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INTRODUCTION

t is my great pleasure to introduce this in-
augural issue of the EDHEC-Risk Institute
supplement in Pensions & Investments.
Since it was founded twelve years ago, EDHEC-Risk Institute has been
endeavoring to produce industry-relevant research of  the highest ac-

ademic standards. The present supplement is an inherent part of that mission
and we hope that you will find the insights both useful and original.

Our first article shows that failing to disentangle long-term risk aversion and
short-term loss aversion may lead to poor investment decisions. As our authors
show, relatively simple solutions exist that can be implemented as dynamic
asset—allocation strategies in order to control short-term risk levels while main-
taining access to long-term sources of performance. These solutions are a sub-
stantial improvement over traditional strategies without dynamic risk  control. We
then examine the question of low-volatility—equity investing. We think that the
correct question for investors to ask themselves is how a low-volatility strategy fits
into their risk budget, so that they can design the investment strategy that best
serves their risk objectives. Low-volatility portfolios can be constructed in many
different ways and the risks and performance of a particular strategy will depend
on the choices that are made about the critical components of the strategy.

We look at optimizing the investment policy of a corporate pension fund
when the pension plan beneficiaries, trustees and managers, not to mention the
equity holders, bondholders and managers of the sponsor firm, have different
preferences with respect to the risk/return profile of the fund strategy. Our research
finds that a constant proportion portfolio insurance strategy adapted to the asset-
liability management context reduces the conflicts of interest between pensioners
and shareholders by allowing the pension fund to invest more in risky assets, which
generates surpluses from which equity holders will benefit, while protecting the
funding ratio, which is in the pensioners’ interest.

Smart-beta investing in equities is becoming more and more popular as
reservations about the suitability of cap-weighted equity indexes for invest-
ment, long expressed in the academic literature, have increasingly come to the
fore. In our article on the subject, we discuss the “Smart Beta 2.0” approach
developed by EDHEC-Risk Institute. At a time when it is universally recognized
that the ability to manage risks effectively is of paramount importance for asset
owners, this approach allows investors to invest in these advanced forms of
benchmarks with full knowledge and control of the risks of their choice.

In a further article, we examine alternative equity-diversification strategies.
We explain the conceptual groundings behind five alternative weighting
schemes identified by ERI Scientific Beta, an EDHEC-Risk Institute venture, as
being credible vehicles for diversification. We emphasize their intrinsic specific
and systematic risks, as well as the impacts of these risks on their individual
conditional and unconditional performance and risk profiles, and we introduce
a multistrategy approach which aims at diversifying away these risks and pro-
vides a solution for gaining robust exposure to smart beta.

We then turn to the question of alternative bond indexes. Research con-
ducted by EDHEC-Risk Institute has clearly demonstrated the limits of tradi-
tional debt-weighted index offerings, which are not justified by any genuine
economic thinking or model. To date, the weighting schemes available on the
market or documented in practitioner journals have not convinced EDHEC-Risk
Institute’s scientific management team of their robustness and pertinence.
Whether for sovereign or corporate debt, EDHEC-Risk Institute considers that
there is room for improvement. 

Finally, in light of the dramatic bankruptcy of the city of Detroit, we look at
the important question of the proper discount rate for liabilities. There are at
least three different types of discount rates that can be used to value pension
liabilities: arbitrary discount rates, market discount rates and endogenous dis-
count rates. In our article, we review some of the key academic insights about
the use of various discount rates for liabilities, and the pros and cons associated
with such choices. Also, we discuss the importance of the perspective of the
key stakeholders in settling these issues.

We would like to thank our partners at P&I for their help in preparing and
producing this first edition of the EDHEC-Risk Institute Supplement. We look
forward to a long and fruitful partnership and hope that all readers will gain
useful insights from the results of our research.

I
Noël Amenc

Professor of Finance, EDHEC Business School; Director, EDHEC-Risk Institute; 
and CEO, ERI Scientific Beta
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ailing to separate long-term risk aversion
and short-term loss aversion may lead to
poor investment decisions. One of the
main findings in the academic literature
on long-term allocation decisions with
mean-reverting equity returns is the fact
that equities serve as a hedge against

unfavorable equity returns in the presence of mean-reverting
equity returns. As a result, the optimal allocation to stocks is
higher compared to the myopic case, and investors with
longer time-horizon hold more stocks compared to investors
with shorter horizon. This prescription has very often been
taken at face value by target-date funds or life-cycle funds,
an investment solution advocating a deterministic decrease
of equity allocations (also known as glidepath) when ap-
proaching retirement date. 

One key problem, however, is that this prescription can
lead to extremely difficult situations when risk is assessed from
a shorter-term perspective, in particular in the context of a se-
vere bear equity market such as the one experienced in 2008.
In fact, it appears that most, if not all, investors, even those
(such as pension funds or sovereign wealth funds) with the
longest possible horizons, inevitably face a number of short-
term performance constraints imposed by accounting and/or
regulatory pressure, political pressure, peer pressure, etc. In
a private wealth—management context, there is also strong
evidence that investors typically face (mostly self-imposed)
short-term constraints, e.g., maximum drawdown constraints. 

While it is widely perceived that tension exists between
a focus on hedging long-term risk and a focus on insurance
with respect to short-term constraints, we cast new light on
this debate by arguing that long-term objectives and short-
term constraints need not be mutually exclusive.1 In fact, our
analysis shows that both motives may naturally coexist within
the context of a long-term investing strategy consistent with
short-term performance constraints. 

An increasing, anti-cyclical allocation to equities can be
justified in the absence of short-term–risk constraints, if a
mean-reverting equity risk premium is present. Investors en-
dowed with consumption/liability objectives need to invest in
two distinct portfolios, in addition to cash: one performance-
seeking portfolio (PSP) and one liability-hedging portfolio
(LHP); this is the liability-driven investing paradigm (LDI). The
allocation to the “risky” performance-seeking portfolio (PSP)
vs. “safe” liability-hedging portfolio (LHP) is found to be in-
creasing in the PSP Sharpe ratio. 

The optimal strategy displays a state-dependent compo-
nent, suggesting that the allocation to equity should be in-
creased (respectively, decreased) when equity has become
cheap (respectively, expensive), as measured through a proxy
for the equity risk premium. In the context of a model with a
stochastic mean-reverting equity risk premium, one can also
show that the optimal allocation involves hedging demand
against unexpected changes in the PSP Sharpe ratio, known
as the risk premium hedging portfolio (RPHP), which indeed
implies a deterministic decrease of the allocation to equity as
the investor gets closer to the time horizon. One key element
that is missing in the analysis presented so far is the integra-
tion of short-term constraints into the design of the optimal
allocation strategy. 

The allocation to equities should also be an increasing
function of the current value of the risk budget, in addition

to being an increasing function of time-horizon and of the
current value of the equity-risk premium. This can be justified
in the presence of short-term constraints. These short-term
constraints are not managed through hedging strategies,
which focus on immunizing the portfolio value with respect
to changes in risk factors affecting asset and liability values,
but instead through dedicated insurance strategies. The prac-
tical implication of the introduction of short-term constraints
is that optimal investment in a performance-seeking satellite
portfolio (PSP) is not only a function of risk aversion, but also
becomes a function of risk budgets (margin for error meas-
ured in terms of distance with respect to minimum acceptable
wealth levels), as well as probability of the risk budget to be
spent before horizon. In a nutshell, a pre-commitment to risk
management allows one to adjust risk exposure in an optimal
state-dependent manner, and therefore to generate the high-
est exposure to the upside potential of the PSP while respect-
ing risk constraints. 

It is widely perceived that tension exists between a focus
on hedging long-term risk and a focus on insurance with re-
spect to short-term constraints: dynamic risk-controlled strate-
gies, which imply a reduction to equity allocation when a drop
of equity prices has led to a substantial diminution of the risk
budget, have often been blamed for their pro-cyclical nature,
and long-term investors are often reluctant to sell equity hold-
ings in those states of the world where equity markets have
become particularly attractive in the presence of mean rever-
sion in the equity risk premium. 

Our research actually suggests that long-term objectives
and short-term constraints need not be mutually exclusive,
and can be integrated in a comprehensive asset allocation
framework. Depending on market conditions and parameter
values the pro-cyclical risk-controlled motivation may out-
weigh the revision of strategic asset—allocation motivation,
or vice versa, with risk management always prevailing ulti-
mately. In other words, the risk-control methodology can be
made entirely consistent with internal or external processes
aiming at generating active asset allocation views. In fact,
casting the active view generation process within the formal
framework of a dynamic risk-control strategy appears to be
the only way to successfully implement active asset allocation
while ensuring the respect of risk limits. 

In practice, a number of key improvements can be used
in implementation. While the original approach was devel-
oped in a simple framework, it can be extended in a number
of important directions, allowing for the introduction of more
complex floors. A large variety of floors can in fact be intro-
duced (simultaneously if necessary) so as to accommodate
the needs of different kinds of investors. Among the possible
floors, the following possibly stand out in terms of their rele-
vance for various kinds of investors: capital guarantee floors
allowing the protection of a fraction of the initial capital;
benchmark protection floors allowing the protection of a frac-
tion of the value of any given stochastic benchmark (with the
liability portfolio being the most natural benchmark for in-
vestors facing liabilities); maximum drawdown floors allowing
limits on maximum consecutive losses; trailing performance
floors allowing the protection of a fraction of the prior value
of the portfolio on a rolling basis, etc.

In addition to accounting for the presence of floors, the
dynamic risk-controlled strategies can also accommodate the
presence of various forms of caps or ceilings. These strategies

recognize that the investor has no utility over a cap target
level of wealth, which represents the investor’s goal (actually
a cap), which can be a constant, a deterministic or a stochastic
function of time. From a conceptual standpoint, it is not clear
a priori why any investor should want to impose a strict limit
on upside potential. The assumption is that by forgiving per-
formance beyond a certain threshold, where they have rela-
tively lower utility from higher wealth, investors benefit from
a decrease in the cost of the downside protection (short po-
sition) in a convex payoff in addition to the long position—
collar flavor. 

Putting it differently, without the performance cap, in-
vestors have a greater chance of failing to achieve an almost-
eached goal when their wealth level is very high, and we show
that the presence of upper (in addition to lower) bounds on
performance, consistent with the kind of utility satiation often
exhibited by long-term investors, is another, independent,
reason why a fall in equity prices should not always lead to a
decrease in equity allocation, even without the mean-revert-
ing equity risk premium.

Our analysis suggests that asset allocation and portfolio
construction decisions are intimately related to risk manage-
ment. 

Investment management is essentially about finding op-
timal ways to spend risk budgets that investors are reluctant
to set, with a focus on allowing the highest possible access
to performance potential while respecting such risk budgets.
Risk diversification, risk hedging and risk insurance are three
useful approaches to optimal spending of investors' risk
budgets. In this context, improved forms of investment so-
lutions rely on a sophisticated exploitation of the benefits of
the three competing approaches to risk management,
namely risk diversification (key ingredient in the design of
better benchmarks for performance-seeking portfolios), risk
hedging (key ingredient in the design of better benchmarks
for hedging portfolios) and risk insurance (key ingredient in
the design of better dynamic asset-allocation benchmarks
for long-term investors facing short-term constraints). In the
end, risk management, which focuses on maximizing the
probability of achieving investors' long-term objectives
while respecting the short-term constraints they face, ap-
pears to be the key source of added value in investment
management.

The results we obtain confirm that dynamic  asset-alloca-
tion benchmarks can be designed so as to allow more efficient
spending of investors' risk budgets.  A commitment to reduce
the allocation to equity in times and market conditions that re-
quire such a reduction so as to avoid over-spending risk
budgets would seem to allow  a greater average investment
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The opportunity costs implied by 
the short-term constraints are 
significantly lower when these 

constraints are optimally addressed
through insurance strategies, 

as opposed to being inefficiently 
addressed through an unconditional 

decrease in the equity allocation.

1For more details, see Deguest, R., L. Martellini and V. Milhau, 2013, Hedging  vs. Insurance: Long-Horizon Investing with Short-Term Constraints, EDHEC-Risk publication.
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in equities compared to a simple static strategy that is cali-
brated to respect the same risk budget constraints. The wel-
fare gains involved in this higher allocation to equities are
found to be substantial for reasonable parameter values, es-
pecially for long-term horizons and in the presence of a mean-
reverting equity risk premium.

As a numerical illustration of the benefits of risk-con-
trolled strategies, we first simulate the performance of uncon-
strained strategies, taking the time-horizon to be equal to 20
years, while the risk-aversion parameter, which is not observ-
able, is calibrated in such a way that the average allocation to
equity over the 20-year life of the strategy is equal to a target
of 10%, 20% or 30%. The three corresponding long-term un-
constrained strategies will be referred to as defensive (leading
to an average stock weight of 10%), moderate (leading to an
average stock weight of 20%) and aggressive (leading to an av-
erage stock weight of 30%) respectively.

Exhibit 1 shows the resulting distribution of uncon-
strained terminal wealth for various risk-aversion levels. We
find the usual risk/return trade-off: strategies implemented by
less risk-averse investors will contain a higher allocation to eq-
uities, which will result in a higher average wealth level as well
as higher uncertainty around the terminal wealth level.

While long-term strategies are engineered to achieve op-
timal risk/return trade-offs over the long term, short-term
losses and drawdown levels can remain extremely large, es-
pecially for the aggressive investor, with a maximum draw-
down at 24.4%, as can be seen from Exhibit 2.

In this context, an investor wishing (or obliged) to main-
tain the maximum drawdown around say 15% would have to
opt for the defensive strategy, even if the level of wealth
achieved with this strategy is much less attractive than what
is allowed by the aggressive strategy. In this context, the ob-
jective measure of the opportunity cost associated with a 15%
maximum drawdown can be formally defined as the additional
initial contribution needed to reach with the defensive strategy
the same average wealth level as with the aggressive strategy,
a cost that turns out to be a prohibitive 32.51% in this particular
example.

A less costly solution is to use insurance, as opposed to
hedging, to manage downside risk. As an alternative to the de-
fensive strategy, the investor can choose the aggressive strategy,
which allows for much higher access to the equity risk premium,
and implement a dynamic risk-controlled investing overlay de-
signed to ensure that the maximum drawdown will be kept below
15% (see Exhibit 3 for the resulting distribution of terminal wealth,
where we have also tested maximum drawdown levels at 10%
and 20%). 

Exhibit 3 shows that the average wealth of the aggressive
strategy with a 15% maximum drawdown constraint is substan-
tially higher than the unconstrained defensive one, for essen-
tially the same level of extreme losses. This result makes a
strong case for the management of short-term constraints
through dynamic risk budgeting rather than through the choice
of unnecessarily conservative investment policies. So as to pro-
vide an objective assessment of the opportunity cost of impos-
ing stricter drawdown constraints, when these constraints are
optimally managed through insurance techniques, we find that
a mere 5.38% additional investment is needed to reach the ag-
gressive benchmark with a maximum drawdown constraint of
15% the same average wealth level as with the aggressive strat-
egy without maximum drawdown constraints. This value very
favorably compares to the aforementioned 32.51% opportunity
cost involved in managing maximum drawdown constraints in-
efficiently through excessive hedging.

Overall, these results illustrate that not disentangling
long-term risk aversion and short-term loss aversion may
lead to poor investment decisions. Relatively simple solu-
tions exist that can be implemented as dynamic asset allo-
cation strategies in order to control short-term risk levels
while maintaining access to long-term sources of perform-
ance. These solutions are a substantial improvement over
traditional strategies without dynamic risk control, which in-
evitably lead to under[solid]spending of investors' risk budg-
ets in normal market conditions, with a strong associated
opportunity cost, and overspending of investors' risk budget
in extreme market conditions. ~

Distributions of Terminal Wealth Generated by Long-term Investment Strategies

Risk and Performance Indicators for Long-Term–[en dash] Investment Strategies

Distributions of Terminal Wealth Generated by Long-Term Investment 
Strategies in the Presence of Maximum Drawdown Constraints

The research from which this article was drawn was supported by BNP Paribas Investment Partners as part of the research chair on “Asset-Liability Management and Institutional Investment Management” at
EDHEC-Risk Institute.The chair examines advanced ALM topics such as dynamic allocation strategies, rational pricing of liability schemes, and formulation of an ALM model integrating the financial circumstances
of pension plan sponsors.The full version of the research is available on the EDHEC-Risk Institute website at the following address:www.edhec-risk.com/ALM/BNPPAM_Research_Chair

EXHIBIT 1

EXHIBIT 2

EXHIBIT 3

Reference
Deguest, R., L. Martellini and V. Milhau. 2013. Hedging  vs. Insurance: Long-Horizon Investing with Short-Term Constraints, EDHEC-Risk
publication produced as part of the BNP Paribas Investment Partners research chair on “Asset-Liability Management and Institutional
Investment

Min Wealth 251.71 280.10 293.75
Q5 362.39 345.16 324.78
Low Target Wealth (Q25) 419.64 378.00 338.89
Medium Target Wealth (Q50) 459.49 399.71 348.11
High Target Wealth (Q75) 500.33 421.75 357.40
Q95 567.38 456.22 371.75
Max Wealth 739.16 540.35 403.29

Average Wealth 461.37 400.15 348.18

High minus Low 80.69 43.75 18.51
(High minus Low)/(2 x Medium) 8.78% 5.47% 2.66%

Max 3Y-Loss 15.89% 9.26% 7.75%
Max DD 24.40% 17.78% 15.16%

Aggressive Moderate Defensive
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nterest in low-volatility equity strategies has
grown in recent years and its proponents have re-
ceived an additional boost from the spate of new
index offerings in this area. However, this invest-
ment approach is sub-optimal from the viewpoint
of traditional asset-pricing theory. Indeed, a
global minimum variance (GMV) portfolio can be

regarded as a maximum Sharpe ratio portfolio subject to the
assumption that all stocks have the same expected returns,
whatever their factor exposures. This contrasts with the pre-
diction of a positive relationship between the systematic risks
(measured by market betas) and the expected return of
stocks. This prediction is supported by the single-factor
CAPM (Sharpe, 1964) and multifactor (Merton, 1973) equilib-
rium models as well as arbitrage pricing arguments (Ross,
1976). Empirical confirmation is provided by Fama and French
(1993) and Carhart (1997), among others. Although the mar-
ket efficiency arguments invoked in these models predict that
investors should not expect a reward (earn a risk premium)
for specific risk because it can be diversified away, there is
also some evidence indicating the existence of a positive re-
lationship between idiosyncratic (as opposed to systematic)
risk and expected returns. For instance, Merton (1987) shows
that total risk will matter to investors who are unable to hold
the market portfolio, thus forcing them to pay attention to
firm-specific risk. Therefore firms with larger specific risk will
offer higher average returns to compensate investors for
holding imperfectly diversified portfolios. The empirical re-
sults in Malkiel and Xu (2006) and Barberis and Huang (2001)
support this notion.

In this context, one would expect that overweighting
low-volatility stocks, implemented explicitly through weight-
ing schemes using the inverse of volatility as a weighting fac-
tor or implicitly with GMV portfolios that do not penalize
low-risk stocks for having low returns, will result in poor per-
formance. On the other hand, advocates of low-volatility in-
vesting point to a growing body of empirical evidence of a
negative relationship between risk and return in equity mar-
kets, which should result in attractive performance of low-
volatility investing strategies. For example, Black (1972), and
Black, Jensen and Scholes (1972) document a “low beta
anomaly”  that states that the relationship between system-
atic risk as measured by a stock’s beta and its return is much
flatter than predicted by the CAPM. Haugen and Heinz (1975)
go as far as to claim that the relationship was not merely flat
in their sample period, but actually inverted. Ang, Hodrick,
Xing and Zhang (2006, 2009) focus on the specific risk com-
ponent and report that high idiosyncratic volatility stocks have
yielded "abysmally low returns" based on longer time series
of data from U.S. and international markets (the “idiosyncratic
volatility puzzle”). Others (Blitz and van Vliet, 2007) have doc-
umented a negative relationship between total (as opposed
to specific) volatility and expected return, an anomaly that
has come to be known as the “total volatility puzzle."

Early papers (Haugen and Heinz, 1972, 1975) and Hau-
gen and Baker (1991) question both the methodology used
for testing cross-sectional risk-return relationships and the ef-
fect of assumptions underlying standard asset pricing models.
Their empirical findings cast doubts on the existence and sig-
nificance of the risk premia implied by these models. In a
more recent study, Blitz and van Vliet (2007) analyze a 20-year
period and show results in which portfolios of low-volatility
stocks have higher returns than portfolios of high-volatility
stocks, but do not disclose significance levels. Evidence con-

tinues to mount, with findings from Baker, Bradley and Wur-
gler (2011), indicating that portfolios formed by sorting stocks
by past volatility display higher returns for the low-volatility
quintile over the subsequent month than for the high-volatility
quintile. Results from Baker and Haugen (2012) and Blitz,
Pang and van Vliet (2012) are similar and include emerging
market stocks.

Given the critical importance of the risk/return relation-
ship to both asset pricing theory and investment practice, the
conclusion that there is no consensus about whether it is pos-
itive, flat or negative is rather disconcerting. As the debate
between the two sides has intensified, attention has turned
to providing justification for the empirical results discussed
above. Among recent attempts to explain the low-volatility
anomaly (i.e., attempts to find economic reasons that explain
why a negative relationship might exist between some risk
measure and expected returns) Baker, Bradley and Wurgler
(2011) offer two behavioral arguments. First, some irrational
market participants show a preference for lotteries and heuris-
tic biases such as representativeness and overconfidence re-
sulting in a demand for higher volatility stocks that is not
justified by fundamentals. Second, the typical institutional in-
vestor’s mandate to maximize the ratio of excess returns to
tracking error relative to a fixed benchmark (i.e. the informa-
tion ratio) without using leverage induces a demand for
higher beta stocks. The increased demand for high volatility
and high beta stocks leads to increases in the prices of such
stocks, and explains their subsequent poor performance. In
fact low beta and low volatility are positively related attrib-
utes, and as shown by Scherer (2011), optimal weights of
stocks in the minimum variance portfolio are negatively pro-
portional to their betas. A related explanation is linked to the
existence of institutional limitations on using leverage. In par-
ticular, Frazzini and Pederson (2013) show that investors fac-
ing such restrictions bid up high-beta assets and more
constrained investors hold riskier assets. A different behav-
ioral explanation is offered by Wang, Yan and Yu (2012), who
rely on prospect theory to demonstrate that there is a nega-
tive risk/return relation among stocks where the average in-
vestor faces prior losses, and vice versa.

Among the skeptics of the low-volatility anomaly, there
have been efforts to show that these empirical findings are
not robust and hence simply disappear when slightly different
methodological choices are made during empirical investiga-
tions. For example Fama and French (1992) find that, while
the relationship between a stock beta with respect to the mar-
ket portfolio and the stock average return is not significant,
stocks with high exposure to the size and/or B/M factor do
earn a higher expected return, in accordance with the predic-
tions of standard asset-pricing models. Thus the “low beta
anomaly” is not an anomaly, but instead a mere indication
that the cross-section of stock returns is poorly explained by
a single-factor model such as the standard CAPM. Similarly,
some recent papers have questioned the robustness of the
Ang, et al. (2006, 2009) results. Among other concerns, they
claim that the low-volatility anomaly does not  stand up to
changes to data frequency, portfolio formation, portfolio
weighting scheme (cap-weighted vs. equally weighted), to
the screening out of illiquid stocks (Bali and Cakici, 2008) or
to stocks that display extreme past positive returns (Bali, Ca-
kici and Whitelaw, 2011). The use of geometric  vs. arithmetic
averaging for portfolio return has also been found to have a
strong impact on the result (diBartolomeo, 2013).

Other authors find that replacing the short-term measure

of volatility in Ang, (2006), with measures obtained over
longer  periods leads to a positive relationship between risk
and return (Fu, 2009, Spiegel and Wang, 2005, Brockman et
al. 2009). On a related note, Cao and Xu (2010)  break down
idiosyncratic volatility into its short- and long-term compo-
nents and find a positive relationship between the long-term
component and expected stock returns. The most popular ar-
gument against the low-volatility anomaly stems from the ex-
istence of short-term reversals. Indeed, the empirical
underperformance of high-volatility stocks tends to be con-
centrated in the highest decile and a careful analysis reveals
that most of the stocks in that decile for one particular sample
period have enjoyed a strong rally in the previous (calibration)
period. A short-term correction usually occurs after the rally
has taken place, hence the one-month performance of the
highest volatility stocks tends to be poor subsequent to the
determination that these stocks have enjoyed a substantial
increase in prices. Indeed, Huang, et al.(2010), find that the
low-volatility anomaly disappears after adjusting for such
short-term return reversals.  The risk-return relationship gen-
erally becomes increasingly positive as the holding period in-
creases. (See Huang, et al., 2011, for holding periods of 12
months or Goltz and Martellini, 2013 for holding periods up
to 60 months.) When liquidity and turnover issues are fac-
tored in (see Li, Sullivan and Feijoo, 2013), this argument be-
comes even more compelling.

The unsettled status of this debate poses a dilemma for
investors who may be considering an allocation to a low-
volatility strategy. By definition, the long-term consequences
of betting on any anomaly are unknown. Recognizing this, the
decision to invest in low-volatility stocks should be rooted in
risk preferences rather than in the quest for return. As the
name suggests, the rational reason to invest in low-volatility
stocks should be to gain exposure to the equity market at a
relatively low level of risk. Hence the correct question for in-
vestors to ask themselves is how a low-volatility strategy fits
into their risk budget, so that they can design the investment
strategy that best serves their risk objectives. Low-volatility
portfolios can be constructed in many different ways and the
risks and performance of a particular strategy will depend on
the choices that are made about the critical components of
the strategy. These decisions include, among many others,
the selection of an appropriate stock universe, the weighting
scheme applied to the chosen universe, and, with regard to
the optimization procedure, the choice of constraints, the risk
model and even the optimization algorithm. It is important to
bear in mind that these are independent, separable choices,
so their expected individual impact can and should be eval-
uated  before making a commitment in order to reach an op-
timal combination. In the end, low-volatility portfolios tend
to be better diversified than their cap-weighted counterparts,
and this comparative diversification benefit will generate at-
tractive relative performance, regardless of the existence and
persistence of the low-volatility anomaly. On the other hand,
investors sensitive to the risk of deviations from a benchmark
must understand that investment in a low-volatility strategy
is likely to induce sector and factor exposures that differ from
their designated benchmark. This may lead to significant vari-
ation in the relative performance of their low-volatility port-
folio for prolonged periods. Although such risks can be
managed in a variety of ways, investors must conduct a com-
prehensive assessment of expected portfolio behavior in dif-
ferent market environments, as that will enable them to
manage the risks in an efficient manner.  ~
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he advent of  smart-beta investing came
with a plethora of commercial indexes
with embedded portfolio construction
methods that represent alternatives to
cap weighting. In addition, as smart-
beta strategies gain importance in the
investment process, the question of the

impact of  smart-beta strategies on the risk of the investor’s
allocation arises, both in terms of absolute risk and of relative
risk, since smart beta is often perceived as a less costly and
better-performing substitute for benchmarked active man-
agers, who are typically subjected to risk constraints.

Amenc, Goltz and Martellini (2013) argue that the tradi-
tional Smart Beta “1.0” indexes present systematic risks (com-
mon factor exposures) and specific risks (risks linked to the
underlying model and input variables) that are neither docu-
mented nor explicitly controlled by their promoters. Indeed,
the focus of Smart Beta 1.0 offers, providing investors with
pre-packaged bundles of methodological choices, is on gen-
erating performance over cap-weighted indexes without ex-
plicit attention to risk transparency and risk choice. Such
inadequate information and risk management leads to  doubt
about the performance presented and implies considerable
risk-taking that is not controlled by investors when they
choose new equity benchmarks. Thus, the authors advocate
a new approach, dubbed “Smart Beta 2.0,” in which in-
vestors, not index promoters, can make an explicit choice of
the risk exposures for their  smart-beta benchmarks. Indeed,
the results show that this choice, and therefore the associated
risk controls, is not inconsistent with smart-beta benchmark
performance.

In this article, we will illustrate that the Smart Beta 2.0 ap-
proach allows investors not only to measure but also to cus-
tomize their risk exposures throughout the portfolio
construction process. In particular, we discuss the following
types of risk: i) exposure to systematic risk factors (which can
be tailored through stock selection decisions or factor con-
straints); ii) exposure to strategy specific risk (which can be di-
versified away across strategies); and iii) relative performance
risk with respect to traditional market cap-weighted bench-
marks (which can be managed through tracking error control).

Risks of smart-beta solutions
First, these new forms of indexes are exposed to system-

atic risk factors, depending on the methodological choices
guiding their construction and on the universe of stocks to
which their construction schemes are applied. For example,
given that a cap-weighted index is typically concentrated in
the most highly capitalized stocks, any departure from it
through deconcentration will necessarily lead to an increase
in the exposure to smaller-cap stocks, which also are less liq-
uid stocks. Exhibit 1 shows that compared to cap-weighting,
alternative weighting schemes (exemplified by Scientific Beta
USA  indexes) induce a small-cap tilt. 

Second, smart-beta solutions are exposed to specific
risks, which are related to the characteristics of a given port-
folio construction methodology and encompass two sources
of risk: parameter estimation risk, and optimality risk. There
exists a trade-off between, on the one hand, the desire to
limit the number of parameters that need to be estimated
for the index construction in order to gain robustness out of

sample and, on the other hand, the desire to use all the
available information to target a portfolio that is in principle
closer to the true optimal maximum Sharpe ratio (MSR)
benchmark (less optimality risk) but that will involve more
estimation risk (more parameters and harder parameters to
estimate).

Finally, the choice of a given weighting scheme leads to
a different set of risk and return properties relative to cap-
weighted indexes. In Exhibit 2 we show that all strategies

have positive returns relative to the cap-weighted benchmark.
On the other hand, all  smart-beta strategies need to de-

viate from the cap-weighted index in terms of factor expo-
sures and portfolio construction methodology, to generate
outperformance. The risk choices of smart-beta strategies
may be less rewarded than those of the cap-weighted index
in certain periods, which makes them susceptible to periods
of serious underperformance, i.e., significant and lasting rel-
ative drawdowns (Amenc, et al., 2012).
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EXHIBIT 1

EXHIBIT 2

Risk factor exposures and risk-adjusted performance of  US Scientific Beta  indexes. 
The analysis is based on daily total returns from  6/21/2002 to  12/31/2012. All statistics are annualized; yield on secondary market
US Treasury Bill (3M) is used as a proxy for the risk-free rate, and the Scientific Beta USA cap-weighted index is used as the cap-
weighted reference. The coefficients statistically significant at the 95% confidence level are in bold.

Relative performance of  US Scientific Beta  indexes with regard to cap-weighted reference index. 
The analysis is based on daily total returns from  6/21/2002 to 12/31/2012. All statistics are annualized; yield on secondary
market US Treasury Bill (3M) is used as a proxy for the risk-free rate, and the Scientific Beta USA cap-weighted index is used as
the cap-weighted reference. Extreme Relative Return (5%) measures the maximum amount of  the relative loss that the strategy
can suffer at a 95% confidence level, based on the distribution of  one-year rolling window relative returns.

2A distinction between stock universe selection and the selection of a diversification-based weighting scheme recognizes that, in principle, methodological choices can be made independently in these two
steps that are used in the construction of advanced beta equity strategies. Flexibly combining different possible choices in the two steps allows us to test the performance and risk of the possible methodologies
and to assess commercially available advanced beta strategy  indexes by constructing strategies with similar objectives and constraints.

Scientific Scientific Scientific Scientific Scientific Scientific
Maximum Beta USA Beta USA Beta USA Beta USA Beta USA

Deconcentration Diversified Maximum Efficient Maximum Cap-
Risk Parity Decorrelation Minimum Sharpe Weighted

Volatility Ratio

0.40% 0.75% 0.37% 1.90% 0.77% 0.00%

1.01 0.96 0.96 0.84 0.93 1.00

0.44 0.37 0.40 0.22 0.34 0.00

-0.01 -0.01 -0.06 -0.06 -0.05 0.00

>99% >99% 99% 98% 99% 100%

0.28 0.30 0.28 0.36 0.30 0.21

Alpha

Market

Size (SMB)

Value (HML)

Adj. R-Square

Sharpe Ratio

Scientific Scientific Scientific Scientific Scientific
Maxmium Beta USA Beta USA Beta USA Beta USA

Deconcentration Diversified Maximum Efficient Maximum
Risk Parity Decorrelation Minimum Sharpe

Volatility Ratio

2.02% 2.05% 1.53% 2.16% 1.72%

3.62% 3.08% 3.57% 4.60% 3.39%

-3.78% -3.03% -4.24% -3.92% -2.72%

13.76% 10.39% 12.29% 7.12% 9.15%

453 453 729 168 740

Relative Return

Tracking Error

Extreme Relative Return (5%)

Maximum Relative Drawdown

Maximum Time Under Water



Managing the exposure to systematic risk factors through
stock selection or sector constraints

Today, paying attention to the systematic risks of smart
beta is not only a genuine opportunity to create added value,
but also a condition for its sustainability. While smart beta can
play an important role in institutional investors’ allocations,
this can only be at the price of implementing an effective risk
management process. 

The first approach to accounting for the systematic risks
of investing in smart beta is the disentangling of the two in-
gredients that form the basis of any smart-beta index con-
struction: the stock selection and weighting phases. Indeed,
a clear distinction between the stock selection phase and the
weighting phase allows correction of implicit factor tilts that
may arise from the weighting scheme through an explicit
choice of the universe in which the strategy invests.2 Amenc,
Goltz and Lodh (2012) show that stock selection is able to cor-
rect the risk factor exposures of diversificationweighting
schemes by excluding stocks with the undesired characteris-
tics prior to applying a diversification scheme. 

For example, the size selection scheme3 allows the expo-
sure to the size factor to be modified. As shown in Exhibit 3 for
the Maximum Deconcentration strategy, the small-cap tilt is re-
duced from 0.44 in the standard version to +0.19 in the large-
cap stock selection and, conversely, to 0.67 when choosing
mid-cap stocks only. Interestingly, this shift in size exposure
does not  affect other factors' initial exposures by a significant
amount. The Sharpe ratios of the large-cap and mid-cap in-
dexes are still superior to that of the cap-weighted benchmark
(0.21), showing that systematic risk control does not come at
the cost of performance.4

Naturally, in addition to stock selection, implicit constraints
in the optimization can be used to take into account other sys-
tematic risks such as relative sector and country exposures with
respect to a cap-weighted reference index. As displayed in Ex-
hibit 4, constraining for sector neutrality reduces sector devia-
tions from the cap-weighted reference (e.g. the +11.1% utility
sector overweight is reduced to +0.20%). The overall effect
across all sectors is equally remarkable: the sum of absolute
sector deviations drops from 46% for the standard version of
the USA Efficient Minimum Volatility index to 10% for the sec-
tor-neutral version.

Exhibit 5 shows a comparison of performance statistics for
the Scientific Beta cap-weighted reference index with Scientific
Beta USA minimum volatility portfolios with and without sec-
tor-neutrality constraints to examine the effect of additional
constraints on the strategy’s ability to achieve its portfolio-level
objective.

The results show that imposing sector-neutrality con-
straints does not affect the performance of the Scientific Beta
USA minimum volatility strategy by a large amount. The un-
constrained portfolio achieves 16.0% volatility reduction over
the cap-weighted benchmark while the sector-constrained port-
folio still achieves an 11.8% reduction.

Managing the exposure to strategy-specific risks through
diversification across strategies

The analysis of Martellini, Milhau and Tarelli (2013) can
also be used to reduce the specific risks of smart-beta bench-
marks. In particular, one may seek to have a strategic expo-
sure to various  smart-beta benchmarks so as to diversify away
these risks. For example, Exhibit 6, below, shows the average
Sharpe ratio of GMV and EW portfolios estimated across 2,757
different sets of reasonable parameter values for the S&P 500
universe.5 These Sharpe ratios obtained in the presence of re-
alistic levels of estimation errors on the covariance matrix (a
problem that only affects the GMV portfolio, not the EW port-
folio) can be compared to the value 0.8759, which happens to
be the average Sharpe ratio of the long-only maximum Sharpe
ratio (MSR) portfolio under the assumption that true covariance
and expected returns parameters are known with certainty. The
distance between the Sharpe ratio of the GMV and EW port-
folios with respect to the Sharpe ratio of the true MSR portfolio
underlines the opportunity costs involved in optimality risk and
estimation risk for such portfolios. On the other hand, we
find that the average Sharpe ratio of the GMV portfolios re-
mains rather stable across errors in covariance parameter
estimates.

Moreover, a mixture of GMV and EW portfolios generates
an average Sharpe ratio higher than that of the GMV and EW
portfolios alone, with very modest dispersion.6 This result is
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EXHIBIT 3

Controlling for the size factor exposure of  the Scientific Beta Maximum Deconcentration Indexes
The analysis is based on daily total returns from 6/21/2002 to 12/31/2012. All statistics are annualized; yield on secondary market US
Treasury Bill (3M) is used as a proxy for the risk-free rate, and the Scientific Beta USA cap-weighted index is used as the cap-weighted
reference. The coefficients statistically significant at the 95% confidence level are in bold. Mid-cap (large-cap)  indexes are based on bot-
tom (top) 50% market-cap stocks in the Scientific Beta USA universe.

Controlling sector exposures of  minimum volatility  indexes
The table shows the risk and return statistics of  the standard and sector-neutral Scientific Beta USA minimum volatility index and the
Scientific Beta USA cap-weighted index. The analysis is based on daily total return data for the period  June 21, 2002 to  December31,
2012  downloaded from www.scientificbeta.com. All statistics are annualized

3Scientific Beta’s large-cap selection picks the top 50% of stocks by free-float-adjusted market capitalization; conversely the mid-cap selection picks the bottom 50% of stocks by free-float-adjusted market capitalization from
the full Scientific Beta USA universe. 

4Amenc, Goltz and Lodh (2012) show that other risk factor tilts like dividend yield or low and high volatility can be reduced or cancelled by using appropriate stock selection while respecting the risk/[solidus]return objectives
of the diversification schemes.

EXHIBIT 4

Sector tilts of  the efficient minimum volatility standard and sector-neutral  indexes
This chart shows sector exposures (in weight %) of  the  indexes, based on their stock weight profile at the rebalancing date  12/21/2012.
We show the relative sector weights with respect to those of  the reference cap-weighted index.

EXHIBIT 5

Fama - French Factors

Annualized Alpha

Market
Size (SMB)

Value (HML)

Sharpe Ratio

Scientific Scientific Scientific
Beta USA Beta USA Beta USA
Mid-Cap Maximum Large-Cap 
Maximum Deconcentration Maximum

Deconcentration Deconcentration

Coefficient Coefficient Coefficient

0.45% 0.40% 0.49%

1.01 1.01 1.00 Low Impact
0.67 0.44 0.19 High Impact

-0.08 -0.01 0.06 Low Impact

0.30 0.28 0.26

Impact of
change in

stocks
selection on

factor
exposure

Annual Returns 8.23% 8.02% 6.07%

Annual Volatility 18.32% 19.24% 21.31%

% Reduction in volatility 
compared to the reference 16.0% 11.8%
cap-weighted index

Sharpe Ratio 0.36 0.33 0.21

Scientific Beta USA Sector-Neutral Scientific Scientific Beta USA
Minimum Volatility Beta USA Efficient Cap-Weighted

Index Minimum Volatility Index Index



consistent with the findings in Tu and Zhou (2011) that a com-
bination of these two portfolio strategies allows the specific
risks of each strategy to be diversified away by exploiting the
imperfect correlation between the different strategies' param-
eter estimation errors and the differences in their underlying
optimality assumptions. Moreover, as the single strategies’ per-
formance will show different profiles of dependence on market
conditions, a multistrategy approach leads to a smoother con-
ditional performance and higher probability of outperforming
the cap-weighted index (Amenc, et al., 2012, Badaoui and
Lodh, 2013).

Managing relative performance risk with respect to tradi-
tional market-cap—weighted benchmarks through tracking-
error control

If the goal of investment in smart beta is to outperform
cap-weighted market  indexes, we should note that this goal
is exactly the same as that of a benchmarked active man-
ager. Therefore, the control of tracking error to hedge rela-
tive risk, including risk of extreme underperformance,
becomes important.

One solution to that issue is proposed by Jorion (2003)
and applied by Amenc, Goltz, Lodh and Martellini (2012): align
the factor exposures of the strategy with those of its benchmark
within the optimization to ensure that the ex-post tracking error
does not differ significantly from ex-ante tracking-error objec-
tives. One can also use a core-satellite approach and mix that
(satellite) index with the (core) cap-weighted reference index
to adapt the level of tracking error of the final investment to
the investor’s tracking error budget. This approach allows reli-
able control of both the average tracking error and the extreme
tracking error of  smart-beta strategies and maintains the sig-
nificant potential for outperformance of the  smart-beta invest-
ment overall.

Exhibit 7 shows the effect of imposing tracking-error con-
straints on Scientific Beta USA strategy  indexes. The 3% track-
ing-error target is not exceeded substantially by any of the
strategies even for the extreme observations of tracking-error,
as can be seen from the extreme (95%) tracking-error observa-
tions. Despite the risk control, the relative-risk—controlled ver-
sions are still able to outperform their cap-weighted
benchmarks, albeit by a smaller margin. Investors thus face a
clear trade-off between taking on relative risk and generating
outperformance. However, in the relative-risk–—controlled  in-
dexes both overall tracking-error and extreme tracking-error
figures are brought down substantially without eroding all of
the potential for outperformance.  ~

EXHIBIT 7

EXHIBIT 6
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Ex-ante Sharpe ratios for selected long-only weighting schemes in the presence of  estimation errors in expected 
excess returns and covariances. 
Results taken from Martellini, Milhau and Tarelli (2013). These results have been obtained by simulating (“true”) population parameters
and estimation errors. The 2nd and 3rd columns contain results with simulated estimation errors for risk parameters. The statistics are
averaged across different sets of  “true” parameters.

Relative risk of  Scientific Beta USA strategy  indexes.
The table displays the relative risk and return statistics of  four Scientific Beta USA strategy  indexes without any relative risk control
(panel 1), and of  the same strategies with 3% tracking-error control (panel 2). The benchmark used is the Scientific Beta USA Cap-
Weighted index and the analysis is based on daily total return data for the period  June 21, 2002 to  December 31, 2012 downloaded
from www.scientificbeta.com. 95% TE is computed using a rolling window of  one-year length and one-week step size over the analysis
period. All statistics are annualized. 

CONCLUSION

Investment in smart beta presupposes measurement of
the systematic risk factors and integration of the factors,
not only in absolute terms, to evaluate the real risk-ad-
justed performance created by better diversification of
the benchmark, but also in relative terms, to limit the
trackingerror risk and therefore the risk of underperfor-
mance in comparison with the cap-weighted index.
These statistical analyses should also be completed by
thorough due diligence on the specific risk represented
by the diversification model and the implementation
rules and methods. The Smart Beta 2.0 approach allows
investors to invest in these advanced forms of bench-
marks with full knowledge and control of the risks of
their choice.
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5To generate realistic parameter values, they use the following approach. They perform the analysis on weekly data over a 2-year rolling window, with a rolling step equal to one week. For each position of the time-window
considered, they take into account all stocks belonging to the universe, without introducing a survivorship bias. They then use a robust estimator of the covariance matrix, based on the Fama-French three-factor model, which is
also used for the estimation of expected excess returns.

6These results, which can be extended to other possible combinations of  smart-beta  indexes, are consistent with theoretical results by Kan and Zhou (2007), who show that a portfolio that combines the sample-based MSR and GMV
portfolios dominates the sample-based MSR alone in the presence of parameter uncertainty. In the same spirit, the Scientific Beta Diversified Multi[set solid] strategy weighting scheme combines five diversification weighting schemes
in equal proportions.

GMV (Global Minimum Variance) 0.5228 0.0381

EW (Equal-Weighted) 0.5455 0.0000

50% GMV + 50% EW 0.5638 0.0147

Portfolio Strategy Average Sharpe ratio with Standard deviation of Sharpe ratio
estimation risk with estimation risk

Panel 1 Smart Beta without Relative Risk Control:

Scientific Beta USA Indexes 
Efficient Maximum Efficient Minimum Maximum Maximum
Sharpe Volatility Decorrelation Deconcentration

Excess Returns over CW 1.72% 2.16% 1.53% 2.02%

Tracking Error 3.39% 4.60% 3.57% 3.62%

Information Ratio 0.51 0.47 0.43 0.56

95% Tracking Error 5.28% 8.01% 5.58% 6.36%

Panel 2 Smart Beta with Relative Risk Control:

Scientific Beta USA Indexes (3% Tracking Error)
Efficient Maximum Efficient Minimum Maximum Maximum
Sharpe Volatility Decorrelation Deconcentration

Excess Returns over CW 0.68% 0.71% 0.99% 0.90%

Tracking Error 1.83% 2.10% 2.03% 1.86%

Information Ratio 0.37 0.34 0.49 0.48

95% Tracking Error 3.01% 4.30% 3.55% 2.83%



n contrast to cap-weighted  indexes, alternative
equity-diversification strategies aim at delivering
a fair risk-adjusted return over the long run by
combining stocks in a portfolio in accordance
with modern portfolio theory (Markowitz, 1952).
In fact, such strategies are designed to benefit
from the fact that stock returns are imperfectly

correlated, and represent proxies for the tangency portfolio.
They are also deemed to address one notable criticism of the
cap-weighted paradigm: concentration in fewer stocks or
sources of risks than is possible in their underlying investment
universe.

There are two distinct approaches to diversification: ei-
ther searching for an implementable proxy for the tangency
portfolio (i.e. the portfolio that truly offers the maximum
Sharpe ratio), or instead adopting heuristic approaches to di-
versification by using an ad-hoc diversification objective that
matches the investor’s views and preferences rather than ex-
plicitly aiming to obtain a portfolio with an optimal risk/reward
ratio.

As discussed in Amenc, et al. (2013), each smartbeta
strategy features two very different kinds of risks: systematic
risks and specific risks. Systematic risks come from the fact
that strategy  indexes can be exposed to some common sys-
tematic risk factors (e.g. value), while specific risks (encom-
passing estimation and optimality risks) are related to the
portfolio construction methodology and the set of assump-
tions that are made upstream.

In this article, we first explain the conceptual groundings
of the five alternative weighting schemes identified by ERI Sci-
entific Beta as being different credible vehicles for diversifica-
tion. We emphasize their intrinsic specific and systematic risks,
as well as the impacts of these risks on their individual condi-
tional and unconditional performance and risk profiles. We fi-
nally introduce the Scientific Beta Multistrategy, which aims to
diversify away these risks and stands as a very first solution to
gaining robust exposure to the  smart-beta paradigm.

Diversification strategies
Equal weighting (also known as the 1/N weighting

scheme) is a simple way of deconcentrating a portfolio in
terms of stock weights or maximizing the effective number of
stocks.7 This strategy has been shown to deliver attractive
performance even in comparison to sophisticated portfolio
optimization strategies (De Miguel et al., 2009b). Depending
on the size of the stock universe, equal-weighting can lead to
relatively high turnover and liquidity problems.8 Maximum
deconcentration addresses this drawback and minimizes the
distance of weights from the equal weights subject to con-
straints on turnover and liquidity. 

Extending the notion of weight deconcentration to risk
deconcentration, the general risk parity approach aims to
equalize the risk contributions of constituent stocks to the
total portfolio risk: 

where wi is the (positive) portfolio weight of stock i and σp the
portfolio volatility (see Maillard, Roncalli and Teïletche, 2010,
for a detailed discussion). In the general case no analytical so-
lution is available to this problem; it therefore needs to be
solved numerically. Diversified risk parity, which is based on
a specific case of the general risk parity problem, is a weight-
ing scheme that attempts to equalize the risk contributions of
individual stocks to the total risk of the index, assuming uni-
form correlations across stocks. This assumption has the

advantage that the optimal weights can be derived analyti-
cally, without relying on any numerical resolution. Indeed, in
the absence of any constraints, such as tracking error or sector
neutrality constraints, diversified risk parity boils down to in-
verse volatility weighting. Furthermore, the use of identical
correlations allows a high level of robustness to be achieved
(see Elton and Gruber, 1973). 

In fact, maximum deconcentration and diversified risk
parity overlook the fact that exploiting the imperfect interac-
tions between the underlying assets is at the heart of diversi-
fication. A large body of literature has assessed diversification
benefits, notably in the area of international equity portfolio
management, by focusing on a measure of how well the port-
folio exploits correlation effects.9  Disentangling the effect of
correlations from the effect of individual asset volatilities has
been widely discussed (see, e.g., Amenc, Goltz and Stoyanov,
2011) and the maximum decorrelation weighting scheme
tries to exploit the effect of risk reduction through decorrela-
tion. It is inspired by Christoffersen, et al. (2010) who focus
on exploiting solely the correlation structure when measuring
the benefits of diversification. They assess the diversification
potential within a given global equity universe by minimizing
the total portfolio variance under the assumption that all in-
dividual assets’ volatilities are identical, thus relying only on
the information about their correlations. 

In contrast with the three ad-hoc diversification strategies
discussed above, the true minimum-volatility portfolio lies on
the efficient frontier. 

First, the minimum-volatility portfolio corresponds to the
portfolio on the efficient frontier that exhibits the lowest level
of volatility among all feasible portfolios. The minimum-
volatility strategy can be seen as an attempt to exploit infor-
mation on risk parameters, including stock volatility and

correlations across stocks. The minimum-volatility strategy has
been  shown to be concentrated in low-risk (low volatility or
low beta) stocks, which in turn leads to pronounced sector bi-
ases toward defensive sectors such as utilities (see Chan, et
al., 1999). Introducing weight constraints,10 Jagannathan and
Ma (2003), and in turn De Miguel, et al. (2009a]) who imple-
ment flexible constraints on overall portfolio concentration (so-
called norm constraints), not only reduce the concentration of
the portfolio, but also achieve a better out-of-sample risk and
return profile.11 Drawing on De Miguel, (2009), the Scientific
Beta efficient minimum-volatility weighting scheme provides
an investible proxy for the minimum-volatility portfolio.

The Efficient Maximum Sharpe Ratio strategy is an im-
plementable proxy for the tangency portfolio from modern
portfolio theory. As in any mean-variance optimization, the
estimation of input parameters is a central ingredient in the
implementation of the methodology. In contrast to minimum
volatility strategies, the maximum Sharpe ratio strategy relies
on estimates of both risk parameters (volatilities and correla-
tions) and expected returns. As direct estimation of expected
returns is known to lead to large estimation errors (Merton,
1980), ERI Scientific Beta’s efficient maximum Sharpe ratio
strategy estimates expected returns indirectly by assuming
that they are positively related to a stock's semi-deviation (see
Amenc, et al., 2011).12 More specifically, an extra step is
added to the estimation process to provide more robustness:
stocks are sorted by their semi-deviation into deciles and all
stocks in a decile are then assigned the median value of the
decile. 

The efficient maximum Sharpe ratio strategy can be an
alternative to the minimum-volatility approach, especially for
investors who do not wish to hold, for long periods, a portfolio
concentrated in low-volatility stocks, since the efficient

EXHIBIT 1

Overview of  popular equity diversification strategies
The table indicates, for the diversification strategies, the optimization objective (without taking into account any constraints,
turnover control or liquidity rules), its unconstrained solution and the required parameters. The “Optimality conditions” column
indicates the conditions under which each diversification strategy would result in the maximum Sharpe ratio portfolio from mod-
ern portfolio theory. N is the number of  stocks, �i is the expected return on stock �, �� is the volatility for stock i, �ij is the correlation
between stocks � and j, � is the (Nx1) vector of  expected return, � is the (Nx1) vector of  ones, � is the (Nx1) vector of  volatilities,
Ω is the (NxN) correlation matrix and ∑ is the (NxN) covariance matrix. 
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7The effective number of stocks is defined as the reciprocal of the Herfindahl index, which is a commonly used measure of portfolio concentration: Effective Number of Stocks =                   where N is the number
of constituent stocks in the index and wi is the weight of stock i in the index. In brief, the effective number of stocks in a portfolio indicates how many stocks would be needed in an equal-weighted portfolio to
obtain the same level of concentration (as measured by the Herfindahl index). Equal-weighting stocks in a portfolio will lead to the maximum effective number of stocks.
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maximum Sharpe ratio strategy generally features more ho-
mogeneous weight distribution across volatility quintiles.

Table 1 summarizes the description of the five diversifi-
cation strategies. Interestingly, since the diversification strate-
gies differ from each other in the assumptions they make and
the objectives they aim to achieve, the combination of these
different strategies allows the risks that are specific to each
strategy to be diversified away by exploiting the imperfect
correlation between the different strategies' parameter-esti-
mation errors and the differences in their underlying optimal-
ity assumptions. Moreover, as the single strategies’
performance will show different profiles of dependence on
market conditions, a multistrategy approach can help in-
vestors smooth the overall performance across market con-
ditions.13 For instance14, Amenc, et al. (2012), form a
combination of two diversification approaches15 that leads to
smoother conditional performance and a higher probability
of outperforming the cap-weighted index. In the same spirit,
the Scientific Beta diversified multistrategy weighting scheme
combines in equal proportions the efficient maximum Sharpe
ratio, the efficient minimum volatility, the maximum decorre-
lation, the diversified risk parity and the maximum deconcen-
tration weighting schemes. We will illustrate the properties of
such a combination of strategies in the next section.

Performances and risks of smart beta: a call to diversify
strategy risks

In this section, we analyze the performance and risks of
individual Scientific Beta USA diversification strategy  indexes
and those of a diversified multistrategy combination.16 Table
2 shows that all the diversification strategies tend to deliver
higher returns than the cap-weighted reference index with an-
nualized outperformance ranging from +1.53% (maximum
decorrelation) to +2.16% (efficient minimum volatility). More-
over all of the diversification strategy  indexes exhibit lower
volatility than the cap-weighted reference index, leading to
better risk-adjusted performance, with Sharpe ratios ranging
from 0.28 to 0.36 (against 0.21 for the cap-weighted refer-
ence index). 

The diversified multistrategy index, being an equal-
weighted average of the above five  indexes, provides close
to average values of statistics such as returns, volatility and
Sharpe ratio. More interestingly, we show that these  indexes
are exposed differently to a set of systematic risk factors (i.e.
market, SMB and HML factors). In general, all strategies have
small-cap exposure brought about by deconcentration
caused by departure from cap weighting. Additionally,
Amenc, et al. (2012), and Badaoui and Lodh (2013) show con-
siderable variation in the performance of some popular smart-
beta strategies in different subperiods, revealing the pitfalls
of aggregate performance analysis based on long periods.
Table 3 shows that certain market conditions favor some
smart-beta strategies while proving detrimental to others. The
reason for such behavior is that the set of risk factors to which
each  smart-beta strategy is exposed has been shown to carry
time-varying risk premia (Asness, et al. 1992, Cohen, Polk, and

Vuolteenaho, 2003). Depending on the risk premia earned by
these factors under particular economic conditions, the per-
formance of the strategies can vary significantly.

Separating bull and bear market periods to evaluate per-
formance has been proposed by various authors such as Levy
(1974), Turner, Starz and Nelson (1989) and, more recently,
Faber (2007). As discussed before, combining strategies al-
lows outperformance to be smoothed out across different
market conditions (Amenc,  2012). Indeed, Table 4 shows how
the diversified multistrategy approach averages out the ex-
cess returns over different market regimes. Unlike some of the
diversification strategies, its performance in bull/bear markets
and high/low volatility markets is not extreme and its tracking
error is quite low compared to its constituent strategies. 

As displayed in Table 2, one-way annual turnover of all
diversification strategies is close to 30%, showing the effec-
tiveness of turnover rules. The strategies are adequately liquid
as their weighted average market capitalization17 is about one
fourth of that of the cap-weighted index, which is highly liquid

by construction. An investor wishing to  use a better diversi-
fied benchmark than a cap-weighted index but disinclined to
take on liquidity risk can decide to apply this scheme solely
to a very liquid selection of stocks. We construct five smart-
beta strategies on the top 50% of stocks in the USA universe
in terms of liquidity18 combine them in equal proportion to
form the high-liquidity diversified multistrategy index and
compare its performance with the diversified multistrategy
index on the full U.S. universe.

The results in Table 4 show that high-liquidity stock selec-
tion does not have a big effect on the performance of the strate-
gies. The weighted average market capitalization, an indicator
of the investment capacity of the smart- beta strategies, shows
a significant increase from around 22.5bn USD to the levels of
37.5bn USD in comparison with 87.5bn USD for the reference
cap-weighted index. These results suggest that by selecting the
most liquid stocks, one can limit the liquidity problems of
smart-beta diversification strategies while maintaining most
of the potential for improved risk/reward properties. 

EXHIBIT 2

Absolute and Relative Performance of  Diversification Strategy Indexes. 
The statistics are based on daily total returns (with dividend reinvested) over the analysis period from inception date  (6/21/2002) to
12/31/2012. All statistics are annualized and performance ratios that involve the average returns are based on the geometric average, which
reliably reflects multiple holding period returns for investors. The total number of  stocks in the Scientific Beta USA universe is 500. We also
display the weighted average float-adjusted market capitalization (in millions USD) as an indication of  liquidity (or investment capacity).

8In particular, in very broad universes that contain stocks with little liquidity, the rebalancing back to equal weights may be difficult to implement (see Blitz, 2013). Plyakha, Uppal and Vilkov (2012), Demey,
Maillard and Roncalli (2010) and Leote de Carvalho, Lu and Moulin (2012) show equal-weighted strategies have moderately higher levels of turnover compared to market-capitalization weighted portfolios. Dash
and Loggie (2008) point out that transaction costs can become important for equal-weighting when the universe includes less liquid stocks. However, the intensity of the liquidity [this is the rest of fn 10 on
previous page] problems depends on the universe chosen.  The liquidity risk will be lower if one were to apply the equal-weighting scheme to a universe consisting of the largest stocks rather than to a universe
including both large-and small-cap stocks.

9See, for instance, Longin and Solnik (1995) and Goetzmann, Li and Rouwenhorst (2001).
10In addition to norm constraints, one could use a sector neutrality constraint, which is a more direct tool to control the sector exposure of  indexes. See the article “Measuring and Controlling the Risks of Smart
Beta Investing: The Smart Beta 2.0 Approach” in this P&I supplement for a detailed example.
11The authors show that using such flexible concentration constraints instead of rigid upper and lower bounds on individual stock weights (as in Jagannathan and Ma, 2003) allows for a better use of the correlation
structure. The quadratic norm constraints used for the strategy can be written in terms of portfolio weights as: 

12A number of studies show a positive relation between expected return and different measures of downside risk. Bali and Cakici (2004) and Huang, et al. (2012) find that a stock's expected return has a strong
positive relation with its VaR and its extreme downside risk, respectively. Chen, et al. (2009) and Estrada (2007) show a positive relation between a stock's expected return and its semi-deviation. Ang, et al.
(2006a) document a positive relation between a stock's downside beta (stocks that are strongly correlated with the market when it goes down) and its expected return.
13This topic is discussed at more length in Badaoui and Lodh (2013).
14Tu and Zhou (2010), Kan and Zhou (2007) and Martellini, Milhau and Tarelli (2013) among others also study whether a portfolio of strategies can improve the performance of individual strategies.
15Robust proxies for the minimum volatility portfolio provide defensive exposure to equity markets that does well in adverse market conditions, while robust proxies for maximum Sharpe ratio portfolios provide
greater access to the upside of equity markets..
16Gonzalez and Thabault (2013) present a more detailed performance and risk analysis of these diversification strategies. Amenc, et al. (2013), argue that investors should not only measure but also be allowed
to control their risks at each step of the portfolio construction process: factor risks at the stock selection stage, and sector/country relative risks as well as tracking- error risk against the cap-weighted reference
index at the optimization stage. Goltz and Gonzalez (2013) show how these risk control choices can be used by investors to tailor  smart-beta strategies to their needs (see also “Measuring and Controlling the
Risks of Smart Beta Investing: The Smart Beta 2.0 Approach” in the present supplement).
17Weighted average market cap of index i= ∑ Market Capk where Wk,i is the weight of stock k in index i, N is the total number of stocks in the index, and Market Capk is the float-adjusted market
cap of stock k. 
18The stocks are partitioned into high-liquidity and mid-liquidity groups by their liquidity scores, which depend on average traded daily dollar volume and trading ratio (number of days that the stock is exchanged
over the total number of business days) of a stock.

eco Maximum Diversified Maximum Efficient Efficient Diversified Cap-
Deconcentration Risk Parity Decorrelation Minmum Maximum Multistrategy Weighted

Annual Returns 8.09% 8.11% 7.60% 8.23% 7.79% 7.98% 6.07%

Annual Volatility 22.71% 21.47% 21.39% 18.32% 20.49% 20.82% 21.31%

Sharpe Ratio 0.28 0.30 0.28 0.36 0.30 0.30 0.21

Excess Returns 2.02% 2.05% 1.53% 2.16% 1.72% 1.92% -

Tracking Error 3.62% 3.08% 3.57% 4.60% 3.39% 3.10% -

Information Ratio 0.56 0.66 0.43 0.47 0.51 0.62 -

Ann 1-Way Turnover 26.6% 25.7% 31.2% 31.4% 31.0% 23.80% 2.8%

Wgt Avg Market Cap 20691 22241 21243 25504 22832 22502 87507

Alpha 0.40% 0.75% 0.37% 1.90% 0.77% 0.84% 0.00%

Market Beta 1.01 0.96 0.96 0.84 0.93 0.94 1.00

Small Cap (SMB) Beta 0.44 0.37 0.40 0.22 0.34 0.35 0.00

Value (HML) Beta -0.01 -0.01 -0.06 -0.06 -0.05 -0.04 0.00

Scientific Beta
USA  Indexes

N
k =1 Wk,i. 
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Alternatively, stock selections can also be used to gain
exposure to a desired risk factor. Indeed, the value factor is
known to be a well rewarded factor over the long term (Fama
and French, 1993). For instance, applying the diversified mul-
tistrategy approach to the top 50% of stocks in the Scientific
Beta USA universe sorted by their book to market (value se-
lection) provides access to a substantial outperformance of
2.71% over the reference cap-weighted index (which is also
an improvement over the multistrategy index on the full USA
universe) and of about 1.88% over a cap-weighted index con-
stituted on the Scientific Beta Value selection. ~

CONCLUSION

In brief, the diversification strategy indexes ad-
dress the limitations of cap-weighted  indexes such as
their high concentration levels (in weight or risk contri-
butions) or inefficient return-to-risk profiles. Although
each strategy has its own benefits, it also has certain
limitations that stem from its specific risks. The investor
can diversify such risks away by allocating across strate-
gies in the form of a diversified multistrategy index,
sparing the steps of identifying a model with superior
assumptions and forging assumptions on upcoming
market conditions. The Scientific Beta diversified
multi[solid]strategy index presents itself as an interest-
ing candidate. Indeed, the Scientific Beta diversified
multistrategy index presents a good trade-off between
return and relative risk as it is a strategy that can
achieve substantial outperformance compared to its
index constituents while maintaining a low tracking
error with respect to the reference cap-weighted index.
In fact, the strategy has a return that corresponds to
the average return of its five components and a track-
ing-error level that is lower than the average tracking
error of its constituents. 

Finally, the Scientific Beta diversified multi strat-
egy index represents only one particular and simple
way of diversifying the specific risks of the alternative
weighting schemes. Investors could go beyond the
simple equal combination of all weighting schemes by
i) selecting a set of smart- beta strategies that provide
the best diversification potential and ii) developing
optimal combinations of these alternative weighting
schemes that could potentially outperform the equal-
proportion approach.

EXHIBIT 3

EXHIBIT 4

Conditional Performance. 
The table shows excess returns and tracking error of  the Scientific Beta USA  indexes in bull/bear and high/low volatility markets. The
statistics are based on daily total returns (with dividend reinvested) over the analysis period from inception date  (6/21/2002)  to
12/31/2012. All statistics are on a quarterly basis and performance ratios that involve the average returns are based on the geometric av-
erage. The total number of  stocks in the Scientific Beta USA universe is 500. Calendar quarters with positive market index returns comprise
bull markets and the rest constitute bear markets. The high- volatility market comprises the top 50% of  quarters sorted on the quarterly
cap-weighted benchmark’s volatility and the low- volatility market comprises the rest.

Absolute and Relative Performance of  Diversified MultiStrategy Indexes 
The statistics are based on daily total returns (with dividend reinvested) over the analysis period from inception date  (6/21/2002) to
12/31/2012. All statistics are annualized and performance ratios that involve the average returns are based on the geometric average,
which reliably reflects multiple holding- period returns for investors. We also display the weighted average float-adjusted market capital-
ization (in millions USD) as an indication of  liquidity (or investment capacity).
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Panel A: Excess Returns over Scientific Beta USA Cap-Weighted Index
Efficient

Efficient Maximum
Maximum Diversified Maximum Minimum Sharpe Diversified 

Deconcentration Risk Parity Decorrelation Volatility Ratio Multistrategy

Bull Market 1.05% 0.59% 0.56% -0.44% 0.29% 0.41%
Bear Market -0.28% 0.38% 0.14% 1.91% 0.63% 0.56%
High- Volatility Market 0.13% 0.28% 0.15% 0.72% 0.31% 0.33%
Low- Volatility Market 0.89% 0.73% 0.63% 0.33% 0.56% 0.63%

Panel B: Tracking Error with Respect to Scientific Beta USA Cap-Weighted Index
Efficient
Efficient Maximum

Maximum Diversified Maximum Minimum Sharpe Diversified 
Deconcentration Risk Parity Decorrelation Volatility Ratio Multistrategy

Bull Market 1.05% 0.59% 0.56% -0.44% 0.29% 0.41%
Bear Market -0.28% 0.38% 0.14% 1.91% 0.63% 0.56%
High- Volatility Market 0.13% 0.28% 0.15% 0.72% 0.31% 0.33%
Low- Volatility Market 0.89% 0.73% 0.63% 0.33% 0.56% 0.63%

eco Diversified Diversified High- Liquidity Cap-Weighted
Multistrategy Multistrategy Diversified Multistrategy

Annual Returns 7.98% 8.78% 7.78% 6.07%

Annual Volatility 20.82% 21.43% 21.92% 21.31%

Sharpe Ratio 0.30 0.33 0.28 0.21

Excess Returns 1.92% 2.71% 1.72% -

Tracking Error 3.10% 4.21% 2.93% -

Information Ratio 0.62 0.64 0.59 -

Annual 1-Way Turnover 23.80% 25.7% 23.3% 2.8%

Weighted Average Market Cap 22505 18797 37581 87507

Scientific Beta
USA  Indexes
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19A higher weight for an issuer with a high market value of debt does not necessarily mean that the index is overweighting issuers with a high face value of debt. An issuer with a high amount of par value debt
outstanding will get a high weight only if the market value is relatively close to par value, which implies that the issuer is not perceived to be very risky. It is therefore not clear why the market-value—weighted
index should become riskier. In addition, loading onto riskier issuers should not be a problem if this risk is rewarded by higher expected returns. 
20A similar problem has been documented for equity  indexes (see for example Amenc, Goltz and Le Sourd, 2006). 

Existing bond benchmarks as ill-diversified bundles of un-
stable factor exposures

Over recent years, a number of concerns have been ex-
pressed about the relevance of the corporate and sovereign
bond  indexes currently offered by existing index providers. 

One of the major problems with bond indexes, which sim-
ply weight the debt issues by their market value, is the so-
called bums’ problem (Siegel, 2003). Given the large share of
the total debt market accounted for by issuers with large
amounts of outstanding debt, market-value–weighted corpo-
rate bond indexes will have a tendency to overweight bonds
with large amounts of outstanding debt. It is often argued that
such  indexes will thus give too much weight to riskier assets.
This problem occurs not just for individual issues but also for
market sectors or industries in corporate  indexes. While it is
debatable whether debt-weighting really leads to an over-
weight in the most risky securities19, it is clear that market-
value-debt–weighted  indexes lead to concentrated portfolios
that are in opposition  to investors’ standard objective of di-
versification. In other words, a good case can be made that
existing bond  indexes tend to be heavily concentrated, poorly
diversified, portfolios, regardless of whether or not it is the
wrong constituents that are overweighted.20

In addition to the problem of concentration, fluctuations
in risks’ exposure, such as duration or credit risk in existing  in-
dexes, are another source of concern. Such uncontrolled time
variation in risk exposures is incompatible with investors’ re-
quirements that these risk exposures be relatively stable so
that allocation decisions are not compromised by implicit
choices made by an unstable index. For example, an asset-li-
ability mismatch would be generated by changes in the dura-
tion of the bond index if the bond index is used as a
benchmark for a pension fund bond portfolio.

One last issue with existing bond benchmarks is liquidity
risk. Bond indexes generally consist of a very large number of
bonds, which makes them difficult to replicate. Furthermore,
bonds with special features or smaller amounts outstanding
usually suffer from illiquid trading, resulting in relatively large
bid-offer spreads (Bias, et al., 2006), especially during stress
times. For instance, Nielsen et al., 2012) show that the spread
contribution from illiquidity on corporate bonds increased dra-
matically with the onset of the subprime crisis. Old issues are
also illiquid as investors focus on newly issued bonds. Some
corporate bond  indexes intend to address these deficiencies
by limiting the number of bonds per index and excluding spe-
cial bond types and old bonds, thus increasing liquidity. 

More generally, it appears that existing bond indexes can
be regarded as more issuer friendly than investor friendly, in
the sense that these bond  indexes passively reflect the col-
lective decisions of issuers regarding the maturity and size of
bond issues, with no control over risk factor exposures associ-
ated with such choices, nor over the reward that investors
should deserve from holding a well-diversified portfolio of
such factor exposures. 

Alternative bond benchmarks as partial and ad-hoc an-
swers to otherwise well-identified questions

Recently, a number of index providers have launched new
forms of alternative indexes to try to address some of the chal-
lenges with traditional weighting schemes based on the mar-
ket value of debt. A number of ad-hoc alternative weighting
schemes have been proposed, but these initiatives are based
on no academic grounds, and it is unclear whether the port-
folios thereby constructed would be optimal benchmarks

under any reasonable assumptions.
In what follows, we provide a general overview of these

initiatives, which can be broadly classified into three different
categories: fundamental approaches, diversification ap-
proaches and liability-driven approaches (see Reilly, Kao and
Wright, 1992 or Campani and Goltz, 2011 for more details).
Our main conclusion is that none of these approaches suc-
cessfully address all the key concerns and challenges involved
in designing a truly investor-friendly bond benchmark, which
suggests that further work is needed in this area.

Fundamental approaches to bond  indexes address neither
concentration risks nor factor exposure risks. 

Fundamental indexing in the bond market is a direct
transfer of methodologies originally developed for equities.
Promoters of fundamentally weighted corporate bond indexes
include Research Affiliates in partnership with Citi, as well as
Barclays with the Issuer Corporate Bond index launched in
September 2010. Research Affiliates has also developed a fun-
damentally weighted sovereign bond index in partnership with
Ryan Lab, and fundamentally weighted sovereign bond  in-
dexes have been launched by Lombard Odier Investment
Managers (the LOIM sovereign bond index, launched in De-
cember 2010) and BlackRock (the BlackRock Sovereign Risk
index, launched in June 2012). 

The methodology used by Research Affiliates is explained
in Arnott, et al., (2010). For corporate bond indexes, the au-
thors use the following five factors in order to give a score to
each corporate bond (investment grade and high yield): book
value of assets, total dividends, total cash flow, sales, and face
value of the debt issue. First, weights are computed for each
corporation, and with respect to each factor, by using the trail-
ing five-year average of each of the above metrics over the
aggregate five-year average across all corporations. While it
might seem unclear why it would be desirable to use a five-
year trailing value as opposed to the current value for the fun-
damentals, the main practical motivation for this ad-hoc
procedure is that the implied smoothing will lead to a reduc-
tion in turnover. Then, the composite measure is obtained by
equally weighting four of the measures: assets, dividends, cash
flow, and sales. For emerging market sovereign bonds, the ap-
proach developed in Arnott (2010) is based on the following
five factors: total population, square root of land area (as a
crude approximation for resources), total gross domestic prod-
uct, energy consumption, and face value of the debt issue.
Similarly to the case of corporate bonds, weights are first com-
puted for each country and with respect to each factor by
using smoothed five-year averages of the above metrics over
the aggregate metric across all countries. Then, a country's
aggregate weight is the equally weighted average of its score
on the five individual factors. 

The fundamental approach for constructing a bond index
raises several concerns. First of all, the methodology used
does not address the concern over stability of factor exposure.
Besides, the problem of concentration is approached with a
purely ad-hoc methodology, and better diversified portfolios
could be constructed on the basis of the use of standard risk
models. More important, it is unclear why some backward-
looking trailing average of some arbitrarily selected variables
(e.g., square-root of land area!) should contain more useful in-
formation than, say, bond ratings, which for all their flaws are
based on a much richer information set. 

In the same spirit, a number of institutions (investment
banks, index providers and asset managers), including Bar-

clays Capital, Euro MTS and PIMCO, have launched sovereign
bond  indexes using GDP measures exclusively to adjust the
weights allocated to various regions, with methodological de-
tails varying across different providers. All these indexes based
on the GDP metric (and sometimes adjusted with other macro-
economic factors) give a relatively lower weight to countries
that are heavily indebted. For example, Japan is the largest
debt issuer in the world, representing 28% in the constitution
of the Barclays Capital Global Treasury and Emerging index in
2011, but has a low weight (9%) in the GDP-based version of
the same Barclays Capital  indexes. Therefore, using GDP-
based  indexes contributes to dealing with only one drawback
of cap-weighted  indexes, which is the concentration. On the
other hand, relying exclusively on GDP statistics may introduce
a significant backward-looking bias, since such data are up-
dated on a quarterly basis. Moreover, the sensitivity to interest
rate is not controlled, and the diversification of the issuers is
not properly taken into consideration through suitable risk
models, which may lead such portfolios to be heavily loaded
on the same risk.

More recently, an ad-hoc adjustment to cap-weighted
schemes was observed in sovereign bond  indexes based on
some fundamental measures of fiscal sustainability. Indeed,
following the European debt crisis and its possible contagion
to countries outside the eurozone such as the U.S., which rep-
resents the biggest issuer of sovereign debt, Barclays Capital
introduced fiscal strength-weighted  indexes in August 2011.
Inside such  indexes, countries are weighted by market capi-
talization. Then, factors representing financial solvency, exter-
nal financing and institutional strength are converted into
factor scores ranging from 0 to 10. A weighted average of the
factor scores is then calculated to give a single score for each
country in the index. Finally the market value weight of each
country is multiplied by the country’s fiscal score. The adjusted
market value weights are then normalized to arrive at the fiscal
strength country index weights. Adjusting the cap-weighted
scheme based on some fundamental measures of fiscal sus-
tainability is meant to be a remedy to the bums problem, since
the biggest debt issuers tend to have growing fiscal difficul-
ties. On the other hand, the procedure does not address the
factor exposure risks.

Diversification approaches to bond  indexes address con-
centration risk, albeit in an ad-hoc manner, but do not ad-
dress factor exposure risks.

The first ad-hoc approach to cope with the problem of
concentration risk consists of imposing maximum limits to
weight assigned to any particular constituent or issuer. Barcap,
for instance, is trying to limit such concentration by capping
issuers’ weights to a fixed percentage of the index and then
redistributing the excess weight across the other issuers (for
instance the Barclays Capital U.S. Corporate Aaa Acapped
index is market-cap weighted with a 3% cap).

Extending the concept, equally weighted  indexes, of-
fered, for example, by Dow Jones, assign the same weight to
each bond. The index contains only 96 bonds, which makes it
easier to replicate than popular cap-weighted  indexes such
as Barclays or Bank of America Merrill Lynch, and therefore
avoids illiquidity issues. Investment grade bonds that qualify
for inclusion (issued in the U.S., and with an outstanding value
of at least $500 million) are classified into one of three sectors:
financials (48 bonds), industrials (36 bonds), or utilities (12
bonds), and into one of four maturity cells. While this index
offers the advantage of dealing with the bums/concentration
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problem, since the amount of debt issued does not affect the
weighting scheme (even though the number of issues may
have an impact), it does not address the lack of duration con-
trol, and may exhibit higher turnover levels than cap-weighted
indexes, since maintaining the precise sector and maturity
repartitions of the index induces more frequent rebalancing
than in the case of buy-and-hold market-cap weighted in-
dexes, which require trading only when the index constituency
changes over time. Somewhat related versions exist, such as
the equally weighted ladder indexes (see for example the
Ryan/NASDAQ US Treasury Ladder index which is based on
30 equally weighted U.S. Treasury issues with fixed coupons
but different maturities—from 1 to 30 years). 

Instead of imposing an identical dollar contribution from
various constituents of the bond index universe, one may seek
to impose an identical risk contribution from all constituents.
Such is the focus of  inverse-duration–weighted bond  indexes,
for which the weight assigned to each bond is equal to the in-
verse of the (modified) duration of the bond taken as a proxy
for the risk level of the bond. 

Since duration weighting implies that the overall duration
of the index is equal to the number of constituents, this index
achieves both stability of factor exposure as well as some form
of portfolio diversification. Nothing guarantees, however, that
this ad-hoc portfolio construction methodology should lead to
a benchmark with attractive risk-adjusted characteristics.

Liability-driven approaches to bond  indexes address factor
exposure risks (at least interest rate risk exposure) but they
do not address concentration risks.

Some bond indexes have been created specifically to
deal with the need to generate relevant benchmarks for liabil-
ity-driven investment managers. For instance, the Markit iBoxx
US Pension Liability  indexes, launched in October 2006, are
composed of three indexes: active, retired, and aggregate,
which are considered to be benchmarks that reflect pension
liability performance. Each index mimics the overall perform-
ance of a typical traditional defined-benefit plan (for either an
active or retired person) in the U.S., taking into consideration
the passage of time and changes in the term structure of in-
terest rates (see Ryan’s liability-driven bond  indexes for a
somewhat similar approach). 

One drawback of  these indexes is that they are very de-
pendent on the liability data used to compute the discounted
cash flows. Indeed the data, provided by Hewitt Associates for
the Markit iBoxx US Pension Liability  indexes, may not exactly
match the specific cash flows of any particular plan sponsor.

Other forms of indexes also aim at controlling duration or
maturity. For instance, the Ryan STRIPS index family is a family
of 30 single Treasury strips securities that best represent each
annual maturity between 1 and 30 years. STRIPS, which is the
acronym for Separate trading of registered interest and prin-
cipal securities, are created from traditional, coupon-paying
bonds by decomposing the bond into two distinct cash flows:
a zero-coupon bond and a collection of coupons. The zero-
coupon part can then be seen as a building block for the de-
sign of custom liability indexes.

In a similar spirit, targeted- exposure indexes have been
created to allow for a target stable interest rate exposure. For
example, the Barclays U.S. Treasury Targeted Exposure index
series are designed to reflect the returns of futures positions
in U.S. Treasury bonds, where each weight is chosen so that
the exposure to changes in yields is kept constant. More pre-
cisely, the index uses a fixed level of sensitivity to changes in
the yield of the current cheapest-to-deliver bond i.e., each
index targets a one- index—point change in index level per
one- basis—point change in the yield of the underlying cheap-
est-to-deliver bond. This makes the indexes inversely linked
to the performance of the underlying, in the sense that, when
the two-year Treasury note yield increases, then the index tar-
geting a two-year exposure decreases. Like liability-driven  in-
dexes, target exposure  indexes address the problem posed

by uncontrolled changes in index duration over time. These
indexes do not, however, address the concentration problem;
after all, there are an infinite number of bond portfolios that
achieve a given target duration, and the question remains to
assess which one of these portfolios, equally desirable for the
liability-hedging properties, will enjoy the highest level of risk-
adjusted performance.  

Designing welfare-enhancing bond benchmarks requires
that a number of key challenges be addressed

Given that none of the existing standard or alternative
bond benchmarks offer satisfactory solutions to investors'
needs, the question arises as to whether one could use risk
models to construct improved bond benchmarks with a focus
on enhancing diversification and controlling risk exposure, and
subject to implementable levels of turnover and liquidity con-
straints. The performance of portfolio optimization techniques
has been the subject of extensive research in the equity uni-
verse. One particularly critical research question that has been
analyzed under many different angles since the introduction
of modern portfolio theory  in the seminal paper by Markowitz
(1952) is whether the presence of estimation error in input pa-
rameters may entirely invalidate the relevance of formal opti-
mization models from an out-of-sample perspective. In
particular, given that the number of risk parameters grows
faster than linearly in the number of constituents, sample-
based estimates have been found to be unreliable for rela-
tively large portfolios and small sample sizes, and several
improved estimators for the covariance matrix have been pro-
posed in the literature in an attempt to alleviate the concern
over the so-called curse of dimensionality (see for example
Ledoit and Wolf, 2003, 2004). In addition, Jagannathan and
Ma (2003) find that imposing constraints on the weights in the
optimization program improves the risk-adjusted out-of-sam-
ple performance in a manner that is similar to some of the
aforementioned improved covariance matrix estimators.

The abundance of theoretical and empirical research on
the performance of portfolio optimization techniques in the
equity universe stands in sharp contrast to the relative scarcity
of research about how to form bond portfolios with attractive
risk/reward performance from an out-of-sample basis. For ex-
ample, there is no readily available answer in the academic lit-
erature to fundamental questions such as whether an investor
in sovereign or corporate bonds would be better off investing
in an equally-weighted combination of available bonds  vs. an
optimally-chosen combination on the basis of careful param-
eter estimates. 

That relatively little is known about the out-of-sample per-
formance of bond portfolio optimization models is perhaps
surprising given the importance of fixed-income investments
in institutional and private investors' portfolios, as evidenced
by the larger size of the bond markets both in terms of number
of securities and total wealth invested. One possible explana-
tion is that bonds are often held as part of investors' hedging
portfolios, where the focus is on matching interest- rate risk
factor exposures on the asset side to interest-rate risk factor
exposures on the liability side, as opposed to risk/reward ratio
maximization. This is, however, not a sufficient reason for ig-
noring the need to generate attractive risk-adjusted perform-
ance. After all, as indicated above, there are infinitely many
bond portfolios with a given target duration, and selecting the
one with the highest risk/reward ratio  would presumably im-
prove investor welfare. Besides, Treasury and corporate bonds
are also natural ingredients within investors' performance-
seeking portfolios, where the focus lies precisely on maximiz-
ing the risk/reward ratio.

Another possible explanation is that one might be able
to transpose the methodologies and related empirical results
from the equity universe to the fixed-income universe, thus re-
laxing the need for more specific analysis on bond portfolios.
This explanation is also not entirely satisfying since individual
bonds, unlike stocks or constant maturity bond  indexes, have

a finite maturity, which imposes a very specific structure on
the covariance matrix and expected return vector. Moreover,
no-arbitrage relationships exist between bonds of various ma-
turities that impose a set of constraints on risk/return param-
eter estimators, for which no equivalents exist in equity
portfolios. Finally, because of the aforementioned liability-
hedging motives, bond portfolio optimization is often per-
formed in the presence of duration constraints, which is yet
another challenge that is specific to bond portfolio optimiza-
tion problems.

In a recent paper (Deguest, et al., 2013), we extend the
existing literature, which has mostly focused on the equity uni-
verse, by providing the first formal out-of-sample comparative
analysis of the performance of various bond portfolio opti-
mization models in the presence of duration constraints. To do
so, we introduce a suitable three-step procedure that can be
used to generate risk-return parameter estimates for bond
portfolios that are consistent with the absence of arbitrage. At
each rebalancing date, we first impose a no-arbitrage restric-
tion that allows us to decompose all bonds available in a given
universe into a sum of fictitious pure discount bonds matching
coupon or principal payment dates and amounts. In a second
step, we use the transition matrix from pure discount bond
prices to coupon-paying bond prices obtained in step 1. This
is used to extract a consistent covariance matrix for non-sta-
tionary coupon-paying bond returns from the covariance ma-
trix for stationary, constant-maturity, pure discount bond
returns. This procedure ensures the respect of no arbitrage
conditions, as well as the respect of the structure inherent in
bond prices, e.g., the convergence of bond return volatility to
zero when approaching maturity. In a third step, we
strengthen the covariance matrix for coupon-paying bonds
obtained in step 2 using a factor model for the term structure.
In the empirical analysis, the factors are extracted from a prin-
cipal component analysis of the return on coupon-paying
bonds, with the first two factors (interpreted as the level and
slope of the yield curves) typically explaining an exceedingly
large fraction of the bond return variance.

Using risk- parameter estimates obtained from the afore-
mentioned three-step procedure, as well as expected return
estimates based on the parsimonious prior of a constant re-
ward for the few selected risk factors, we find that the use of
Sharpe ratio maximization techniques generates an improve-
ment in investors' welfare compared to the use of ad-hoc
bond benchmarks such as equally weighted (EW) or cap-
weighted (CW) portfolios. In addition to using the maximum
Sharpe ratio (MSR), we also test different heuristic portfolio
optimization models, including minimum concentration (MC)
portfolios (which correspond to the closest approximation to
an equally weighted strategy subject to constraints such as du-
ration or weight constraints), global minimum variance (GMV)
portfolios and diversified risk parity (DRP) portfolios, also
known as factor risk parity portfolios (see Deguest, Martellini
and Meucci, 2013). This improvement is relatively small
among single issuers, where correlation levels between port-
folio constituents are exceedingly high, but becomes substan-
tial in  the multiissuer eurozone,  at least before the decoupling
of the sovereign bond markets that took place over the sum-
mer of 2010.

While the encouraging results we have obtained for sov-
ereign bonds suggest that enhanced bond benchmarks can
be constructed with improved characteristics in terms of con-
centration risks and factor exposure risks, a number of addi-
tional challenges remain to be addressed before the
methodology can be applied in practice, including, among
other things, the lack of liquidity of some bond issues, as well
as the need to account for the presence of interest- rate risks
and credit-risk-related sources of uncertainty and heterogene-
ity in bond returns. In this context, it is expected that address-
ing such challenges carefully will pave the way for the
emergence of improved bond benchmarks that will provide
adequate answers to investors' needs.  ~
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ptimizing the investment policy of a corpo-
rate pension fund is typically a challenging
problem, owing to the presence of various
agents endowed with different preferences
with respect to the risk/return profile of the
fund strategy. Among them are the benefi-
ciaries of the pension plan, trustees of the

pension plan, managers of the pension fund, as well as equity
holders, bondholders and managers of the sponsor firm. 

To analyze the conflicts of interest that may arise from
these different perspectives, one can measure for a given al-
location strategy the impact on the fair value of pension
claims, corporate bond value, equity value and total value of
the firm and pension fund. A structural model extending Mer-
ton (1974) is particularly well suited for this analysis, since the
payoffs accruing to each group of agents are directly mod-
eled as (non-linear) functions of the firm and pension fund as-
sets. Martellini and Milhau (2011) introduce such a model and
find evidence for an asset substitution effect between share-
holders and pensioners (similar to the agency conflicts docu-
mented by Jensen and Meckling, 1976): if shareholders are
entitled to receive pension fund surpluses, then they hold a
call on the aggregate assets of the firm and the pension fund.
Hence they prefer in general a more risky investment strategy,
because this policy tends to increase the volatility of assets.
On the other hand, pensioners are hurt by the increased like-
lihood of a deficit. 

Martellini and Milhau (2011) also find that an effective
way to align the interests of the two classes of stakeholders
that does not require any modification of surplus sharing rules
is for the pension fund to adopt some form of risk-controlled
investing strategy. These strategies extend to an asset-liabil-
ity—management (ALM) context the Constant Proportion
Portfolio Insurance (CPPI) strategies (Black and Jones, 1987,
Black and Perold, 1992), and can be shown to maximize the
expected utility of a partial surplus (Detemple and Rindis-
bacher, 2008). They differ from the traditional CPPI through
the building blocks: the “safe” asset is the liability-hedging
portfolio (LHP), as opposed to cash, and the “risky” asset is
itself a dynamic asset allocation strategy, namely the one that
would be optimal in an asset-only setting. 

Another example of a portfolio insurance strategy trans-
posed to the ALM context is given in Martellini and Milhau
(2012), who derive utility-maximizing policies under minimum
funding constraints.  The solution is an extension of Option-
Based Portfolio Insurance (OBPI) strategies, where the payoff
is given by the minimum acceptable wealth plus the payoff
of a call written on the optimal unconstrained policy.

One limitation with these otherwise attractive strategies
is that they have been designed by considering the pension
fund in isolation, without explicitly accounting for the pres-
ence of a sponsor, which may or may not be able to cover a
large pension deficit. More complex forms of dynamic ALM
strategies can be designed to account for the possibility of
partial insurance of funding risk by the sponsor, and the im-

pact of these strategies on various stakeholders' wealth levels
can be analyzed in the context of a capital structure model
similar to that of Martellini and Milhau (2011), where equities,
corporate bonds and pension claims are valued as collateral-
ized and defaultable claims issued by the sponsor company. 

CPPI strategies in ALM
Traditional CPPI strategies aim at guaranteeing a mini-

mum level of wealth at the investment horizon. In ALM, the
quantity of interest is not the value of assets but the funding
ratio, which is the ratio of assets to liabilities. In view of regu-
latory constraints, which often impose a minimum funding
ratio, it makes sense for the pension fund to adopt a strategy
that keeps the funding ratio above the minimum acceptable
level at all times. Mathematically, the floor is kLT, where k is
the minimum funding ratio level and LT is the liability value at
the horizon. The following dynamic investment policy ensures

the respect of the minimum funding constraint: 

Here, wt denotes the weight vector at date t, wt is some
“unconstrained” portfolio strategy, wt        is the portfolio strat-
egy that best replicates the liabilities (also known as Liability
Hedging Portfolio, or LHP), m is the multiplier, and is
the current funding ratio, where At denotes the pension asset
value at date t. For simplicity, we take the unconstrained strat-
egy to be invested in a stock index, since this building block
is intended to deliver performance. The composition of the
LHP is determined by the denomination and the discount rate
of liabilities: for instance, if they are unconditionally indexed
on inflation, the LHP is an indexed bond with the same dura-
tion; if they are fixed in nominal terms or conditionally in-
dexed, the LHP is a duration-matching nominal bond.21 If
liabilities are discounted at the risk-free rate plus a spread
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This figure shows the distribution of
the value of  the funding ratio after
ten years, its conditional mean be-
tween 100% and 120%, the fair val-
ues of  pension claims (P0), equities
(E0) and corporate bonds (D0), and
the total value of  the sponsor firm
and the pension fund (v0). The min-
imum and the maximum funding
are set to 100% and 120%, respec-
tively, the initial asset value of  the
firm’s assets is normalized to 100
and the multiplier is set to 3.
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EXHIBIT 2

This figure shows the distribution of
the value of  the funding ratio after
ten years, the fair values of  pension
claims (P0), equities (E0) and corpo-
rate bonds (D0), the total value of
the sponsor firm and the pension
fund (v0), and the fair value of  the
contribution from the sponsor to the
pension plan (C0). The initial asset
value of  firm’s assets is normalized
to 100, and the multiplier is set to 3
in the left panel and to 1 in the right
one. Here the minimum funding
ratio level is taken to be k=80%.

21Conditional indexation means that indexation is granted only if the funding ratio is above a certain threshold.
22Such risky bonds are not necessarily a perfect hedge for liability risk, because they are subject to the risk of default of their issuer.
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reflecting a given credit rating (it is recommended under ac-
counting standards SFAS 87.44 and IAS 19.78 that the credit
rating is taken from AA or AAA bonds), then the LHP would
in principle have be invested in risky bonds having the same
rating.22

In order to analyze the impact of the multiplier on pen-
sioners, equity holders and bondholders, we compute the fair
values of pension claims, equities and corporate bonds. To
do this, we use the same pricing model as in Martellini and
Milhau (2011), which extends Merton (1974) to account for
the presence of the pension plan: each claim is valued as the
expected value of the payoff, discounted at the risk-free in-
terest rate. The main assumptions made in the valuation ex-
ercise are the following: pension assets serve to pay pension
claims first; if they do not cover promised benefits, a contri-
bution is required from the sponsor company; if promised
payments to pensioners and bondholders exceed available
assets, then the firm defaults and equity holders receive noth-
ing. Equity holders receive the fraction of assets that is in ex-
cess of the promised payments only if these payments are
made. Another key assumption is the pension surplus– shar-
ing rule. If they are entitled to pension surpluses, equity hold-
ers hold a call on pension fund assets, and thus benefit from
a higher volatility in asset value, hence from a higher multi-
plier. On the other hand, pensioners have a short position in
a put written on the same underlying, thus they prefer a safe
strategy, unless they receive guarantee that pension pay-
ments will be delivered in all market conditions. Precisely, the
strategy described in equation (1) ensures that assets cover
liability commitments, but also opens access to the possibility
of surpluses: as a result, a higher multiplier leaves pensioners
unaffected, but has a positive impact for equity holders.

One drawback of this strategy is that it carries an oppor-
tunity cost, which is essentially the price to pay for insuring
against the risk of large shortfalls. As shown by Deguest,
Martellini and Milhau (2011) in an asset-only context, this cost
can be reduced by giving up wealth levels that are in excess
of a maximum threshold or cap. In order to impose a cap on
the funding ratio, one can modify the strategy in equation (1)
to shift progressively to the LHP as the funding ratio ap-
proaches either the minimum or the maximum, as opposed
to shifting to the LHP near the minimum only. The reader is
referred to Martellini, Milhau and Tarelli (2012) for the formal
expression of the related allocation strategy. Figure 1 shows
the distribution of the value of the funding ratio after ten
years, together with the values of the claims, assuming that
surpluses are returned to equity holders. Pensioners are not
affected in any way by the imposition of a cap because they
received exactly the promised payment, but equity value
slightly decreases and corporate debt value increases signif-
icantly. Overall, the impact on the total value, which is the
sum of the three previous prices, is positive.

From ALM to integrated ALM: insuring against 
sponsor risk

Another way to reduce the opportunity cost associated
with CPPI strategies is to recognize that insurance against
shortfall risk is only required in those situations where the
sponsor firm is not in a position to make up for the funding
gap; if a pension deficit occurs when the sponsor company is
healthy, then the sponsor company will provide insurance
without the need to incur the opportunity cost of introducing
downside protection at the asset allocation level. Formally, if
D denotes the face value of debt, and VT is the value of the
firm’s assets, the objective is not to ensure that AT ≥ LT in all
states of the world (which would ignore the possibility for the
sponsor to contribute), but rather that AT ≥ LT  + D - VT when-
ever AT ≥ LT: this condition means that in the event of a
deficit, the sum of the pension fund’s and firm’s assets must
cover commitments to pensioners and bondholders. This sug-
gests the use of a floor FT equal to the minimum of LT and
LT  + D - VT . But because the quantity LT  + D - VT can be neg-
ative, the preferred option is to impose the following floor: 

In order to construct a portfolio strategy that maintains
wealth above this floor at all times, one needs a floor-repli-
cating portfolio (denoted as wt     ): then, this portfolio replaces
the LHP in equation (1), and the floor FT replaces the floor
kLT  so that the allocation strategy takes the form: 

The replication of FT requires a firm-hedging security,
that is, an asset perfectly correlated with V, the firm’s asset
value. As suggested by Merton’s model (1974), a natural
proxy would be the firm’s own stocks. In fact, the firm's equity
is also  affected by other sources of risk (e.g., interest rate risk
in the discount rate of future cash-flows), so that the firm-
hedging security would, in principle, instead be a dynamic
strategy suitably designed to cancel out the exposure to
other risks.

Figure 2 reports, among other indicators and for reason-
able parameter values, the probability of the “bad” states of
the world, where the pension fund is in deficit and the spon-
sor cannot cover the deficit through additional contributions:
it reaches 10.61% with the extended CPPI strategy from equa-
tion (1), and falls to zero, as it should, with a control of sponsor
risk. Pension claims are then more valuable because pension-
ers are more likely to receive the promised payments. Bond-
holders also benefit from the strategy incorporating an
explicit control for sponsor risk, and this for the same reason:
either the pension fund is solvent, in which case the sponsor’s
assets are available to redeem debt, or it is insolvent, but the
sponsor’s assets are sufficient to deliver the promised pay-
ments to pensioners and bondholders. Equity value also in-
creases, because equity holders are more likely to receive a
nonzero payment. This increase can be interpreted as an ef-
fect of reducing the cost of insurance: with our parameter val-
ues, the fair price of the payoff FT, which is the cost of
insurance, is lower than the fair price of the floor kLT .

In spite of these advantages, the respect of the floor FT
does not guarantee the respect of a minimum funding ratio
k: to comply with the regulation, the manager can adopt a
hybrid floor, which is the maximum of the integrated ALM
floor and the regulatory one:

Since this floor is above kLT insurance against shortfall
risk is more expensive than under the strategy in equation (1).
As a matter of fact, it can be shown (Martellini, Milhau and
Tarelli, 2012) that equity value is lower than with the basic
CPPI strategy, but this loss is more than offset by the positive
impacts on pension claims and corporate bonds, so that the
total firm value increases.

A practical issue with the previous strategies is the re-
quirement for a perfect firm-hedging security, which is in fact
a dynamic strategy involving the sponsor firm’s equities. It is
more realistic to expect that only an imperfect hedge can be
achieved: hence, the floors that are actually replicable are not
those introduced in equations (2) and (3) above, but rather

those obtained by substituting in the same equations some
payoff GT for VT, where the processes G and V have a corre-
lation less than 1. An immediate consequence is that the
probability for the pension fund to be in deficit and the spon-
sor not to be able to make the needed contribution cannot
be taken down to zero. This is illustrated by Figure 3, in which
the correlation was set to 60% (respectively, 80%), and the
probability of the “bad” states of the world is 5.90% (respec-
tively, 3.28%). These numbers are not zero, but are still lower
than the probability that would be attained without the con-
trol of sponsor risk (10.61%).

Comparing the values of the claims with the left panel of
Figure 2 (which refers to the basic CPPI), it can be seen that
pension claims are more valuable only if the correlation is
80%. Indeed, with a correlation of 60% only, large pension
deficits can still occur. With such low correlations, it proves in
fact preferable, from the pensioners’ perspective, to impose
the hybrid floor FT obtained by replacing ,VT  by GT in the ex-
pression of FT in Equation (3) (see MMT12 for an illustration).
A comparison of Figure 3 with the left panel of Figure 2 also
shows that bondholders still benefit from insurance against
sponsor risk, even if it is partial. More surprisingly, equity value
turns out to be higher when the worse firm-hedging security
is employed (left panel). But it is still lower than with the basic
CPPI. In summary, the integrated ALM strategies presented
above have a positive impact on pension claims and corpo-
rate bonds when compared to a CPPI policy that does not
control for the presence of sponsor risk. They tend to de-
crease equity value (except in the rather hypothetical case
where a perfect firm-hedging asset is available), but the loss
of value is weak, and from a collective perspective, the impact
on total value is positive.  ~

Notations and assumptions are the
same as in Figure 2, except that the
pension fund now has access to an
imperfect firm-hedging security,
whose value process, G, has correla-
tion 60% (left panel) or 80% (right
panel) with the actual firm value
process, V. The expected return and
volatility of  G are set to the same
values as those of  V.
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EXHIBIT 3

CONCLUSION

In conclusion, a CPPI strategy adapted to the ALM
context reduces the conflicts of interest between pen-
sioners and shareholders by allowing the pension fund
to invest more in risky assets, which generates surpluses
from which equity holders will benefit, while protecting
the funding ratio, which is in the pensioners’ interest. By
introducing a cap in addition to the floor on the funding
ratio, one can also decrease the cost of insurance against
shortfall risk, which has a positive effect from bondhold-
ers’ and pensioners’ perspectives. Another way to reduce
this cost is to implement policies that aim at insuring, at
least partially, against sponsor risk: these strategies avoid,
or decrease the likelihood of, large pension plan deficits
in situations where the sponsor cannot make the required
contributions. Overall, our findings suggest that suitably
designed dynamic portfolio strategies can prove to be a
very effective answer to some key challenges currently
faced by corporate pension plans.
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DEFINED BENEFIT PLAN

23See the July 19th, 2013, New York Times article "Detroit Gap Reveals Industry Dispute on Pension Math."

ne of the main risks for plan participants, ac-
tually the only source of uncertainty for a
defined-benefit plan with unconditional lia-
bility payments, is that of sponsor bank-
ruptcy when the pension plan is
underfunded. In an attempt to address this
concern, a number of dramatic changes

have  been made over the past few decades in the legal, reg-
ulatory, accounting and fiscal environments of state as well as
corporate pension funds.  These have collectively led to a sig-
nificantly heightened scrutiny over pension liabilities valua-
tion, with a focus on greater transparency with respect to the
impact of both market and credit risk components on pension
obligation values. The recent and spectacular bankruptcy of
the city of Detroit has resulted not only in a heightened con-
cern among workers and retirees that their pension claims
may never be honored; it has also revived the longstanding
debate over the proper approach to the valuation of pension
liabilities. The official value for the pension liabilities was
found to have been severely underestimated, with a $3.5 bil-
lion hole that suddenly appeared in Detroit's pension system.
23 A similar debate is currently raging in Europe, in particular
in the Netherlands, where the government seeks to keep the
retirement system viable through the use of an appropriately
adjusted discount rate that would lead to a lower reported
value for Dutch pension fund liabilities.

Overall, it is fair to say that there is no universally recog-
nized approach for setting a proper discount rate for liabili-
ties, as compared with the standard valuations formula
coming from asset valuation procedures. There are at least
three different types of discount rates that can be used to
value pension liabilities: arbitrary discount rates, market dis-
count rates and endogenous discount rates. In what follows
we review some of the key academic insights about the use
of various discount rates for liabilities, and the pros and cons
associated with such choices. Also, we discuss the impor-
tance of the perspective of the key stakeholders in settling
these issues. 

Fixed arbitrary discount rates  vs. allocation-dependent 
arbitrary discount rates

A distinction here should be made between the use of a
fixed arbitrary discount rate and the use of a discount rate
that is given by the expected return on the investment port-
folio. The latter allocation-dependent discount rate only
moves in time if the pension fund allocation moves in time,
and stays constant otherwise, regardless of market conditions
in general and changes in interest levels in particular.  

Fixed arbitrary discount rate
For simplicity and to reduce short-term risks to the spon-

soring organization, regulators have employed fixed discount
rates in the past. For example, pension plans in the Nether-
lands employed fixed discount rates for many years. Conse-
quently, the only risks involve changes in the market value of
the plan assets and possible changes in future cash liabilities,
such as changes in workforce or changes in pension rules. 

In effect, regulators following this procedure are allowing
the sponsoring organization to smooth the surplus and fund-
ing ratio risks. However, there are several difficulties with this.
First, there is no sound theoretical approach for setting the
fixed discount rate. What should the rate be, and how should

this rate be affected by economic conditions, if at all? Second,
suppose that the sponsoring organization wishes to minimize
its surplus risks in this context. The sole approach would be
to minimize asset return volatility by employing short-term,
risk-free assets, which could be relatively expensive compared
with the true immunization strategies based on long-term
bonds. Last, the use of fixed rates can cause considerable
confusion regarding unfunded liabilities when the health of
the sponsoring organization is threatened. The actual market
value of the surplus can be larger or smaller than the regula-
tory surplus. For these reasons, we do not advocate the use
of fixed arbitrary discount rates, a procedure based on no
sound academic grounds.      

Allocation-dependent discount rate  
According to the return on asset assumption (ROA), the

discount rate used for valuation of liabilities is given by the
expected return on the asset portfolio. This approach poses
a number of severe problems. On the one hand, it is not pos-
sible to estimate the expected return on risky assets with a
sufficient degree of accuracy and therefore the methodology
also leads to setting discount rates in a rather arbitrary man-
ner. On the other hand, even if it  were possible to obtain re-
liable estimates for expected returns, the use of an expected
return as a discount rate violates almost all important princi-
ples of fair valuation methodologies. In particular, it leads to
the somewhat perverse conclusion that the most efficient way
to address an underfunding situation is to invest more aggres-
sively in risky assets such as equities, which have, arguably, a
higher expected return. This procedure appears to be the
most misleading possible choice in terms of a valuation
methodology for pension liabilities. Another consequence of
using the expected return as a discount rate in the case of
pension liabilities with conditional indexation (as is, for exam-
ple, the case in the Netherlands) is a value transfer from
younger to older beneficiaries (say workers  vs. retirees); in-
deed the induced decrease in liability value will lead to an in-
crease in the funding ratio, which, in turn, will generate
additional indexation or lower pension reduction for the re-
tirees at the expense of current workers.

Market discount rates with or without a credit-risk 
adjustment

The starting point in any attempt to move away from the
use of arbitrary discount rates consists of recognizing that
pension liabilities can be interpreted as a yield curve of
monthly benefit payments. The no-arbitrage pricing principle,
then, stipulates that the monthly promised pension payments
should therefore be discounted at a market rate, with a key
distinction between Treasury rates, which are presumed to be
default-free rates, and corporate rates, which are default-sen-
sitive rates.

Market default-free rate   
Support for this approach for valuation is provided by the

Financial Accounting Standards Board (FASB). According to
Financial Accounting Statement (FAS) 87, in valuing pension
liabilities of plan sponsors, the liability is required to be
priced as a high-quality, zero-coupon bond whose par value
matches the liability payment amount, and whose maturity
matches the liability payment date. More precisely, the se-
lection of discount rates is explained in paragraph 186 of FAS

106 (December 15, 1990) as follows: "The objective of select-
ing assumed discount rates is to measure the single amount
that, if invested at the measurement date in a portfolio of
high-quality debt instruments, would provide the necessary
future cash flows to pay the accumulated benefits when due.
Notionally, that single amount, the accumulated postretire-
ment benefit obligation, would equal the current market value
of a portfolio of high-quality zero coupon bonds whose ma-
turity dates and amounts would be the same as the timing
and amount of the expected future benefit payments."

The argument in favor of using Treasury spot rates is that
the present value of the liabilities represents how much in
Treasury securities the U.S. Department of the Treasury would
have to issue to pay off the projected liabilities (see for exam-
ple Ryan, 1993, for an early reference). While the use of a mar-
ket rate unarguably represents progress compared to using a
constant arbitrary rate independently of market conditions, a
possible question still remains regarding the presence of a
credit risk adjustment.  

Market defaultable rate   
In an attempt to account for the presence of credit risk

in pension claims, international accounting standards SFAS
87.44 and IAS19.78 recommend that corporate pension ob-
ligations be valued on the basis of a discount rate equal to
the market yield on AA corporate bonds, the same rate for
all firms. Obviously, default risk on pension liability is a con-
cern not only for corporate pension plans, but for state and
local pension plans as well, as was painfully evident in the re-
cent default of the municipality of Detroit, leaving beneficiar-
ies with partially unfunded pension claims.

However, there are at least four problems with using AA-
or AAArated corporate bonds (see example Ryan and
Fabozzi, 2003, for more details). First, the credit risk premium
is not only a reward for additional credit risk in corporate
bonds  vs. Treasury bonds, but also for additional liquidity risk.
In this context, it is unclear why any persistent or temporary
liquidity effects in the corporate bond market should be re-
flected in pension liability values. Second, there are major
problems with corporate bond  indexes used to represent the
corporate AA and AAA markets (see for example Campani
and Goltz, 2011). Third, there are not many corporate bonds
available with a duration in excess of 15 years, despite the
fact that liabilities are far longer than 15 years. Finally, one of
the reasons for using a term structure is to create a portfolio
of high-quality fixed-income instruments to defease the pro-
jected liabilities. Yet, the size and liquidity of the AA- and
AAA- rated corporate bond market is such that a defeasance
is not possible, which undermines the very foundation of the
noarbitrage valuation principle. 

More generally, the use of the same market rate to dis-
count all pension liabilities, regardless of the sponsor credit
rating, pension funding situations and asset allocation policy,
is not likely to lead to a correct assessment by the various
stakeholders of the impact of specific default risk on the value
of pension obligations. It is hardly justifiable that a widening
of credit spreads on corporate bond markets should lead to
an improvement of the funding status of defined-benefit pen-
sion funds.

In the end, it appears that using an arbitrary credit risk
adjustment is not a satisfactory answer to the desire for the
presence of a credit risk adjustment.  
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Endogenous discount rates
Asset pricing theory suggests that the fair value of pen-

sion liabilities should be handled by regarding them as pri-
vately held, collateralized, defaultable claims issued by the
sponsor company, municipality or state to workers and pen-
sioners, and using option pricing methodologies similar to
the one introduced by Merton (1974) for the valuation of cor-
porate bonds. Under this framework, the primary perspective
is the sponsoring organization.

In a recent paper, Martellini and Milhau (2011) use this
approach and argue that valuation principles for liabilities
streams should account for differences in financial health and
capital structure decisions at the sponsor company level, as
well as differences in asset allocation policy at the pension
fund level. They find that the existence of a pension plan has
a strong impact on capital structure decisions, with the opti-
mal leverage ratio a decreasing function of promised pension
payments. They also  say that the presence of a pension fund
has a substantial impact on debt value and credit ratings.
Conversely, these results suggest that capital structure deci-
sions have a substantial impact on the fair value of pension
claims, with a pension credit spread that increases approxi-
mately proportionally to the leverage ratio. 

One important corollary is, therefore, that the regulatory
valuation leads to overestimating the fair value of liabilities
for highly leveraged firms, while it leads to underestimating
the liability value for firms with little debt outstanding. One
can, in principle, use an option pricing model to allow for a
quantitative estimate of the magnitude of the over/underes-
timation as a function of parameter values. 

These insights have important policy implications in that
they provide a first step towards a much needed methodolog-
ical framework for the design of firm-specific regulatory con-
straints and liability valuation principles.  They also call for the
emergence of a scheme-specific pension insurance pricing
rule. 

It should be emphasized, however, that a move toward
an endogenous discount rate rationally taking into account
credit risk in liability streams would come with its own pitfalls.
First, while the methodology seems to be well-suited for pri-
vate plans, it would be difficult to apply the option approach
to state and local defined benefit plans. Additionally, there
are implementation issues with an option approach related in
particular to the choice of parameter values, e.g., future
volatility of the assets of the firm. Any indeterminacy in the
parameter value would translate again into a situation where
actuaries could make arbitrary choices that would lead to am-
biguities as severe as the ambiguities related to incorrectly
estimating future returns. In other words, one could adjust the
assumed volatility to get the desired funding ratio, just as one
can adjust the expected return assumption to obtain the de-
sired discount rate. 

The implementation would require a careful assessment
of the inputs to the model. (See Kiska, Lucas and Phaup,
2011, for the use of an option-pricing approach. A model for
the joint statistical distribution over time of defined-benefit
pension underfunding and sponsor terminations, so as to
evaluate the prospective cash flows of the Pension Benefit
Guaranty Corporation [PBGC] and appraise its financial posi-
tion would also be needed.) In addition, using an endoge-
nous discount rate would lead to a counter-cyclical regulation;
sponsor companies in bad shape will face a softening of the
funding ratio constraints, since a pension fund will report an
improvement in the surplus or funding ratio in the event of a
decline in the credit quality of pension liabilities. It can be ar-
gued that reporting a gain from a decline in credit quality is
potentially misleading and can mask a deteriorating situation.
On the other hand, it can also be argued that a softening of
the funding ratio constraints in difficult situations might help

sustain the defined benefit pension system. Of course, in a
rational expectation model, employees of the sponsor com-
pany would observe the deterioration in present value of their
pension benefits and bargain for increases in wages to com-
pensate for the loss, an option that would not be available to
retired beneficiaries.

As an alternative, if regulators are able to separate pen-
sions into healthy and underfunded plans, they could allow
the healthy plans to take on risky investments, thereby reduc-
ing the expected costs of operating the plan for these firms.
When plans become underfunded, the regulators would re-
quire these plans to become more conservative or to increase
their contributions to improve the funding ratio. In this way,
the pension plan system would operate in a manner similar
to banks, in which the need for capital allocation rules are ev-
ident. Of course, such a dynamic regulatory environment re-
quires the regulators to be able to render their rules in a
timely fashion and with current information, which may place
a burden on organizations such as the Labor Department in
the United States. 

Conflicts of interest among stakeholders and investment
policy implications

The use of various discount rates not only has important
regulatory and accounting implications, but it also has sub-
stantial investment policy implications. For example, from the
standpoint of the pension plan participants and government
regulators ( rather than insurance organizations such as the
PBGC), there should be greater emphasis on fixed-income as-
sets and immunization strategies to protect these stakehold-
ers. It should be noted, however, that the future liabilities can
be uncertain  because of workforce changes, pension rule
changes, and so on. Therefore the immunization strategies
can be relatively complicated to implement.

On the other hand, from the perspective of the sponsor-
ing organization, the use of discount rates that depend upon
the blended return of the assets will encourage greater risk-
taking since higher returns translate into higher discount
rates, which means lower contributions—at least in the short
run.  In a similar vein, the use of endogenous discount rates,
which give rise to higher discount rates as the deficit in-
creases, provides advantages for the sponsoring organization
during stressful periods but may be at odds with the goals of
some of the other stakeholders.

One of the core difficulties with choosing the appropriate
discount rate is that it implicitly requires a clear definition of
what the perspective is. Indeed, there are various stakehold-
ers involved (shareholders of the sponsor company, pension
plan beneficiaries, taxpayers who ultimately provide implicit
or explicit insurance against public and private pension
deficits, etc.), and there are clear indications of the presence
of conflicts of interest among these stakeholders. For exam-
ple, Martellini and Milhau (2011) find that the fair value of
promised payments to pensioners (and bondholders) de-
creases  if the allocation to risky assets by the pension fund
increases when the correlation between the value of the firm
process and the stock index return process is positive. This is
a clear case of asset substitution, since a higher allocation to
risky assets leads to an increase in the total riskiness of the
total assets held by the firm (financial assets held off the bal-
ance sheet through the pension funds and real assets directly
held on the balance sheet). This is the underlying state vari-
able on which the value of such claims is based. Similarly, as-
suming they do not have access to any surplus of the pension
fund, risk-taking is detrimental from the pensioners' perspec-
tive because it involves increasing the likelihood of partial re-
covery of pension claims, while risk-taking allows shareholders
to reduce the burden on contributions needed to meet ex-
pected pension payments  caused by exposure to the upside

potential of the performance-seeking assets. 
These conflicts of interest could be mitigated by granting

pensioners some partial access to the surplus (the case with
conditional indexation rules in the Netherlands), thereby al-
lowing plan beneficiaries to benefit from the increases in ex-
pected performance related to more aggressive investment
strategies. Another effective way to align the incentives of
shareholders and pensioners without any complex adjustment
to the pension plan structure consists of enlarging the set of
admissible investment strategies so as to include dynamic
risk-controlled strategies, sometimes referred to as contingent
immunization strategies or dynamic liability-driven investment
(LDI) strategies (Martellini, Milhau, and Tarelli, 2012). In fact,
implementing risk-controlled strategies aiming at insuring a
minimum funding ratio level above 100% allows shareholders
to get some, limited, access to the upside performance of
risky assets, while ensuring that pensioners will not be hurt by
the induced increase in risk.

Because of the complexity and conflicting goals of the
major stakeholders, it is important to evaluate the pros and
cons of the alternative discount rates when determining the
proper discount rate. Asset pricing theory unambiguously
suggests that the only meaningful set of discount rates is
given by the term structure of risk-free rates. One might argue
that using Treasury bond yields as discount rates does not re-
flect the impact of default on pension values and would lead
to overestimating the value of pension claims from the bene-
ficiaries’ perspective. On the other hand, prudent regulation
is precisely designed to make the impact of default on pen-
sions as minimal as possible. A prudent regulation would re-
quire higher contributions, anyway, in the event of increases
in the default probability, which would be inconsistent with
decreasing liability values in response to increases in default
probability. To our minds, the use of market default-free rates
therefore appears to be a reasonable and pragmatic ap-
proach to pension valuation problems. Given that it is be-
lieved that a government (the PBGC in the U.S.) will bail out
the defined benefit system under a systematic failure, it is,
after all, only fair and meaningful that pension liabilities
should be valued at the government bailout cost. Admit-
tedly, such an approach leads to higher liability values and,
therefore, lower funding ratios, compared to the use of arbi-
trary market rates or corporate discount rates. In this context,
it could be possible to accompany the use of a lower dis-
count rate with a more lenient regulatory environment, if
needed,  particularly in terms of minimum funding ratio re-
quirements. 

In this article, we assume that the liability cash flows are
certain or can be approximated by expected values. If liabil-
ities are a direct function of a factor such as inflation, the dis-
count rate should be related to this factor: herein, the
inflation-adjusted government bond rate (real rate). As al-
ways, the duration of the liabilities must be linked to the du-
ration of the discount rates. 

Arguably, the proper way to handle the pension crisis is
not by hiding the truth about current funding deficits. While
an integrated asset and liability management system pro-
vides the ideal setting to analyze the subtle questions related
to pension liability valuation (see Mulvey, 1994, and Mulvey,
et al., 2006, 2008), in our experiences with pension plans
over the past 20 to 30 years this type of discussion has rarely
occurred in practice. Still, these issues are critical to the future
success of the defined benefit pension system, especially as
defined contribution plans have become the mainstay of
most new organizations and provide much easier and
cheaper administration by the various organizations. This
trend, of course, also poses a serious challenge, as it is un-
clear whether individuals will be able to make educated and
proper decisions about their own welfare. ~
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