in practice have to help the fund out regardless. This type of question
can be tackled in a theoretical model. Another aspect is that the analysis in this dis-
sertation is set in a partial equilibrium framework. This is a simplifying assumption,
but clearly pension funds form a big part of the economy and equilibrium considera-
tions are important. It would therefore be worth exploring how the results will hold in
equilibrium.

It is clear that there are multiple interesting possibilities for further examination re-
garding pension fund investments, which can build on the results of chapter three and
four. First, regulations for pension funds generally do not receive as much attention as
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those for the banks. However, pension fund regulations have a long way to go towards
facilitating, or at minimum not hindering, pension funds in investing optimally for the
long term. Further analysis is required about whether and/or how funding and other
regulatory requirements are encouraging pro-cyclical investment behavior. Secondly, it
has been well understood that pension funds have become a large part of the economy.
However, their potential for long-term macroeconomic effects on the wider economy
has not been fully understood. This is a promising area for both theoretical and em-
pirical research. Lastly, I have considered pension funds separately from the private
wealth of an individual. It would be worth analyzing pension fund wealth in combina-
tion with personal savings, social security benefits and any additional private savings
in a retirement account, which together will form the total wealth of an individual in
retirement.
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Chapter 6

Valorisation

This dissertation contributes to the understanding of the design of collective pension
funds and their investment choices. Therefore, the results of this dissertation are of
direct economic relevance to pension funds, pension regulators, policy makers and in-
dividuals as the ultimate stakeholders.1

Pension funds are currently facing unintended consequences of low interest rates.
Market interest rates are important for them, as they go into the assumptions that they
make for their liabilities and asset allocations. Low interest rates increase the market
value of liabilities of the pension funds, which decreases their funding ratio, the ratio
between the market value of their asset and liabilities. Pension funds can respond to
this special macroeconomic situation by changing their asset allocation to change the
return on the assets. Chapter 4 of the thesis contributes to the understanding of what
pension funds have done since the start of the low interest rate environment and what
they should they have done according to the strategic asset allocation models.

Governments typically play a significant role in a country’s pension system. They
are fully responsible for the first pillar pensions, but also have a large role in provid-
ing a legal & tax framework and supervision. Therefore, they are concerned by the
well-being of the pension funds.2 Organizations like OECD that frequently advice gov-
ernments have also been interested in the effects of low interest rates on pension funds.
For example Antolin, Schich, and Yermo (2011) discuss how protracted low interest
rates could affect both the assets and the liabilities of the pension funds. They hy-
pothesize that pension funds affected by lower interest rates will seek higher yields
via riskier investments. Moreover, interest rate hedging activities by pension funds

1The pension system of a country can be thought of comprising three pillars: a government provided
basic old age pension, occupational pension schemes, and private savings. This thesis focuses on the
second pillar pensions i.e. the occupational pension schemes.

2In the Netherlands, junior social affairs minister Jetta Klijnsma has expressed concerns about the effect
on low interest rates on pension funds due to European Central Banks decision to cut interest rates further
and benefits cuts are expected due to decline in funding ratios.
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can put further downward pressure on bond yields. Chapter 4 adds to this discussion
by showing that pension funds have chosen to reduce their investment risk since the
start of low interest rate environment. More generally, we provide the insights on the
direction of response using models in the strategic asset allocation literature that incor-
porate macroeconomic variables in addition to the short-term interest rate. The results
provide empirical evidence on how institutional investors like pension funds actually
incorporate macroeconomic news in their portfolio as compared to traditional models.

The pension fund industry is characterized by its focus on long-term decision-making
approach for investments. This long-term focus is largely driven by their liability struc-
ture. Thanks to long investment horizons, they should be able to easily withstand
short-term uncertain market conditions. However, there is a concern from the regula-
tors as well as pension fund managers themselves that pension funds tend to invest for
short-term performance and in line with the asset prices. For example a paper by Inter-
national Monetary Fund (IMF) researchers, Papaioannou, Park, Pihlman, and Van der
Hoorn (2013), discusses the procyclical investment behavior of institutional investors
including pension funds. They state that the market volatility driven by procyclicality
can have detrimental effect on the real economy. Chapter 3 contributes to the discussion
in this area, where the analysis is focused on portfolio rebalancing to analyze pension
funds’ response to realized returns and hence evaluates their procyclicality. An institu-
tionalized rebalancing strategy by pension funds can be one of the ways to minimize
procylicality and promote investment for the long term. In this way, pension funds can
bring stability to markets and earn risk premiums not available to short-term investors.

The estimates of rebalancing that we find for pension funds in the analysis of chap-
ter 3 are higher than the estimates of individual investors found in the literature. How-
ever, the rebalancing varies over time and pension funds follow asymmetric rebalanc-
ing. They rebalance more when stock market is performing poorly but less when it is
performing well. Moreover, actively managed equity and externally managed assets
can be identified as a major source of rebalancing coefficient observed in the baseline
results. These results can assist pension funds in creating and following an institu-
tionalized rebalancing framework. This can help pension funds profit from the mean-
reverting behavior of asset prices and benefit from buy low and sell high dynamics.

The Collective Defined Contribution (CDC) discussed in Chapter 2 adds to the cur-
rent public debate on pension system reform in the Netherlands but also, for example,
in the UK and Canada. These type of pension funds have already been introduced or
are likely to be introduced in the near future for many public as well as private pension
funds in these countries. With the decline of traditional Defined Benefit (DB) pension
funds, they are now emerging as a viable alternative. They come in many shapes and
forms however, the main idea is that the benefits of the participants are allowed to be
adjusted with the returns on pension fund assets. This gives rise to the question as to
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how exactly these adjustments can be applied. Chapter 2 discusses one way to incorpo-
rate the adjustment: by smoothing out returns applied to the pension rights over many
periods.

The sustainability of these schemes is very important from the point of view of both
regulators and participants. Chapter 2 points out that there is tradeoff between high
risk sharing and low risk sharing. High level of risk sharing is welfare improving from
a utility perspective but increases the risk that the pension fund will become severely
underfunded. This is because the underfunding of the fund is not passed on to the
participants quickly enough. This raises questions about the sustainability of the pen-
sion funds as the future generations may refuse to take part in an underfunded system,
where a big portion of their contribution will be used to pay benefits to current retirees.
Therefore, the regulators have to find a balance for pension funds in a way that allows
for adjustment in accruals of pension rights and promotes sustainability of the pension
system as a whole but also protects the interests of future generations.
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