A Service of

ECOMNZTOR pr

Make Your Publications Visible.

Leibniz-Informationszentrum
Wirtschaft

Leibniz Information Centre
for Economics

Viceira, Luis M.

Article

Inflation-indexed bonds

NBER Reporter

Provided in Cooperation with:

National Bureau of Economic Research (NBER), Cambridge, Mass.

Suggested Citation: Viceira, Luis M. (2013) : Inflation-indexed bonds, NBER Reporter, National Bureau
of Economic Research (NBER), Cambridge, MA, Iss. 3, pp. 16-22

This Version is available at:
https://hdl.handle.net/10419/103246

Standard-Nutzungsbedingungen:

Die Dokumente auf EconStor durfen zu eigenen wissenschaftlichen
Zwecken und zum Privatgebrauch gespeichert und kopiert werden.

Sie dirfen die Dokumente nicht fiir 6ffentliche oder kommerzielle
Zwecke vervielféltigen, 6ffentlich ausstellen, 6ffentlich zugénglich
machen, vertreiben oder anderweitig nutzen.

Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen
(insbesondere CC-Lizenzen) zur Verfligung gestellt haben sollten,
gelten abweichend von diesen Nutzungsbedingungen die in der dort
genannten Lizenz gewahrten Nutzungsrechte.

WWW.ECONSTOR.EU

Terms of use:

Documents in EconStor may be saved and copied for your personal
and scholarly purposes.

You are not to copy documents for public or commercial purposes, to
exhibit the documents publicly, to make them publicly available on the
internet, or to distribute or otherwise use the documents in public.

If the documents have been made available under an Open Content
Licence (especially Creative Commons Licences), you may exercise
further usage rights as specified in the indicated licence.

Mitglied der

Leibniz-Gemeinschaft ;


https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://hdl.handle.net/10419/103246
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/

Chicago: University of Chicago Press,
2010; and P. Stephan, How Economics
Shapes Science, Cambridge, MA':
Harvard University Press, 2012.

% Black and Stephan find that graduate
students constitute 29.3 percent of the first
authors of papers published in Science;
40.7 percent of first authors are postdocs.
Using data supplied by Bill Kerr they infer
ethnicity of the first and last name of the
authors, finding that 58.5 percent of the
graduate students and 54.4 percent of

the postdocs have names that are neither
“English” nor “European.” G. Black and P
Stephan, “The Role of Foreign Graduate

Inflation-Indexed Bonds
Luis M. Viceira*

Introduction

Inflation-linked bonds, which in
the United States are known as Treasury
Inflation Protected Securities (or TIPS),
are bonds that pay investors a fixed infla-
tion-adjusted coupon and principal.
Their nominal payments adjust automat-
ically with the evolution of a price index
describing the cost of a basket of con-
sumer goods such as the Consumer Price
Index in the United States. Although
the popular press often labels inflation-
indexed bonds as “exotic securities,” noth-
ing could be farther from reality.

Inflation-indexed bonds consti-
tute today a significant fraction of
outstanding bonds issued by the U.S.
Treasury —around 10 percent of total
marketable debt, and more than 3.5 per-
cent of GDP. Both institutional investors
such as endowments and pension funds
and retail investors hold them in their

* Luis M. Viceiva is a Research Associate
in the NBER’ Program on Asset Pricing
and the George E. Bates Professor at the

Harvard Business School. His profile
appears later in this issue.
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portfolios, either directly or indirectly
through TIPS mutual funds, exchange-
traded funds, and asset allocation funds
such as target retirement funds. TIPS
have become a building block of inves-
tors portfolios. TIPS also play an impor-
tant role in policy. Central bankers,
professional economists, and market
observers routinely follow the evolution
of “breakeven inflation,” or the spread
between the yields on nominal govern-
ment bonds and the yields on inflation-
indexed bonds of equivalent maturity, as
an indicator of real-time inflation expec-
tations from bond market participants.
The relevance of inflation-indexed
bonds to investors and policymakers is
not unique to the United States. The
United Kingdom has a longer and even
more established tradition of issuing and
investing in inflation-linked bonds (or
“gilts” as government bonds are known
in the United Kingdom). Inflation-
indexed linkers represent more than 30
percent of British public debt, equiva-
lent to almost 10 percent of UK. GDP.
The UK. government is now considering
issuing inflation linkers with super-long
maturities (in excess of 50 years) and
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even perpetual inflation-indexed gilts. In
the Euro area, France, Germany, and Italy
regularly issue inflation linkers, linked to
cither Euro-area inflation or to domestic
inflation. Demand for linkers in both the
United Kingdom and the Euro area is
strong, particularly from pension funds,
as pensions in those countries are typi-
cally indexed to inflation. After a brief
interruption, Japan is re-starting regu-
lar issuance of inflation-linked bonds
and, among emerging economies, Brazil
has become a large issuer of such bonds.
Australia, Canada, Chile, Israel, Mexico,
Turkey, and South Africa are also econo-
mies with non-trivial issuance of infla-
tion linkers. The hedge fund Bridgewater
has recently calculated the size of the
global inflation-linked market at $2.5
trillion, larger than the high-yield cor-
porate bond market and twice as large as
the dollar-denominated emerging mar-
ket bond market.

My research on inflation-indexed
bonds has been focused on understand-
ing the role of these securities in inves-
tors portfolios, their pricing and risk,
and the impact of institutional factors on
the market for inflation-indexed bonds.




Inflation-Indexed Bonds
in Long-Term Portfolios

A traditional idea in investment prac-
tice is that cash (for example, short-term
default-free bonds or bills) is the safe
asset for all investors. This idea is rooted
in a perception that real interest rates are
constant. Indeed, if real interest rates are
constant, standard models of portfolio
choice, whether static or dynamic, show
that the optimal investment strategy for
investors with low (effectively zero) risk
tolerance is a strategy of constantly rein-
vesting their wealth in default-free real
short-term bonds. To the extent that infla-
tion risk is small at short horizons, nomi-
nal short-term bonds are good substitutes
for inflation-indexed short-term bonds.

My carly research on inflation-
indexed bonds with John Campbell
shows that this strategy will not be opti-
mal if ex-ante real interest rates vary over
time.! When future real interest rates
are uncertain, a strategy of constantly
reinvesting wealth in short-term bonds
will preserve investors™ initial wealth in
the face of random shocks to long-term
assets, but not necessarily their ability to
spend out of this wealth.? If real interest
rates decline, investors will have to either
adjust downward their spending plans to
accommodate this reduction in the yield
on their wealth, or else deplete part of
their wealth to maintain their consump-
tion plans, with the subsequent impact
that this reduction in wealth might have
on their future welfare.

In contrast to a strategy of constantly
reinvesting wealth in short-term bonds, a
strategy of investing in inflation-indexed
long-term bonds will protect spending,
since these bonds will increase in value
as real interest rates decline, thus pro-
viding the extra cushion investors need
to maintain their spending plans with-
out depleting their initial principal. For
long-horizon investors, long-term infla-
tion-indexed bonds are the riskless asset.
By investing in a portfolio of inflation-
indexed bonds whose cash flows match
their consumption spending plans, inves-
tors can guarantee a riskless consumption
stream.? Of course, this portfolio of infla-

tion-indexed bonds will experience short-
term fluctuations in price, but these will
be irrelevant to a long-horizon investor
exclusively interested in ensuring a riskless
consumption stream.

Our analysis provides support for
the traditional portfolio advice that con-
servative long-term investors should tilt
their portfolios toward long-term bonds.
However, it does so with an important
qualification: the bonds should be infla-
tion-indexed. Nominal long-term bonds
such as Treasury bonds and notes expose
long-term investors to inflation risk. If
realized inflation turns out to be larger
than expected at the time of the invest-
ment in nominal bonds, the ability of
those bonds to protect real spending
will be undermined. By contrast, infla-
tion-indexed bonds are immune to the
potentially devastating effects of unex-
pected inflation.

The insights of this analysis have
important implications for the design
of savings vehicles for long-term inves-
tors, such as investors saving for retire-
ment.* It makes clear that assets that pre-
serve capital do not necessarily preserve
long-term standards of living. Long-term
inflation-indexed bonds, not cash instru-
ments, are the riskless asset for conser-
vative investors who care about financ-
ing their long-term spending plans or
liabilities, such as investors saving for
retirement, traditional pension funds, or
endowments. Nominal long-term bonds
achieve this objective only when infla-
tion risk is low. The issuance of inflation-
indexed bonds by the Treasury has a sig-
nificant impact on welfare, as it provides
long-term investors with a truly riskless
long-term investment vehicle.

Real Interest Risk, Inflation
Risk, and the Risk of
Long-Term Bonds

Inflation-indexed bonds are the safe
asset for long-term investors. But how
much riskier is investing in short-term
bonds or in long-term nominal bonds
from the perspective of a long-horizon
investor? Or the risk of investing in long-
term inflation-indexed bonds from the

perspective of a short-horizon investor?
To answer these questions, one can apply
the tools of modern finance to the analysis
of inflation and interest rates to quantify
real interest rate risk and inflation risk.

A simple and intuitive way to under-
stand the importance of these two types
of risk is to examine the annualized stan-
dard deviation (or volatility) across invest-
ment horizons of the real return on a
strategy consisting of constantly reinvest-
ing capital in Treasury bills, and the real
return on another strategy consisting of
buying and holding a long-term zero-cou-
pon nominal bond with maturity equal
to each investment horizon under con-
sideration.> To the extent that short-term
inflation risk is modest, the only uncer-
tainty about the long-horizon real return
on a strategy of rolling over Treasury bills
is the real rate at which the capital will be
reinvested. Therefore this strategy exposes
long-horizon investors to real interest rate
risk. By contrast, the real return on a
default-free zero-coupon nominal bond
equals the inverse of cumulative inflation
over the life of the bond. Therefore the
strategy of investing in a variable maturity
nominal bond exposes investors to infla-
tion risk at different horizons.

Figure 1 (on the following page)
shows the annualized standard deviation
of the real return on each strategy across
investment horizons. The standard devi-
ation is based on estimates of a VAR(1)
model for quarterly bond returns and
interest rates for the period 1952-2011.6
This figure shows that the real return on
both strategies exhibits significant “mean-
aversion”; that is, the real return volatility
on both strategies increases significantly
with the investment horizon. The mean
aversion of Treasury bill returns is caused
by persistent variation in the real interest
rate in the postwar period, which ampli-
fies the volatility of returns when Treasury
bills are reinvested over long horizons.
The mean aversion of the variable-matu-
rity bond is the result of persistent varia-
tion in inflation in the postwar period.
A positive shock to inflation that low-
ers the real return on a long-term nomi-
nal bond is likely to be followed by high

inflation in subsequent periods as well,
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and this amplifies the annualized volatil-
ity of a long-term nominal bond held to
maturity. In relative terms, Figure 1 sug-
gests that inflation risk makes a strategy
of buying and holding long-term nomi-
nal bonds riskier than a strategy of rolling
over Treasury bills at all horizons.

Figure 1 illustrates the long-term
implications of persistent variation in
inflation and real interest rates for risk,
and it helps explain why long-horizon
investors should view cash and nomi-
nal bonds as risky assets. By contrast, a
strategy of investing in a variable-matu-
rity inflation-indexed bond would exhibit
zero volatility at each horizon; that is, it
would overlap with the horizontal axis
on Figure 1.

We can use modern arbitrage-free
factor models of the term structure of
interest rates to estimate and charac-
terize real interest rate risk and infla-
tion risk embedded in bond prices and
returns. I have conducted such analy-
sis in several papers jointly written with
John Campbell, Robert Shiller, and Adi
Sunderam.” My early work on inflation-
indexed bonds with John Campbell for-
mulates an affine two-factor term struc-
ture model in which one factor is the log
real interest rate and the other the log
expected rate of inflation. An estimation
of the model using nominal bond yields
and realized inflation for the United

States shows that both factors exhibit
substantial persistence and variability
over the post-World War II period. The
unconditional volatility of the ex-ante
real short-term interest rate is about 1
percent per annum (p.a.), almost as large
as its unconditional mean of 1.4 percent
p-a. The estimated inflation risk premium
in ten-year nominal bonds is fairly large,
at 1.1 percent p.a. These estimates suggest
that conservative investors would have
benefited substantially from the con-
sumption insurance provided by long-
term inflation-indexed bonds if offered
during this period, while they would have
been exposed to significant long-term
risk if they had invested in either cash
instruments or long-term nominal bonds.

By contrast, an estimation of the
model for the post-1983 period span-
ning the Federal Reserve chairmanships of
Paul Volcker and Alan Greenspan shows
a significant decline in the persistence of
expected inflation and an increase in the
persistence of the real interest rate relative
to the entire postwar period. These results
are consistent with the notion that since
the early 1980s the Federal Reserve has
controlled inflation more aggressively at
the cost of greater long-term variation in
the real interest rate. Lower persistence in
expected inflation implies lower inflation
risk and a lower inflation risk premium
in nominal bonds, which over this period

become closer substitutes of inflation-
indexed bonds. Indeed, in recent years the
short-run volatility of TIPS and Treasury
bond returns in the United States has been
very similar, and the correlation of their
returns has also increased significantly,
suggesting that variation in real interest
rates has been an important source of vari-
ation in bond yields and returns. The UK.
gilt market exhibits a similar pattern.

The contrast between the estimates of
the real interest rate and expected infla-
tion process for the post-war period and
the Volcker-Greenspan sub-period sug-
gests that real interest rate risk and infla-
tion risk might not be constant. Indeed
a measure of the systematic risk of nomi-
nal bonds such as the covariance of nom-
inal bond returns with aggregate stock
returns — or a normalized version of it
such as beta or correlation — exhibits
considerable low frequency variation over
time, even switching its sign, as shown in
Figure 2 (on the following page).® The
CAPM beta of nominal long-term bonds
was low or negative on average in the
period leading to the run-up in inflation
in the late 1970s, was highly positive on
average during the 1980s into the second
half of the 1990s, and it has been negative
since. As the nominal bond-stock covari-
ance declines, nominal bonds become less
risky assets since their ability to diversify
aggregate stock market risk increases.

Long-term nominal bond returns
respond to both real interest rates and
to expected inflation. A natural question
is whether the pattern shown in Figure
2 reflects a changing covariance of real
interest rates with the stock market, or
a changing covariance of inflation with
the stock market. An examination of the
CAPM beta of inflation-indexed bonds
and the CAPM beta of breakeven inflation
returns — the return on a long-short port-
folio, long inflation-indexed bonds and
short nominal bonds of equivalent dura-
tion — over the period that starts in 1997
suggests that the decline in nominal bond
risk in recent years has been the result of a
decline in both the real interest risk and the
inflation risk of nominal bonds.”?

The covariance of inflation-indexed
bond returns with stock returns has been
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negative over this period, implying that
real interest rates have been positively
correlated with stock returns. The covari-
ance of breakeven inflation returns with
stock returns has been positive on aver-
age over the same period, implying that
inflation has also been positively corre-
lated with stock returns. A positive corre-
lation of either real interest rates or infla-
tion with stock returns makes nominal
bond returns negatively correlated with
stock returns, since nominal bond prices
move inversely with changes in real inter-
est rates and inflation.

Although it is not possible to esti-
mate the covariance of nominal indexed-
bond returns with stock returns before
they were first issued in 1997, we can
still estimate the conditional covariance
of stock returns with realized inflation.
An estimate of this covariance shows a
mirror image of Figure 2.19 It was mildly
positive on average during the 1960s into
the 1970s, negative during the late part
of the 1970s into the mid-1990s, and
it has been strongly positive since the
mid-1990s. This estimate suggests that
changing inflation risk (that is, a chang-
ing covariance of inflation with stock
returns) has been an important contribu-
tor to the changing nominal bond-stock
covariance in the long run.

We observe similar patterns for the

UK. gilt market, for which we have a
longer history of inflation-linked bond
returns dating back to the 1980s. The
covariance of stock returns with nominal
bond returns and inflation-linked bond
returns was positive into the late 1990s
and it has been negative since; the cova-
riance of stock returns with breakeven
inflation returns was negative into the late
1990s, implying positive inflation risk,
and it has been positive since.!! These pat-
terns suggest a decline in both real interest
rate risk and inflation risk since the mid-
1990s in both the United States and the
United Kingdom.

The negative covariance of inflation-
indexed bond returns with stock returns
in the United States and the United
Kingdom during this period implies that
inflation-indexed bonds have provided
equity investors with an important diver-
sifier of stock market risk, in addition
to providing (by construction) long-term
conservative investors with the safe asset.
The negative covariance of nominal bonds
with stock returns, and the positive cova-
riance of breakeven inflation returns with
stock returns imply that nominal bonds
have also provided equity investors with
an important diversifier of stock market
risk, and long-term conservative investors
with a close substitute of inflation-indexed
bonds over this period.

Arguably the period since the late
1990s has been a period during which
demand shocks have been the main driver
of inflation and also a period of strong
central bank credibility, with stable infla-
tion expectations. Under those circum-
stances, inflation is likely to be pro-cycli-
cal and nominal bond returns negatively
correlated with stock returns. The nega-
tive covariance of inflation-indexed bond
returns with stock returns implies that
real interest rates have been pro-cyclical
over this period. In fact, the yields on
TIPS have been slightly negative dur-
ing the last recession, and have increased
and turned positive only recently as the
U.S. economy has strengthened. The evo-
lution of inflation-indexed bond yields
is consistent with asset pricing models
in which investors exhibit counter-cycli-
cal risk aversion, driving the price of
the long-term safe asset up in recessions
as their tolerance for risk declines, and
down in expansions as they become more
risk-tolerant.1?

To the extent that these factors
remain in place, we should expect infla-
tion-indexed bonds and nominal bonds
to remain negatively correlated with
aggregate stock returns, and for nomi-
nal bonds to remain close substitutes
of inflation-indexed bonds. However, if
inflation turns again countercyclical as
it was in the stagflationary period of late
1970s and 1980s, nominal bonds will
become risky assets positively correlated
with stock returns and poor substitutes
of inflation-indexed bonds.

Inflation-Indexed Bond
Return Predictability and
the Expectations Hypothesis
of Real Interest Rates

The changing covariance of inflation-
indexed and nominal bond returns with
stock returns raises the question of what
these changes in magnitude and switches
in sign of the quantity of bond risk imply
for bond risk premia and the shape of
the term structure of real and nominal
interest rates. In recent research with
John Campbell and Adi Sunderam I have
explored this question using a quadratic
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model of the term structure of interest
rates that incorporates macroeconomic
factors — real interest rates and expected
inflation — along with a state variable
driving the variance of real and nominal
interest rates and their covariance with
the macroeconomy.!? This model is one of
the first asset pricing models that tries to
jointly explain the time variation in multi-
ple asset classes along with the time varia-
tion in the co-movement of their returns.

The model generates time-varying
real interest rate risk and inflation risk,
predicting positive nominal bond risk
premia in the early 1980s, when bonds
covaried positively with stocks, and neg-
ative risk premia in the 2000s and par-
ticularly during the downturn of 2007-
9, when bonds hedged equity risk. An
interesting implication of the model
is that a strongly concave yield curve
should predict high excess bond returns.
In the model, a high bond-stock covari-
ance is associated with a high volatility
of bond returns. The high bond-stock
covariance generates a high term pre-
mium and a steep yield curve at maturi-
ties of one to three years, while the high
bond volatility lowers long-term yields
through a Jensen’s inequality or con-
vexity effect. Thus, the concavity of the
yield curve is a good proxy for the bond-
stock covariance. In this fashion, the
model explains the qualitative finding of
prior research that a tent-shaped linear
combination of nominal forward rates
predicts excess nominal bond returns at
all maturities.!4

This model of the term structure of
interest rates with a time-varying quan-
tity of bond risk however does not gen-
erate enough variability in nominal
bond risk premia (or expected nominal
bond excess returns) to match the vari-
ability uncovered by predictive regres-
sions of nominal bond excess returns on
lagged nominal yield spreads and for-
ward rates.!> Thus while a time-vary-
ing quantity of bond risk is a stylized
empirical fact that asset pricing models
need to incorporate, it is not enough
to fully explain the estimated variabil-
ity in nominal bond risk premia. Asset
pricing models that attempt to fully

explain bond return predictability need
to consider additional factors such as a
time-varying aggregate price of risk or a
time-varying volatility of aggregate con-
sumption growth.16

The high explanatory power of
nominal bond return predictive regres-
sions has raised questions about whether
the expectations hypothesis of interest
rates — the hypothesis that the yields
on long-term bonds reflect expectations
of future short-term interest rates plus a
constant risk premium — holds for U.S.
nominal bonds. Under the expectations
hypothesis, expected excess returns on
bonds are constant over time, and no
state variable should be able to predict
bond excess returns.

A natural question to ask then is
whether we also observe time-series vari-
ability in expected excess returns on infla-
tion-indexed bonds and, if so, how large
it is and what drives it. I have explored
these questions in my most recent
rescarch on inflation-indexed bonds with
Carolin Pflueger.!” Our research finds
that, despite the relatively short history
of inflation-indexed bonds in the United
States, there is strong evidence that their
returns are predictable. This evidence
of return predictability extends to UK.
inflation-indexed bonds, for which we
have alonger history of yields and returns.
Specifically, our research finds that the
yield term spread (the difference between
the yield on a long-dated bond and a
short-dated bond) on inflation-indexed
bonds forecasts positively the return on
inflation-indexed bonds, just like the yield
term spread on nominal bonds forecasts
positively the return on nominal bonds.

We also find strong evidence that
the difference between the nominal yield
term spread and the inflation-indexed
bond yield term spread, or equivalently
the spread between breakeven inflation
in long-dated bonds and breakeven infla-
tion in short-dated bonds, also forecasts
positively the return differential between
nominal bonds and inflation-indexed
bonds. In other words, controlling for
the predictability of returns on inflation-
indexed bonds, nominal bond returns still
exhibit “excess predictability.”

Institutional Factors and
the Market for Inflation-
Indexed Bonds

It is tempting to interpret the variation
in the expected return on inflation-indexed
bonds as evidence in expected return space
of time variation in real interest risk pre-
mia, and the variation in the expected
return on nominal bonds in excess of infla-
tion-indexed bonds as evidence of time
variation in inflation risk premia.

However, this interpretation is prob-
lematic if the yields on inflation-indexed
bonds are imperfect proxies for the true
real interest rates in the economy. There
are several reasons why the yields on
TIPS can diverge from true real inter-
est rates. First, the principal and thus
the nominal coupons on TIPS adjust to
inflation only with a three-month lag,
and principal adjustments are taxed as
ordinary income. Lagged indexation is
unlikely to be a relevant issue in practice,
as US. inflation exhibits very low vari-
ability at short horizons. But taxation
could possibly be relevant to the extent
that the marginal investor in TIPS is a
taxable investor, although the empirical
evidence on holdings suggests that a large
fraction of TIPS outstanding is held by
tax-exempt institutional investors such as
pension funds and endowments, and by
taxable investors in tax-exempt accounts
such as retirement plans.

Second, the principal at issuance on
TIPS is protected against deflation. Thus,
the yields on TIPS will include a discount
relative to true real interest rates, reflect-
ing the value of this deflation put. In prac-
tice this deflation put is unlikely to be
valuable for most TIPS except for those
most recently issued —and in that case
the value of the option will depend on
how likely a deflationary scenario is. The
vast majority of TIPS are aged securities
for which accumulated inflation in their
nominal principal makes the deflation put
far out of the money, and most research
on TIPS is based on off-the-run TIPS of
this kind. Nonetheless, there is good rea-
son to think that the deflation put was
valuable for TIPS issued at the height of
the financial crisis in the fall of 2008.18
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A third factor is liquidity. Market
participants and financial economists
have long argued that the market for
TIPS is not as liquid as the market for
nominal Treasury bonds, especially in
their early years, when arguably infla-
tion-indexed bonds were not as well
established and were not as well under-
stood an asset class as they are today, and
during the financial crisis of 2008-9. My
research on the role of inflation-indexed
bonds in investors” portfolios also sug-
gests TIPS are not likely to be highly lig-
uid securities even in normal times, since
they are by design buy-and-hold securi-
ties for most investors. Finally, inflation-
indexed bonds do not appear to attract
the same kind of attention as nominal
Treasuries from institutional investors
around the globe as a refuge security, a
building block for derivative securities,
and widely accepted collateral in a wide
array of financial transactions.

If TIPS are less liquid than Treasury
bonds, this liquidity differential might
result in a liquidity discount on the prices
of TIPS relative to nominal Treasury
bonds or, equivalently, a premium on the
yield on TIPS. In that case TIPS yields
overestimate real interest rates, and break-
even inflation underestimates expected
inflation. The question then is whether
this discount really exists, and if so, how
large it is in practice, whether it is time
varying and whether this variation is cor-
related with measures of aggregate risk.

I have explored these questions in
my research with Carolin Pflueger and
found that indeed inflation-indexed
bonds trade at a discount relative to
nominal Treasury bonds, and that the
magnitude of this discount has varied
substantially over the history of the TIPS
market. Our estimates suggest that it was
large — above 100 basis points — during
the first few years of the market and at the
height of the financial crisis in the fall of
2008 and the winter of 2009, and much
lower but still substantial —above 25
basis points — at other “normal” times.

Our estimates are based on regressions
of breakeven inflation on variables that
proxy for inflation expectations and vari-

ables that proxy for liquidity, both market-

wide liquidity—such as the on-the-run
off-the-run spread in the nominal Treasury
market—and TIPS market liquid-
ity — such as trading volume on TIPS rela-
tive to nominal Treasuries. We find that
liquidity proxies explain almost as much
variation in breakeven inflation as inflation
proxies — and this holds even if we exclude
the financial crisis from the sample.!? A
measure of historical breakeven inflation
adjusted for liquidity in this way suggests
that bond market inflation expectations
are much more stable and larger on average
than raw measures of breakeven inflation
imply. In particular, while breakeven infla-
tion experienced a very significant decline
in the fall of 2008, suggesting a scenario
of extremely low inflation and even severe
deflation over the next several years, liquid-
ity-adjusted inflation suggested a much
milder fall in inflation expectations and
(or) inflation risk premia. UK. inflation-
linked gilts also appear to carry a discount
relative to UK. nominal gilts, although
smaller and less variable over time.

Under the assumption that the
liquidity differential between inflation-
indexed bonds and nominal bonds is all a
discount in the price of inflation-indexed
bonds, we can measure liquidity-adjusted
inflation-indexed bond yields and returns.
Using these inflation-adjusted returns, we
find that there is still substantial evidence
of excess return predictability in liquidity-
adjusted inflation-indexed bond returns
as well as in breakeven inflation returns
in both the United States and the United
Kingdom, which we interpret as evidence
of a time-varying real interest risk pre-
mium and a time-varying inflation risk
premium. We also test whether supply
effects of the sort suggested by the pre-
ferred habitat theory with limits to arbi-
trage drive the return predictability on
inflation-indexed bonds, but we find no
evidence of such effects.

Interestingly, we find that changes in
the relative liquidity discount on TIPS
are negatively correlated with aggregate
stock market returns. Since the liquid-
ity discount on TIPS increases when the
market falls, it makes TIPS systemati-
cally riskier and thus further lowers their
prices relative to those that would prevail

if the liquidity discount were constant.
That is, the liquidity discount in TIPS
prices — or equivalently the liquidity pre-
mium on TIPS yields — partly reflects a
liquidity 74sk premium on TIPS, which is
also time varying.

If the significant relative liquidity dis-
count is all in the price of TIPS, my
research suggests that long-term inves-
tors for whom short-term liquidity is not
important have historically extracted an
additional benefit from holding TIPS
in the form of a price discount. This in
turn implies that the US. Treasury and
more generally the sellers of TIPS have
“left money on the table” not raising as
much revenue as they could have by issu-
ing nominal Treasury bonds. In related
research, Matthias Fleckenstein, Francis
Longstaff, and Hanno Lustig also show
strong evidence that inflation derivatives
are subject to severe mispricing, from
which the Treasury could benefit by arbi-
traging the cash and derivatives market
for inflation.20

An alternative interpretation is that
TIPS are priced according to their fun-
damentals, but that nominal Treasury
bonds carry a price premium investors
are willing to pay for holding them. This
implies that TIPS holders are not bene-
fiting from a discount, but it still implies
that the Treasury could raise more rev-
enue by issuing nominal bonds instead
of TIPS. Of course, revenue maximiza-
tion need not be the only reason for a
government to issue bonds. The govern-
ment can contribute to improvement of
social welfare by completing markets. My
research on the key role of TIPS on the
portfolios of long-term investors, such
as individual investors saving for retire-
ment, shows that issuing TIPS can be
welfare-enhancing. The shift in the pro-
vision of pension benefits in the United
States from defined benefit to defined
contribution suggests that the impor-
tance of TIPS for savers has, if anything,
increased over time.
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