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’\\0\‘ SUMMARY

This article starts by discussing the concept of “inflation hedging’ and provides
estimates of “inflation betas’ for standard bond and well-dwersified equity indi-
ces _for over 45 countries. We show that such standard securities are poor infla-
tion hedges. Expanding the menu of assets to Treasury bills, foreign bonds, real
estate and gold improves matters but inflation risk remains difficult to hedge.
We then describe how state-of-the-art term structure research has tried lo
uncover estimates of the inflation risk premwum, the compensation for bearing
imflation risk. Most studies, including very recent ones that actually use infla-
tion-linked bonds and information in surveys to gauge wnflation expectations,
find the inflation risk premium to be sizeable and to substantially vary through
time. This implies that governments should normally lower their financing costs
through the issuance of index-linked bonds, at least in an ex ante sense. Our
Sfindings thus indicate a potentially important role for inflation index linked
bonds. We briefly discuss the pros and cons of such bonds, focusing the discus-
ston mostly on the situation in the United States, which started to issue Trea-
sury Inflation Protected Securities (TIPS) i 1997. We argue that it is hard
lo negate the benefits of such securities for all relevant parties, unless the market
in which they trade is highly deficient, which was actually the case i its early
years in the United States.
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1. INTRODUCTION

In an imperfectly indexed monetary world, inflation risk is one of the most impor-
tant economic risks, faced by consumers and investors alike. Individuals saving for
retirement must make sure their wealth finances their expenses in retirement, what-
ever the inflation scenario. The liabilities of pension funds and endowments likely
increase in nominal terms with inflation." While the world has enjoyed relatively
mild inflation during the last decade, the recent crisis has made market observers
and economists wonder whether inflation will rear its ugly head again in years to
come. Central banks across the world have injected substantial amounts of liquidity
in the financial system and public debt has surged everywhere. It is not hard
to imagine that inflationary pressures may resurface with a vengeance once the
economy rebounds.

This article has benefited from the suggestions from participants at the ‘Index Leningen’ Conference, organized by Netspar
and the Dutch Ministry of Finance in February 2009, and at the Lconomic Policy Panel Meeting in Madrid in April 2010. We
also benefited from the comments of Frans de Roon, Roel Beetsma, Serge Vergouwe, Fabrizio Perri, and especially of two
anonymous referees, the discussant, Cédric Tille, and the Editor, Philip Lane.

The Managing Editor in charge of this paper was Philip Lane.

! We ignore the important issue that official estimates of inflation are unlikely to represent an adequate representation of the
relevant price changes for a particular investor. For example, endowments should focus on the cost inflation for items domi-
nating their budgets, such as professors’ salaries and real estate expenses.
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It is therefore quite important to ask whether inflation risk can be easily hedged
in financial markets. In fact, in a number of countries, governments have issued
securities, linked to an inflation index, which makes the hedging more or less per-
fect. The existence of a sizeable government inflation-linked bond market typically
spurs the development of inflation derivative contracts, which could satisty more
complex inflation-linked hedging demands. This development in turn has instigated
a debate on the benefits and costs, both for investors and for the government, of
inflation-linked securities. A critical element in such a debate is the notion of the
inflation risk premium, the compensation demanded by investors, for not being per-
fectly indexed against inflation or, put differently, the insurance premium investors
pay governments to shoulder the inflation risk. There is apparently no consensus
about the magnitude of this premium, with some recent articles even suggesting it
to be negative (see, e.g., Grishchenko and Huang, 2010). The uncertainty surround-
ing the inflation risk premium also means that there is uncertainty about critical
Inputs to any strategic asset allocation, such as the real returns on cash and bonds.

This paper accomplishes three things. First, it discusses the concept of ‘inflation
hedging’ and provides some estimates of ‘inflation betas’ for standard bond and
well-diversified equity indices for over 45 countries. We show that such standard
securities are poor inflation hedges. When we expand the menu of assets to Trea-
sury bills, foreign bonds, real estate and gold, matters improve but mostly only
marginally. Generally speaking, it appears easier to hedge inflation risk in emerging
markets than it is in developed markets. Second, we describe how state-of-the-art
term structure research has tried to uncover estimates of the inflation risk premium.
While we focus primarily on the findings in one study (Ang et al., 2008), we end the
discussion with a survey of recent results that try to bring more data to the table,
both in terms of inflation-linked bonds and survey data on inflation expectations.
We provide some recent estimates of the inflation premium in the United States,
the United Kingdom and the euro area, showing that historically inflation premi-
ums have been mostly positive and often sizeable. Third, given the imperfect hedg-
ing capability of standard securities and a sizeable inflation risk premium, inflation
index linked bonds can potentially play an important role in financial markets. We
briefly discuss the pros and cons of such bonds, focusing the discussion mostly on
the situation in the United States, which started to issue Treasury Inflation Pro-
tected Securities (TTPS) in 1997. We argue that it is hard to negate the benefits of
such securities for all relevant parties, unless the market in which they trade is
highly deficient, which was actually the case in its early years in the United States.
The final section concludes.

2. INFLATION HEDGING

For existing securities to be good inflation hedges, their nominal returns must at

the very least be positively correlated with inflation. Nevertheless, there are several
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ways to define the ‘inflation hedging capability’ of a security. Reilly et al. (1970)
examine whether a security protects real purchasing power over time, by calculat-
ing the incidence of negative real returns. Clearly, higher yielding assets will almost
surely do well on such measure, but may not prove good inflation hedges in the
short run, if they fail to generate high returns at times when inflation is high, espe-
cially when it is unexpectedly high. Bodie (1976) measures how the variance of the
real return of a nominal bond can be reduced using an equity portfolio as a gauge
of the hedging capability of equities. In this article, we consider a very simple con-
cept of inflation hedging, namely, the inflation beta, computed using a simple

regression:
Nominal return = a + f inflation + ¢ (1)

Here, ¢ is the part of the return not explained by inflation. If f = 1, the security is
a perfect hedge against inflation. Note that it is conceivable that even a perfectly
indexed security does not generate a perfect coefficient of 1 in the regression in (1).
This is true because inflation may be correlated with value-relevant factors that are
omitted from the regression. We discuss one such important factor, namely a mea-
sure of economic activity, in further detail below. Another reason why f may not
be 1, even in a ‘perfectly hedged’ world, is the tax system. If investors in these
securities are taxed on inflationary gains, shocks that cause a revision in expected
inflation require more than proportional changes in nominal expected returns to
keep after-tax expected real returns unchanged. The exact prediction is rather com-
plex as it depends on the details of the tax system, whether inflation is expected or
unexpected, and whether marginal investors in the security are taxable investors or
not. Furthermore, an imperfect but stable and predictable relation between a secu-
rity’s return and inflation could suffice for hedging (see Schotman and Schweitzer,
2000), as it would be trivial to compute a hedge ratio. We examine the stability of
the relationship explicitly below. Nevertheless, hedging may be difficult to accom-
plish in practice (especially if it involves short positions), and such hedge portfolios
are not likely to be easily and cheaply accessible to retail investors. It remains inter-
esting, therefore, to examine how strongly an asset’s return comoves with inflation
and whether it reacts one to one to inflation shocks, as measured by the inflation
beta in (1).

2.1. Inflation betas of stocks and bonds

How do the main asset classes fare in terms of inflation hedging capability? We
obtained nominal government bond returns, nominal stock returns and inflation
data for over 45 countries. A data appendix contains more details, but the sample
period for most series ends in January 2010, whereas the starting point varies from
country to country, between January 1970 and January 2005. Generally, the data
are more extensive for stocks than for bonds, and for developed markets than for
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emerging markets. We look at logarithmic annual returns, computed from monthly
data. Using monthly data but a one-year horizon, results in the residuals of the
regression analysis reflected in Equation (1) exhibiting positive serial correlation.
We correct the standard errors for this using the standard approach advocated by
Hansen and Hodrick (1980).

Figure 1 shows the betas from the regression in (1) for bond returns. Dark bars
indicate that the beta is statistically significantly different from 1 (at the 10% level).
We find that 19 out of 48 inflation betas are indeed significantly below 1, a further
5 countries exhibit negative betas, which are not statistically significantly different
from 1. So in half the countries, bond returns react reliably negatively to inflation,
earning negative returns in periods of high inflation. This should not be surprising.
While expected inflation should be priced into the return on bonds, they will be
particularly sensitive to shocks to unexpected inflation. We actually examine this
further below. Note that in another eight countries the betas are below 0.5,
meaning that real returns react quite negatively to inflation shocks.

But should stocks not fare better? After all, they are real securities, and whereas
there are many ways in which inflation could be value relevant for equities it is dif-
ficult to argue in favour of a particular bias. There is already a rather voluminous
literature on US data showing that equities are not particularly good inflation
hedges; in fact the nominal returns of stocks in the United States and inflation are
mostly negatively correlated.” In Figure 2, we extend this evidence to 48 countries.
The inflation beta in the United States is indeed negative but it is not statistically
significantly below 1. In fact, the coefficient became less negative by adding the
recent crisis years, in which low stock returns and below average inflation went
hand in hand. In any case, real returns on stocks and inflation are solidly negatively
correlated in the United States for a sample extending from 1970 to the beginning
of 2010. However, the United States is not the exception but rather the rule. The
majority of the inflation betas are negative, and of the ones that are positive, most
are way too low. In 15 countries, we observe inflation betas that are significantly
below one, and in a further 16 countries the betas are negative but not significant.
In only 12 countries is the inflation beta close to one in statistical and economic
terms (say, higher than 0.5) or implausibly high as in Morocco or Hungary.

To get a more survey feel for the results, Table 1 presents the results for “pooled
regressions’. Here the inflation beta is estimated using all countries, allowing for a
country specific intercept, but allowing only one beta per (regional) group.” Bonds
exhibit inflation betas that are mostly positive but significantly below 1, at least in
developed countries, meaning that their real returns are low when inflation is high.
The inflation betas are higher in emerging countries, and the pooled beta is

? One classic paper is Fama (1981).
¥ We actually estimate two regressions, one for the developed/emerging split-up, and then another one for all the other
groups.
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Figure 1. Inflation betas in international bond markets

Notes: The vertical bars indicate the inflation beta in Equation (1). Dark bars indicate that the beta is statisti-
cally significantly different from 1. Note that the data point for Jordan is missing.

indistinguishable from 1. The result is mostly driven by Latin America, as the infla-
tion betas for bonds in Asia and Africa are negative. The picture is similar for

stocks, in that here too the inflation betas are closer to one for emerging markets
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Figure 2. Inflation betas in international stock markets

Notes: The vertical bars indicate the inflation beta in Equation (1). Dark bars indicate that the beta is statisti-
cally significantly different from 1.

than for developed markets. The main difference is that stock returns are negatively
correlated with inflation for all developed markets, a result largely driven by North
America and Oceania. In the EU, the correlation is small, but not significantly dif-
ferent from 1. The positive coeflicient for emerging markets is again driven by the
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Table 1. Pooled results for inflation betas

Inflation beta Unexpected inflation beta

Bonds Stocks Bonds Stocks
Developed 0.28 (0.13) —-0.25 (0.29) —0.58 (0.19) —0.44 (0.40)
Emerging 0.98 (0.34) 1.01 (0.07) 0.92 (0.33) 0.97 (0.09)
North America 0.27 (0.36) —0.42 (0.81) —0.44 (0.48) —-0.99 (1.26)
Latin America 1.10 (0.92) 1.05 (0.07) 1.20 (0.81) 1.07 (0.07)
Asia —1.14 (0.42) —-0.83 (0.31) -0.81 (0.39) -0.86 (0.31)
Africa —-0.28 (0.22) -0.78 (1.71) —-0.29 (0.23) —0.83 (1.58)
Oceania 0.15 (0.40) —0.56 (0.92) —0.65 (0.46) -0.81 (1.32)
EU 0.30 (0.15) 0.27 (0.43) —-0.53 (0.19) —-0.24 (0.63)
Non-EU Europe 1.29 (0.41) 0.32 (0.42) 1.15 (0.20) —0.51 (0.41)

Notes: The estimates on the left-hand side are from a pooled regression of bond or stock returns on inflation.
The regression is run twice, once allowing for different coeflicients for developed and emerging markets; once
allowing for different coefficients across the different regional groups listed in the table. The estimates on the
right-hand side for unexpected inflation come from similar but multivariate regressions on expected and unex-
pected inflation, where only the second coeflicient is reported. Hansen—Hodrick (1980) standard errors are
between parentheses.

Latin American countries, as the correlation between inflation and stock returns is
negative in both Asia and Africa.

The overwhelmingly positive coefficients on nominal bonds may give the impres-
sion that bonds are ‘not so bad’, but of course they likely reflect the effect of previ-
ously expected inflation being priced into bonds and inflation being persistent over
time. The right-hand side of Table 1 reports results from a multivariate regression,
regressing the returns onto two variables, expected inflation the year before and un-
expected inflation (the difference between realized and expected). In Fama and Schwert
(1977), a classic paper on inflation hedging, an asset is viewed as a complete hedge
against inflation if it has coefficients equal to one on both variables in this regression.

Of course this regression requires an estimate of expected inflation. It is impossi-
ble to come up with accurate measures of expected inflation for all the countries in
this sample, so we use a very simple procedure: we let expected inflation at time
t be current year-on-year inflation at . While this random walk model for inflation
may appear inconsistent with the data, we suspect it is hard to beat by more com-
plex models in out-of-sample forecasting. In fact, for the United States, Atkeson
and Ohanian (2001) show as much.* The table simply reports the coefficient on the
second component, unexpected inflation (which is really just the change in infla-
tion). With only a few exceptions, we obtain what was to be expected: the
unexpected inflation betas are further removed from 1 than were the ‘total’
inflation betas. This suggests that whatever link with inflation does exist comes

* The US inflation time series seems to exhibit ARMA(L,1) type behaviour at the monthly frequency. However, there is evi-
dence of parameter instability in the coefficients, and there is strong seasonality in monthly inflation data. Both features of
the data render the estimation of a monthly ARMA model on a set of international data, where many samples are quite
short, rather useless. As we discuss later, for the United States, Ang et al. (2007) demonstrate that professional surveys provide
the best forecasts. Such surveys are obviously not available for most countries in our sample.
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through its expected part. For stock returns, all the betas are now negative except
for Latin America (where the beta is still indistinguishable from one), but the Latin
American region still drives the coefficient to 1 for emerging markets as a whole.

All of our results apply to one-year returns; this is a reasonable horizon to inves-
tigate, even when considering long-horizon investors, as portfolios are typically
rebalanced at least once a year. However, it is conceivable that the inflation hedg-
ing capability of stock returns is more apparent at longer horizons, and, in fact,
Boudoukh and Richardson (1993) claim that stocks constitute a better hedge for
inflation at longer horizons. In Tables 2 and 3, we examine this issue for our exten-
sive set of countries. We only consider pooled results for the larger groups here, as
the longer horizons start exhausting the degrees of freedoms for many countries.
Table 2 contains the inflation betas. For bond returns, the coefficients are nicely
increasing with horizon and they are insignificantly different from 1 at the 5-year
horizon for developed markets, and well over 1 for emerging markets. Perhaps this
is not entirely surprising, as it may simply reflect the accuracy of longer-term infla-
tion expectations and/or the existence of an inflation risk premium at longer hori-
zons. The result may also reflect a strong cross-country relationship (bond yields in
high inflation countries being reliably higher than bond yields in low inflation coun-
tries). For stock returns, the developed market betas increase with horizon but
remain significantly below 1, even at the 5-year horizon. For emerging markets,
they show little horizon dependence and are just about 1. The unexpected inflation
betas, shown in Table 3, tell a different story, however. While the betas for bonds
still increase with horizon, they remain significantly below 1 for developed markets,
even at the 5-year horizon. For stocks, the betas remain significantly negative for
all groups, except for emerging markets.

The negative relation between stock returns and inflation is the topic of a litera-
ture too vast to fully survey here. Suffice it to say that many recent articles rely
on money illusion to explain this empirical relationship (see, e.g., Gampbell and
Vuolteenaho, 2004). However, the literature has also identified a number of
rational channels, all of which have important consequences for the interpretation
of the regression ran before. Fama’s (1981) proxy hypothesis essentially argues that
the stock market anticipates economic activity and if inflationary periods coincide
with periods of low economic activity, a negative relationship between stock returns
and inflation may result. Madsen (2005) makes a similar argument, focusing on
‘supply shock’ variables. Bekaert and Engstrom (2010) find some evidence in favour
of the proxy hypothesis, but suggest that the bulk of the correlation between stock
returns and inflation occurs through a discount rate channel. In recessions, risk
premiums increase and hence, stagflationary periods may induce a negative infla-
tion-stock return relationship. Lin’s (2009) finding that inflation uncertainty has a
negative effect on stocks in 16 developed countries is also suggestive of a discount
rate channel. Finally, Doepke and Schneider (2009) focus on the redistributive

effects of inflation. Episodes of unanticipated inflation reduce the real value of
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nominal claims and thus redistribute wealth from lenders to borrowers. Because
borrowers are younger on average than lenders, an unanticipated inflation shock
generates a decrease in labour supply as well as an increase in savings, hence
reducing output. All these channels suggest that the relationship between inflation
and stock returns may largely reflect a relationship between the stock market and a
measure of economic activity. The stagflation stories of Fama (1981) and Bekaert
and Engstrom (2010) suggest that how much the relationship between economic
activity and stock markets affects the inflation-stock return comovement depends on
the incidence of stagflations in a particular country.

To examine this effect in more detail, we obtained data on industrial production
growth for most of our countries. We could not find adequate data for eight coun-
tries in our sample. Therefore, Table 4 displays both the original inflation beta
from a univariate regression (which only differs from the estimate in Table 1
because the country set may be slightly different), and the beta on inflation in a
bivariate regression, including industrial production growth as an additional inde-
pendent variable. To help interpret the results, suppose such a multivariate regres-
sion yields the ‘true’ inflation and economic activity betas. Then, the univariate

inflation beta we reported before, fi,, can be decomposed as:

p cov(inflation, ip)

ﬂn :ﬁn+ﬁi[)

var(inflation)

where 7 indicates industrial production growth and the fs on the right-hand side
indicate the true inflation and industrial production betas from the multivariate
regression. The ratio multiplying f8;, is the beta in a univariate regression of indus-
trial production growth onto inflation and has the sign of the covariance between

Table 4. Effect of industrial production growth on inflation betas

Inflation beta Inflation beta accommodating
industrial production growth

Bonds Stocks Bonds Stocks
Developed 0.31 (0.14) -0.12 (0.29) 0.30 (0.15) —-0.33 (0.29)
Emerging 0.97 (0.43) 1.02 (0.07) —0.85 (0.29) 1.06 (0.04)
North America 0.27 (0.36) —-0.42 (0.81) 0.12 (0.40) —-0.04 (0.75)
Latin America 0.48 (0.62) 1.06 (0.07) —2.89 (0.49) 1.08 (0.04)
Asia —-0.71 (0.45) —-0.50 (0.34) —1.05 (0.38) —-0.62 (0.42)
Africa 0.25 (0.14) 1.85 (1.61) —0.67 (0.36) —2.73 (0.79)
Oceania 0.15 (0.40) —-0.56 (0.92) 0.21 (0.40) 0.38 (0.84)
EU 0.30 (0.15) 0.27 (0.43) 0.34 (0.17) 0.03 (0.43)
Non-EU Europe 1.38 (0.56) 0.44 (0.44) 0.36 (0.75) 0.93 (0.29)

Notes: The estimates on the left-hand side are from a pooled regression of bond or stock returns on inflation.
We run the regression twice, once allowing for different coefficients for developed and emerging markets;
once allowing for different coefficients across the different regional groups listed in the table. These estimates
are very close to the ones reported in Table 1, but represent eight fewer countries. The estimates on
the right-hand side come from similar but multivariate regressions on inflation (annualized), and industrial
production growth, where only the inflation beta is reported. Hansen—Hodrick (1980) standard errors
are between parentheses.



768 GEERT BEKAERT AND XIAOZHENG WANG

inflation and industrial production growth. For stock returns, the industrial produc-
tion beta is likely positive, so that a preponderance of stagflations (a negative
covariance between inflation and industrial production) would tend to make the
univariate beta underestimate the true inflation beta. For bonds, the industrial pro-
duction beta may actually be negative, as it is conceivable that real interest rates
are pro-cyclical.

The table reveals that the inflation betas do increase for stock returns in North
America, Oceania and non-EU Europe, once we control for industrial production,
but we also observe some strong decreases, as in Africa for instance. Given that
economic activity correlates positively with the stock market, a coefficient increase
implies that on average the negative correlation between inflation and the stock
market reflects a negative correlation between economic activity and inflation. It
also explains why the recent crisis episode, with low inflation during bad economic
times, has in fact increased the comovement of inflation and stock returns. That
the coeflicient decreases are concentrated in emerging markets may be related to
the fact that we use nominal industrial production growth, and episodes of very
high inflation may naturally induce a positive correlation between industrial
production and inflation. We therefore put less emphasis on the emerging markets
results. For bonds, we mostly observe decreases in betas. If the world is on average
stagflationary, then this may reflect a negative industrial production beta for bond
returns. An alternative possibility is that the shorter samples for bond returns
reduce the incidence of stagflationary periods. Overall, once standard errors are
taken into account, economic activity does not change our overall conditions. For

developed markets, stocks and bonds remain poor inflation hedges.

2.2. Inflation betas for other asset classes

Many other assets have been suggested as potentially good inflation hedges. In this
section, we expand the menu of assets to (short-term) Treasury bills, foreign bonds,
real estate and gold. Treasury bills are riskless in nominal terms for the horizon
equal to their maturity. The Treasury bills in our sample are either of the one-
month or three-month maturity. For simplicity, we assume a flat term structure
between one-month and three-month maturities, and create an annual return on
Treasury bills by cumulating 12 end-of-month T-bill (gross) returns. The advantage
of Treasury bill returns is that they can rapidly adjust to changes in (expected) infla-
tion; however, they may therefore also not build in risk premiums for inflation risk,
and may perform poorly when large, unexpected inflation shocks hit.

The return variation of foreign bonds is dominated by variation in currency
values. Because long-term changes in currency values tend to reflect long-term rela-
tive inflation rates — that is, Purchasing Power Parity is a reasonable long-term
model for exchange rates — foreign bonds may provide good insurance against

inflation shocks, at least in the medium to long run. To avoid proliferation of
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potential assets to investigate, we create an equally weighted index of four major
bond markets, representing the four major currency blocks: the dollar, the euro
(deutsche mark), the pound and the yen. That is, we create an index of US, Ger-
man, UK and Japanese government bonds. For the United States, Germany, the
United Kingdom and Japan, only three foreign bonds are used in the portfolio.

For many households, a house represents the ultimate ‘real’ asset. However, the
use of residential house prices would entail a host of data and interpretative prob-
lems that we want to avoid here. Therefore, we obtained data from EPRA, the
European Public Real Estate Association, which maintains an extensive inter-
national data set on publicly traded real estate companies. Nevertheless, our data
sample is reduced to 25 instead of 46 countries, and the earliest starting point for
the return series is January 1990.

Finally, commodity investments have recently started to become a popular alter-
native asset class and may potentially serve as a natural hedge for inflation. If com-
modity prices are an important driver of inflation movements, it is conceivable that
commodity price index changes may be highly correlated with general inflation.
However, it is not that obvious that commodities really constitute a great inflation
hedge. First, the relationship between commodity prices and actual inflation is com-
plex, and varies through time. For example, in the past, oil price shocks typically
passed through powerfully into general inflation, but more recently their effect has
been more subdued, perhaps because of increased globalization, or because of com-
petitive effects through ‘cheap’ Chinese exports abroad. Whatever it may be, the
relationship does not appear stable over time. Second, and more importantly, expo-
sure to commodities is typically accomplished through commodity futures. How-
ever, it i3 not clear at all that the returns to commodity futures, which are contracts
in zero net supply, are highly correlated with inflation. Erb and Harvey (2006)
show that while an index of commodity futures returns has a positive and signifi-
cant unexpected inflation beta, its different components have betas that vary wildly
across different commodities, and are often counterintuitive. They suspect that the
inflation beta of the index is not stable at all over time. They also note that even a
broad-based commodity futures index excludes many items measured in actual con-
sumer price indices, used to compute inflation. Consequently, commodity futures
are not likely effective inflation hedges. Nevertheless, gold has recently again
received much popular attention as the safe asset that should protect against infla-
tion shocks. We therefore obtained data on both spot gold prices (the GSCI index),
and data on returns earned by going long gold in the futures market. For the latter,
we actually use a total return index including the return on cash using T-bills.” We
simply compute gold price changes to approximate the return on holding gold
physically. Note that all gold returns and gold prices are in dollars and must be

> We thank Campbell Harvey for providing the gold price and futures data.
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converted into local currency to assess their inflation hedging capability for each
country. Hence, gold’s hedging ability may also be due to currency movements,
rather than to changes in gold prices per se.

The inflation betas for these four asset classes are contained in Tables 5 through
7. Table 5 considers inflation and unexpected inflation betas at the one year hori-
zon, pooled over various country groups. The results for Treasury bills are as
expected. The inflation betas are mostly between 0 and 1, but there is only one
country group (non-EU Europe) for which the beta is not significantly different
from 1. Treasury bills adjust to changes in inflation, but not sufficiently so. Not sur-
prisingly, the Treasury bill betas with respect to unexpected inflation are lower still,
and now go negative for about half the country groups, including North America.
For foreign bonds, the coefficients are invariably positive and mostly not signifi-
cantly different from 1. Hence, foreign bonds provide decent hedges for inflation
shocks. This remains true for unexpected inflation shocks with the exception of
North America, where the slope coeflicient 1s —0.06, albeit very imprecisely esti-
mated. The evidence for real estate is decidedly more mixed. The inflation beta is
positive for North America, but negative for all other country groups for which we
have data. For unexpected inflation betas, the coefficient also becomes positive for
Asia. The inflation betas of gold investments are invariably positive and often quite
large, especially for unexpected inflation betas. Of course, except for North Amer-
ica, these comovements may also partially reflect the hedging properties of foreign
exchange exposure.

Tables 6 and 7 show the inflation and unexpected inflation betas, respectively,
also for 3- and 5-year horizons. The inflation betas of Treasury bills with respect to
both inflation and unexpected inflation mostly increase with horizon, but never
become larger than 1. The inflation betas are now indistinguishable from 1 for five
country groups, but the unexpected inflation betas are still significantly different
from 1 for all groups. For foreign bonds, the betas either show little horizon varia-
tion (emerging markets), or they increase with the horizon. For example, the nega-
tive unexpected inflation beta for North America turns positive at the 5-year
horizon, and becomes insignificantly different from 1. The real estate betas also
increase with horizon. For gold the picture is more mixed, but in any case all betas
are substantially positive at all horizons. A striking feature of all these results is that
for emerging markets, inflation betas appear quite close to one, at all horizons.
One possible interpretation is that inflation risk is relatively speaking a much more
important risk in these economies that drives much of the variation in asset returns,
whereas in developed markets, inflation shocks are of less importance. This poten-
tially lowers the economic cost of the absence of an inflation-indexed security.

A contemporaneous article by Attié and Roache (2009), mostly focusing on the
United States but containing some international results, mostly confirms our find-
ings. Bonds, equities and real estate have negative unexpected inflation betas, but

gold and commodities have positive betas. Using a vector autoregressive framework,
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they find that it is difficult to protect a portfolio against unexpected inflation in the
long term as well using traditional asset classes.

2.3. The stability of inflation betas

The large cross-sectional variation of inflation betas across country groups and hori-
zons, given our varying sample sizes, may also reflect parameter instability. There
are many reasons for the betas to change through time. We already discussed that
an omitted variable such as economic activity may make the inflation beta hard to
interpret and depend on the incidence of stagflations during the sample. An obvi-
ous and related cause for instability is the monetary policy regime. Recently, a
great many countries have adopted explicit or implicit policies of inflation targeting,
which may have caused inflation expectations to be more anchored and lower (see
Mishkin and Schmidt-Hebbel, 2001), and more generally have changed its stochas-
tic properties, including its correlation with asset returns. We would also expect that
a proactive monetary policy would affect the hedging efficiency of index-linked
bonds as it would lower inflation volatility and increase real interest rate volatility,
potentially leading to higher correlations between nominal and index-linked bonds.

We conduct three different empirical exercises to examine parameter instability.
First, using information in Mishkin and Schmidt-Hebbel (2001) and Mehrota and
Sanchez-Fung (2009) we actually determine a date of the adoption of an inflation
targeting monetary regime for 24 countries, 8 developed countries, and 16 emerging
markets, which constitutes our first potential break date (see the data appendix for
details). Because the number of countries is rather limited, Table 8 shows the results
for only two groups, developed and emerging. Panel A contains the inflation betas,
Panel B the unexpected inflation betas, in both cases for three different horizons.
Pooling results across countries is absolutely necessary, as we find significant changes
for only a few individual countries. The inflation betas of bond returns in developed
markets are higher for inflation targeters, but the difference is only statistically signif-
icant at the 5-year horizon, where the coefficient is exactly 1 for inflation targeters.
This result could indicate that inflation expectations are indeed better anchored in
countries with inflation targeting regimes. For emerging markets, the bond inflation
beta also is higher for targeters, and mostly significantly so, but there is not sufficient
data to obtain results for the longer horizons. For stock returns in developed
markets, there are no significant differences between the two groups. For emerging
markets, it is striking that the betas decrease below 1, perhaps simply indicating that
the magnitude of inflation shocks has decreased post inflation targeting.

Second, for the full country sample, we consider a break date in 1990, estimating
different betas for the two periods. The inflation targeting adoption dates start in
1990 (New Zealand), with the last one being Venezuela in 2002. Generally, we expect
the post-1990 sample to be more dominated by inflation targeting regimes and to

have witnessed more active monetary policies. An appendix available on the web
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reports the results, which we briefly summarize here. Note that results for the Emerg-
ing, Latin America and Africa pre-1990 groups are missing, because our data
typically start after 1990. We do have an emerging category for stocks, but the
number of data points before 1990 is relatively limited. Panel A reports the inflation
betas for three different horizons. For bonds, the betas generally decrease, even
turning negative from positive in a few cases (Asia and North America). One
exception is non-EU Europe where the betas increase. The decrease in beta is
significant at the 1% level for the developed markets group, for Asia and for the EU
countries. For stocks we observe the same decreasing beta phenomenon, except for
the EU countries. Here, the decrease in beta is significant for the emerging markets
group, for Latin America, Asia and for Oceania. The longer horizon betas follow
qualitatively a similar pattern. Panel B reports the unexpected inflation betas. In
contrast to the inflation betas, the unexpected inflation betas for bonds are typically
increasing post-1990. They mostly remain negative though, and the change is never
significant at the 5% level. When viewed over different horizons, the pre-1990 betas
increase strongly with horizon, but the post-1990 betas mostly increase only slowly
with horizon. Consequently, at long horizons, several unexpected inflation betas are
significantly below 1, and they are significantly lower than pre-1990 betas in several
cases. For stock returns, there are no clear patterns in the betas across time, and for
the longer horizon betas, only one test rejects stability at the 5% level (the Asia
group). For the one-year horizon, however, there is a significant change in beta at the
5% level for five country groupings, the steep decreases in beta for North America
and the EU being the most striking.

Third, for the United States, we can collect data going even further back than
1970. We collected bond and stock returns from 1960 onwards. A table appendix
available on the web reports break tests for the United States, using four different
break dates: the beginning of 1973, the start of a turbulent stagflationary period
with two oil shocks; 1980, the date often mentioned by monetary economists as
representing a break in monetary policy from accommodating to more active (see
Boivin, 2006; Moreno, 2004); and finally 1990 and 2000. The results are perhaps
surprising: there are almost no significant breaks in the coefficients. Where we do
see some significance (at the 5% and 10% levels) is for the unexpected inflation
beta of bonds and stocks with 1980 as the break point. The bond beta becomes
more negative and the stock beta less negative. If the negative stock return infla-
tion relationship reflects stagflationary periods, we would indeed expect it to be
less prevalent after 1980. Moreover, the break we detect in 2000, where the coefhi-
cient goes from almost —4.0 to 2, is no surprise either, given the recent crisis. The
bond result is somewhat hard to interpret, the more that the beta post-1990 and
2000 1s again substantially less negative. In other words, the negative coefficient is
really driven by the 1980s, and could perhaps be associated with the Volcker
period, after which agents were positively surprised by inflation decreasing faster
than expected.
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2.4. Tracking inflation

While one security by itself may not prove a particularly good inflation hedge, it is
possible that a portfolio of several securities hedges inflation quite well. To investi-
gate this possibility, we create an inflation mimicking portfolio from our menu of
our assets, a government bond index, local Treasury bills, a foreign bond index,
the local stock market, gold returns, gold futures return, and a real estate index.
Because gold spot and futures returns are substantially correlated, the gold futures
series 1s eliminated from the portfolio. To find the inflation mimicking portfolio, we
minimize the variance of the residuals of a regression of inflation on the asset
returns, where the regression coeflicients are constrained to add to one. This can
be interpreted as a minimum variance portfolio problem, and we solve for the asset
weights using simple covariance formulas. We explicitly do not constrain the
weights to be positive, as the fact that the portfolio problem wants to short an asset
is particularly informative. An Appendix provides more technical background.

We conduct this exercise for each country; and Table 9, Panel A averages the
portfolio weights over various country groups. The results reveal that Treasury bills
receive most of the portfolio weight. Only for non-EU Europe do other assets play
a meaningful role. The numbers between parentheses represent the cross-sectional
standard deviation of the weights across individual countries. Clearly, while there is
substantial dispersion of the weights across countries, the weight on Treasury bills
must be almost invariably high and the weights on the other assets rather small.
While it is tempting to conclude that Treasury bills are the ideal asset to track infla-
tion, it is important to realize that the portfolio problem minimizes a variance. The
problem with the inflation mimicking exercise is that most asset returns are more
variable than inflation, so that the positive weights may also reflect to a large extent
the variance reducing properties of the assets, rather than their ability to hedge
inflation risk. This explains why Treasury bills receive weights close to 1, as they
simply are by far the lowest variability asset.

To see this more clearly, in Panel B we simply report the results from an uncon-
strained mimicking problem (which is equivalent to regressing inflation on the various
asset returns and recording the coefficients). We also report the R, the variability of
the ‘portfolio return’ divided by the variance of inflation. These R’ tend to be larger
for emerging markets than for developed markets, but this, unfortunately, does not
necessarily reflect the existence of a better hedge portfolio. Most of the asset weights
are actually negative. For emerging markets, foreign bonds receive positive weights
here and there; for developed markets, T-bills have small positive weights.® For
domestic bonds, the highest coeflicient observed is barely 1%; for stocks all coeflicients
for all country groups are negative. In short, it is next to impossible to use an individ-
ual asset or a portfolio of assets to adequately hedge inflation risk.

® The large standard deviations for emerging markets reflect outlier estimates for Chile and Morocco.
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Table 9. Tracking inflation

Stocks  Bonds Foreign bond Real estate  Gold spot  T-bills R?

Panel A: Constrained weights

All -0.012 -0.060 0.024 0.009 0.059 1.005
(0.038)  (0.206) (0.188) (0.027) (0.077) (0.298)
Developed -0.004 -0.012 -0.037 0.009 0.064 0.981
(0.028)  (0.104) (0.067) (0.027) (0.048) (0.102)
Emerging —-0.020 -0.104 0.078 n/a 0.054 1.028
(0.044)  (0.262) (0.240) (0.096) (0.404)
North America 0.003 —0.015 -0.006 0.027 0.075 0.917
(0.003)  (0.071) (0.043) (0.010) (0.002) (0.037)
Latin America —-0.032 -0.071 0.114 n/a 0.007 0.962
(0.030)  (0.103) (0.127) (0.092) (0.173)
Asia -0.018 —0.134 0.009 -0.018 0.065 1.156
(0.039) (0.176) (0.256) (0.034) (0.074) (0.257)
Africa -0.044 -0.188 0.212 n/a -0.003 1.024
(0.059)  (0.205) (0.311) (0.121) (0.110)
Oceania -0.011 -0.161 —-0.026 0.018 0.095 1.084
(0.035)  (0.020) (0.002) (0.007) (0.057) (0.102)
EU —-0.008 -0.036 —-0.054 0.011 0.062 1.028
(0.025)  (0.160) (0.088) (0.027) (0.055) (0.151)
Non-EU Europe  0.038  0.222 0.150 0.006 0.133 0.455
(0.053) (0.442) (0.173) (0.033) (0.092) (0.646)
Panel B: Unconstrained weights
All -0.017  -0.064 0.036 —0.004 0.011  —=0.159 0.484
(0.033)  (0.165) (0.170) (0.017) (0.055) (2.888) (0.250)
Developed —-0.004 -0.023 -0.007 —0.004 0.012 0.149  0.342
0.022)  (0.064) (0.033) (0.017) (0.025) (0.363) (0.209)
Emerging -0.028 —0.101 0.073 n/a 0.010  -0.442  0.609
(0.037) (0.215) (0.227) (0.072) (4.004) (0.216)
North America  —0.004  0.007 -0.020 0.009 0.011 0.231 0.248
(0.005)  (0.055) (0.047) (0.014) (0.018) (0.054) (0.013)
Latin America ~ —0.032  —0.079 0.093 n/a 0.006  —0.281  0.695
(0.037)  (0.079) (0.175) (0.069) (3.433) (0.159)
Asia -0.017 -0.068 0.017 -0.025 0.043 0923 0.614
(0.044)  (0.255) (0.226) (0.041) (0.055) (1.171) (0.234)
Africa -0.043 -0.272 0.190 n/a -0.022  -6.355 0.470
(0.072)  (0.305) (0.235) (0.064) (9.259) (0.238)
Oceania —-0.034 -0.068 —-0.022 0.003 0.040  -0.274  0.457
(0.005)  (0.129) (0.018) (0.015) (0.010) (0.342) (0.413)
EU —-0.007 -0.043 -0.010 -0.001 —-0.0004  0.079 0.311
(0.012)  (0.048) (0.030) (0.004) (0.021) (0.254) (0.156)
Non-EU Europe -0.008  0.011 0.135 -0.015 -0.031 0.035 0.531
(0.009) (0.113) (0.277) (0.020) (0.102) (0.289) (0.306)

Notes: For each country, we find the portfolio weights that minimize the squared tracking error with inflation
and then aggregate these weights over various country groups. In Panel A, the weights sum to 1; in
Panel B, they are unconstrained. For each weight, the number between parentheses indicates the cross-sec-
tional standard deviation of the weights across countries.

A recent article by Bruno and Chincarini (2010) attempts a similar portfolio
tracking exercise for a slightly different menu of assets, while also requiring a cer-
tain minimum real return. They also find a role for Treasury bills and no role at
all for equities, but their results may also be driven by the variance reducing

properties of Treasury bills.
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3. THE INFLATION RISK PREMIUM

The inflation risk premium is the compensation investors demand to protect them-
selves against inflation risk. In this section, we decompose nominal bond yields
into three economically important components including the inflation risk pre-
mium. We then discuss how the recent term structure literature has attempted to
identify these components and summarize some concrete estimates of the inflation
risk premium.

3.1. Definition and general identification

To understand how the inflation risk premium relates to bond yields, consider the
following equation:

n n
Vi = n + E [TcH—n.n] + Dyn
Nominal rate Real rate  Expected inflation  Inflation risk premium

2
i )

Inflation compensation/Break even inflation rate

Here, y; is the yield on a nominal zero-coupon bond of maturity 7; 7' is the yield
on a perfectly indexed zero coupon bond of maturity n. The difference between the
two 1s often called ‘inflation compensation’ or sometimes ‘breakeven inflation rate’,
as it constitutes the inflation rate that ex post would make the nominal yields on
both bonds equivalent. Inflation compensation economically consists of two compo-
nents. The first is simply expected inflation; the second is the inflation risk
premium.

A well-known theory of interest rate determination due to Fisher (1930), holds
that the inflation risk premium ought to be zero. If true, there is no expected bene-
fit to the government of issuing inflation protected securities. While actual inflation
may differ from expected at any given time, unless systematic biases exist, the infla-
tion surprises should cancel out over time, so that there is no expected benefit or
cost to issuing TIPS over Treasuries. Most believe there is indeed an inflation risk
premium. However, it need not be positive. It is tempting to conclude that the
inflation risk premium is linked to the uncertainty or volatility of inflation, but its
economic determinants are in most modern pricing models a bit more subtle. It is
easy to show that the inflation risk premium should be positive if inflation is high
in ‘bad times’. If inflation would always occur when agents are exceedingly happy,
they would not need an inflation risk premium.” Of course, this correlation between
the wealth or consumption of agents and inflation may well vary through time, and

7 In the parlance of modern finance, what is required is a positive correlation between the real “pricing kernel’ and inflation.
The pricing kernel takes on high values in bad states of the world, because risk averse economic agents want to move con-
sumption and wealth into these states, and they are therefore relatively expensive. In alternative models, pure uncertainty
about future states of the world may generate risk premiums as well.
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cause substantial correlation in the conditional inflation risk premium. Campbell
et al. (2009) note that the current positive correlation between inflation and stock
returns (as an indicator of ‘wealth’) may well mean that the inflation premium is
now negative in the United States.

How can we identify the different components? At first blush, it looks like an
easy task. Indexed bonds deliver r,"; inflation forecasts deliver the second term, and
subtracting both of the obviously observable nominal yields gives us an estimate of
the inflation risk premiums, for any horizon we fancy. Unfortunately, it is not that
easy. TIPS have only existed for about 13 years, and, as we argue below, the first
7 years are likely not usable in any estimation. Inflation forecasting is at best an
imprecise and difficult business. So, we are left with data on nominal yields and
actual (not expected) inflation in most cases, although more recent studies have
tried to expand the information used (see below). In other words, an econometri-
cian would not view the task as easy but as impossible.

Over the years, a great many approaches have been used to identify the compo-
nents in Equation (2). It is fair to say that in modern asset pricing, techniques have
converged to the following approach:

e FFormulate a no arbitrage term structure model that prices nominal and real

bonds. The no arbitrage condition ensures that the pricing is consistent across
the curve and across time. The modelling involves a stochastic process for a
‘pricing kernel’ that prices the bond’s payoffs and is consistent with a number
of economic principles and stochastic processes for a number of ‘factors’, that
are deemed relevant for pricing the term structure (TS, henceforth). In some
standard models, these factors could be the ‘level’, ‘slope’, and ‘curvature’ of
the yield curve.

e Formulate an inflation model and link it to the TS model. This model should
be consistent with data on inflation and hopefully, in conjunction with term
structure data, yield accurate expected inflation numbers.

e Estimate the model using as much data as possible, but data on inflation and
nominal bond yields are a must.

The estimated model then implies an inflation risk premium. This approach
obviously suffers from an identification problem: The model has to be general
enough so as to not impose restrictions on the findings, but some restrictions
will be necessary so as to achieve identification of essentially three unobserved
components with two sets of information (nominal yields and inflation). We
revisit this identification problem later, and Box | provides some additional

intuition.



INFLATION RISK 781

Box 1. Identification in no-arbitrage term structure models

In most no-arbitrage term structure models, there are a number of exogenous
factors or state variables driving the term structure, which are typically assumed
to follow a particular stochastic process (say, a Gaussian vector autoregression),
with a particular heteroskedasticity structure. In addition, there is a stochastic
process for the ‘pricing kernel’, which prices all bonds. A strictly positive pricing
kernel imposes no arbitrage, so that the pricing kernel is typically modelled in
logs. In an economic model, the pricing kernel would correspond to the Inter-
temporal Marginal Rate of Substitution. The pricing kernel will contain the
shocks to different factors multiplied by coefficients (these may be even time-
varying processes) that capture how the shocks are ‘priced’, the so-called ‘prices
of risk’. Because the model contains latent variables, a first identification prob-
lem is simply to ensure that these variables are uniquely identified, requiring a
number of parametric restrictions on the processes (sce Dai and Singleton
(2000) for a discussion of how to accomplish this for affine models). In addition,
to identifying N prices of risk in linear models, at least N+ 1 bonds are
required. For example, with a short bond and a long bond, the term spread
can identify one price of risk. Non-linearities, such as present in the ABW
model (Ang et al., 2008; see Section 3.2), may actually help identification.

The models discussed in the text differ from standard models, as the real and
nominal side is differentiated. The nominal pricing kernel (in logs) equals the
real pricing kernel minus (logarithmic) inflation, and an observable series, infla-
tion, is typically added to the mix of data. The inflation time series by itself,
and the assumption of rational expectations, often suffices to identify expected
inflation. Without data on TIPS, however, nominal term spreads and their cor-
relation with inflation must somehow identify both the inflation risk premium
and real rates. Given a sufficient number of bonds, and a sufficiently parsimoni-
ous model, this is theoretically feasible, but often practically infeasible. It is
often the case that the effect of key prices of risk parameters on real rates and
on the inflation risk premium is similar and of opposite magnitude, making the
average level of both indeterminate. To circumvent this problem, ABW
imposed the inflation risk premium to be zero at the quarterly horizon. They
then estimated a great many possible models and selected the best performing
model to provide a decomposition of nominal yields into their three compo-
nents. With another assumption on the one period inflation risk premium, the
average level of real rates and the average level of the inflation risk premium
would change accordingly. Models that bring information from TIPS and/or
inflation forecasts to bear on the estimation problem obviously greatly reduce

such identification problems.
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3.2. Stylized facts regarding real rates and inflation risk premiums in the
United States

A recent example of the just-described approach is Ang et al. (2008; hereafter,
ABW). Their no-arbitrage term structure model is quite general. First, the model
explicitly allows for the possibility that risk premiums vary through time, for exam-
ple, with the business cycle. Second, the model accommodates ‘regime switches’ in
interest rates. That is, certain parameters governing the behaviour of interest rates
can abruptly change, potentially causing rapid changes in their mean or volatility,
as has been observed in the data. Economically, regime switching behaviour can be
generated by monetary policy changes or reflect business cycle variation, for exam-
ple. Finally, the model allows arbitrary correlation between real rates and (expected)
inflation. They use quarterly inflation and term structure data to estimate a large
number of variants of the model over a fairly long period, 1952:Q1-2004:Q4. This
long sample is important, as short samples may give a distorted view of long-term
inflation risk premiums, especially if these premiums vary through time. ABW then
select the model that best fits the data on the term structure, inflation, and their
correlation and extract a set of stylized facts regarding real interest rates, expected
inflation and the inflation risk premium, implied by the best model.

While not the focus of our discussion here, let us mention that ABW find that the
term structure of real rates is, unconditionally, fairly flat around 1.24%, with a slight
hump, peaking at a 1-year maturity. Real rates are quite variable at short maturities,
consistent with an activist monetary policy buffeting short rates to affect inflation
expectations, but smooth and persistent at long maturities. Campbell ¢t al. (2009)
argue that TIPS in the United States provide desirable insurance against future varia-
tion in real rates and therefore may carry a negative real term premium. Roll (2004)
studies actual data on TIPS and finds the real curve to be flatter than the nominal
curve. In the United Kingdom, recent evidence of declining real term premiums has
been linked to demand pressures from institutional investors needing very long dura-
tion real exposure to hedge liabilities,” and perhaps similar factors may play a role in
the United States as well. Nevertheless, formal estimates for the United Kingdom with
data from 1983 to 1999 (see Risa, 2001) uncover solidly positive real term premiums.

Since the real rate curve is rather flat and the nominal yield curve in the United
States i1s on average upward sloping, there must be, on average, a positive inflation
risk premium that is increasing in maturity. Note that this is only true ‘on average’,
because the expected inflation cannot have a maturity component, but at any given
point of time, inflation expectations can also increase with maturity. Table 10
shows some properties of the inflation risk premium. The fact that the premium is
about zero at the one quarter maturity is not a finding of the article, but rather an

# More specifically, the Pensions Act of 2004 requires UK pension funds to mark their liabilities to market, using discount
rates derived from long-term (inflation-linked) government bonds (see Greenwood and Vayanos, 2010).
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Table 10. Properties of the inflation risk premium in the United States

Inflation regimes

QTRS 1 2 Unconditional

1 —-0.01 (0.01) —0.01 (0.00) —-0.01 (0.01)

4 0.34 (0.11) —-0.14 (0.07) 0.31 (0.10)

12 0.98 (0.30) 0.12 (0.18) 0.91 (0.28)

20 1.19 (0.37) 0.48 (0.26) 1.14 (0.36)
[normal] [disinflation]

Source: Ang et al. (2008).

imposed assumption to help overcome the identification problems imposed by
Equation (2). It is clear that the inflation risk premium is generally positive and
increases to over 1% at the 5-year horizon. ABW found two ‘inflation regimes’, a
‘normal’ regime where inflation is relatively high and the inflation risk premium
substantial, and a regime in which inflation is decreasing (a disinflation regime) and
inflation risk premiums are much smaller.

Figure 3 graphs the 5-year inflation risk premium over time. In general, the pre-
mium rose very gradually from about 75 basis points until the late 1970s, before
entering a very volatile period during the monetary targeting period from 1979 to
the early 1980s. It is then that the premium reached a peak of 2.04%. From then
onwards, the trend appears downward, but with some rather big swings. During

L1 L L1l 1 1 1 1 1 1 |
1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005

Figure 3. The inflation risk premium over time

Source: Ang et al. (2008). The dark line represents the inflation risk premium and the lighter lines a 90% confi-
dence interval around the premium estimate.
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the late 1990s equity bull market, the inflation premium remained relatively stable
around 1%, then dropped to a low of 0.15% after the 2001 recession. Fears of
deflation were apparent then. At the time of writing, the severe recession has signif-
icantly depressed the inflation risk premium. The long history in Figure 3 shows
that the inflation risk premium has often decreased in recessions but it also shows
that this situation may not last. It is surely conceivable that part of the variability
we observe is due to estimation error (note the relatively wide confidence bands
around the estimates), but alternative estimates for the United States (Buraschi and
Jiltsov, 2003, for example), and for the United Kingdom (Risa, 2001) document
similar variability in the inflation risk premium.

Because many investors have long investment horizons, it is of interest to com-
pute inflation risk premiums for bonds with a longer duration. In the ABW model,
zero coupon bonds of maturity 10 (20) years carry an inflation risk premium of 112

(84) basis points on average.’

3.3. Recent estimates of the inflation risk premium

The disadvantage of the ABW study is that it only uses nominal bond and inflation
data. It would be obviously useful to test their findings with estimates that are
informed by more data, in particular by data on inflation linked bonds. Recent
research has tried to resolve the identification problem in Equation (2) by using
data on index-linked bonds, and additional, exogenous information on inflation

forecasts present in survey data.

3.3.1. The use of TIPS. With the exception of the United Kingdom, index-linked
bonds in most developed countries have a fairly short history. This by itself limits
their usefulness in extracting long-term inflation expectations and risk premiums. It
is important, given the substantial time variation in inflation risk premiums discussed
above, to use a fairly long history in assessing properties of the inflation risk pre-
mium. In the United States, we now have data on TIPS since 1997, which really
does not represent sufficient data by itself, but the actual situation is worse, because
of the poor liquidity of the TIPS market in its infancy years. Figure 4 shows the sec-
ondary market trading in TIPS over time. It increased tenfold, almost twice as much
as the amount of TIPS outstanding. Bid-ask spreads in the TIPS market have
decreased over time as well; market participation and turnover have generally
increased. There is general agreement that the liquidity in the TIPS market has
improved dramatically (see Roush et al., 2008 for a detailed discussion). Morecover,
the commitment made by the US government to the TIPS programme in 2002
helped resolve market uncertainty about the asset class. Today, the TIPS market is

? We thank Min Wei for computing these numbers. She also provided longer-duration numbers for the D’Amico et al. (2008)
article, discussed in the next section.



INFLATION RISK

785
$ Blns
101
g.
8
7 4
6
5-
44
3.
24
1.
o] D o — [aV) [s2} < Yo © N~ [ee]
3 3 S 3 3 8 S 8 3 S 8
— ~— [aV] [aV] [aV) N [aV] [aV) [aV) N (aV]

*Interdealer and customer. Interdealer volumes represent one side of a trade.

Figure 4. Treasury volume in the TIPS market

Source: Taken from Roush et al. (2008), Graph 2, Average Daily Secondary Market Trading Volume in TIPS.
They used a 12-week moving average of the actual data.

liquid, but still not as liquid as the Treasury bond market. This seriously limits the
usefulness of TIPS data in uncovering real yields. Denote zero coupon rates derived

from TIPS, as /""", They can be thought of as consisting out of two components:
TIPS = "+ LiQPR" (3)

where LiQPR represents a liquidity premium that may vary through time. The liter-
ature contains a number of liquidity premium estimates. Figure 5 presents a graph
of the estimate by D’Amico et al. (2008). They compare a term structure model
with and without TIPS to infer liquidity premiums. The liquidity premium is very
large in the first 4 to 5 years (well over 1%), and then declines to hover below 50
basis points now. Gurkaynak et al (2010) provide an alternative estimate, which
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Figure 5. The illiquidity premium in the 10-year TIPS yield
Source: D’Amico et al. (2008).
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shows the same secular decline, with again 2004 the critical year where liquidity
premiums become relatively small.'”

Nevertheless, the difference in liquidity between Treasuries and TIPS remains
an issue even to date. When there 1s a flight to safety, as there was in the current
crisis, investors flock to the most liquid security and liquidity premiums rise. This
means that the most recent TIPS data may again reflect a sizeable liquidity
premium. This liquidity problem is not limited to the United States, but applies
to the euro area and even the United Kingdom as well: bid-ask spreads are
invariably larger for the index-linked bonds, and time-varying liquidity premiums

exist.

3.3.2. The use of survey forecasts. In many countries, there exist surveys of
inflation forecasts by professionals and consumers. In the United States, there are a
number of well-known surveys with a lengthy historical record, including the
Livingston survey, the Michigan survey (consumers), and the SPF survey (Survey of
Professional Forecasters). In a recent article, Ang et al. (2007) examine in much
detail the quality of various forecasting methods for one-year-ahead annual infla-
tion. In particular, they examine the out-of-sample forecasting performance of four
different types of forecasting methods: time series models (which use past data on
inflation to forecast future inflation); Phillips curve models (which link expected
inflation to some measure of the ‘output gap’, a business cycle indicator); term
structure models (which use nominal interest rates to forecast future inflation) and
surveys, as mentioned above.

As already indicated, one of the most successful models is the random walk
model, which simply uses the current inflation rate to forecast future inflation.
However, ABW’s main result is quite simple: Surveys consistently beat other models
in terms of ‘root mean squared error’; that is, the square root of the average
squared forecasting errors. There are many potential reasons for the superior fore-
casting performance of the surveys: they may aggregate more information from
more sources than is possible in most models, or may reflect information not pres-
ent in any model (e.g. regarding policy decisions); they can also respond quickly to
new information, whereas most models must assume some stability of existing rela-
tionships. ABW conjecture that the surveys perform well for all of these reasons:
the pooling of large amounts of information, the efficient aggregation of this infor-
mation and the ability to adapt quickly to major changes in the economic environ-
ment such as the drop in real volatility of the mid-1980s known as the Great
Moderation, and now perhaps, the crisis conditions. This research suggests that the
decomposition in (2) would benefit from using information in the surveys.

' The Federal Reserve Bank of Cleveland developed its own procedure to compute the liquidity risk premium but acknowl-
edged it was no longer of practical use during the current crisis.
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3.3.3. Recent estimates of the inflation risk premium. With this in mind,
we searched the literature for recent studies that provide estimates of the inflation
risk premium, using either information in inflation-linked bonds or surveys, or both.
Table 11 mentions the studies and the various estimates for different maturities.
Studies that use TIPS data before 2004 necessarily underestimate the inflation risk
premium. That is because the high real interest rates observed then really reflected
liquidity premiums, but not true real interest rates. When studies use TIPS data
which likely embed significant liquidity premiums, we put an X in the line ‘TIPS
Problem’. The one US study that reports an average inflation risk premium that is
negative (Grishchenko and Huang, 2010) suffers from this problem. In fact, they
report negative inflation premiums before 2004 and slightly positive ones thereafter.
The estimates in Christensen et al. (2008) are also likely downwardly biased, as they
use TIPS from 2003 onwards. The picture emerging from the other three studies
mentioned, however, is that the inflation risk premium is robustly positive. The
magnitude differs, varying between 50 and over 200 basis points at the 10-year
horizon. The larger estimates are more in line with previous studies, such as
Buraschi and Jiltsov (2005), and Campbell and Viceira (2001)."" We also report the
sample period the various studies use. Taken together with the evidence in ABW,
who use a very long sample period (1952-2004), it is striking that the inflation risk
premium estimates are almost inversely related to the length of the sample period.

Table 11. Recent inflation risk premium estimates

US Euro UK
Maturity
In years HPR* DKW CM GH CLR HT GW R JLS
1 NA 35 19 NA NA NA 7 174 ~75
5 27 36 NA -36 (—4) 0 25 25 184 =100
10 51 64 216 6 (20) 0 0 NA 173 NA
20 82 NA NA NA NA NA NA NA NA
30 101 NA NA NA NA NA NA NA NA
TIPS X X) X X X X
TIPS Problem X X
Surveys X X X X X X
Start 1982 1990 1970 2000 (2004) 2003 1999 1999 1983 1992
End 2008 2007 2004 2008 2008 2006 2006 1999 2008

Notes: Full references for the studies mentioned here can be found in the reference list. The row ‘TIPS’ indi-
cates that TIPS were used, but only in ‘liquid’ periods. The row ‘TIPS Problem’ refers to the fact that TIPS
were used without accounting for (changes in) the liquidity premium. The row ‘Surveys’ indicates that survey
forecasts were used to help identify expected inflation. The rows ‘Start” and ‘End’ report the beginning and
end of the sample period of the major data used in the study. For the GH study, we report estimates over a
shorter 2004-2008 sample (which do not face a TIPS problem) in parentheses.

* They do not use TIPS data but use inflation swap rates from 2003 onwards.

' The estimate in Buraschi and Jiltsov (2005) is on average 70 basis points; in Campbell and Viceira (2001), albeit using a
slightly different but related definition based on holding period returns, the estimate is 110 basis points.
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Looking back at Figure 3, the estimates in ABW for the post 1999 period are also
smaller and smoother than in the early part of the sample.

We also mention a few European studies. Both Hordahl and Tristani (2007) and
Garcia and Werner (2010) find a very modest inflation premium of only 25 basis
points at the 5-year horizon. However, it is likely that this low estimate reflects the
short 1999-2006 sample period which was characterized by relatively subdued
inflation. For the United Kingdom, where a long history of index-linked debt is
available, we mention a recent study by Joyce et al. (2010), which does not report
an average inflation risk premium, but does graph it over time. The graph confirms
much of what was claimed in this study: the inflation risk premium is mostly
positive, can be large, and varies considerably over time. Older studies, such as
Evans (1998, 2003), stress the importance of time-varying inflation risk premiums in
the United Kingdom, but surprisingly do not report estimates of their magnitude.
There 1s one other unpublished study by Risa (2001), which fits an affine term
structure model to UK nominal and index-linked gilts for data spanning 1983 to
1999. His inflation risk premium estimates exceed those reported for the United
States by ABW (2008).

Ultimately, the variation in the estimates across the different studies reflects not
only different methodologies, but also simply the use of different sample periods.
Up until recently, the developed world witnessed a decade of relatively well-
anchored inflation expectations and did not experience major shocks, which led to
relatively low inflation risk premiums. Joyce et al. (2010) explicitly motivate starting
the sample in 1992, because the United Kingdom adopted inflation targeting then,
which they view as a structural break. D’Amico et al. (2009) restrict the sample per-
iod, because they fear that their model cannot handle the type of non-linear behav-
lour interest rates displayed during the 1980-82 period. However, the recent
economic crisis and the clear signs that the Great Moderation has ended remind us
of two problems all the studies reported in Table 11 face. First, unless we can con-
vincingly argue that there has been a real permanent structural break, we should
likely not rely on short samples to derive estimates of the unconditional properties
of the inflation risk premium. Second, from the perspective of longer samples on
interest rate and survey data, the affine (linear) structure all the models underlying
Table 11 impose'” is woefully inadequate. Term structure and survey data show
significant non-linearities that these models cannot capture and which may well
substantially affect our estimates of the inflation risk premium. For example, while
survey inflation forecasts are currently moderate, the uncertainty about future infla-
tion has certainly steeply increased over the last few years. Developing a tractable
term structure model that accommodates both non-linearities and information from

survey forecasts remains a considerable challenge for future research.

'? The Haubrich e/ al. (2008) study does accommodate GARCH behaviour in volatility, but this will not suffice to capture
the non-linearities present in interest rate and survey data.
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4. TIPS TO THE RESCUE

Index-linked bonds protect investors against the risk of inflation by indexing the
cash flows of the bonds to an inflation index. Consequently, such bonds potentially
provide an important role in helping investors hedge an important economic risk.
Here we provide a short summary of the potential benefits and costs of inflation
protected bonds, ending the section with a brief survey of the experiences in the
United States, the United Kingdom and the euro area. Lengthier discussions of the
pros and cons of indexed debt with references to some of the quite old theoretical
literature on the topic can be found in Campbell and Shiller (1996), Price (1997),
Garcia and van Rixtel (2007) and Roush et al. (2008).

4.1. General benefits of inflation protected bonds

4.1.1. Market completeness, diversification and risk sharing. Because
other securities are so imperfectly correlated with (unexpected) inflation, such bonds
truly help financial markets become more complete, in the sense that financial
markets should provide the possibility of getting payoffs under as many economic
contingencies as possible. Given differences in risk aversion across investors, the co-
existence of indexed bonds and of non-indexed bonds with inflation risk (and pre-
sumably higher returns), allows for overall better risk sharing (see Campbell and
Shiller, 1996 for an elaborate discussion). This would make them almost surely
overall welfare enhancing. It is also likely that the government is better able to
shoulder inflation risk than individual investors (see van Ewijk, 2009), and it is even
conceivable that indexed bonds would encourage people to save more, thereby
potentially affecting the overall savings rate, and therefore economic growth.

Even if other securities could be used to (partially) hedge inflation risk, the
existence of a long-term real safe asset would appear of great benefit to individual
and institutional investors, especially if they have long-term liabilities. Institutional
investors, such as pension funds and endowments, typically formulate a long-term
(‘strategic’) asset allocation policy over broad asset classes. TIPS would constitute a
perfect separate class: they represent a homogenous set of securities, and they likely
display relatively low correlation with other assets, as there does not exist any other
security that indexes away inflation risk. Moreover, at least in theory, we would
expect the addition of TIPS to raise the ‘utility’ of the investor. For the afore-
mentioned institutional investors, who typically use mean variance optimization to
determine strategic asset allocations, TIPS should increase the optimal Sharpe

ratio.

4.1.2. Market information on inflation expectations and real rates. As we
discussed in Section 3, TIPS may potentially help provide market-based informa-

tion on important economic variables, such as real interest rates and inflation
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expectations over different maturities. Such information is helpful for investors and
policy-makers alike. Moreover, because this information is gleaned from market
prices, it is available in real time, without any lag (as opposed to, for example,
survey data on expected inflation).

4.1.3. Debt savings. If investors indeed fear inflation risk and demand compensa-
tion for incurring it when investing in nominal government bonds, the ‘inflation risk
premium’ will be positive and an inflation index-linked bond will cost less to issue
than a nominal bond of similar maturity, thereby reducing the debt costs of the
government. As Campbell and Shiller (1996) point out, from a society’s perspective,
it is not at all clear that the government should try to minimize its financing costs.
Nevertheless, it 1s quite likely that index-linked bonds may help to generate smooth,
predictable financing costs in real terms, thereby averting distortionary taxation,
which would be welfare enhancing (see also Roush ez al., 2008).

4.1.4. Inflation credibility. The existence of inflation-indexed bonds may even
reduce the government’s incentives to inflate (see Campbell and Shiller, 1996),
although Fischer (1983) marshalls some evidence that indexed bonds increase an
economy’s sensitivity to price shocks. For the developed markets that have recently
introduced TIPS, this would appear less important to begin with, as the central
banks that set monetary policy should be independent of the Treasury (see Garcia
and van Rixtel, 2007).

4.2. Costs to issuing inflation protected bonds

There is no doubt that TIPS markets have become increasingly important in many
industrialized countries over the last decade, often experiencing rapid growth.
Bloomberg now lists over 40 countries with index-linked debt, and major countries
such as the United Kingdom, the United States, France, Australia, Canada and
Japan all have important TIPS programmes. The existence of a government bench-
mark bond curve has spurred a thriving market in privately provided inflation
derivatives in the United States and Europe. Yet, in all these markets, with the
exception of the United Kingdom, the inflation-linked market still accounts for a
minor, if rising, part of government debt. Given the distinct economic benefits of
TIPS, why is that the case? Are governments reluctant to supply the bonds private
agents are clamoring for, or are they simply sensing that the private demand does
not warrant creating a new security? After all, the index-linked programmes started
in a period of relatively low global inflation and inflation expectations.

It is likely impossible to even answer this question, but a critical examination
of whether the theoretical benefits always hold @ practice can provide a useful

perspective.
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4.2.1. Market completeness, diversification and risk sharing. If other
financial assets were good inflation hedges, the case for indexed securities would be
less compelling. We believe that our empirical evidence strongly suggests this is not
the case, but opinions may differ and investors may mistakenly believe that their
house, or gold investments will adequately protect them against inflation shocks.
Briere and Signori (2009), for example, claim that inflation-linked bonds in the
United States no longer provide meaningful diversification benefits relative to nomi-
nal bonds post 2003. From the government’s perspective, there are, of course, real
costs involved in setting up a new programme to issue bonds, indexed to inflation.
Therefore, the benefits must be substantial enough to motivate expending the costs.
Ensuring that the market is viable takes time, effort and commitment and it may
not work. For example, in Japan, local institutional investors have proved very
reluctant to invest in index-linked bonds (see Kitamura, 2009). If the welfare bene-
fits are dramatic, you may wonder why not more private entities have issued index-
linked bonds, and why the private market cannot create an inflation derivatives
market by itself. Yet, the existence of a default-free benchmark is likely too impor-
tant for this to happen. Finally, it is conceivable that certain governments feel they
already shoulder too much inflation risk through other programmes, such as Social
Security programmes.

4.2.2. Market information on inflation expectations and real rates. Most
major central banks appear to make use of the information provided by TIPS mar-
kets; yet the interpretation of TIPS vyields is far from simple. While they should rep-
resent a market reading on real interest rates, if the market has relatively poor
liquidity, the TIPS rate may also reflect a liquidity premium, which may vary
through time. Moreover, gleaning information about inflation expectations by com-
paring nominal and real rates is not only complicated by this liquidity premium,
but also by the potential presence of an inflation risk premium, which also varies
through time.

4.2.3. Debt savings. A reduction in debt costs is far from guaranteed. First, as
mentioned before, the inflation risk premium theoretically need not be positive.
Second, the new securities may lack liquidity, leading investors to demand a liquid-
ity premium which drives up issuance costs. These liquidity premiums have been
quite important in all major markets, and may make some governments doubt the
usefulness of introducing TIPS, while TIPS-issuing countries refrain from increasing
the relative supply.

4.2.4. Inflation credibility. The original argument against inflation-indexed
bonds, especially in inflation prone countries, is that they would lead to less com-
mitment to fight inflation, as indexed bonds made its effects less onerous. This

argument seems of no consequence for the industrialized countries that introduced
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TIPS recently, which all have independent central banks, keen on establishing anti-
inflation credibility. Perhaps it does explain why TIPS were introduced in many
major markets only when this inflation credibility was firmly established.

4.3. Concrete experiences with TIPS

Here we offer some quick comments on the experiences of three developed markets
with inflation-protected bonds, the United Kingdom, IFrance and the euro area,
and finally, the United States, on which we focus most attention. This is warranted
as the US TIPS market has become the largest index-linked market with over $500
billon outstanding at the end of 2008.

4.3.1. The United Kingdom. The UK programme is the oldest programme, with
the UK government issuing indexed gilts since 1981. Importantly, the index-linked
market i3 an important part of the total gilt market, representing close to 30% of
the total market at the end of 2008, making it the largest index-linked programme
in relative terms. Changes in UK financial regulation did prove critical in further
boosting demand for indexed gilts. The Pension Act of 2004 requires pension funds
to prove that they can meet their future lLabilities, which has led to a strong
demand for long-dated indexed gilts.

Deacon and Andrews (1996) estimate that, from the year of their introduction in
1982, to 1993, indexed gilts ex post reduced the cost of issuing government debt,
and that, ex ante, the cost should be lower as the inflation risk premium is likely
positive. Nevertheless, they also mention the presence of a positive liquidity pre-
mium making index-linked bonds more expensive than nominal bonds. Reschreiter
(2008) still claims that nominal bonds embedded an ex ante risk premium for the
1984-2006 period, but indexed bonds did not, indicating there is indeed a positive
inflation risk premium, which may lead to government savings in issuing indexed

debt.

4.3.2. The euro area and France. Irance first introduced indexed Treasury
bonds (the so-called OATis) in 1998. An issue of special interest in the euro area is
to what inflation index these bonds should be indexed. France first used its local
CPIL, excluding tobacco. Later on, it started to issue bonds indexed to the HICP
(the Harmonized Index of Consumer Prices), again excluding tobacco. The HICP
is the euro-wide price index in terms of which the European Central Bank defines
price stability, and it is regularly published by Eurostat. This index has now
become the market benchmark in the euro area, with other countries issuing infla-
tion-protected bonds (Italy, Greece and Germany) and financial products (swaps,
futures) linked to it. The euro-area government linked bond market has now over-
taken the UK market to become the second largest linker market in the world

behind the United States, both in terms of outstanding amounts and turnover (see
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Garcia and van Rixtel, 2007 for some relevant data). While the index linked market
in the euro area may continue to experience rapid growth, initially there were
teething problems, and the market was not very liquid. Yet, Bardong and Lehnert
(2004) claim that even in its early days the market provided efficiency benefits in a
mean-variance context.

A very important issue within the euro area is whether there should be bonds
indexed to country-specific CPI indices, or whether any country issuing inflation-
linked debt should use the euro-wide HICP. We believe that there are good reasons
to use the euro-wide index. First, the experiences of various index-linked
programmes teach us that it is not easy to build a liquid, credible bond market.
Standardization should enhance liquidity, deepen the market, and further spur the
development of derivative contracts. From this perspective, it may even make sense
to Institute a joint issuing programme across the euro member countries. Second,
there is empirical evidence that inflation rates have substantially converged within
the EU (see, e.g., Bekaert and Wang, 2009), although there is no guarantee that
future events will not lead to occasional divergences.

4.3.3. The United States. The United States started issuing TIPS in 1997. While
the TIPS programme in the United States initially met with some enthusiasm (see
Sack and Elsasser, 2004), the programme grew rather slowly. Figure 6 shows the
outstanding amount of TIPS, which grew from around $150 billion at the end of
the 1990s to close to $500 billion at the end of 2008. The Treasury affirmed its
commitment to the programme in 2002.

TIPS only gained very slow traction with individual investors. The left-hand
side scale of Figure 6 shows the growth in assets under management in mutual
funds focusing on TIPS, which was very gradual until about 2004, then
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Figure 6. TIPS: Assets under management and outstanding amount
Source: Taken from Graph 3 in Roush et al. (2008).
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accelerated to reach $80 billion at the end of 2008. TIPS were more of a success
among institutional investors. In fact, many pension funds and endowments in the
United States decided to create a new strategic asset class, comprising TIPS. For
example, one of the largest endowments, Harvard Management Company (HMC)
introduced TIPS as a new asset class with a 7% strategic asset allocation in
2000."

As we argued before, it made perfect sense to introduce TIPS as a new asset
class. The team at HMC concluded that TIPS increase the optimal Sharpe ratio,
and formal research by Kothari and Shanken (2004) and Roll (2004) also suggest
that TIPS would receive an important weight in an efficient portfolio.

But, not all was well with TIPS. An asset class should also have a sufficiently
large market capitalization to absorb the demands of institutional and other
ivestors and its market environment should show sufficient liquidity to allow
active trading. Both conditions were not satisfied in the early years of the TIPS
market. These problems potentially undermine some of the purported benefits of
TIPS. For example, extracting information about real yields proved difficult. As
a concrete example, when HMC, in 2000, introduced TIPS as a new asset
class, it changed its long-run real interest rate from 2% to 3.5%. The primary
reason was that its analysts observed real yields in the TIPS market substantially
higher than 2%, and more of the order of 4%. This decision reflected two
important errors in setting capital market assumptions. First, it is not a great
idea to estimate a long-run return using only a few years of data. Not only is
there much sampling error, but many returns show cyclical patterns, which call
for a sample period that ‘goes through a few cycles’. In addition, even in ideal
circumstances, real yields will reflect market participants’ expectations of future
inflation which may not be borne out in actual data and inflation forecasting
errors cannot be expected to average to zero over such a short period. Second,
the TIPS market back then was in its infancy; TIPS represented a not very
liquid and perhaps even a somewhat ‘unknown, inefficiently priced’ asset, as sug-
gested by Sack and Elsasser (2004). As we argued before, in the beginning of
the TIPS issuance period, likely up to 2004, real interest rates were much lower
than suggested by TIPS data,'* because of a liquidity premium. This rather
substantial liquidity premium implies that ex post the US Treasury likely
increased its debt costs relative to issuing nominal bonds (see Roush et al., 2008;
and Campbell et al, 2009).

¥ See Viceira (2000) for an excellent Harvard case on the introduction of TIPS at HMC, which provided the source of some
of the HMC material here.

" Of course, it is questionable that historical data should be used at all in setting capital market assumptions for expected
returns. It may be better to ‘reverse engineer’ them from an equilibrium model such as the CAPM (see Sharpe, 1976). In that
case, TIPS should be part of the optimal portfolio proportional to their relative market capitalization.
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5. CONCLUSIONS

This article has made a number of relatively simple points about inflation risk.
First, standard securities, such as nominal government bonds and equities, are very
poor hedges of inflation risk, both in the short and in the long run. We estimated
inflation betas for a very large cross-section of countries, showing that this is nearly
universally true. When we expand the menu to include Treasury bills, real estate,
foreign bonds and gold, the latter two fare a little better, often showing positive
comovement with inflation. Treasury bills show positive comovement with inflation,
but their substantial weight in tracker portfolios is mostly due to their variance-
reducing properties. They fail to hedge unanticipated shocks to inflation. Tracking
inflation with available securities remains quite difficult to accomplish. As a conse-
quence, index-linked bonds are essential to really hedge inflation risk.

With index linked bonds, investors, policy-makers and economists can have a
better sense of the magnitude of the inflation risk premium, the compensation
investors demand to bear inflation risk in nominal bonds. Most studies, including
very recent ones that actually use inflation-linked bonds and information in surveys
to gauge inflation expectations, find the inflation risk premium to be sizeable and
to substantially vary through time.

This implies that governments should normally lower their financing costs
through the issuance of index-linked bonds, at least in an ex ante sense. However,
some index-linked markets, and in particular the US market, have suffered from
poor liquidity driving up real yields, and increasing the cost of issuance. While sev-
eral measures can be taken to improve liquidity in the index-linked market, recent
events demonstrate once again that in volatile market conditions, investors gravitate
towards the most liquid securities (typically nominal Treasury bills and benchmark
bonds) and liquidity premiums can become extremely large. Wright (2009) and
Campbell et al. (2009) discuss in detail the anomalous behaviour of the TIPS mar-
kets following the Lehman Brothers collapse of September 2008, with yields on
TIPS rising above yields on their nominal counterparts at one point. From the gov-
ernment’s perspective such episodes undermine some of the purported benefits of
index-linked debt. For central banks, the information content of the spread between
real and nominal bonds becomes more difficult to interpret in economic terms; and
the benefits in terms of debt costs are no longer ensured. The policy implication is
that much effort must be expended to ensure that the TIPS market is credible,
liquid, and trusted by important investors, but even then, occasional but hopefully
short-lived flights to liquidity may occur.

From an economic perspective, such considerations seem less relevant. Having
securities that allow the hedging of an important economic risk are almost surely
welfare enhancing, and the investors in such securities (individuals, pension funds)
tend to have long horizons, and are thus surely not unhappy with the presence
of a potential liquidity premium. Without the government setting a default-free
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benchmark, it is unlikely that ‘inflation-derivatives’, which have grown rapidly,
recently, would spring up in private markets. Therefore, the case for an index-
linked market would appear easy to make, and we would not be surprised to see
the relative importance of index-linked bonds increase across the world in years to

come.

]
Discussion

Cédric Tille

Graduate Institute of International and Development Studies, Geneva and CEPR

Introduction

Inflation risk is a major component of investment decisions. For instance, a retire-
ment savings plan designed for an inflation rate of 2% would prove quite inade-
quate should inflation turn out to be higher. Whether one should be concerned
about inflation risk or not depends on whether investors can structure portfolios
that offer a good hedge against this risk. The paper presents a thorough assessment
of the ability to hedge against inflation risk, and proceeds in three stages. It first
considers whether standard assets, such as nominal bonds and stocks, can hedge
inflation, and argues that this is not the case. It then estimates the inflation risk pre-
mium in bond returns and finds it to be substantial. It then argues that indexed
bonds are a useful asset to hedge against inflation risk, but their ability to deliver
this benefit remains hindered by low liquidity.

Can standard assets hedge inflation?

The ability of an asset to hedge for inflation can be measured by regressing its
return on inflation. A coefficient of one indicates a perfect hedge as every incre-
ment in inflation is then transmitted one-for-one in the nominal return of the asset,
leaving its real return unchanged.

The paper presents an extensive assessment of the hedging ability of bonds and
stocks. It finds that this ability is limited at the one-year horizon, except in the case of
Latin American countries. While the hedging properties are better at longer horizons,
or once we control for real activity, the authors argue that they remain limited.

Should we be concerned about this limited hedging ability of standard assets?
The answer to this question hinges on what investors care about. For instance, do
they consider inflation risk to be a major issue, or are they more concerned
about other sources of risk? If they care about inflation risk, do they do so at a long
horizon, for instance for retirement savings, or a shorter horizon?
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Investors may not care much about inflation when it is low and stable, for instance
thanks to a monetary policy squarely focused on price stability. If other sources of risk
are more important, portfolios are structured to hedge against these other risks and
not against inflation. If, for instance, stocks offer a good hedge against movements in
labour income through the business cycle, their ability to hedge against inflation risk
could be of relatively limited concern. If, however, inflation is high and volatile, the
poor hedging properties of standard assets are a cause for concern.

The international evidence presented in the paper shows that the hedging prop-
erties are heterogencous across countries. In particular, they are strongest in Latin
America, a region that experienced sustained episodes of high and volatile inflation.
Standard assets then offer a good hedge against inflation in the regions where it
constitutes a major source of risk. The poor hedging properties in advanced econo-
mies could simply indicate that inflation has been brought under control and is not
what worries investors the most.

Even if investors care about inflation risk, they may do so only at a specific hori-
zon. A household saving for retirement will care about long-run inflation risk, and
be less concerned about inflation movement at short horizons. The paper finds that
the hedging properties of standard assets improve with the horizon, even though
they remain incomplete.

The ability of bonds and stocks to hedge against inflation risk thus appears stron-
gest in regions where this risk is substantial, and at the longer horizons about which
investors are more likely to care. Still, this ability remains partial at best.

How big is the inflation risk premium?

Measuring the inflation risk premium is a complex task as we only have data on
nominal returns and realized inflation, but little reliable data on expected inflation
and real returns. Constructing a measure of the premium therefore requires some
assumptions. The authors explain how the literature has converged to a method
combining a term-structure model of interest rates and a model of inflation to esti-
mate the risk premium.

They discuss such a framework that allows for regime switches and for the infla-
tion risk premium to vary through time. They conclude that the premium has
moved substantially, from about 150 basis points in the mid-1980s to 50 points in
the early 2000s. The premium also shows substantial volatility, with large increases
in 1994 and 2005 for instance.

The movements of the premium are to be taken with some care. They could
simply reflect the limited precision of the estimates, which the authors fully
acknowledge, as the standard errors amount to 100 basis points. In addition, the
sharp movements are not accompanied by clear new information about the infla-
tion prospects. The premium abruptly increases by 100 basis points in 1994, then
falls by a similar amount in 2001, before increasing by 75 points in 2005. While
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there was a concern about deflation in the early 2000s, it is not the case that the
inflation prospects at a 5-year horizon moved abruptly in these three episodes. One
should therefore focus on the low frequency movements of the estimates. By that
yardstick, the premium amounts to 50-75 basis points in recent years, which
remains a sizeable number.

The authors provide a thorough review of other contributions on the topic.
While the estimates of the risk premium cover quite a broad range, reflecting the
challenges of the exercise, they are in line with the findings of the paper.

The experience with indexed securities

If inflation risk is substantial, inflation-indexed securities should represent a big
improvement in the menu of assets. In addition to offering a benchmark real
return, and thus a hedge against inflation, these securities allow one to measure
inflation expectations from market returns, and could also lower the funding cost of
government debt.

Despite these advantages, the markets for indexed securities have only gradually
developed and remain much smaller than the markets for non-indexed government
bonds. While the United States introduced TIPS securities in 1997, the volumes
remained limited until the mid-2000s and are still relatively low. The limited
volume of indexed securities results in a substantial liquidity premium relative to
the standard non-indexed bonds. In addition to its average level, this premium can
prove quite volatile, as happened during the 2008 crisis when the rush to the
liquidity of non-indexed bonds led to a surge in the liquidity premium. This points
to a possible threshold effect in the development of indexed markets. When
volumes remain small and liquidity limited the hedging benefits of indexed bonds
are marginal and investors do not find indexed securities attractive, thus keeping
volumes small. If government issuance raises the volume of indexed securities, the
liquidity premium can be expected to fall. These securities would then be more
appealing to investors, leading to higher volumes that improve liquidity further.
This higher liquidity would allow the securities to fully deliver their benefits in
terms of inflation hedging.

The fact that UK indexed securities, for which the volume is substantial, still
carry a liquidity premium suggests a note of caution, however. If non-indexed secu-
rities offer a good enough hedge against inflation, there is little reason for investors
to prefer the indexed securities. As pointed out above, this could be the case if
inflation is only a secondary source of risk for investors in developed economies. If
inflation risk was a major worry, we would expect financial engineering to have
developed private inflation-indexed securities, and the volumes of these assets to
have surged. The rapid growth of credit default swaps, for instance, indicates that
such developments are possible. Thus, indexed securities maybe remain in limited
supply because the demand for them is not that strong.
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Conclusion

The paper offers a thorough assessment of the ability of standard assets to hedge
against inflation, and of the magnitude of the inflation risk premium. It argues that
inflation i1s a sizeable risk and thus increasing the volumes of indexed securities
would offer a strong benefit.

While stocks and bonds are a poor inflation hedge at short horizons in industrial-
ized markets, their performance is better in economies with a history of high infla-
tion and at longer horizons. If investors primarily care about long-run inflation, or
about very volatile inflation, then standard assets offer a reasonable hedge. This
would limit the attractiveness of indexed securities, possibly explaining why their

volumes remain small.

]
Panel discussion

Romain Ranciére believed the creation of an independent national statistical
agency is crucial in the development of the market for inflation-indexed bonds as
this removes the temptation for governments to understate their country’s inflation
rate and in turn fosters market confidence in inflation-indexed bonds.

Giuseppe Bertola agreed TIPS are useful in protecting incomes against infla-
tion in professions where salaries are not indexed linked. He stated it is impor-
tant to understand the conditions under which a government would be willing
to supply inflation indexed bonds. He noted that since inflation is determined to
some extent by government intervention, government incentives to inflate will
depend on the extent to which they have issued inflation-linked bonds. Increased
issuance of TIPS during periods of high inflation gives governments greater
credibility against inflating. In the current climate, though, he wondered how
significant a burden TIPS were for countries who would like to inflate some of
their debt.

Refet Giirkaynak agreed that government involvement is necessary for the devel-
opment of an inflation market as it is primarily governments who are willing to be
on the paying side of inflation. He noted that there must be some optimal supply
of indexed bonds which the governments would be willing to supply.

Micheal Manove pointed out that the need to hedge against inflation depends on
the assets that one already holds. Georges de Ménil remarked that investment in
stock markets is viewed as a poor inflation hedge due to inflation effects on corpo-
rate tax and the non-indexation of depreciation.

Richard Portes noted that the UK TIPS market has been very successful. Its
growth and successful development is partly explained by the UK’s experience of
high and unstable inflation in the 1970s. He added that a large proportion of those
who demand TIPS come from professions with inflation-protected pensions or own
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other hedged financial assets. The fact that agents with access to other means of
hedging inflation still demand TIPS suggests that TIPS perform an important
hedging function. He suggested one way to allay market fears that a country
would inflate away their debt was to shift all bond issuances to TIPS.

It appeared to Cédric Tille that many issues of political economy were at the
core of the discussion. He wondered if the existing literature examines the relation
of inflation risk premia to measures of central bank independence. He also
suggested that increased issuance of inflation-linked bonds could increase fiscal
uncertainty during times of high inflation.

In response to Fabrizio Perri’s discussion, Geert Bekaert noted that the infla-
tion premium derived from his consumption model followed a very similar
declining trend to that in the paper. On the difference in the magnitude of the
inflation risk premiums, he stressed the model in the paper is more complex
and that consumption based models always underestimate the inflation risk
premium. He accepted that better modelling of the liquidity premium is an
important issue as it has a significant bearing on the usefulness of TIPS and
hedging against inflation. He agreed with Refet Giirkaynak that government’s
role as the main supplier of inflation linked bonds is important for the successful
development of inflation-linked bond markets. He noted that derivative markets
for hedging inflation only began to develop after the creation of government
inflation-linked bonds. This suggests that the establishment of a default free
benchmark is vital.

APPENDIX A: DATA APPENDIX

Our data are at the monthly level. The inflation data represent CPI data from
IMF’s International Financial Statistics; the stock return data are from MSCI and
the bond return data from Datastream. The government bond indices of all the
countries except India reflect all the maturities of the government bonds of that
country. The average maturity differs across countries but for major markets it is
likely around 7 years. For India, the index only reflects bonds with maturities
between 1 and 10 years.

The industrial production data were downloaded from Datastream. When the
overall index is not available for a certain country, we collect the manufacturing
industry production index.

The real estate data were purchased from EPRA, the European Public Real
Estate Association. The FTSE EPRA/NAREIT Real Estate Index Series only
include real estate securities (defined as engaged in ‘the ownership, trading and
development of income-producing real assets’) that are traded on an official stock
exchange. A web appendix table lists the availability, per country, of the various
series. All these series are converted to local currency.
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For gold, we use the ‘Bloomberg Generic Gold Price Index’ as the spot price.
We use the ‘S&P GSCI Gold Total Return Index’ as future prices; this series uses
T-bills as collateral. For each country, the gold spot and futures returns are con-
verted from dollars into local currency.

The short interest data represent Treasury bill rates from Datastream and Inter-
national Financial Statistics, mostly with a 3-month maturity.

The foreign bond returns are derived from local government bond returns and
currency values. For each country, we create the local currency return on an
equally weighted index of US, German, UK and Japanese government bonds. For
the United States, Germany, the United Kingdom and Japan, only three foreign
bonds are used in the portfolio. Finally, for the United States, some results for stock
and bond returns use a longer sample, starting in January 1960.

A table, available on the web, lists the start and end dates for bond and stock

returns, real estate returns and the industrial production series.

APPENDIX B: TECHNICAL APPENDIX

For each country i, we compute the following variables:

e Monthly logarithmic returns (including dividends and coupons for bonds,
stocks and real estate) in month # 7,

e Returns aggregated over a horizon of A-months: 7,4 = 7in + 7irn—1
+ -+ 7;,41. Ignoring dividends and coupons, this return represents the loga-
rithm of the price at £ + % minus the logarithm of the price at time ¢

¢ Year-on-year inflation in month ¢:m;, = In(CPL,/CPIL;, 13), where CPI is
the consumer price index.

e Inflation over a ‘kyear’ horizon: T 1kx12kx12 = Tistkx12 T it (h—1)x12
+ A Trixae

e Expected inflation for a horizon of £ years: me; ;4 rx19,kx12 = k7,

e Unexpected inflation for a horizon of 6 years: 7u; 4rx12kx12 =
T kx12,kx12 — KTy

Using these variables, we run both univariate and bivariate regressions. The

univariate country-by-country regressions take the following form:

Vit kx12,kx12 = 0 + BiTli i1 hx12,kx12 F €i1+hx12,kx12 (A1)

Because we use monthly data, the ‘overlap’ in observations causes the errors to
be serially correlated. We therefore adjust the standard errors using the
Hansen—Hodrick (1980) method with lag £ x 12—1.

For the univariate pooled regressions, we run two regressions.

Vit+kx12,kx12 = O + § Bjﬂ]i,t+k><12,k><12 + i rkx12,kx12 (AQ)
J

where:
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° {ﬁﬁ] =12,... 7]} = {Bdevelopedvﬁemerging?] = 2}’ or {ﬁNOrthArnerica?ﬁLatinAmerica’
ﬁAsiav ﬂAfricav BOceaniav ﬂEU? BNonfEUEurope’] = 7}
° néyt%“z’k“g = T 1+kx12,kx12 1f country ¢ in group j; 0 otherwise.
Standard errors are again adjusted using the Hansen—Hodrick (1980) method, as
generalized to panel data by Devarajan et al. (1996).
Analogous standard errors are used for the bivariate regressions. The country-by-

country regression is:
Vit k12,8512 = 0 & V08 ks 12, kx12 T BillUi ik 12,8512 F 4 kx 12,kx12 (A3)

The bivariate pooled regression can be represented as:

Titthx12 a2 =%+ Y ]-(Vj” i,z+kx12,kx12+ﬂj””§,¢+kx12,kx12) +&irhx12ax12 (A4)

where
{yj7 ﬁ]?] = 17 27 ce 7]} = {ydeveloped) Vemerging> ﬁdevelopeda ﬁemerginga] = 2}7 or
° {yNothAmcrica? YLatinAmericas VAsia» YAfricar YOceanias VEU» yNon—EUEuropc?

ﬁNorthAmcrica? ﬁLatinAmcrica? ﬁAsiaﬂ ﬁAfrica? ﬁOccania? ﬁEU’ ﬁNon—EUEuropc?] = 7}

° nefﬁkxlgﬁkxm = T 1+kx12,kx12 if country 7 is in group j; 0 otherwise.

® Uy hx19 kx12 = Wi t4+hx12,kx12 if country ¢ is in group j; O otherwise.

To describe our estimations more concretely, it is best to distinguish between the
country-by-country regressions and the pooled regressions.

For  the  country-by-country  regressions, let Y. = 7i 4 kx12,kx12; X =
(1 7issrx12,kx12] (univariate regression), or x; = [1 Te; 4hx12,kx12 Tl 1hx12,kx12)
(bivariate regression); & ,+rx12,kx12 = U4, where we omit the country dimension.

Then the regressions become
Yon = % + u,;, where h=rkx 12 —1 (A5)

We estimate the regressions by ordinary least squares (OLS). It can be shown that
VT(Bors — B) converges in distribution to N(0,0), with:

-1 -1
1 1 T il 5/ND /-
0= (13 %) o(kYxx) ¢ 0= ¥ RGRG)
=1 =1 J=—h+1

o 1 o 1z
R.() = 7 >l R(j) = 7 > An

1=j+1 t=j+1

where 7 is the sample size for each country
For the pooled regressions, let yfh = Vi i+kx12.kx12; xf =[0...010...0

1 ) i 1

Tt hx12,kx12 TV kx 12,kx12 * * - ”{,Hkxluxm] or x;=100...010...0 T 11 hx12,kx12
9 1 )

Tl 1 kx12,kx12 * 6 1k 12,kx12 T 11 kx12,kx12 TP 11 kx12,kx12 =+ - T i,t+k><12,k><12]

where the 1 is in the ¢th position; &; 1 kx192.kx12 = u;h Then the regressions

become
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Yon = %P+ up, where h=kx12—1 (A6)

The vector representation is Ynr = Xyrf + Uyr and it can be shown that
VNT (Bors — B) converges in distribution to N(0,0), with:

A —1 2 -1
Onr = (Xr Xnr) X Qe X (X Xr)
Q)7 1s symmetric, its lower triangular part can be written as:

R,(0), n=0,t=1,2,... NT
Qene =4 Ry(n), n=1,2,....;h =1, t# 2T —j+1
0, otherwise

where 2= 1,2,... N=1,7=12,...n

~ 1 N r .
Ru(f) = —Z Z d;hﬁ;— i
NT =j+1 s

Note that in principle the country samples are unbalanced, and we use as much data
as possible. We do require a minimum of 24 observations to include a country.

APPENDIX C: CREATING MIMICKING PORTFOLIOS

Let R, represent a £ X 1 vector of returns on £ available assets, and 7, indicate
(annual) inflation. We want to create a portfolio, w, of the £ assets, that ‘tracks’
inflation as well as possible. That is, with a vector of ones, we solve:

min, var(n, 1 — @' Riyp)s.t.w'e =1 (A7)

This problem is equivalent to running a constrained regression of inflation on
the % returns (plus a constant) with the regression coeflicients constrained to 1. We
actually compute the solution from the covariance matrix of the data. First, note

that the minimum variance portfolio of the assets is

wyy = (Z_l e)/(e’ Z_l e) (A8)

where Y is the variance-covariance matrix of the returns.

Then, the solution to (A7) is given by:

w=>""covm Rl +[1-¢> " covl, RlJuy (A9)

where cov[m,R] is a vector containing the covariances between inflation and the set
of asset returns. It is trivial to check that ¢w = 1. Also, the constraint implies that
assets which are important in the minimum variance portfolio may also receive a
lot of weight in the tracker portfolio. Finally, the first part of the equation would

represent the result from an unconstrained regression.
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