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for Asset-Liability Management

Decisions

NoOEL AMENC, LIONEL MARTELLINI, AND VOLKER ZIEMANN

recent surge in workdwide inflation

has increased investors’ awareness

of the need to hedge against unex-

pected changes in price levels.
Despite the current credit crisis and conse-
quential economic stowdown that have some-
what eased the inflation concern for the short
term, increasing inflation is a wend that s likely
to continue for the foresecable mediun- w
long-term future given the long-term
ncreased demand pressure on food and energy
resources. Inflation hedging 1s particularly
important for pension funds facing pension
pavments that are indexed (conditional or full
indexation) with respect to constumer price or
wage level indices. A variety of cash instru-
ments, such a Treasury inflation-protected
securities (T1PS), as well as dedicated OTC
derivatives, sucl: as inflation swaps, are typi-
cally used to tailor customized inflation expo-
sures that are suited to cach particular pension
fund lability profile. One outstanding probiem,
however, is that the capacity of the inflation-
linked-securities market is not sufficient to
meet the collective demand of insticutional
and private investors, while the OTC intlation
derivatives market suffers from a perceived
increase in counterparty risk. [n addition, real
returns on inflation-protected securities, neg-
atively impacted by the presence of a signifi-
cant inflation risk premium, are typically very
low, which implies that investing in inflation-
linked securities, when feasible, is a costly

option for pension funds and their sponsor
companics,

In this context, it has been argued that
some other asset classes, such as stocks and nom-
inal bonds, but also real estate or commodities,
could provide useful, albeit imperfect, inflation
protection at a lower cost compared to investing
1 TIPS, On the one hand, equity invesanents
appear to be relatively poor inflation-hedging
vehicles fiony a short-term perspective, Empir-
ical evidence suggests that there is a negative
relationship between expected stock returns
and expected inflation (see Fama and Schwert
119771, Guleekin {1983}, and Kaul [1987],
among others), which is consistent with the
mtuition that higher inflation leads to lower
cconomic activity, thus depressing stock returns
(e.g., Fama [1981]). On the other hand, higher
future inflation leads to higher dividends and
thus higher returns on stocks (Campbeli and
Shiller [1988]), and thus equity investinents
should offer significant inflation protectzon over
longer horizons, a fact that has been confirmed
by a number of recent empirical academic
studies (Boudoukh and Richardson [1993] and
Schotnar and Schweiezer 12000]). This prop-
erty is particularly appealing for leng-term
investors, such as pension funds, who need to
match increases in price level at the horizon,
but not necessarily on a monthly basis. Similar
inflation-hedging properties are expected for
bond returns, Indeed, band yields may be
decomposed into real vield and expected
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inflation compenents. Because expected and realized
inflation move together in the long term (see Schotman
and Schweitzer [2000]), we expect a positive long-term
correlation between bond returns and changes in infla-
tion. In the short term, however, expected infladon may
deviate from the actual realized inflation, leading to low
or negative correlations. An investor willing and able o
relax short-term constraines to focus on long-term infla-
tion-hedging properties will find that invesang in nom-
inal bonds can provide a cost-efficient alternative, or
complement, to investing in inflation-linked securities.
Moving beyond traditional invesnment vehicles, such
as stocks and bonds, recent academic research has also sug-
gested thar alternative forms of invesuments offer attrac-
tive inflation-hedging benefits. Commodity prices, in
particular, have been found to be leading indicators of
inflation in that they are quick to respond to economy-
wide shocks to demand. Commodity prices generally are
set in highly competitive auction markets and consequently
tend to be more flexible than prices overall. Recent infla-
tion has been heavily driven by the increase in commeodicy
prices, in particular, in the domam of agriculture, min-
erals, and energy. Consistent with these theoretical argu-
ments, a recent study by Gorton and Rouwenhorst [2006]
found that over the 19592004 period commodity futures
were positively correlated with inflation, unexpected infla-
tion, and changes in expected inflanion. They also found
that infladon correlations tend to increase with the holding
period and are larger at recurn intervals of one and five years
than at the monthly or quarterly frequency. Commercial
and residennial real estate also provide at least a pardal
hedge against inflation, which implies that portfolios that
include real estate aliow for enhanced inflation-hedging
benetits (see Fama and Schwert [1977], Marezell, Heckman,
and Miles [1987], or Rubens, Bond, and Webb [1989]).
This eftect seems to be particularly significant over long
horizons. Heiree, Anart and Kolart [2002] examined the
long-run impact ef inflation on homeowner equity by inves-
tigating the relationship between house prices and the prices
of non~housing goods and services, rather than return series
and inflagion races, and inferred that house prices are a stable
inflation hedge in the long run. The implications of such
findings for assee-liability management {ALM} have been
discussed by Hoevenaars, Molenaar, Schonman, and
Steenkamp [2008], who constructed optimal mean-variance
portfolios with respect to inflation-driven Habilities using
the vector-autoregressive (VAIR) approach from the litera-
cure on return predictability Gee Kandel and Stambangh
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[1996], Campbell and Viceira {1999], and Barberis {2000)],
among others).

In this article, we complement che existing Hrera-
ture on inflavon-hedging properties of real assers, such as
commodities and real estate, and the implications for
asset—l1ability management by introducing an error cor-
recaon form of the vector-autoregressive model (VECM),
or cointegrated VAR maodel, which exphcidy distinguishes
between short-terin and long-term dynamics in the joint
distribution of asser returns and infladon. Although the
error correction forn of the vedtor-autoregressive model
has been extensively used in the macroeconomic litera-
ture to disunguish between trends and business cycles, and
thus between stationary and nonstationary components
in consumption and wealth dynamics (see, e.g., Lettau
and Ludvigson [2004] or Beaudry and Portier [20067),
our article is, to the best of owr knowledge, the first to
provide a comprehensive VECM model for the formal
analysis of inflation-hedging propertics of various tradi-
sional and alterrative classes.!

Moreover, the article provides a structural form of
the model that incorporates 1.i.d. innovations, allowing
for the generation of a stochastic Monte Carlo analysis
13 a straightforward manner. Our results suggest that novel
long-term Hability-hedging invesument selutions can be
designed to decrease the cost of inflation surance from
the investor’s perspective. In particular it s possible to
construct enhanced versions of inflation-hedging port-
folios that involve investing i inflation-linked securides
as well as commodities and real estate in order to achieve
satisfactory levels of inflation hedging over the long-term
at a lower cost compared to a solution solely based on
inflation swaps. The intuition behind these results is
straghtforward. The increased expected return poten-
oal generated through the introduction of commodities
and real estate in addition to TIPS in the liability-hedging
portfolio (LIH1?) allows for a reduced global allocation to
the performance~seeking portfolio (PSP) while meeting
the global performance expectations that, in tarn, allows
for better risk managenient properties.

MODELING RETURN AND INFLATION
DYNAMICS

The first key challenge that needs to be met for the
analysis of the benefits of alternative investment strate-
gies from an assee-lability perspective is the design of an
appropriate econometric model for the jomnt distribudon
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of asset returns and nflation. The bulk of the literature
on stock rerurn predictability and return dynamics mod-
eling (e.g., Campbell and Shiller {1988]) has relied on
VAR models. We extend this literature by introducing an
error correction form of the vector-autoregressive model,
or comntegrated VAR imodel, which explicitly accounts
for the presence of tong-term cofntegration relacionships
between asset prices and the levels of various state vari-
ables inclading inflation. Two or more series are said to
be comtegrated if a linear combination of the series is sta-
tionary while the series are themselves nonstationary (see
Engle and Granger [1987]). Cointegrated relationships
have been found to hold between consumption and
income as in Davidson, Hendry, Srba, and Yeo [1978] or
between stock earnings or dividends and stock prices
(Campbell and Shiller {1988]). In both cases, the amount
of the deviation from long-term equilibria has been
proven to yield substantial predictive power for the vari-
ables in the systern. To account for the presence of such
long~term relationships in price series, the VAR model
can be generalized through the following error correc-
tion form (VECMY):

Ay =c+ ﬂy,ﬂl + Ay +- + rPAyH) + 1, (1)

where y, represents a n X | vector of endogenous variables,
¢ is a vector of constants, I', are »n X n coefficient matrices
and u, is the imnovation process. The reduced rank matrix
[T can be decomposed into [T = @’ Its rank r < » deter-
mines the number of linear-independent long-term equi-
librium relationships and 1s also called cointegrarion rank.
I other words, there are r independent linear combina-
tions of the lagged endogenous variables that define the
comtegration relationships consrituting r stationary vari-
ables, B'y. Accordingly, £ is a n X r matrix that hosts the
cointegrating vectors so that 'y, is stationary and reflects
the long-term equilibrium relationships of the variables,
while @15 a 1 X » vector that hoses the corresponding
adjustinent parameters, that s, the parameters that deter-
minte the reversion speed to this long-term equilibrium.

In the context of cointegrated processes, the dynamics
of the underlying variables may be separated into short-
run and long-run dynanscs. Short-run dynamics are driven
by the structural responses to lagged innovations capoured
by I', in Lquation (1). The cointegration relationship
vector, f3, and the reversion speed vector, ¢, govern the
long-run dynamics. More precisely, [1 = ¢ff” induces
mstantaneous shocks to the system if iz deviates from the

long-term equilibrivim. If the system s cointegrated,
cross-sectional responses to shocks may be nontransitory
ar persistent as the time series “hang together”

We will now introdice a modeling approach that uses
long-run and shore-run restricrions in order to identify the
structural shocks of the system. The structural form of the
model is characterized by i.i.d. innovations, €, , as opposed
to the correlated original innovation process, i, .. For this,
we search for the wansformation matrix 13 such that

i, = BE, (2)

From: the structural assumption we know that the
covariance matrix of the innovations & (X,) is diagonal.
Without any loss of generality we postulate X, to be the
identty macrix. Therefore, the original innovation covari-
ance matrix may be written as £ = BB’ The transfor-
mation nuatrix 13 hosts 5 X 0 parameters that need to be
identified. Since Z_is symmetric, only $n(i+71) indepen-
dent equations are available from £ = B, For the para-
meters to be identified we need Tu(n~1) additional
restricions. The matrix B can accordingly be estmated
by the maximum likelthood methed. Following Breitung,
Briiggemann, and Liitkepohl [2604], the corresponding
log-likelihood function is given by”

I(B) = const ~—Tog |Bf - u((B) BT (B

Once the transformation matrix 15 1dentified, we
cann write the Structaral VECM (SVECM) 1n 1ts reduced
form,

Ayr N H}]w'% + rﬂyrml + Bg[ (4)

We will use the 11.d. mnovation-process property
to perform a Monte Carlo analysis based on the fisted

model. The generated scenarios will subsequently be
exploited 1n a portdolio construction context.

DATA AND TERM STRUCTURE OF RISK

Our empirical analysis focuses on a set of traditional
and alternative asset classes. Stock returns are represented
by the CRSP value-weighted stock index. Commodities
are proxied by the S&P Goldman Sachs Commeadity Index
(GSCI). Real estate wnvestients are represented by the
FTSE NAREIT Index, which is a value-weighted basket
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of REITs listed on the NYSE, AMEX, and NASDAQ.
We thus limit the opportunity set to liquid and publicly
traded assets. Finally, we add the Leliman Long US. Trea-
sury Index, as well as the one-month Treasury bill rate
Foliowing the evidence from the extensive literature on
return predictability (see Stock and Watson [1999], among
others), we also add potential predictive economic vari-
ables to the set of endogenous variables. We introduce the
dividend yield (see, e.g., Campbell and Shiller |1988],
Hodrick [1992], or Campbell and Viceira [2002]), the
credit spread (computed as the difference between Moody's
Seasoned Baa Corporate Bond Yield and the 10-Year
Treasury Constant Maturity Rate), and the ternm spread
(obrained from the difference between the 10-Year Trea-
sury Constant Marturity Rate and the one-month T-13ill
rate). The dividend yield data is obtained fromy CRSP and
all other economic figares were obtained from the U.S,
Federal Reserve Economic Database.” Our analysis is based
on quarterly returns from Q1 1973 through 4 2007.

In terms of the Labilites, we include an inflation
proxy represented by the consumer price index (CPI). As
in Hoevenaars et al. [2008], we focus on a pension fund
that is in a stationary state as would be the case when the
age cohorts and the built-up pension rights per cohort are
constant through time. Under this assumption, and further
assuming that liability payments exhibit uncondisional
inflation indexation, the return on the hability portfolio
can be proxied by the return on a constant maturity zero-
coupon THS with a maturity equal to the durazion of the
lability cash flows.® We construct the time series for such
constant maturity zero-coupon TIPS in accordance with
the methodelogy described i Kothart and Shanken [20041,
which states that the nominal retrn on a real bond is
given as the sum of a real vield plus realized inflation.
The real vield is in turn obtained as the difference of the
nominal vield and the sum of expected inflation plus the
inflation risk premimu. As in Kothari and Shanken [2004],
we assume the nflation risk premium to be equal to zero.®
We sunplify the computation of expecred inflation and
use 60-month moving-average inflation. As a result, we
obtain the returns on Liabilities as

s eld e 5
v, = yield = E () (5)
where the upper index Tindicates the duration of the lia-

bilities that we have arbitrarily chosen in what follows to
be equal to 20 years.”
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In Exhibit 1, we plot the annualized volatilities of
returns on Habilities and asser classes for different invest-
ment horizons according to the equations derived in the
appendix. A particular focus of the graphs is on the dif-
ference between VAR-implied volatilities (dashed lines)
and VECM-implied volaulides (solid lines). The differ-
ences between the two econometric methodologies are
rather significant for bonds, stocks, and commodities, with
VECM-implied volatilities proving to be significantly
lower than VAR -implied volatilizies for these classes.
Liability, T-bill, and real estate returns only show minor
differences between the VAR and the VECM approaches.
More specifically, VAR -implied volatilities seem to indi-
cate that assets become more risky as the investment
horizon inrcreases, while VECM volatilities have con-
crasting implications for the various assets, Liabilities,
T-bills, and real estate investments appear to be more risky
in the long run, while bonds, stocks, and commodities
exhibit a downward-sloping volatility structure, especially
from very short- to medium-term horizons, The con-
trasted results in tnplied voladlity estimates obtained with
the VAR versus VECM model are due to the equilib-
rium-reverting character of the additional part o'y, .
As explained, although By, | establishes the equilibrium
relationship, & determines the instantaneous impact of a
deviation from this equilibrivm on Ay, (see Equation {1)).

Next, Exhibit 2 displays horizon-dependent corre-
fation coefficients between lability returns and the return
on various asset classes. The plots clearly suggest that bond,
stock, and real estate recurns are negatively correlated with
liabilities 1 the short ran, and that the correladon coef-
ficient exhibits an upward-stoping pattern as the invese-
ment horizon increases. Bond and stock recurns start to
become positively correlated with lability returns after
about 60 quarters (15 years), ending with a significant,
positive correlation of roughly 0.4 with a 30-year invest-
ment horizon. Again, the result aflows us to identify sig-
nificant discrepancies between VAR and VECM models,
especially in the case of commodities and real estate. Com-
modity returns are positively correlated with lability
returns in both cases, but the VECM implies a signifi-
cantly higher and more stable correlation than the VAR
Model-implied correlations between real estate and liability
returns, on the contrary, are significantly higher in the VAR
model than what they are in the VECM. This may be due
to the fact that commodities are part of all long-term equi-
librium relationships, a result of the normalization process
of the matrix ff and the variable order permutation
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ExHisiT 1
Annualized Volatilities
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Note: Doited lines corvespond 10 VAR -tuplied volarilivies and solid lines to VECAM-implied volarifities.

procedure previously described. In the next section, we will
examine the impact of these model-implied moments and
co-moments from a liabilicy-hedging portfolio perspective,

INFLEATION-HEDGING PROPERTIES
OF VARIOUS PORTFOLIOS

Investment-horizen-dependent allocaton decisions
have been widely studied in the literature over the last
decade (Brandr [2005] and Campbell and Vicewra [2005]}).
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The term seructure of risk, merely driven by the presence
of mean-reversion effects, with different speeds of mean
reversion {Lettau and Wachter [2007]), also plays a cen-
tral role in asset allocation decisions in the presence of
Habilities (see also Campbell and Viceira {2005] regarding
the term structure of risk). This section uses VECM
model-implied dynamics to assess inflation and liability-
hedging potental across different imvestment horizons.
In a framework where liabilities are indexed with
respect to inflation, and when short-term hability risk
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ExHIiBIT 2
Correlation between Liabililies and Asset Returns
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Note: Dotted lines correspond to VA R-implied correlations and solid lines 1o VIECM-huplied corvelations.

hedging is the sole focus, the optimal liability-hedging
portfolio (LHP) allocation consists of investing 100% in
the inflation-indexed bond portfolio (TIPS portfolie),
which unforrunately leads to very limited upside poten-
tial. Consequently, the investor needs a relatively sizable
significant allocation to the highest risk—reward perfor-
mance-secking portfolio (PSPY in order to meet the return
requiremients, which in torn generates a relauvely high
funding risk. Intuitively, we expect that relaxing the con-
straint of a perfect Habilicy fiv for the LHP at the short-term
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horizon would allow one to include alternative asset classes
in the LHD, leading to increased upside porential. Overall,
this would allow an investor to reduce her allocation in
the PSP thus leading to a reduced surplus risk. To for-
malize this intuition, we perform a scenario-based analysis
to derive the funding ratio distribution at various invest-
ment horizons. The data-generating process is described
by the VECM. We further use the structaral moedel to
disentangle the correlated innovation process and trans-
form 1t into 1.1.d. innovations. We draw i.d.d. random
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vartables from the multivariate standard normal distribu-
ton for the sorecrural innovations £(s = 1...8} and obtain
the modeled returns by

Ayl =ct+Hly +TAy +Be (6)

for a total of S= 5,000 simulated pachs. The first variable in
y; represents the Hability return., We evaluate the different
portfolios In terms of the funding ratio (FR) distribution.

The funding ratio at ¢ in scenarios s is accordingly
given by

;{-‘]{;‘ = CX]J((CO’ - 1))1{) {7

where 1 denotes the # X | vector containing a 1 in the first
position and zeros elsewhere, and @ is the portfolio vector.

The encouraging correlation and volatlity impli-
cations studied in the previous section, taken together
with the finding that alternative assets typically vield higher
returns than TIPS, seem to suggest that introducing

commuodities and real estate, in addition to TIPS, in a pen-
sion fund LHP allows for upside potential while limitng
shortfall probabilities to a reasonably low level, at least
from a long-term perspective. In what follows, we quan-
tify the trade-off between a deviation from the perfect
liability match and the resulting return upside potential,
which has the welcome side effect of decreasing the
required contributions, The consequences, in terms of
ALM risk budgets, of introducing alternative asset classes
in order to design enhanced liability-hiedging portfolios
with improved performance will be quantitatively ana-
lyzed in a subsequent section,

In order to analvze the characteristics of lability-
hedging portfolios that are enhanced by commodities and
real estate assets, we will proceed in two steps. First, we find
the optimal portfolio mix of connmodities and real estate,
and second, we add this portfolio to TIPS in various pro-
portions to forns the enhanced liability~hedging portfolio.
The firsestep is addressed by finding the portfolio of com-
maodities and real estate that minimizes the tracking error
volatility with the TIPS portfolio. Exhibit 3 shows the

ExXHIBIT 3
Alternative LHP Enhancers

100%
80%
o
2
S 680%
£
< Commodities
[ TReal Estate
40%
20%
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Investment horizon in quarters
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Note: The alfocarions correspend 1o those thay minimize the tracking ervor with TIPS, defined as the standard deviation betveen the portfolio and the TIPS
returin, for a given fivestment korizon. Opiinization is based on the 5,000 sinndated scenarios.
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resulting portfolios as a functon of the investment horizon.
The portfolio is well balanced between the two assets,
and the positon i conumodities increases with the invest-
ment horizon,

Accordingly, we enhance the TIPS LHDP by frac-
tions of this alternative portfolio made up of commaodi-
ties and real estate. Exhibat 4 presents funding ratio stadistics
for various enhanced LHPs, ranging from 0% to 50% in
alternative invesanents (Al) with the remainder in TIPS,
In particular, Panel A of Exhibit 4 shows that the upside
potential is an increasing function of the percentage

allocated to alternative assets within the LHP portfolio.
In contrast, the more the investor allocates to alternative
assets, the higher the risk to fall short of the habilities
(Panel BY. Panel C indicates that the probability to fall
severely short is very low. Even for an investment to the
Al portfolio of 50%, severe shortfall probabilities are only
6% in the short run and 2% for long investment hori-
zons, For modest investiments to the Al portfolio
(0%--15%), the severe shorefall probability even decreases
to (%, meamug that nene of the 5,000 simulated paths
yields a funding ratio lower than 90%, regardiess of the

ExHIBIT 4

Enhanced LHP:; ALM Indicators

Panel A: Mean Funding Ratio

e MccationtoAl(in%)

Morizon| 0 5 10 15 20 25 30 35 40 45 50
3 1.00 101 1.01 102 102 103 1.04 104 105 4105 106
7 100 1.01 103 104 1.06 107 109 110 111 113 1.14
10 11.00 102 104 106 109 111 113 115 117 119 1.22
15 100 1.04 107 111 114 118 122 125 129 133 1.36
20 100 105 141 116 122 127 133 138 144 149 155
30 100 111 122 133 144 155 166 177 188 199 210

Panel B: Probabitity of Shortfall (FR < 1.0)
Horizon: 0 5 10 15 20 25 30 35 40 45 50
3 000 3278 3278 3278 32.78 3278 3278 3278 32.78 32.78 32.78
7 000 2230 2230 2230 2230 2230 22.30 22.30 2230 22.30 22.30
10 0.00 17.48 17.48 1748 17.48 1748 1748 17.48 17.48 17.48 17.48
15 0.00 1298 1298 1298 12988 12.98 1298 12.98 12.98 1298 12.98
20 000 908 908 908 908 9.08 908 908 9.08 908 908
30 1000 520 520 520 520 520 520 520 520 520 520
Panel C: Prabability of Severe Shortfall (FR < 0.9)
rol Alosation o AL %

Horizon. 0 5 10 16 20 25 30 35 40 45 50
3 000 000 000 000 000 010 056 184 328 442 584

7 000 000 000 000 008 044 148 268 3.88 500 6.06

10 0.00 0.00 000 000 010 056 158 256 348 432 536
15 000 0.00 000 000 024 078 162 228 310 372 4.20
20 0.00 0.00 000 000 010 052 084 156 210 260 3.10
30 000 000 000 000 020 046 076 088 126 164 192

Note: Liabilig-ledging capacity is exemined for portfolios made wp of the LHP (T1PS) and the alternaiive investment (A1) portfolio of conumodities and seal
estate that maxindzes il conelation with TIPS fsee Exhibie 33 Mean finding ratios and shorrfadl probabilivies (in peteent) for varfous investinent herizons fin
years) and hased on 3,000 sinmilated scenaries are given,
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mvestment horizon, Overall these results suggest that the
mtreduction of alternative investment vehicles may lead
to increased upstde potenual for the LHP without severely
mcreasing the shortfall risk.

IMPLICATIONS FOR ASSET-LIABILITY
MANAGEMENT

In terms of risk budgets, the implementation of Ha-
bility-driven investiment solutions critically depends on
the atrivade toward risk. it is typically understood that high
risk-aversion levels Jead to a predominant invesument in
the hability-hedging portfolio, which implies low extreme
funding risk (zero risk in the complete market case), as
well as Jow expected performance and, therefore, high nec-
essary contributions. Law risk aversion levels, however,
lead to a predominant investment in the performance-
seeking portfolio, which implies high funding risk as well

as higher expected performance and, hence, lower con-
tributions. To formalize this intuition, we compare the
initial conwribution that is needed to generate a 100%
funding ratio at the horizon when the investor’s portfolio
is fully invested in TIPS (the perfect liability-hedging
portfolio) versus the initial contribution needed to gen-
erate an averdge 100% funding ratio at the horizen when
risky asset classes, such as stocks and bonds, are introduced.
Exhibit 5 presents a graphical representation of this effeet
for different investment horizons. For instance, for an
investment horizon of 20 years, an allocation of 40% to
the PSP (which 15 assumed to contain stocks and bonds
in a proportion that generates the maxinwum Sharpe ratio)
and 60% to the liability-hedging portfolio fully invested
i TIPS aflows the reduction of nitial contributions by
almost 20% compared to a 100% investment in the TIPS
liability-hedging portfolio. Of course, this contribution
savings effect comes at the cost of introducing funding

ExHIBIT 5
Contribution Savings through Introduction of a PSP

45%;
40% 1
e i years
+ 20 years
|~ ~ - 30 years
25% - -
: -
: ,

18%+

Percentage contribution savings

10% -

o 10 20 36 40

60 70 80 9 100

Allocation to maximum sharpe portfolio (PSP)

Note: Comrihaniion saving is defined as the perenrial seduction of initial imecstment witen deviating from the perfect ability-maiching postfolio, suclt thar, on
average, the pension plan is fully funded. Numbers ave hased on 3,000 sindated scenarios. The PSP comaius stocks and honds in proportions that depend on

the investent hovizon.
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ExHiBIiT 6
Global Portfolio (LHP + PSP): ALM Indicators

Panel A: Mean Funding Ratio

Allocation to PSP (in %)

Horizont 5 TTTE T T 20

3 1100 1.00 101 101 102

7 1.00 101 1.03 104 1.05
10 1.00 102 104 106 1.08
1% 1.00 103 105 108 1.0
20 1.00 103 106 110 113
30 1.00 104 108 192 1186

25 30 35 40 45 50
1.02 1.03 103 1.04 104 1.05
1.06 1.08 109 110 112 1.13
1.09 111 113 115 117 1.19
113 116 118 121 123 1.26
116 119 122 126 129 1.32
121 125 129 133 137 1.41

Panel B: Probability of Shortfall (FR < 1.0}

Allocation to PSP (in %)

Horizon O 5 10 15 20

25 30 35 40 45 50

3 0.00 3800 38.00 3800 38.00
7 0.60 32.34 3234 3234 3234
10 0.60 29.38 29.38 29.38 29.33
15 0.00 23.62 23.62 23.62 23.62
20 0.00 19.20 19.20 19.20 19.20
30 0.06 12064 1204 1294 12.94

_ Panel C: Probability of Severe Shortfall (FR < 0.9)

38.00 38.00 38.00 38.00 38.00 38.00
3234 3234 3234 3234 3234 32.34
20.38 20.38 29.38 29.38 29.38 20.38
2362 23.62 2362 23.62 2362 23.62
19.20 19.20 19.20 19.20 19.20 19.20
12,94 12.94 12.94 12.94 12.94 12.94

Allocation to PSP (in %)

25 30 35 40 45 50

3 000 000 000 000 0.02
7 0.00 000 000 000 0.6

10 000 0.00 0.00 0.06 1.06
15 0.00 0.00 000 0.04 106
20 1000 000 000 002 038
30 000 000 000 0.00 0.10

022 124 304 514 690 8.70
286 4.96 776 1028 1212 14.04
318 640 864 10.82 12.66 14.02
292 482 666 7.88 930 10.76
160 340 462 592 690 788
078 170 260 356 4.34 4.92

Nere: Liability-hedging capacity is examined for portjolios made vp of the LHP (TIPS} and the PSP fstocks and bonds, according to the allocation that maxinizes
Sharpe vatiog. Mean finding varios and shovtfall probabifivies fin percons)_for sarions investment horizons fin years) and based on 5,000 simeilated scenarios are given,

risk at the global portfolio level. As shown in Panel B of
Exhibit 6, shortfall probabilities significantly increase wich
the allocation to the PSP, even though the magnitude of
this effect decreases with the time horizon,

We now analyze the impact on ALM risk bud-
gets of the introduction of real estate and comimodi-
ties within the LHP We first draw a comparison
between the option that consists of investing 100% in
the LHP but enhancing the LHP with the introduc-
tion of real estate and commodities, and the option that
consists in leaving the LHP, fully invested in TIPS and

SUMMER, 2009

seeking to add performance potential through the intro-
duction of the PSP as previously discussed. A compar-
ison of the resuits in Panels B and C of Exhibit 4 and
the results in Panels B and C of Exhibit 6 clearly indi~
cates that introducing alternatives within the LHP
{Option 1) systematically leads to a lower mcrease in
risk indicators compared to the introduction of tradi-
vonal asset classes through the PSP (Opuon 2). For
examnple, the probability of a shortfall greater than 90%
at the 20-year horizon 1s 2.1% when the investor’s pore-
folio is invested 60% in TIPS and 40% in the combiration
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of real estate and commodities that allows for the best
liabilizy hedge (see Panel C of Exhibit 4), while it
reaches 5.92% when the investor’s portfelio is invested
60% in TIPS and 40% 10 the combinadion of stocks
and bonds chat allows for the maximum Sharpe rato
(sec Panel C of Exhibit 6),

In the same spirig, Exhibit 7 shows the relative
contribution savings as a function of the allocation to
the PSP when the LHP is enhanced by 10% in alter-
native mvestments. In comparison to Lxhibit 5, the
graph suggests that for comparable allocations to the
PSE contribution savings are larger in magnitude when
using enhanced LHDP instead of the sole TIPS LR
Consequently, the target contribution savings can now
be reached with a lower allocation to the PSP portfolio.
Exhibirs 8 and 9 illustrate this effect for LHPs that are
enhanced by the introduction of 5% and 10% respec-
tively, of alternative investiments {represented again by

the portfoho of real estate and commeodities that min-
mzes the tracking error with respect to the liability
portfolio). For instance, with an LHP that is composed
of 90% TIPS and 10% alternative assets (Exhibit 9), an
allocation of only 27% to the PSP leads to the same
mean funding ratio or, equivalently, to the same con-
tribution savings as an investment of 40% in the PSP
when the LHP 15 solely invested in TIPS,

Exhibit 10 presents the corresponding ALM risk
indicators, with numbers that can be compared to the
resules in Exhibic 6. We observe that (for a given alloca-
tion to the PSP) enhanced LHPs do not only lead to

higher mean funding ratios, but they also lead to lower

shortfall probabilities {see Panel B of Exhibir 10) com-
pared toa the case of the non-enhanced (i.e., pure TIPS)
LHP (Panel I3 of Exhibic 6). This is obviously related to
portfolio diversification effects bevween traditional assets
within the PSP and alternative assets within the LHP

ExHIBIT 7
Confribution Savings through Enhanced LHP

45%
40% 10 years
20 vears
350, = =30 years
30% -7

Percentage contribution savings

Allocation to maximum sharpe portfolio (PSP)

Note: Confribution savings is defined as the potential veduetion of the initial invesoment whea deviating from the perfeer Wabilitg-maiching portfolia, suck tha,
ot quecrage, the peasion plan is Jully fiunded. Numibers aie based on 3,000 sindaied scenarios. The afteriaiive invesnnent porfolic contains conmoditios and

seal esiate i proportions that depend en the investnent iorizon (see Exlibit 3).
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EXHIBIT 8
Return Equivalents with 5% Al: PSP Allocation Reduction
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©
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L
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- — case 20% PSP
q’ ,,,,,,
.§10%) — = - case 30% PSP
g | e case 40% PSP
o : — —-case 50% PSP

0 13 ] )] U | !
OA)O 20 40 80 80 100 120

Investment horizon in quarters

Neie: The graph shows the fnpact of enlancing the LFP beyond TIPS, The enhanced LHP cousisis of 935% TIPS and 3% alteriative investiments {see
Exhibic 3). The graph yields the vequived allocarions o the PSP o ebrain, on average, the same amornt of refurn as i the case of the vaditional LHP {TIPS).
Various won-erihanced portfolios are takew as benehanarks, (1 — wj - TIPS + @ - PSP w e {20%, 30%, 40%, 50%%1).

Severe shorefall probabilities (see Panel C of Exhibit 10)
also decrease substanually when compared to the case in
which the LHP was represented by the TIPS portfolio
{see Panel B of Exhibit 6).

Exhibit 11 combines the risk and return perspec-
tives by plotting the reduction in the probability-of-a-
deficit and probability-of-a-severe-deficit indicators
when shifting from the standard LHP (100% TIPS) to
the enhanced LHI while maintaining the same level of
mean funding ratio. I this analysis, we consider a base
case of 40% investment in the PSP and 60% in TIPS,
and show the reduction of the required PSP allocation
obtained by an vestor willing to substizute the enbanced
LHP (when either 5% alternative investimenss or 10%
alternatve Investments are introduced) to the pure 100%
TIPS LHP For instance, we find that when the invest-
ment horizon is 20 years, enhancing the LHP by the

Suaparpr 2000

introduction of 5% {10%) of the read estate and com-
modities portfolio allows a reduced allocation to the PSP
by 14% {319%) while maintaining the mean funding ratio
at the same level as with the non-enhanced LHP The
graphs further show the resulting percentage reduction
in shortfall probability and expected shortfall. Again for
an investment horizon of 20 years, the introduction of
5% (10%) of alternauves (real estare and conumodities)
within the LHP leads to a 19% (39%) reducuon in short-
fall probability. The reduction in severe shortfall proba-
bility is even greater and reaches a spectacular 42% (78%).
Of course, these estimated shortfall probabilities are
strongly dependent upon the assumption of normality for
the innovations, and they should not be taken at face
value. They provide, however, usefu] indications with
respect to how incorporating alternatives in the Lability-
hedging portfolio could improve ALM risk budgets.
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ExXHIBIT 9

Return Equivalents with 10% Al: PSP Allocation Reduction

50% - -
0.
I ' N
3 = — -
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- 30%4.,,“ ............ .
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® - case 20% PSP N
2 0% - - — —case 30% PSP |
j=. (t]
'g ------ case 40% PSP
& ----- case 50% PSP

~10% ' ' ; L
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Investment horizon in quarters

Note: The graphy shows the impact of ealaieing dee LHP beyoud TIPS The enfranced LFP consisis of 90% TIPS and 10% aliornative fnmvesbiaeits (sec
Exhibit 35 The graph yields the vequired allocations 1o the PSP 1o obtain, on average, the sasie amonat of rettirn as i the ease of the vaditional LHP (TIPS).
Varfous non-exhanced porffofios are takew as bewclnarks, (1 — @) - TIPS + @ - PSB @ € {209, 30%, 40%, 50%}).

CONCLUSION

Based on a suitable econometric framework, we
have studied the relationship between infladon-driven
liabiiities and asset returns on bonds, stocks, commodi-
ties, and real estate at various horizons. Our empirical
analysis suggests that explicitly accounting for long-
term cointegration relationships leads to significant dif-
ferences in forecasted properties of asset returns in terms
of their term structure of risk and correlations with
the labilities. Inr particular, the lability-hedging poten-
tial of commodities seems to be understated by the VAR
estimation procedure compared to the case when the pres-
ence of long-term cointegration relationships is explicitly
accounted for. Our results suggest that novel liabilivy-
hedging investment solutions, including commeodities and

real estate in addition to inflation-linked securities, can
be designed o decrease the cost of inflation insurance
for long-horizon investors. Such solutions are shown
to achieve satisfactory levels of inflation hedging over
the long term at a lower cost compared o a solution
solely based on TIPS or inflation swaps. Intuitively, the
increased expected return potential generated through
the introduction of commodities and real estate in addi-
tion to TIPS in the LHP allows for a reduced global
allocation to the PSP while meeting the global per-
formance expectations and, in wurn, allovs for better risk
MANagenIent propertics.

Our analysis can be extended in several direc-
tons and, in particular, would ideally encompass other
forms of alternative invesanents. While we have focused
on real estate and commuodities, institutional investors
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These expressions may then be used to define modei-
unplied expected recurns, variances, and covariances. Using
Ve = %o A)’H,l ot Ay
show that we obtain

e 1018 straightforward to

I

E ()= W0y +| YW Ay, Ay
=l

EEa]

& i1 i1 ’
Var{y, =20 | DY (T 2¥0 | Ay
izl i j=u

where 2 denotes the time-invariant covariance matrix of
the innovation process 1. Correlation coeflicients may also
directly be devived from Equation (A-4).%
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"The VECM approach has been used in modeling price
and return dependencies of fimancial securives {e.g., Blanco,
Breman, and Marsh {2005] or Durre and Giov [2007]) and,
mare recently, in inflation-hedging contexts (Westerheide [2000)
or Floesh, Lizer, and MacGregor |2007]).

More detils on distributional wsumptions and asymp-
totic properties of the estimation method can be found in Littke-
pohl |2008].

The series is downloadable irom Kenneth French’s web-
site (horrowed from Thbotson Associates).

*See heepr/Zrescarch stlonisied.org/ red2,

Sncorporating additional features, such as actuarial uncer-
tainty and infladon indexation, would not impact the main
message of the article, which focuses on the infladen-hedging
properties of real asscts.

"Note that Kothars and Shanken [2004] also considered
the case of a 50-basis polnw per year inflaton premium.

Hoevenaars et al. [2008] used 17 vears as the duration
of the lability pordolio. To avoid having te rely on mterpola-
tion, we used the observable mterest rate series from the Fed,
which is exclusively available for the maturities of 1,3,5,6,7,
10, and 20 years (see hup///research.stomsfed.org/ fred?2).

Suniaer 2000

We use a mode] with one lag because we will focus on
this specification for our later numerical application. Further,
as noted i Campbell and Viceira [2004], cach VAR (p) model
may be tanstormed into a VAR(T) model by adding a lagged
version of the vector of endogenous variables as additional state
variables.

"Note that similar expressions may be obtained for the
VAR medel on log returns. In this case, \IJ:';: is equal to 0, and
W and W simplify to W =W = dcis obvious that
VAR ~-implied condivonal moments are different from VECM-
implied moments, except #I1=0and T = A. Note further that
the nonstochastic constant term has been introduced as one of
the endogenous variables for tractability of the formulas. Accord-
ingly, assuming the first entry is the constant termy, the first fine

and the first columu of Z solely contain zeros,
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ExuisIiT 11
Risk Reduction through LHP Enhancements
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Nowex The graphs shorw the impact of enfascing the LEP beyond TS on warions risk paranrescrs, Ve coisidered the base case of an investinent of 40% i the
PSP and 60% in the waditional LHP and compared this pertiolio to the case wihere the LHP is enhanced by 3% and 10%, respectively, of alternative assers
(AL, (e, estate and conmedities). Enhanced and maditional portfolios are linked such thar the porifolios exhibis the same mean funding ratios.

APPENDIX

Model-Implied Returns, Variances,

. A)’”,_g
and Correlations

As in continuous-tine models, our econometric approach
allows us to obtain analytical expressiens for tme-dependent
variances, covariances, and expected returns. To see this, we first
write the model-implied forward-looking returns for the first
three dates as functions of the interim shocks and current values
for y, and Ay

Ay, = HV: + 1Ay, +u,,
A}’x--:-E = H}Ji-H + FAJJHI * ”M-?
= H(}’r + /—\‘ym-l) + rA)'H; + ”H{’.
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= H)f’ +(MT+ Ty Ty, #TAy, +u, )+,

=[O+ y, + AT+ D) FAy, + T+ D, + 0,
= Hyw + DAy o * i,
= H(}'! + Aym+AyH,2)+FAyI+2+|;H_3
= [T+IF+ {1+ D HA 1T+ Dy,
+ [T+ (IT+ r)z)]Ayﬁ-[H +({IT1+ F)z)]:;lﬂ

AT+ Ty + i, (A-1)

We subsequently obtain all finite forward-looking

implied returns through iteration and denote

Ay = yo

3

k=1
SR WSS P, (A2

i
=0
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These expressions may then be used to define model-
implied expected returns, variances, and covariances. Using
View = Po F Ay, oot Ay it s staightforward co
show that we obtain

I tr
Ely. )= 2P0y + 2WY |4y, a3
== =

I3 ‘ i1 i
=]

Van(y =2 2 X A

i =0 =0

where & denotes the rime-invariant covariance matrix of
the innovation process u. Correlation coefficients may also
directly be derived from Equation (A-4).°
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"The VECM approach has been used i modebing price
and return dependencies of financial securities (e.g., Blanco,
Brennan, and Marsh [2005] or Durre and Giot [2007]) and,
more recently; in inflacion-hedging contexts (Westerheide [2006]
or Hoesh, Lizieri, and MacGregor [2007]).

More details on distributional assumptions and asymp-
totic properties of the esthmation method can be found in Liitke-
pohl {2008].

*The series is downloadable from Kenneth French’s web-
site (borrowed from: Ibbotson Associates).

*See htep:/ Aresearch.stlouisfed.org/fred2,

ncorporating additional fearures, such as actuarial uncer-
ainty and infladon indexaton, would not impact the main
message of the article, which focuses on the infladon-hedging
properties of real assets, )

“Note thar Kotharl and Shanken |2004] also considered
the ease of a 30-basis points per vear intlation premium.

Hoevenaars ¢t al. [2008] used 17 years as the duration
of the liability portfolio. To avoid having to rely on interpola-
tion, we used the observable interest rate series from the Fed,
which is exclusively available for the marurities of' 1,3,3,6,7,
10, and 20 years (see hrep://research.stlonisfed. org/fred?2),
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We use a model with one lag because we will focus on
this specification for our Jater numerical application. Further,
as noted in Campbel and Viceira [2004], cach VAR {p} model
may be ranstormed into a VARR(T) model by adding a lagged
version of the vector of endogenous variables as additonal stave
variables.

*Note that similar expressions may be obtined for the
VAR model on log returns. In this case, ‘]’i": is equal to O, and
v
VAR-imphed conditonal moments are ditferent from VECM-

=@ . It is obvicus that

and W' simplify ro W=
implied moments, except i [1=0and I'= A, Note further that
the nonstochastic constant term has been introduced as one of
the endogenous vartables for tractabslivy of the formulas. Accord-
ingly, asstuning the firse entry is the constang term, the firse line

and the first column of X solely contain zeros.
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