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Abstract

We document that the convenience yield of U.S. Treasuries exhibits properties that are
consistent with a hedging perspective of safe assets, i.e., Treasuries are valued highly if they
appreciate with poor aggregate shocks. In particular, the convenience yield tends to be low
when the covariance of Treasury returns with the aggregate stock market returns is high. A
decomposition of the aggregate stock-bond covariance into terms corresponding to the convenience
yield, the frictionless risk-free rate, and default risk reveals that the covariance between stock
returns and the convenience yield itself drives the effect in a substantive capacity. We show
the convenience yield is reduced with heightened inflation expectations that erode the hedging
properties of U.S. Treasuries and other fixed-income money-like assets, inducing a switch to
alternatives such as gold; it is also reduced immediately prior to debt-ceiling standoffs and with

increases in Treasury supply.
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The United States (U.S.) Dollar plays a central role in the international monetary system as a
reserve currency for settling financial payments and transactions underlying global trade. Relatedly,
and likely consequently, dollar and safe dollar-based fixed-income assets, notably the U.S. Treasuries,
command a so-called ezorbitant privilege in their pricing due to heightened demand from international
community (central banks, for instance) looking for ways to park its dollar reserves. Increasingly,
however, it is being recognized that the U.S. safe assets — and safe assets, more generally — command
such a premium in their pricing due not just to an international demand but also to a domestic

demand, driven by the hedging properties of these assets.

Distilled to its essence, this “safe assets” or “hedging” perspective relies on the assumption that
markets are effectively incomplete. Households, for example, face consumption shocks which would
cause severe disutility if not smoothed across states and over time. Corporations face liquidity
shocks in their production or financing needs, failure to roll over which would lead to costly asset
liquidations. Financial investors may face uninsurable background shocks as well due to exposure to
illiquid assets such as housing and private equity. Households, corporations, and financial investors,
therefore, have a demand for assets that are safe enough to hedge against the impact of these shocks.
Similarly, banks prefer to make inter-bank loans collateralized by pristine quality assets rather than
take on each others’ counterparty credit risk as credit risk shocks may coincide with own funding
shocks.

Important early contributions to the literature offering a safe-assets perspective often assumed by fiat
that government bonds have safety and money-like properties and/or there is a built-in preference for
such assets in investor or household objective functions.! A recent trend, however, is to micro-found
these outcomes. It emerges from this latter approach that prices of assets whose financial values
and/or liquidity covary inversely with aggregate risk should reflect an excess premium as such assets
provide hedging value to investors when unspanned shocks materialize. The premium is magnified if
assets provide a hedging benefit in a “service flow” or a retrading sense: investors value assets whose
secondary market prices rise in times of aggregate risk, as in Brunnermeier et al. (2022), or whose
liquidity rises in times of aggregate risk, as in Acharya and Pedersen (2005). The U.S. Treasuries
are considered a primary candidate for being such assets, and the premium that accrues to their
pricing is referred by the literature with a variety of terms such as “convenience yield”, “money

premium”, or “bubble”.?

In this paper, we establish that this premium, which, for fixing terminology, we refer to as the
convenience yield of U.S. Treasuries, exhibits time-series properties that are consistent with the
hedging perspective of safe assets. Specifically, the Treasury convenience yield is high when the

covariance of returns on Treasuries and the aggregate stock market is low. We find that the

!See, e.g., Holmstrém and Tirole (2001) and Krishnamurthy and Vissing-Jorgensen (2012).

2A broad definition of the convenience yield is that it is any value of Treasuries above and beyond the present
value their explicit cash-flows could contribute. For instance, extra demand due to regulatory requirements such as
the HQLA requirement under Basel III (see Fuhrer et al. (2017)) could also contribute to the convenience yield.



convenience yield itself comoves over time with the aggregate equity market returns, contributing to
the hedging properties of Treasuries, a result that lends support to the service-flow value of ease of

retrading safe assets. We document three sets of findings.

In the first set of results, we provide a new decomposition of the aggregate stock-bond covariance,
separating out the contribution of the convenience yield. In Figure 1 we plot the covariance between
the daily returns on 10 year nominal Treasuries and the aggregate stock market in a 30-trading day
look-back window. Existing work® has found that this covariance exhibits substantial time variation;
in particular, note in Figure 1 the periodic large negative spikes in the post-2000 data. To decompose
the covariance, we express the 10-year bond yield as the sum of a “frictionless” risk-free rate, the
Treasury convenience yield, and a term corresponding to default risk, proxied by the credit default
swap (CDS) rate. Our preferred measure of the Treasury convenience yield is the TIPS-Treasury
premium which is the yield differential between a Treasury Inflation Protected Security (TIPS) and
maturity-matched nominal Treasury, separately accounting for the inflation coupon payment of

TIPS by employing traded inflation swap rates.*

With this yield decomposition we calculate three covariance terms with stock returns that make up
the aggregate stock-bond covariance. We find that both the frictionless risk-free rate component as
well as the convenience yield component of the stock-bond covariance contribute in about equal
measure to the stock-bond covariance of long maturity bonds. We plot the stock-bond covariance
resulting from the convenience yield component of the 10-year yield in Figure 2, illustrating the
quantitatively large contribution of convenience yield innovations to the aggregate covariance. What
is more, the large negative spikes in the stock-bond covariance such as those around the Global
Financial Crisis, the Eurozone crisis, and most recently, the onset of the Covid pandemic, owe in

good measure to the convenience yield component.

In our second and main set of results, we document support for the hedging perspective on safe
assets: the convenience yield on Treasuries is high precisely when the covariance between stocks and
bonds is low. Employing a large set of convenience yield proxies (in addition to the TIPS-Treasury
premium) both at the short and long maturities, we find that periods of low aggregate stock-bond
covariance see larger convenience yields. We illustrate this relationship for our preferred measure
of the convenience yield — the TIPS-Treasury premium — in Panel A of Figure 3. As we report in
Panel A of Table 2, a one standard deviation decrease in the stock-bond covariance (an increase
in its hedging properties) corresponds to an increase of six basis points, or close to half standard
deviation, in the convenience yield on the 10-year nominal Treasury. We confirm that this result is
not driven by extreme realizations of the convenience yield during the Global Financial Crisis, and

document that the results do not just represent a volatility effect by controlling for the VIX.

3See Duffee (2022) for a survey.

“This measure is based on the work by Fleckenstein et al. (2014) who document that during 2004 to 2010 nominal
Treasuries had almost always been more expensive than the synthetic counterparts constructed from TIPS and inflation
swaps.



Using the stock-bond covariance decomposition (into terms corresponding to the frictionless risk-free
rate, the convenience yield, and default risk), we find that the covariance attributable to convenience
yield fluctuations is the most robust in explaining the convenience yield of safe fixed-income assets,
with the covariance attributable to the risk-free rate fluctuations playing a meaningful role too. With
respect to magnitudes, a one standard deviation drop in the stock-bond covariance estimated with
Treasury convenience yields corresponds to a .6 standard deviation increase in the TIPS-Treasury
premium. In contrast, the covariance attributable to the CDS premium fluctuations contributes to

the convenience yield only with a quantitatively small magnitude.

Our results hold for a variety of alternative convenience yield proxies. The main results are
documented in the 2005-2022 sample because of the availability of the TIPS-Treasury premium
which allows us to carry out a daily yield decomposition into the frictionless rate, the convenience
yield, and default risk. In order to extend the time period of our analysis to before 2005 (in some
cases to 1972 to span the inflationary episodes that followed) as well as to examine whether the
convenience yield of the U.S. Treasuries is also mirrored in other safe fixed-income dollar assets, we
turn to six alternate measures of the convenience yield and to other money-like assets.> The strength
of the relationship between the alternative Treasury convenience yield proxies and the aggregate
stock-bond covariance is quantitatively close to what we document for the TIPS-Treasury premium.
In all cases, a one standard deviation decrease in the stock-bond covariance corresponds to about a
third to two thirds of a standard deviation increase in the convenience yield proxy including the
1991-2022 sample as well as the 1972-2022 sample, despite the differences in maturity and balance

sheet treatment of the constituent securities in the proxies.”

This finding is suggestive of a shared component in the convenience yield proxies. To explicitly
establish such commonality, we calculate the first principal component (PC) of the convenience
yield proxies and document that all the results described so far also obtain with the PC as the
dependent variable. Overall, our result on the relationship between the level of the convenience
yield and the hedging properties of the security lends support to the theoretical models in Acharya
and Pedersen (2005) and Brunnermeier et al. (2022) regarding a liquidity premium arising from
covariance of a security’s liquidity with negative aggregate shocks. Put differently, the convenience
yield reflected in the price of a long-maturity security does not only reflect expected convenience
flows in future periods, but also a substantial risk adjustment reflecting the fact that such flows
are elevated in periods of poor aggregate realizations, a point we make explicitly within a standard

Campbell and Shiller (1988) return decomposition framework.

The strong inverse relationship between Treasury convenience yields and the stock-bond covariance

®Specifically, we use the General Collateral Repo rate spread over the 3-month T-bill rate (GC-Tr 3m), the effective
Fed funds rate spread over the 3-month T-bill rate (FF-Tr 3m), the negative of the Z-spread, a measure that compares
T-bill rates with yields implied by a fitted yield curve (-1*Z), the 30-year LIBOR Swap spread (30y Swap-Tr.), and
the Agency mortgage-backed security (MBS) - Treasury spread (FN 30y-Tr.) as alternatives.

SWhile prior work in Siriwardane et al. (2022) has documented low correlations between various arbitrage spreads,
our findings are indicative of a common component in Treasury convenience yield proxies.



suggests that that the pricing of substitutes to Treasuries should also be affected. We examine
the substitutability between U.S. Treasuries and alternate hedging instruments: gold, corporate
securities, and other hard currency fixed income securities. With respect to gold we follow Jermann
(2021) and construct a measure of convenience yield from the term structure of futures contracts
prices. We find that the convenience yield of gold is strongly countercyclical relative to the
convenience yield of Treasuries. With respect to corporate securities we document the behavior of
90-day P2-rated commercial paper spread over T-bills, AAA-Treasury spread, and Excess Bond
Premium (EBP) of Gilchrist and Zakrajsek (2012) at three different maturities. For all these
measures, we find a substantial negative sensitivity to the stock-bond covariance, particularly the
covariance term arising from the Treasury convenience yield. With respect to other hard-currency
government bonds, we employ two measures from recent literature: i) the measure of relative
convenience yield of the U.S. Treasuries over other safe-haven sovereign bonds using the approach of
Du et al. (2018), and ii) different currency box rates as constructed in Van Binsbergen et al. (2022)
and extended to other currencies in Diamond and Van Tassel (2021). We find that during times of
low stock-bond covariance in the U.S. the USD convenience yield over a basket of 10 hard currency

bonds opens up.

In our third set of results, we examine fundamental drivers of the convenience yield, and by
implication, the potential drivers of the stock-bond covariance. We show that inflation expectations
are one important contributor though the channel we document is distinct from the one already
established in the literature. Prior work, for instance Campbell et al. (2017), has highlighted the
role of inflation dynamics, loosely, supply- or demand-driven shocks, in determining the stock-bond
covariance. Our results highlight that in addition to the direct effect of inflation surprises on the
nominal risk-free rate, there is another channel that operates via the effect of inflation on the

convenience yield.

To demonstrate this channel we again employ the decomposition of aggregate stock-bond covariance
into components representing covariance with the frictionless risk-free rate, with the convenience
yield, and the CDS rate. Proxying for inflation using either the 5-year inflation swap rate or the
5-year expected inflation series constructed by the Federal Reserve Bank of Cleveland, we find
that heightened inflation expectations correspond to more positive stock-bond covariance, and that
a substantial part of this positive relationship stems from the covariance term corresponding to
convenience yields. This impact of inflation expectations can be seen saliently during the post-
Covid-outbreak period of 2021-22 (see Figure 4) during which supply-side frictions and aggregate
demand fueled by fiscal and monetary stimulus led to inflation prints rising significantly above
the mandated Federal Reserve target and those witnessed over the past two decades, and in turn,

resulted in a gradual upward shift in inflation expectations of households and investors.

Furthermore, we provide three sets of event studies to illustrate the link between the hedging

properties of U.S. Treasuries and the Treasury convenience yield: policy responses to the Global



Financial Crisis and the onset of the Covid pandemic, two debt ceiling standoffs in the United States,
and the Eurozone sovereign debt crisis. The common thread through these events is that they
illustrate sources of convenience yield variation, either via news about Treasury supply available to
the private sector, or news about the default probability, or news about the regulatory environment
affecting Treasuries or close substitutes. In the context of the Global Financial Crisis and the
Covid pandemic policy responses, we find that announcements of Treasury purchases increase the
convenience yield, whereas announcements extending the scope of collateral accepted by emergency
programs reduce the specialness of Treasuries, and increase the stock-bond covariance stemming
from convenience yield innovations. In the context of two U.S. debt ceiling deals we find that the
resolution of the debt ceiling standoffs saw an increase in the Treasury convenience yield as well
as a reduction in the stock-bond covariance from the convenience yield component. Case studies
around the Eurozone crisis also illustrate the challenges in understanding the convenience yield
as it depends on the hedging properties of safe assets for the representative investors in different
economies (assuming some market segmentation). The relative U.S. convenience yield also seems to
be influenced by unconventional policy measures of central banks in response to advanced-economy

sovereign credit risk episodes of the past decade.

These results have several implications for theoretical and empirical work on safe assets as well
as for policy. Observed time-series variation in the covariance of U.S. Treasury returns with the
aggregate stock market return, and its linkage to inflation expectations, debt ceiling stand-offs,
and Treasury supply implies that the moneyness or safe-asset properties of U.S. Treasuries and
fixed-income assets are not a given. Instead, these properties fluctuate over time, and importantly,
are tied to macroeconomic and financial developments in the economy. Conversely, as a portion
of the safe-asset property of U.S. Treasuries is related to a comovement of the convenience yield
itself with aggregate risks, the “good friend” property (in the terminology of Brunnermeier et al.
(2022)) can erode swiftly once high inflation outcomes materialize and the anchoring of inflation
expectations becomes weaker. In that sense, there is a double whammy when an unanchoring of
inflation expectations occurs, as safe assets lose value not only in terms of lower time-value of their

nominal cash flows but also due to erosion of convenience yield.

The potentially drastic impact of such a drop in the convenience yield is evident in recent asset
market data. In Figure 5, Panel A we show recent returns on the aggregate equity market, the
10-year nominal Treasury bond, an approximately 7-year inflation protected Treasury (represented
by the returns on TIP, an exchange traded fund), and gold. While 2021 saw good equity returns
in continuation of the recovery from the pandemic-era market trough, the returns in both stocks
and bonds were strongly negative in 2022 as higher-than-expected inflation took hold. Only gold
provided a slight hedge to poor realized equity returns. The lack of a hedge provided by the 10-year
nominal Treasury — in part, we argue, due to the erosion of the convenience yield — is evident in
the performance of benchmark diversified portfolios. In Panel B of Figure 5 we show the price

performance of the aggregate equity market, the 10-year nominal Treasury, and a 60-40 portfolio of



the two. The 60-40 portfolio outperformed the stock market from the pre-pandemic period through
to January 2021 but has lost value since then, reflecting the shift in the hedging properties of the

long nominal bond.

Last, but not the least, our findings present a complementary rationale for why the U.S. Treasuries
may become “inconvenient” to the one offered by Duffie (2020), He et al. (2022) and Haddad et
al. (2021). These papers document that during the peak of the market turmoil during the Covid
outbreak of March 2020, U.S. Treasuries—especially the long-term ones—did not benefit from a
flight to quality observed during the global financial crisis (GFC) of 2007-09, and, if anything, they
appeared to be experiencing fire sales until the Federal Reserve stepped in to provide liquidity
to the market. These authors attribute this outcome to the unwinding of leveraged positions
in cash-futures basis market, limited intermediation capacity of dealer banks due to post-GFC
reforms, and rollover risk faced by non-bank financial intermediaries. In contrast to this episodic and
market-function-linked erosion of convenience yield of the U.S. Treasuries (see also Duffie (2023)),
the recent erosion we document is linked to a rise in the covariance of US Treasury returns with
aggregate stock returns—partly in response to higher inflation—is more slow-moving, and is similar
to that observed also in 1970s and 80s, representing again a present and clear loss of investor ability

to hedge aggregate risks using U.S. Treasuries.

1 Measuring the Stock-Bond Covariance and the Convenience
Yield

We begin our analysis by documenting high-frequency dynamics of the aggregate stock-bond
covariance. We calculate the covariance between the daily arithmetic CRSP value-weighted stock
market return and the daily arithmetic 2-, 5-, and 10-year nominal zero-coupon constant-maturity
Treasury bond returns in a rolling 30 trading-day look-back window.” One potential concern with
measuring the conditional covariance in a short look-back window is that times of market stress
might see price pressure in either the stock or the bond market, leading to sharp return reversals. In
order to mitigate the potential impact of such market illiquidity, our baseline stock-bond covariance
measures uses the sum of three most recent daily returns on both the stock and the bond, divided by
the square root of three. This approach dampens the impact of potential return outliers while leaving
the scaling of the covariance calculation unchanged.® (Note that under i.i.d. returns this covariance
calculation would be equivalent to using just daily returns.) We then collapse the covariances to a
monthly variable by keeping the last available calculation in each calendar month. Zero-coupon

nominal bond prices are from the daily fitted yield curve constructed in Giirkaynak et al. (2007).

"This short look-back window is in keeping with the approach in Duffee (2022), the rationale being to have each
monthly covariance reflect the arrival of recent information.

8This approach is similar in spirit to the Dimson (1979) beta, but allows for potential illiquidity in both of the
constituent assets.



The use of a fitted yield curve ensures that the bond prices involved always correspond to the exact

same maturity, and also smooths over the impact of any potential bond-specific demand effects.

The resulting covariances are reported on an annualized basis in percent units. To give an example, if
the daily stock return volatility is 2%, daily bond return volatility is .5% and the correlation between

the two return series is -.6, the covariance would be reported as —.6 x .02 x .005 x 252 = —1.512%.

We plot the stock-bond covariance using 10-year nominal Treasuries in Figure 1. Both low- and
high-frequency changes in the stock-bond covariance are evident in the figure. Over a long time-frame
the stock-bond covariance has seen a marked decline from the 1980s through the 2010s. Over
shorter time-frames, the stock-bond covariance exhibits periodic spikes. In the sample since 1999, in
particular, the spikes in the stock-bond covariance tend to be on the negative side: during the 2001

recession, the Global Financial Crisis, the Eurozone crisis, and the onset of the Covid pandemic.

The summary statistics of the aggregate covariance between stocks and the 10-year bond are reported
in Table 1 Panel A. (The corresponding statistics using the 5- and 2-year bond are in Appendix
Table A1 and longer sample summary statistics are in Appendix Table A2.) In the 2005-2022 sample
the 10-year nominal bond return covariance with the stock market is on average negative (-.45) and
has standard deviation of .90. As suggested by the negative spikes seen in the post-2005 data in
Figure 1, the aggregate stock-bond covariance in this period is left-skewed with the 10th percentile
value of -1.33 and the 90th percentile value of .15.

1.1 Convenience Yield Proxy: the TIPS-Treasury Premium

Our main proxy for the Treasury convenience yield is based on the relative pricing of nominal
and real Treasury bonds. As shown in Fleckenstein et al. (2014), the prices of nominal Treasuries
are consistently above the prices of matched maturity TIPS prices, accounting for the variable
inflation coupon payment part via traded inflation swaps. Specifically, combining a TIPS, inflation
swaps, and Treasury STRIPS allows these authors to construct a “synthetic” nominal Treasury
bond with cash-flows identical to a traded nominal Treasury bond, but with a price lower than
the traded counterpart. Because these two securities—a nominal bond, and a maturity-matched
synthetic nominal bond—have identical cash-flows we interpret the gap in their prices as a proxy
for the convenience yield. Our interpretation is consistent with the result in Fleckenstein et al.
(2014) that this gap increased substantially during the Global Financial Crisis and has a common
component with other proxies of Treasury specialness, namely the on-the-run/off-the-run spread,

and the Refcorp-Treasury spread.”

Relative to the approach in Fleckenstein et al. (2014) we use a simpler method to construct a

9See Krishnamurthy (2002) and Longstaff (2004) for more on the on-the-run/off-the-run and Refcorp-Treasury
spreads, respectively.



high-frequency TIPS-Treasury premium. Instead of comparing the prices of matched pairs of
nominal and real Treasuries, we employ the fitted nominal and real yield curves from Giirkaynak
et al. (2007) and Giirkaynak et al. (2010), respectively. We combine this data with interpolated
inflation swap rates to account for the inflation coupon part and calculate the TIPS-Treasury

premium for maturity n on date t as:

Premium,,; = TIPS Yield,, ; + Inflation Swap,, ;, — Treasury Yield,, , (1)
= Synthetic Treasury Yield,, ; — Treasury Yield,, ,, (2)

where the second equation emphasizes the terminology of “Synthetic Treasury Yield” to refer to the

yield on a nominal bond constructed out of TIPS and inflation swaps.

This method results in a day- and maturity-level proxy of the Treasury convenience yield that
is not identical, but highly correlated with the measure documented in Fleckenstein et al. (2014)
(the correlation between the two calculations is .91 in the 2004-2014 sample). Relative to that
proxy, our construction has the advantage that the yield curve estimation smooths over some of the
security-specific pricing factors that could introduce noise to the estimation using matched pairs of

actual securities.

Note that changes in realized or expected inflation should not have any directional impact on this
measure of the convenience yield: the dependence of TIPS payouts on the inflation rate is hedged
away using swap rate data. Indeed, Fleckenstein et al. (2014) provide evidence against the view
that the TIPS-Treasury premium reflects mispricing in the inflation swap market by showing that
real and nominal corporate bond prices constructed using identical methodology do not exhibit
corresponding price disparities. They also discuss the potential impact of credit risk, tax differences,

trading costs, and a bevy of other aspects on the dynamics of the TIPS-Treasury premium.'®

1.2 Other Measures of the Convenience Yield

In addition to the TIPS-Treasury premium we employ a number of other proxies for the Treasury
convenience yield. Our second proxy for Treasury convenience yield is the spread between two-year
Treasury yield and the two-year risk-free interest rate implied by put-call parity on options contracts

(the “box rate”). We use the USD convenience yield as calculated in Van Binsbergen et al. (2022)

0T here is a potential bias on the TIPS-Treasury premium that stems from the contractual features of TIPS: these
bonds pay a variable inflation coupon, but in the event of deflation the inflation coupon payment is bounded below at
zero. This means that TIPS prices incorporate a put premium if the distribution of the future price level includes
deflationary outcomes. For that reason, a shift away of the probability mass from deflationary outcomes, such as that
in 2021 and 2022, would have the impact of reducing TIPS prices, hence increasing TIPS yields and, everything else
equal, increasing our proxy of the Treasury convenience yield. As discussed in detail below, directionally this effect
goes against our findings regarding the relationship between the TIPS-Treasury premium and inflation. Note too that
recent work in Dittmar et al. (2019) documents a link between U.S. default risk and the TIPS-Treasury premium, a
result we discuss further in Section 3.4.



as well as the EUR and GBP counterparts constructed in Diamond and Van Tassel (2021).

Our third proxy for the convenience yield is the spread between three month General Collateral
(GC) repo contract rates and the three-month Treasury Bill rate. This measure has been widely
used in the literature as a proxy for the short-term convenience yield as the GC repo contract is
devoid of credit risk but less liquid than Treasury bills, for instance see Gorton et al. (2022). The
fourth proxy for the convenience yield is the spread between the effective Fed funds rate and the

three-month Treasury Bill rate.

The fifth proxy is the negative of the Z-spread, constructed after Greenwood et al. (2015). They
measure the yield difference of n month maturity Treasury Bills from the fitted yield curve of
Girkaynak et al. (2007) and call the gap the n-month Z-spread. We follow their methodology by
calculating the average Z-spread of T-bills with 4 to 26 weeks until maturity. In contrast to these
authors we report the negative of the difference between the T-bill rate and the fitted yield curve,
so that higher values of the Z-spread correspond to higher levels of convenience. We emphasize this

distinction by calling it “-1*Z-spread” or “-1*Z” for short.

Our sixth proxy for the convenience yield is the 30-year LIBOR swap spread. Interest rate swaps
are one of the largest derivative markets and the literature has long interpreted the gap between
Treasury and swap rates as a proxy for the Treasury convenience yield. In particular, Feldhiitter
and Lando (2008) decompose swap spreads into a credit risk component, a swap market specific
component, and the Treasury convenience yield, with the estimated convenience yield representing
the majority of the gap. In recent data, the swap spread has been negative (for instance, see Du
et al. (2023)), but we include it as the variation of the swap spread can still reflect changes in the

convenience yield.

The seventh proxy, “FN 30y-Tr.”, is the spread between Agency MBS and Treasury yields, based on
recent work in He and Song (2022). They construct an MBS convenience yield with respect to AAA
corporates, adjusting for both duration mismatch, as well as the value of the prepayment option in

MBS. For our main analysis we transform the AAA-MBS spread to a MBS-Treasury spread.

These seven proxies are effectively devoid of default risk by employing securities that have implicit or
explicit government guarantees, or are fully collateralized. Our preferred measure, the TIPS-Treasury
premium, stands apart in that it is available at long maturities, both legs of the construction are

backed by the U.S. Treasury, and hence have the exact same regulatory treatment.

In addition, we use measures of the Treasury convenience yield that employ corporate security prices,
described in detail in Section 4. In that section we also describe the construction of the convenience

yield on gold, as well as the construction of convenience yields on foreign currency bonds.



2 Decomposition of the Stock-Bond Covariance

Our first main result is a new decomposition of the aggregate stock-bond covariance. To this end,
we break down the nominal Treasury yield into three constituent elements: the convenience yield,
proxied by the TIPS-Treasury premium, the default rate, proxied by the the CDS rate,'! and a
residual term, which we call the “frictionless” risk-free rate, meaning the part of the yield not owing

to default risk or the convenience yield.

Formally, let Treasury Yield, ,, be the time ¢, maturity n nominal yield, let CDS;,, denote the
corresponding CDS rate, and let Premium, ,, stand for the TIPS-Treasury Premium, a proxy for
the convenience yield. We can then back out the Frictionless Risk-free;,, term from the following

equation!?:

Treasury Yield, , = Frictionless Risk-free;,, + CDS; , — Premiumy,,. (3)

Decomposing the 10-year nominal yield according to Equation (3), we calculate the stock-bond
return covariance with returns implied by each of these constituent parts of the yield. To maintain
easy comparability with the benchmark calculation, we transform each of these component yield

changes into implied returns:

Rll;rfgtlonless Risk-free _ 10 x AFrictionless Risk—freetvlo
RngOS = —10 x ACDS¢19
RPIemim — 10 x APremiumy 1.

Note that the change in Premiumy 19 is multiplied with 10, rather than -10, as that term enters
the yield decomposition in Equation (3) with a negative sign. These three implied bond return
components in turn allow us to decompose the aggregate stock-bond return covariance (we drop the

time and maturity subscripts for ease of reading):

COV(RBondS, RStOCkS) _ COV<RFrictionless Risk-free7 RStocks>+ COV(RCDS, RStockS)

+ COV(}%F’remium7 RStocks) ) (4)

Our convention in constructing these three constituent covariances ensures that negative covariance
values always mean that returns stemming from that piece of the yield reflect a hedge with respect

to stock market returns.

Panel A of Table 1 reports summary statistics for these three constituent terms of the aggregate

'1See Chernov et al. (2020) for a quantitative analysis of U.S. CDS rates.

12We report the summary statistics of the 10-year Frictionless Risk-free rate, the 10-year Treasury Yield, and the
gap between the two yields in Appendix Table A1l. The two rates are quite close in terms of levels with the frictionless
rate higher by an average of 6 bps.

10



stock-bond covariance in the monthly sample from 2005 to 2022. We find that both the covariance
stemming from the frictionless risk-free rate as well as the Treasury premium contribute to the overall
hedging properties of the long bond. The averages of the convenience yield and frictionless risk-free
rate parts are both negative with means of -.29 and -.21, respectively, and have similar standard
deviations of .79 and .91, respectively. The covariance component stemming from innovations to
CDS rate has a mean of .05 and contributes much less to the variation of the stock-bond comovement
with a standard deviation of .18. The covariance component corresponding to CDS innovations
likewise has the expected sign, to the extent increases in default probability coincide with poor

stock market realizations.

The time-series of the stock-bond covariance calculated with innovations to the convenience yield is
plotted in Figure 2. For comparison we also include the full stock-bond covariance using the 10-year
nominal Treasury prices. As the figure shows, a substantial amount of the aggregate variability
stems from the convenience yield component: note the substantial spikes during the GFC, during the
Eurozone crisis, and most recently, during the onset of the Covid pandemic. Indeed, in November
2008, at the height of the GFC, the hedging properties of the nominal Treasury — summarized in
the stock-bond covariance — were entirely accounted for by the convenience yield term, with no

contribution from the frictionless risk-free rate.

Nevertheless, for most of the 2005-2022 sample both the covariance terms corresponding to the
Treasury convenience yield and the frictionless risk-free rate have contributed to the bond being a
hedge to stock market returns. Both components have a positive correlation with the aggregate
stock-bond covariance. In Appendix Table A3 Panel A we document that the correlations with the
aggregate stock-bond covariance are .65 and .43 respectively for the covariance terms corresponding
to the convenience yield and the frictionless risk-free rate. In contrast, the correlation of the term
corresponding to CDS innovations with the aggregate covariance is —.15. The covariance and term
corresponding to convenience yield show similar amounts of persistence: .66 in the monthly data as
reported in Appendix Table A3 Panel B.

In all, the descriptive results in this section document that the convenience yield is an important
driver of the aggregate stock-bond covariance. Even though the existence of Treasury convenience
yields is well established in the literature, it is not a foregone conclusion that the covariance between
stock and bond returns stemming from the convenience yield is substantial, or that it has a negative
sign. Indeed, a sizable but stable convenience yield would see no stock-bond covariance emanating

from this part of the Treasury yield.

Because the TIPS-Treasury premium is available at different maturities we are able to decompose
the stock-bond covariance at various maturities. The summary statistics of aggregate stock-bond
covariance with a 5- and 2-year nominal Treasury are reported in Appendix Table A1. We find
that the 5- and 2-year calculations are substantially similar to the 10-year calculation, save for the

effect of duration on bond returns. The correlation of the 10-year covariance calculation with the

11



5- and 2-year calculations is .90 and .72, respectively. In other words, the 5-year bond’s hedging
properties are similar to those of the 10-year bond, except that the 10-year bond has double the

return volatility on account of double the duration.

In our baseline calculation of the stock-bond covariance we use the sum of three most recent daily
returns, divided by square root of three, instead of daily returns and a 30 trading-day look-back
window. This approach mitigates the potential impact of price pressure during turbulent times. An
alternative calculation uses just daily returns in the same 30 trading day look-back window. In
Appendix Figure Al we plot the aggregate stock-bond covariance from both calculations. As the
figure shows, the two series overlap tightly for most of the sample. The one exception to this rule
is from the early days of the Covid pandemic during which the one-day calculation sees a larger
negative spike, consistent with bond market dislocation in this period, as documented in Haddad et
al. (2021) and He et al. (2022).

3 Convenience Yield and the Stock-Bond Covariance

In this section we establish our second main result: the level of the convenience yield is high precisely
when Treasuries represent a good hedge to stock market returns, as proxied by a low covariance of

Treasury and stock market returns.

3.1 Analytical Setup

We first outline the steps to establish this prediction analytically, while relegating the details to
Appendix A.1. Consider a zero-coupon bond with a safe terminal payment at time T that affords
its owner a potentially time-varying convenience flow in each period prior to the maturity date. The
present value of this bond reflects the value of the terminal payment, as well as the value of the
expected future convenience flows. Our claim is that the discounting of such future convenience
flows reflects a substantial risk adjustment because the convenience flows tend to be high in states
with poor aggregate realizations. In other words, the price of the bond with convenience flows does
not just reflect the expectation of such non-pecuniary benefits, but also a premium for a predicted

increase of the non-pecuniary benefits in bad states.

Because any convenience benefits are not observable we cannot directly associate convenience
flows with aggregate risk. We can, however, calculate the returns on a bond that conveys such
future convenience flows, and associate the returns with market returns. Specifically, employing the

standard Campbell and Shiller (1988) decomposition, the time ¢ + 1 return innovation (denoted
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sri+1 for surprise return) on a bond with convenience flows is given by:

T-1

srern = (Bopr —Ee) | D p/[(1 = p)kejin — repjial | (5)
j=1

where k; and r; are the log convenience flow and the log expected return in period ¢, respectively,
and p is a constant that depends on the unconditional level of the convenience yield. In words, the
surprise return on the bond with convenience flows equals the innovation to the discounted value of

the expected convenience flows, minus the innovations to expected returns.

Part of the surprise return in Equation (5) are innovations to the present value of the terminal
payment at time T'. To isolate the effect of convenience flows, we subtract out returns on a maturity
T zero-coupon bond that conveys no such non-pecuniary benefits. Applying a Campbell and Shiller
(1988) return decomposition to a bond without convenience flows, the surprise returns at time ¢ + 1

are simply:
T—1
sl = (B — Ey) Z—f’T 6
t+1 — t+1 t Tt+j+1 ) ( )
j=1

where r{f; 41 stands for the return on a safe claim on a time 7" cash-flow. With these two surprise
returns in hand we can calculate the portion of returns that are not on account of changes to the

present value of the terminal payment as
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where rp; stands for risk premium, defined as the gap between returns on the bond with convenience

flows minus the return on the bond without such flows.

With the surprise returns in hand, we are able to estimate the covariance between innovations to

convenience flows, inclusive of risk premium innovations, and market returns:

f:T M
Covy (srtH — ST T ) - (8)

Our main prediction is that this conditional covariance explains the time-variation on the level of

convenience yields, as it captures the risk adjustment that contributes to the present value of each
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of the convenience flows:3

Convenience Yield; = —A Cov, (srtH - srtf_ﬂ, 7’%1) . 9)

This analysis faces two complications. One, existing literature has documented a strong relationship
between the level of the risk-free interest rate and the level of the convenience yield, see Nagel
(2016). For that reason we include the level of the risk-free interest rate as a control variable in our
benchmark specifications. Two, we are able to estimate the high-frequency conditional covariance
with innovations to the convenience yield only in the post 2005 data. For that reason we use the
aggregate stock bond covariance as a stand-in in the longer sample, still finding evidence of the
relationship between the hedging properties of Treasuries and the level of the convenience yield. In
other words, in the longer sample we use the surprise returns as given in Equation (5) to calculate

the covariance.

3.2 Baseline results

Our baseline results document a strong association between the level of the Treasury convenience
yield and the aggregate stock-bond covariance. In Panel A of Table 2 we report monthly regressions
during 2005 to 2022 of seven measures of the convenience yield on the monthly stock-bond covariance
using the 10-year zero-coupon nominal Treasury return, controlling for the effective Fed funds rate.
In all cases we find a negative relationship, statistically significant at the 5% level for all but one of

the specifications.

The estimated effect size is large: a one standard deviation decrease in the aggregate stock-bond
covariance (about .95) corresponds to a half standard deviation increase of the 10-year TIPS-Treasury
premium. Similar magnitudes obtain for the other six proxies of the Treasury convenience yield. We
estimate positive coefficients on the effective Fed funds rate, consistent with the findings of Nagel
(2016). In unreported results we confirm the strong negative association between the level of the
Treasury convenience yield and the aggregate stock-bond covariance continues to hold without the

inclusion of the Fed funds rate.

Panel B of Table 2 repeats the same analysis but extends the sample back to 1991 and to 1972,
respectively. Because of data availability we lose the TIPS-Treasury, Box yield, and Agency MBS
measures in the samples starting before 2005. In the sample starting in 1972 we also lose the GC
repo spread, as well as the Swap rate proxy. The results using the longer samples in Panel B confirm

the baseline findings. Just like in the more recent sample, we find a negative relationship between

13There are other ways to reach a similar prediction. For instance, within the framework of Acharya and Pedersen
(2005) we can conceptualize the return gap between the two bonds—one with convenience flows and the other without—as
a liquidity premium. In their setup, the expected level of such liquidity premium would be primarily determined by

~

the covariance of the realized premium with market returns E[Premium] & —X Cov(Premium, Ry).

14



the proxies of the convenience yield and the stock-bond covariance and the coefficient estimates are
quantitatively close. With the exception of the Z-spread, all the coefficients in these longer samples

are statistically significant at the 5% level.

Our principal empirical finding is reported in Table 3. Here we decompose the aggregate stock-bond
covariance into three constituent parts in keeping with Equation (4). The decomposed stock-bond
covariance allows us to directly test our hypothesis: the covariance of stock returns with the
convenience yield itself contributes to the level of the convenience yield. This is precisely what
we find: the first column shows that the strong negative relationship between the TIPS-Treasury
spread and stock-bond covariance is mostly on account of the covariance between the Treasury
premium and the aggregate stock market. In terms of magnitudes, a one standard deviation
decrease in the stock-bond covariance estimated from the Treasury premium corresponds to a .6
standard deviation (8 basis points) increase in the 10-year TIPS-Treasury premium. By contrast,
the estimated coefficient on the frictionless risk-free rate covariance with the stock market is only
.01. (The standard deviations of these two main parts of the stock-bond covariance are comparable:
.91 and .80 respectively.) The impact of the third component, corresponding to the covariance
between stock returns and default risk, varies more across specifications. A one standard deviation
decrease in the Cov(CDS 10y, St.) term corresponds to a 3.5 basis point drop in the TIPS-Treasury

premium.

Regressions estimated with alternative proxies of the Treasury convenience yield convey the same
message and confirm the spirit of Equation (9): the negative relationship between the level of the
convenience yield and the stock-bond covariance arises primarily from the covariance component
stemming from Treasury convenience yield, an effect that is economically and statistically significant
for all seven proxies of the convenience yield as the dependent variable. What could underlie the
negative relationship between convenience yields and the stock-bond covariance term corresponding
to the frictionless risk-free rate? One answer we explore later is that higher than expected inflation
drives up this covariance, as well as cuts into the convenience yield. Further, it’s possible that the
synthetic Treasury price itself incorporates some measure of convenience, if TIPS are also deemed

to be special like nominal Treasuries. We explore these and other robustness issues below.

3.3 Principal Component Analysis

Our baseline results document a negative relationship between the stock-bond covariance and the
level of seven different proxies of the convenience yield. These proxies differ in maturity, ranging from
3 months to 30 years, as well as other features such as the issuer and the balance sheet treatment of
the securities involved. Despite these differences, the regression results imply a substantial common
component. The correlation matrix of the proxies confirms this insight. As reported in Panel A of

Appendix Table A4, nearly all the pairwise correlations are positive as well as statistically significant,
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with point estimates above .4 for many of the pairs.

The strong commonality in these proxies suggests the use of a combined convenience yield proxy in
place of the individual convenience ones. To this end, we estimate the first principal component,
denoted PC1, with six of the proxies (skipping the Box spread which is not available in the entire
2005-2022 sample) and report the associated loadings in Panel B of Appendix Table A4. As suggested
by the correlation table, the time-variation in the individual proxies is well accounted for by PC1,
with R? ranging from 24% to 68%.

In Table 4 we use the first principal component of convenience yields, PC1, to carry out an
abbreviated version of our main analysis as well as two robustness checks. In the first column
we document a strong negative relationship between the level of PC1 and the aggregate stock-
bond covariance. The standard deviation of PC1 is 1.6 so the coefficient of -.91 indicates that
a one standard deviation increase in the stock-bond covariance corresponds to about one half
standard deviation decrease in the convenience yield, an estimate in line with the proxy-by-proxy
regressions detailed above. In the second column we decompose the stock-bond covariance into terms
corresponding to the convenience yield, the frictionless risk-free rate and the CDS rate. Consistent
with the baseline results, we find that the covariance term corresponding to the convenience yield is

again a main contributor to this negative relationship.

We also carry out two robustness analyses using PC1. First, we include a dummy variable for
the Global Financial Crisis years 2008-09 as well as an interaction term with the covariance term
corresponding to convenience yield innovations. We do so because all convenience yields were
elevated in this period. We find that while the crisis dummy absorbs some of the variation in
the first principal component, the relationship between stock-bond covariance and the level of
the convenience yields is in fact stronger than in the baseline and statistically significant at the
1% level. This strong relationship is illustrated in Panel B of Figure 3. Second, we re-estimate
the main specification controlling for the VIX in order to establish that the relationship between
the convenience yield and the stock-bond covariance does not just reflect changes in market-wide

volatility.

In the second set of three columns in Table 4 we repeat this analysis but use the first principal
component in the 1991-2022 sample. Due to data availability we here lose the swap spread and
MBS-based convenience yield proxies, as well as the stock-bond covariance estimated with the
convenience yield alone. Again we find that the relationship between the level of the convenience
yield and the stock-bond covariance, robust to the inclusion of an interaction with the crisis dummy,
and robust to controlling for the VIX. Overall, the principal components analysis affirms the message
from the main regression tables and underlines the presence of a strong common component across

various proxies of the convenience yield.
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3.4 Further Robustness Analysis

In Table 5 we report the results of the two robustness exercises in Table 4—the inclusion of a dummy
for the Global Financial Crisis and controlling for the VIX—for the entire set of convenience yield
proxies. In Panel A we show that the negative relationship between the covariance corresponding to
convenience yield and the level of the convenience yield is not driven by the crisis episode alone.
While the interaction term absorbs some of the variation, the main effect remains the main source
of the negative relationship between the covariance term and the level of the convenience yield.
In Panel B we include VIX as a right-hand-side control variable. We again find that the results
are quantitatively close to the estimates reported in Table 3. The stock-bond covariance term
corresponding to the convenience yield retains its negative sign, and, in all but one case, is statistically
significant at the 5% level. The inclusion of VIX has a somewhat stronger attenuating effect on
the estimates of the frictionless risk-free covariance term. Overall, as the the main coefficients of
interest on the aggregate stock-bond covariance remain largely unchanged, the table illustrates that
results on the relationship between stock-bond covariance and the level of the convenience yield are

not capturing an aggregate volatility effect.

In recent work, Dittmar et al. (2019) argue that the TIPS-Treasury premium can be accounted for
by default risk. To the extent TIPS and nominal Treasuries represent a different default risk—owing
to differential recovery rates, relative pricing of real and nominal payoffs in the default state, or
dependence of inflation rates on the default event—the TIPS-Treasury spread could be driven by the
creditworthiness of the U.S. Motivated by their findings, in Table 6 we re-estimate the regressions
from Table 3, but include the level of the 10-year CDS rate as a control variable. In line with the
argument in Dittmar et al. (2019), we find that the CDS rate has a positive relationship with the
TIPS-Treasury premium. That said, the strong negative relationship between the covariance term
corresponding to the convenience yield and the level of the TIPS-Treasury premium remains intact
with a coefficient of -.07, statistically significant at the 1% level. What is more, the corresponding
coefficients in regressions estimated with the alternative convenience yield proxies are left virtually
unchanged by the inclusion of the CDS rate. We conclude that the negative relationship between

the stock-bond covariance and the level of the convenience yield is not a reflection of default risk.

The Online Appendix contains a number of additional robustness exercises. In Appendix Tables A5
and A6 we repeat the main analysis, but lag the covariance measures by one period with respect
to the convenience yield proxies. In both tables we find that the strong negative relationship
between the covariance measures and the convenience yield stays intact which is expected given
the persistence of the covariance measures. In Appendix Table A7 Panel A we use the alternative
yield curve of Liu and Wu (2021) instead of Giirkaynak et al. (2007) yield curve to calculate the
stock-bond covariance. We mirror the structure of the tables reporting our benchmark results and
find coefficient estimates very close to those reported in Tables 2 and 3. In Panel B of Table A7 we

repeat the analysis but calculate the stock-bond covariance using the MSCI World Index return.
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Again we find negative coefficients on the covariance for all the convenience yield proxies, suggesting
that the hedging properties of the U.S. Treasury against global equity risk are also likely to drive

some of this effect.

In Appendix Table A8 Panels A and B we replace the stock-bond covariance with the stock-bond
correlation and stock market beta of the Treasury bond, respectively. Our main analysis focuses on
the covariance because that term contributes to the variance of a portfolio invested in stocks and
bonds. However, we find that the negative relationship between the stock-bond comovements and
the level of the convenience yield holds when employing correlation or stock market betas as the
right-hand-side variable. In Panel A of Table A8 we use the Treasury beta with respect to the stock
market, again focusing on the three separate terms corresponding to the convenience yield, the
frictionless risk-free rate, and the CDS innovations. Across the seven convenience yield proxies we
consistently find a negative relationship with the beta corresponding to the convenience yield. The
statistical significance varies across specifications, with the TIPS-Treasury premium significant at the
10% level. In Panel B of Table A8 we repeat the analysis with correlation coefficients corresponding
to the three constituent parts of the 10-year yield. We find that the correlation term stemming
from convenience yield innovations has a negative relationship with the level of the convenience
for six of the seven yield proxies. The statistical significance of this relationship is weaker than
in our benchmark results, but this is to be expected given that the correlation measure does not

distinguish between periods of high and low volatility in the stock and bond markets.

In Appendix Table A9 we document the benchmark results using different maturity stock-bond
covariance calculations, as well as different maturity convenience yield proxies. In Panel A we
document that the benchmark result holds with the stock-bond covariance employing a 5-year
nominal Treasury bond. In large part this result reflects the finding, discussed in Section 2, that
the 5- and 10-year stock-bond covariances are highly correlated. In Panel B we explore our main
result but with different maturity TIPS-Treasury spreads on the left hand side. We find that the
10-year covariance term has equally strong explanatory power over the variation in shorter maturity
covariance terms. This suggests a strong factor structure in the TIPS-Treasury premium across
different maturities, in line with the claim in Jiang and Richmond (2022) that the entire term
structure reflects a convenience yield. The 5- and 2-year covariance terms also have explanatory
power over the TIPS-Treasury premia. Interestingly, the 5-year covariance term explains slightly
more variation in the 5-year TIPS-Treasury premium than the 10-year covariance, indicative of

some maturity-specific effects as well.

Our preferred proxy of the convenience yield—the TIPS-Treasury premium—is a measure of relative
convenience between two securities issued by the U.S. Treasury. There is a possibility that TIPS
prices themselves reflect some amount of convenience, which would make our proxy an underestimate
of the total convenience afforded by nominal Treasuries. To explore this magnitude of this potential

convenience yield we compare the “synthetic” nominal Treasury yield, constructed from TIPS and
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inflation swaps, with the AAA-rated corporate bond yield. We find that in the 2005-2022 sample,
the 10-year “synthetic” nominal Treasury yield is 12 bps lower than the Bank of America AAA-rated
corporate bond index yield, consistent with a convenience yield on TIPS itself (for reference, the
level of the 10-year TIPS-Treasury premium in this period is 29 bps.) That said, there are prolonged
periods during which either of the rates is higher. Indeed, since 2015 the AAA yield has been lower
than the the 10-year “synthetic” nominal rate. We conclude that there is some evidence for the
convenience yield of TIPS but it is not as robust as the TIPS-Treasury premium which is positive

in every month of the sample.

Another driver of the TIPS-Treasury premium could be variation in the relative supply of the two
types of securities. In Appendix Figure A2 we plot the total amount of nominal and real Treasuries
outstanding. Two aspects are worth noting: one, the TIPS supply is an order of magnitude smaller
than nominal supply, with yearly issuance representing about 5-10% of the total Treasury supply;
two, the TIPS supply grows at a steady rate. These two observations suggest to us that fluctuations

in TIPS supply are not major drivers of the TIPS-Treasury premium.

3.5 Sectoral Treasury Holdings

Our main results document that a substantial amount of the aggregate stock-bond covariance
corresponds to innovations in the convenience yield. Such convenience yield is a service-flow benefit
that accrues to the investor holding the Treasury. As different types of investors might value this
aspect of Treasuries to a different degree, the time-variation in the stock-bond covariance should be

evident in the sectoral holdings of Treasuries.

We confirm this prediction by employing data on holdings of Treasuries. Specifically, we use sectoral
holdings as a share of the total outstanding based on quarterly data from Financial Accounts of
the U.S., Table L.210 (formerly the Flow of Funds data). In particular, holdings are reported for
“sectors” such as Broker-Dealers (B-D), Depository Institutions (Depos.), Households (HH), Insurers
(Insur.), Money Market Mutual Funds (MMF'), Mutual Funds (Mutual), Closed-end Funds and
ETFs (Funds), the Federal Reserve (Monet.), Pension Funds (Pension), and Rest-of-the World
(ROW). Unfortunately this data does not break out holdings of nominal and inflation-protected
Treasuries but, as shown above, TIPS issuance is typically in the 5-10% range of the total issuance

in this time period, so the vast majority of Treasuries in this data are nominal.

In Table 7 we estimate regressions of sectoral holdings, quoted as a percent of total Treasuries
outstanding, on the stock-bond covariance, controlling again for the level of the risk-free interest
rates. Using the aggregate stock-bond covariance, we find that Pension funds, Insurers, and Rest-of-
the-World tend to increase their holdings when the stock-bond covariance is low. In other words,
when the hedging properties of Treasuries are good, Pension funds, Insurers, and ROW investors

increase their holdings. The Fed, Depository institutions, and Funds (meaning closed-end funds and
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ETFs), in contrast, take the opposite side and increase their holdings when the hedging value of
Treasuries is low. Because these different sectors of Treasury investors are investing at all maturities,
in addition to the Fed Funds rate these regressions all include a control variable for the 10-year

term premium estimated in Kim and Wright (2005).

In Panel B of Table 7 we repeat the same analysis but break the stock-bond covariance measure
into the three constituent elements. The pattern of coefficients from the aggregate stock-bond
covariance is in large part reflected in the covariance components corresponding to the convenience
yield, and (to an extent) the frictionless risk-free rate, with the covariance component due to the
convenience yield typically being the one with more explanatory power. We find that the holdings
of money market funds, pension funds, and ROW are strongly negatively related to the stock-bond
covariance term corresponding to the convenience yield. Depository institutions and Funds again
act as the holders of last resort with respect to the covariance term stemming from the convenience
yield, suggesting that these investors benefit the least from the non-pecuniary services afforded by

Treasuries.

The differences in Treasury holdings are likely to translate into differences in average returns from
Treasury portfolios as well. Investors that hold Treasuries in times of negative stock-bond covariance

are likely to see lower average return, reflecting the higher hedging qualities of the portfolio.

4 Treasury Substitutes

Our main claim is that Treasury convenience yields are heightened because they often, if not always,
appreciate in poor aggregate states. Of course, other investments could fulfill a similar role. As we
have seen a substantial time-series variation in the convenience yield earned by Treasuries, we would
expect the relative convenience yield of substitute assets to move in the opposite direction, as their
relative attractiveness as safe assets likely moves inversely to that of Treasuries. This is precisely
what we find in the case of three sets of assets: gold, corporate securities, and foreign government
bonds.

To study the convenience yield on gold we follow Jermann (2021) and employ the term structure of
futures prices to back out a convenience yield from the cash-and-carry arbitrage formula. Specifically,
we use the 7-month futures price, the 1-month futures price in place of the spot price, and the
Giurkaynak et al. (2007) fitted yield curve as the risk-free interest rate to calculate a monthly
estimate of gold convenience yield.'* In Table 8 we regress this convenience yield of gold on our
measure of stock-bond covariance, as well as the Treasury convenience yield directly, in both cases

controlling for the level of the Fed funds rate. We find that periods of high Treasury covariance

Y The futures (F) and spot (P) prices satisfy F = Pexp{r — ¢} where r is the interest rate and c is the convenience
yield.
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with the stock market, and periods of low Treasury convenience yields see higher convenience yields
on Gold.

Certain corporate securities can likewise serve as a safe haven asset. In Table 9 we document the
dependence of various corporate spreads over Treasuries as a function of the stock-bond covariance.
Our first measure is the 90-day P2-rated commercial paper spread to Treasury bills, as constructed
in Krishnamurthy and Li (forthcoming). The second one is the long-term AAA-rated corporate
bond spread over long-term Treasuries. Our final corporate measure is the Excess Bond Premium
(EBP) first constructed in Gilchrist and Zakrajsek (2012) and updated in Gilchrist et al. (2021).
Reflecting the data in Gilchrist et al. (2021), we use three versions of the EBP: short (up to two
years remaining to maturity), medium (two to five years remaining), and long (above five years
remaining). The EBP is a measure of corporate bond yield premium that is cleansed of duration
mismatch, and that controls for, among other features, prepayment optionality and default risk.
This measure, then, seeks to capture the corporate bond yield premium that is not due to default

risk. The first two measures, however, do contain some measure of default spread.

As reported in Table 9, we find that when the Treasury convenience yield covariance with stock
returns is low, the gap between corporate and Treasury yields opens up. Both the covariance
terms corresponding to the convenience yield and the frictionless risk-free rate contribute to this
relationship, with the convenience yield part being the dominant channel. A one standard deviation
increase in the convenience yield covariance term corresponds to about 85% standard deviation
decrease in the P2 spread, and a 40% standard deviation decrease in the AAA-Treasury spread.
Similarly, the estimated relationship with the three different maturity EBP measures is strong: a
one standard deviation increase in the stock-bond covariance term corresponding to the convenience

yield corresponds to approximately half standard deviation drop in the excess bond premium.

Finally, we document the relationship between the Treasury-stock covariance and foreign safe assets.
Here we rely on two recent papers to estimate convenience yields of foreign currency bonds. Firstly,
we follow Du et al. (2018) and construct measures of foreign currency sovereign bond convenience
yields with respect to U.S. Treasuries. This measure is a close analogue to the convenience yield
approximated as the TIPS-Treasury premium: it measures the yield on foreign safe bonds, with the
cash-flows swapped into USD, relative to the yield on U.S. Treasuries. Specifically, Du et al. (2018)
show that in frictionless markets the relative convenience yield on U.S. Treasuries with respect
to a foreign sovereign bond is equal to the foreign yield minus the U.S. yield, minus the forward
premium for hedging the foreign currency against the U.S. Dollar.'> The resulting measure, USD
premium, is an equal-weighted average of the U.S. convenience yield over a basket of ten foreign
currencies (AUD, CAD, CHF, DKK, EUR, GBP, JPY, NOK, NZD, SEK). We also use the EUR

and GBP relative convenience yields directly (we denote these measures -EUR Prem. and -GBP

5Du et al. (2018) consider a number of alternative calculations. We follow their calculation that estimates the
forward premium using interest rate swaps and basis swaps, see Equation (9) in that paper.
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Prem. to highlight that higher values mean higher U.S. Treasury premium). Secondly, we use the
data from Van Binsbergen et al. (2022) and Diamond and Van Tassel (2021) on USD-, GBP-, and

EUR-denominated box rates at 2-year maturities.

The first column of Table 10 documents a strong negative relationship between the stock-bond
covariance term corresponding to the convenience yield, and the U.S. premium over foreign currencies.
A one standard deviation increase in the convenience yield covariance term corresponds to about a
fifth of a standard deviation decrease in the U.S. premium. The second and third columns show,
however, that this relationship is not driven by EUR and GBP premium, as the U.S. premium over
these currency safe bonds (German Bunds in the case of EUR) does not have a similar relationship
with the covariance term. That said, using the EUR and GBP box rate as the foreign currency
convenience yield proxy reveals that times of high U.S. covariance see a lowering of these foreign
convenience yields. In Panel B of Table 10 we confirm the results by using the TIPS-Treasury
premium directly as an explanatory variable in place of the covariance. We find a strong relationship
between the TIPS-Treasury measure of the convenience yield and the U.S. relative convenience
yield over 10 foreign currency bonds, as well as positive relationship between the U.S. and German

convenience yields, measured in USD and EUR terms, respectively.

5 The Role of Inflation Expectations

Our finding that the time-variation in the convenience yield can materially contribute to the hedging
properties of Treasuries additionally suggests a novel channel via which inflation can affect the stock-
bond covariance. Prior literature has extensively studied the link between realized and expected
inflation shocks and the stock-bond covariance, and has attributed the long-term shift from positive
to negative stock-bond covariance to changes in inflation dynamics, for instance, see Campbell
et al. (2017). Our results open the possibility, however, that inflation also affects the stock-bond
covariance via its impact on the convenience yield. To the extent high inflation, or the possibility of
high inflation, erodes the convenience yield, and simultaneously lowers the stock market valuation
(especially via the valuation of long-duration assets), it can also dampen the hedging properties of

Treasury bonds.

We test this hypothesis in Table 11 with the help of two proxies for expected inflation: the five-year
inflation swap rate, and the Federal Reserve Bank of Cleveland five-year expected inflation series
that combines both survey and market data. In Panel A we report regressions of the stock-bond
covariance, as well as the three constituent parts, as dependent variables with the five-year inflation
swap rate as the explanatory variables. First, we find that the stock-bond covariance is larger in
times when expected inflation is higher. This accords with existing work,'® but our decomposition

of the stock-bond covariance into three constituent parts reveals that in this sample almost all of

16See Campbell et al. (2017) and Pflueger (2023).
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this relationship stems from the stock-bond covariance stemming from the convenience yield. Hence
these regressions support the view that expected inflation affects the stock-bond covariance via the
convenience yield, in addition to via the frictionless risk-free rate. In the last column of the panel,
we provide further validation of this effect by estimating a direct regression of the TIPS-Treasury
premium on the inflation swap rate. We find a strong negative relationship, in line with the view
that inflation innovations are a potentially important source of convenience yield innovation and
consistent with the findings in Li et al. (2022) who document a negative relationship between

inflation expectations and the AAA-Treasury spread as well as the Treasury-Refcorp spread.'”

The first five columns of Panel B repeat the above analysis except use the Cleveland Fed expected
inflation series as the explanatory variable. We again find a positive relationship between the
aggregate stock-bond covariance and expected inflation, consistent with prior work. With this
alternative proxy for expected inflation, we again find that the correlation term corresponding to
the convenience yield contributes materially to this relationship. In the sixth column we use the full
time-series of available inflation expectations data (1982-2022) to demonstrate the link between
inflation and the aggregate stock-bond covariance (we are unable to use the decomposed covariances
here due to the unavailability of the TIPS-Treasury premium). Finally, in the seventh column we
provide evidence that the relationship between expected inflation and the stock-bond covariance
holds in an even longer sample starting in 1972. Here we use the measure of long-run inflation
expectations (PTR) used in the FRB/US model maintained by the Fed Board.'® Again we find a

strong positive relationship: high expected inflation periods see larger stock-bond covariance.

The dynamics of convenience yield and stock-bond covariance that we propose and these panels
evince are particularly evident in the recent inflation bout starting in early 2021. In Panel A of
Figure 4 we plot the expected inflation series, as well as the 10-year TIPS-Treasury premium. As
inflation expectations took off starting in early 2021, the Treasury specialness proxy saw a drop of
more than 20 bps (recall its monthly standard deviation is only 14 basis points). As Panel B of Figure
4 shows, the stock-bond covariance and Treasury convenience yield had a negative relationship in
this period: a one standard deviation change in the stock-bond covariance in this period corresponds
to about a quarter standard deviation drop in the 10-year TIPS-Treasury premium. Note too that
this drop in the convenience yield is not limited to the TIPS-Treasury premium and is also evident

in the other long-term convenience yield proxies, such as the Agency MBS-Treasury spread.

Overall, our findings establish a novel channel via which inflation can affect the hedging properties
of Treasuries. Higher-than-expected inflation can then cut into the hedging properties of nominal
bonds in two different ways: by its effect on nominal rates and by its effect on the convenience yield.

Prior work in Duffee (2018) has argued that inflation volatility can explain only a small part of

'70On the relationship between inflation and the convenience yield also see Cieslak et al. (2023), discussed further in
Section 7.

18Gee Chan et al. (2018) for details on the construction of PTR. We are grateful to Todd Clark for sharing the
measure with us and explaining its construction, and to Marco Del Negro of New York Fed for putting us in touch.
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long-term nominal yield volatility and, more recently, Duffee (2022) has argued that inflation news
have historically not been volatile enough to justify the role inflation has been given in accounting
for the stock-bond covariance. The importance of the convenience yield channel suggests a way in
which inflation expectations can have larger impact on the stock-bond covariance than might at

first seem.?

6 Event Studies: Credit Risk and Treasury Supply

Besides inflation expectations, two other prime contributors to the convenience yield are the
availability of Treasuries, and their perceived safety. In this section we revisit a number of events
from recent history that have seen large increases or drops in the US Treasury convenience yield,
either because of news on default probability, or because of sharp supply changes. We also examine
events around the Eurozone sovereign debt crisis to understand the behavior of U.S. Treasury

convenience yield relative to other government safe bonds.

6.1 Financial Crisis and Covid

Our first set of event studies employs the central bank policy responses to the Global Financial
Crisis (GFC) as well as the Covid pandemic. These periods provide a number of sharp event dates
with substantial news about the future supply of Treasuries and GSE securities (bonds and MBS)
was altered by the pace of central bank purchases. We document the behavior of the convenience

yield as well as the stock-bond covariance on these event days.

In Table 12A we document the behavior of the TIPS-Treasury premium and the stock-bond
covariance corresponding to the convenience yield around seven event dates during the GFC that
saw large changes in the expected amount of Treasury securities outstanding. Panel A of Table
12A lists the events as well as the predicted impact on Treasury supply. Six of the events are about
increasing the expected amount of Treasury, GSE or Agency MBS purchases. Because these policy
actions see a reduction in the aggregate amount of safe assets available to the private sector, we
predict that on these days the Treasury convenience yield increases, and the stock-bond covariance
stemming from the convenience component decreases. The one outlier is the August 12, 2009 event
date when the Fed announced it will slow the pace of Treasury purchases and we predict a decrease

in the Treasury convenience yield.

19To see this explicitly note the Campbell and Ammer (1993) decomposition of long yields into expected inflation,
expected short-term real yields, and expected excess returns:
Yt = on iy Eelmei] + 0 S0 Befreioa] + 55 27 Elexy 7.
Even if the volatility of the first term (expected inflation) is small relative to overall yield volatility, to the extent
expected inflation innovations drive excess returns via the convenience yield component, there is an additional channel
via which inflation news contribute to nominal yield volatility.
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Panel B of Table 12A shows that in all but one case, the TIPS-Treasury premium innovation on
the event days is in the predicted direction. For instance, the November 11, 2008 announcement
of purchases of GSE debt and Agency MBS securities saw a nearly five basis point increase in the
Treasury convenience yield. The March 18, 2009 announcement that the Fed will, for the first
time, buy Treasuries saw a whopping 20 basis point increase in the TIPS-Treasury premium in the
three-day event window. In contrast, the August 12, 2009 announcement that Treasury purchases
will be slowed saw a drop of 13 basis points in this proxy of the Treasury convenience yield. The
innovations to the stock-bond covariance on these event days are typically in the opposite direction
of the convenience yield innovation, consistent with our finding that the level of the convenience

yield reflects in part the covariance of convenience yields with aggregate equity risk.

In Table 12B and Figure 6A we carry out a similar analysis around four event days during the onset of
the Covid pandemic. We employ four event days (see Table 12B Panel A) that pertain to Treasuries
from the dates studied in Haddad et al. (2021). The first of these events, an announced purchase of
USD 500 billion of Treasuries by the Federal Reserve on March 15, 2020 reduced the amount of
Treasuries outstanding and is predicted to increase Treasury convenience yields. The third event
day, March 31 2020 saw the Fed allow certain foreign counterparties to directly repo Treasuries with
the Fed and is predicted to make Treasuries more appealing to foreign investors, hence increasing
Treasury convenience yields. The other two events are predicted to reduce Treasury convenience
yield: on March 23, 2020 the Fed increased the range of collateral accepted at emergency facilities,
hence providing more substitutes to Treasuries. On April 1, 2020 the Fed excluded Treasuries from
leverage ratio calculations, in the hope of making intermediation of fixed income securities more

economical for banks.

As the first column of Panel B of Table 12B shows, three events see the convenience yield move in
the predicted direction. For instance, the announcement of collateral eligibility rules on March 23
saw a 13 basis point drop in the TIPS-Treasury premium. The only event that does not follow the
predicted pattern is the announcement of foreign direct repo. Note, though, that this event came
right before the announcement that Treasuries are to be excluded from leverage ratio calculations
and the event window overlaps with the subsequent announcement. The one-day change after the

March 31 announcement was a positive 11 basis points.

One potential concern with these event studies is that the Fed purchases of assets preference
either nominal or real Treasuries, which could directly impact the TIPS-Treasury premium. An
outsize position in, say, real Treasuries would drive up TIPS prices and potentially cut into the
TIPS-Treasury premium. We explore this possibility in Appendix Figure A3. In Panel A we show
the dollar amount of nominal and real Treasuries held by the Fed. The Figure shows that the Fed
tends to adjust its portfolio size with nominal Treasuries, with the small overall share of TIPS being
much more stable. In Panel B we plot the share of total nominal and real Treasuries outstanding

held by the Fed, as well as the TIPS-Treasury premium, again highlighting the Fed’s tendency to
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adjust its portfolio size with nominal Treasuries. Of particular note in Panel B is the large increase
in holdings share in early 2020 at the onset of the Covid pandemic, with a jump in the share of real
bonds held. Note, however, that this event did not coincide with the drop in the TIPS-Treasury
premium that occurred in 2021. Note too that the highest level of the TIPS-Treasury premium
occurred during the Global Financial Crisis, a period during which the Fed’s holdings of nominal
Treasuries were at a low point, again cutting against the view that Fed holdings are driving the

TTIPS-Treasury premium.

6.2 Debt Ceiling Standoffs

Our second event study considers two debt ceiling standoffs in the U.S. First, we consider the debt
ceiling crisis of Summer of 2011 that was resolved on August 1, 2011 with the passage of a debt
ceiling bill in the House of Representatives. As shown in Figure 6B, leading up to the event date,
the covariance of U.S. Treasuries and aggregate stock return was high and the convenience yield
declined. These patterns reversed sharply soon after a default was averted. As reported in Panel A
of Table 12C, in a 60 trading-day window around the August 1, 2011 resolution date we find that
the TIPS-Treasury premium was higher by 6.5 basis points after the resolution, and the covariance
term corresponding to the convenience yield was lower by .37 percentage points. Both estimated
effects are statistically significant at the 5% level. As also shown in Figure 6B, despite a rise in the
U.S. CDS premium in build-up to the crisis date, especially at the short maturity of one year, its
covariance with aggregate stock returns is quantitatively too small to explain the pre-resolution fall

in the convenience yield.

Similar dynamics obtain around the debt ceiling standoff of Spring 2023 that was resolved with
congressional action on May 31, 2023. In Figure A4 we show the TIPS-Treasury premium and the
stock-bond covariance around this date. The Treasury convenience yield dropped earlier in the
year around the regional banking crisis, and saw a dip of close to ten basis points just prior to the
debt ceiling deal. As we confirm in Table 12C Panel B, the TIPS-Treasury premium was higher
after the debt ceiling resolution, and correspondingly the stock-bond covariance stemming from the

convenience term was lower.

Overall, we conclude from these case studies that besides inflation expectations, Treasury bond
supply and sovereign credit risk are important determinants of the hedging properties of Treasuries.
The stock-bond covariance and Treasury convenience yield appear to be “catch-all” economic

measures proxying for these characteristics.

26



6.3 Eurozone Sovereign Debt Crisis

Finally, the Eurozone Sovereign Debt crisis of 2010-2012 presents an occasion to study the interplay
of U.S. and foreign currency convenience yields. Specifically, we examine the convenience yield of
the U.S. Treasuries relative to the German Bunds in response to events that ignited or amplified

sovereign bond stress in the Eurozone, as well as policy actions by the ECB.

In Figure A5 we plot the TIPS-Treasury premium, and the relative convenience yield of the U.S.
Treasury relative to Germany government bonds (denoted -EUR Prem.). Panel A shows the early
part of the crisis, January 2010 to July 2011, which included the Greek debt downgrade, as well as
the introduction of the Securities Market Programme (SMP) by the ECB which provided short-term
funding to banks against eligible collateral (sovereign debt securities). Panel B shows the second
half of the crisis, up to January 2013, including the introduction of the Long-Term Refinancing
Operation (LTRO) in Dec 2012 which expanded both eligible collateral as well as extended the
tenor of financing to three years, the Greek default of March 2013, and the introduction of the
Outright Monetary Transactions (OMT) during July-Sep 2013 under which the ECB pledged to do
“whatever it takes” via purchases of Eurozone sovereign bonds in open market operations in order
to preserve the Euro. The corresponding event dates are listed in Table A10 Panel A. Panel B of
the same table lists the averages of the U.S. TIPS-Treasury premium and the relative premium of

Treasuries over German bunds across the different event periods.

First, Panel A of Figure A5 illustrates the need for joint understanding of the hedging properties
of the two bonds. In particular, vulnerability of the Eurozone (periphery countries, specifically)
following the Greek downgrade sees the absolute convenience yield of the U.S. Treasuries to rise but
that relative to the German Bunds to fall due to a flight-to-safety premium in the latter; stabilization
measures by the European Central Bank (ECB) such as the SMP restore the relative convenience

yield of the U.S. Treasuries as they dampen the flight-to-safety to German Bunds

Second, Panel B of Figure A5 highlights that the evolution of this relationship was highly complex.
While the ECB’s Long-Term Refinancing Operation (LTRO) of December 2012 saw the reduction
of the specialness of German bunds causing the relative U.S. Treasury premium to rise even as
Treasuries remained less special at an absolute level, the Greek default of March 2013 saw both
relative and absolute U.S. Treasury premium to rise over the subsequent months. At that point,
ECB’s Outright Monetary Transactions program (OMT), announced in July 2012 and finalized in
September 2012, brought both premia eventually to lower levels.

Overall, these event studies help recognize that the linkage between the hedging properties of safe
assets and their convenience yield that we discovered in monthly regressions employed over long
time-periods are at work even at a microscopic daily level around specific events that alter the credit

risk or the safe-asset supply of government bonds globally.
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7 Related Literature

Our paper brings together two large literatures: one on the stock-bond comovement and the other

on the convenience yield on Treasury securities.

The literature on the aggregate stock-bond comovement extends back to the work in Shiller and
Beltratti (1992) and Campbell and Ammer (1993). An important part of this literature has studied
stock and bond returns jointly in affine economies, for instance Bekaert and Grenadier (1999),
Bekaert et al. (2010), and Lettau and Wachter (2011). Recent work in Cieslak and Pang (2021)
uses sign-restriction identification to decompose stock and bond returns. Further work studying
stock-bond comovements, including nonlinearities and the term structure, includes Connolly et al.
(2005), Baele et al. (2010), Adrian et al. (2015), Koijen et al. (2017), Xu (2017), Backus et al. (2018),
Chang et al. (2021), Ermolov (2022).

Many papers in the recent literature have focused on the sign shift in the aggregate stock-bond
comovement in the early 2000s. Campbell et al. (2017) study the risk exposures of nominal bonds
and attributes the changing covariance to a shift in the covariance between nominal interest rate
and the real economy while Campbell et al. (2018) study the impact of monetary policy rules.
Other recent work such as Laarits (2021), Choi et al. (2022), Jones and Pyun (2022), Kozak (2022),
and Chernov et al. (2023) explore non-inflation accounts of stock-bond comovement, in line with
the argument in Duffee (2022) that inflation innovations have not been the main driver of the

time-varying stock-bond comovement.

Quantitatively, Laarits (2021) shows that the variability of the aggregate stock-bond covariance can
be captured using a price of risk process calibrated to match moments of the equity market. In
particular, he finds that the real bond-stock covariance is well captured by a frictionless model of
price of risk, while the nominal bond-stock covariance exhibits additional volatility, a finding in line
with the argument here on the important role of convenience yields. On the empirical side, Laarits
(2021) documents that the stock-bond covariance is co-moves with credit spreads, predicts returns
on corporate bonds, and captures risk-neutral moments of Treasury returns as well as aggregate
issuance of safe assets. Hu et al. (2023) use intraday data to measure the conditional correlation
between stocks and bonds. They show that days with substantial negative stock-bond correlations
see poor equity market returns, appreciation of Treasuries, appreciation of the Yen with respect to
USD, spikes in implied volatility, and widening of Treasury specialness, in line with the findings here.
Also part of this literature has studied the relationship between aggregate stock-bond covariance

and the cross-section of stock and bond returns, for instance see Baker and Wurgler (2012).

The literature on Treasury convenience yields goes back to Duffee (1996) and Longstaff (2004).
Fleckenstein and Longstaff (Forthcoming) provide a recent overview and re-evaluation of absolute

Treasury convenience using the term structure of repo swap rates. Krishnamurthy and Vissing-
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Jorgensen (2012) document a strong relationship between the aggregate supply of Treasuries and
the spread between safe corporate bonds and Treasury yields while He et al. (2019) model the
determination of the safe asset in a model of two sovereigns. The relationship between Treasury
supply and the convenience yield is explored in Greenwood et al. (2015) while Sunderam (2015)
studies private market response to Treasury scarcity. Di Tella et al. (2023) estimate zero-beta rates
from risky asset returns and interpret the difference between zero-beta and risk-free assets as the
convenience yield. Krishnamurthy and Li (forthcoming) study the substitutability between different
types of money and money-like claims, while Eren et al. (2023) estimate a demand system for
Treasury securities. d’Avernas and Vandeweyer (2021), Stein and Wallen (2023), and Doerr et al.

(2023) study intermediation frictions pertaining to the near end of the yield curve.

Two other recent papers study the relationship between convenience yields and inflation. Li et al.
(2022) study this link using a model of fiscal policy in which deficit shocks lead to both higher
expected inflation, as well as lower convenience yields from additional future issuance. Cieslak
et al. (2023) document two specific regimes in the inflation-convenience yield relationship: a
“money channel” regime in which high inflation corresponds to high convenience yields, and a “New
Keynesian” regime in which shocks to liquid stores of wealth drive aggregate demand and inflation,
resulting in a negative stock-bond covariance. Relative to these two papers we emphasize the
importance of the covariance of Treasury convenience with aggregate shocks as an important driver
of the level of the convenience yield and emphasize that one channel via which inflation affects the

convenience yield is through its impact on this covariance.

Finally, the convenience yield of Treasuries also relies on the proper functioning of the associated
markets, for instance see Amihud and Mendelson (1991). Adrian et al. (2017) construct a daily
measure of Treasury market liquidity and contrast with existing measures of market liquidity, such
as Hu et al. (2013). In contrast to existing measures they find higher illiquidity at the onset of the
Covid pandemic in March 2020. A recent literature has studied these dislocations in the Treasury
market in that tumultuous period, see He et al. (2022), Haddad et al. (2021), as well as Duffie
(2020). Other market microstructure issues can be important, such as specific Treasury securities
being cheapest-to-deliver into futures contracts, or going on special in the repo market, as illustrated
and analyzed in Duffie (1996), and Jappelli et al. (2022).

Relative to the existing literature on the convenience yield, our novelty lies in the focus on the
dynamics of this part of Treasury yields, particularly with respect to aggregate equity market

movements.
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8 Conclusion

We argue—and empirically establish—that the hedging perspective for safe assets is a quantitatively
important channel to capture the time-variation in the Treasury convenience yield: we document
that times when the aggregate stock-bond covariance is large and negative see a widening of
Treasury convenience yields. In a decomposition of the aggregate stock-bond covariance into terms
corresponding to the frictionless risk-free rate, default risk, and the convenience yield, we find that
the convenience yield component contributes most robustly to the aggregate hedging properties of
the Treasury, particularly during times of market stress. These results lend strong support to the
view that investors pay for the convenience yield they enjoy from holding safe assets in a service-flow

or an ease-of-retrading sense.

We additionally show that heightened inflation expectations erode the convenience yield and reduce
the hedging properties of Treasuries. Default risk and Treasury bond supply also erode Treasury
hedging properties. In all, these results imply that that the safe asset properties of U.S. Treasuries
are not to be taken as given, but need to be ensured via prudent macroeconomic outcomes. In
particular, they underscore the importance of inflation-targeting framework and the attainment
of its goals by the Federal Reserve for keeping secure the safe-asset properties of U.S. Treasuries
and the demand for them, and in turn, for keeping contained the government borrowing costs. In
other words, the convenience yield of government bonds must be “earned” by the central bank and
the government by ensuring bonds retain their hedging properties for unspanned shocks faced by
households, investors, financial firms, and corporations. Finally, our results can be used to test
various theories of the convenience yield. The systematic time variation documented here is evidence
that models beyond the money-in-the-utility framework are likely needed, while the observation
that the covariance of convenience yield itself with the stock market accounts for the level of the

convenience yield is suggestive of theories of coordination, such as in He et al. (2019).
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Panel A.

mean pl pl10 p50 p90 P99 sd count
Cov(Tr 10y, St.) -0.45 -4.23 -1.33 -0.25 0.15 1.23 0.90 216
Cov(Prem. 10y, St.) -0.21 -4.60 -0.32 -0.05 0.08 0.36 0.91 216
Cov(Rf 10y, St.) -0.29 -3.18 -1.01 -0.20 0.24 2.25 0.79 216
Cov(CDS 10y, St.) 0.05 -0.17 -0.05 0.00 0.16 0.68 0.18 216

Panel B.

mean pl p10 p50 p90 P99 sd count
10y TIPS-Tr 0.29 0.02 0.17 0.28 0.37 1.04 0.14 216
2y Box USD 0.35 0.11 0.18 0.29 0.66 1.30 0.22 179
GC-Tr 3m 0.14 -0.03 0.03 0.10 0.29 0.63 0.13 216
FF-Tr 3m 0.09 -0.64 -0.08 0.05 0.30 1.22 0.27 216
-1*Z-spr. 0.14 -0.07 0.01 0.12 0.23 0.59 0.13 216
30y Sw-Tr -0.05 -0.59 -0.48 -0.15 0.65 0.84 0.40 216
FN 30y-Tr 0.32 -0.11 0.10 0.26 0.66 1.07 0.25 216
PC1 0.00 -2.31 -1.38 -0.32 1.76 5.77 1.60 216
Eff. Fed Funds 1.31 0.05 0.07 0.22 4.52 5.33 1.69 216
5-year E[Inflation] 1.82 1.01 1.34 1.74 2.46 2.68 0.41 216
5-year Inf. Swap Rate 2.18 0.56 1.59 2.18 2.91 3.27 0.55 216
PTR 2.07 1.85 2.00 2.10 2.20 2.30 0.10 216
KW Term Premium 0.17 -0.87 -0.45 0.16 0.86 1.23 0.50 216

Panel C.

mean pl pl0 p50 p90 P99 sd count
6m. GC Conv. -2.36 -6.17 -5.25 -1.84 -0.55 -0.09 1.69 216
P2-Tr. 0.59 0.13 0.23 0.42 1.23 5.21 0.72 216
AAA-Tr. 1.00 0.49 0.60 0.99 1.38 1.83 0.29 216
EBP LT 0.14 -0.66 -0.31 -0.09 0.79 3.79 0.72 189
EBP MT 0.17 -0.67 -0.46 -0.14 1.06 4.94 0.97 189
EBP ST 0.20 -0.53 -0.39 -0.19 1.38 5.53 1.12 189
US prem. -15.24 -53.03 -32.47 -15.52 5.59 14.30 14.84 216
-EUR prem. -10.42 -81.16 -33.80 -11.14 27.39 34.95 24.54 216
-GBP prem. -5.24 -41.35 -29.56 -4.53 15.74 27.40 15.89 159
2y Box EUR 0.24 -0.02 0.09 0.23 0.42 0.70 0.13 187
2y Box GBP 0.32 0.03 0.09 0.32 0.51 0.89 0.17 76

Table 1: Summary Statistics. Monthly data 2005-2022. Panel A: the stock-bond covariance
calculated using 10-year constant maturity Treasury returns and the CRSP value-weighted stock
market return in a 30 trading-day look-back window, collapsed to a monthly variable by keeping
the last available calculation in each month. Stock-bond covariance calculated separately using
the TIPS-Treasury premium, the frictionless risk-free rate, and the CDS rate. Panel B: various
proxies of the Treasury convenience yield (described in Section 1.2), Cleveland Fed five year expected
inflation, Five year inflation swap rate, and PTR, a measure of inflation expectations,and the Kim
and Wright (2005) term premium . Panel C: six month convenience yield on gold (GC), convenience
yield proxies using corporate securities, U.S. Treasury convenience yield relative to other government
bonds, EUR and GBP Box spreads. 35



Panel A.

2005-2022
10y TIPS-Tr 2y Box USD GC-Tr 3m FF-Tr 3m -1*Z-spr. 30y Sw-Tr FN 30y-Tr
Cov(Tr 10y, St.) -0.069"* -0.129*** -0.051*** -0.099** -0.048 -0.074* -0.102***
(-2.21) (-2.96) (-2.68) (-2.12) (-1.32) (-2.02) (-3.98)
Eff. Fed Funds 0.011 0.059*** 0.028"* 0.069™** 0.006 0.179™** 0.043™**
(1.62) (5.84) (2.45) (2.65) (0.69) (8.30) (3.01)
Constant 0.240*** 0.202™* 0.078"** -0.043 0.107*** -0.316™** 0.222"**
(10.98) (10.47) (4.01) (-1.29) (5.73) (-5.66) (5.23)
Observations 216 179 216 216 216 216 216
R? 0.184 0.418 0.210 0.243 0.113 0.551 0.182
Panel B.
1996-2022 1991-2022 1972-2022
30y Sw-Tr GC-Tr 3m FF-Tr 3m -1*Z-spr. FF-Tr 3m -1*Z-spr.
Cov(Tr 10y, St.) -0.069™* -0.044** -0.097*** -0.044 -0.114** -0.019
(-2.17) (-2.46) (-2.84) (-1.60) (-2.43) (-0.78)
Eff. Fed Funds 0.177"** 0.032*** 0.054***  -0.017*** 0.144**  -0.037***
(10.84) (5.24) (5.47) (-3.84) (9.55) (-6.97)
Constant -0.254™** 0.057*** -0.057*" 0.111***  -0.241*** 0.175%**
(-4.47) (3.18) (-2.02) (6.56) (-4.22) (8.13)
Observations 319 380 384 384 612 612
R? 0.636 0.197 0.231 0.247 0.588 0.389

Table 2: Stock-Bond Covariance and Proxies of the Treasury Convenience Yield. Left-

hand-side variables are proxies of the convenience yield. The selection of left-hand-side variables
in each panel reflects their availability in the indicated time period. Right-hand-side variables
are the monthly stock-bond covariance and the effective Fed Funds rate. Heteroskedasticity and

autocorrelation robust t statistics in parentheses.
and 10% levels.
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2005-2022
10y TIPS-Tr 2y Box USD GC-Tr 3m FF-Tr 3m -1*Z-spr. 30y Sw-Tr FN 30y-Tr

Cov(Prem. 10y, St.)  -0.090"** -0.153"** -0.064***  -0.085*  -0.083"**  -0.072"*  -0.095"**
(-5.68) (-9.11) (-5.30) (-2.62) (-7.98) (-2.56) (-6.60)
Cov(Rf 10y, St.) -0.013 -0.058" -0.029 -0.121* 0.017 -0.078 -0.085**
(-0.62) (-1.91) (-1.44) (-1.90) (0.94) (-1.42) (-2.36)
Cov(CDS 10y, St.) 0.225** -0.033 -0.071* -0.154 -0.006 -0.092 0.306***
(2.17) (-0.43) (-1.76) (-1.48) (-0.18) (-0.85) (3.93)
Eff. Fed Funds 0.014* 0.059*** 0.027* 0.046* 0.004 0.179"**  0.048"**
(2.45) (5.33) (2.28) (1.82) (0.53) (8.24) (3.46)
Constant 0.236*** 0.217*** 0.084*** -0.039  0.118"**  -0.316"**  0.203***
(12.98) (11.10) (4.14) (-1.15) (7.69) (-5.54) (5.17)
Observations 216 179 216 216 216 216 216
R? 0.403 0.515 0.248 0.182 0.412 0.551 0.260

Table 3: Components of the Stock-Bond Covariance and Proxies of the Treasury
Convenience Yield. Left-hand-side variables are proxies of the convenience yield. The right-
hand-side variables are components of the aggregate stock-bond covariance, corresponding to the
convenience yield, the frictionless risk-free rate, and the CDS rate according to Equation (4).
Monthly data 2005-2022. Heteroskedasticity and autocorrelation robust t statistics in parentheses.
*xx ** and * denote significance at the 1%, 5%, and 10% levels.
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PC1, 2005-2022

PC1, 1991-2022

Cov(Tr 10y, St.) -0.911"** -0.564"** -0.398"* -0.432**
(-3.56) (-3.15)  (-2.32)  (-2.49)
Cov(Prem. 10y, St.) -1.091%**  -1.432***  -0.724***
(-8.10)  (-3.69)  (-5.27)
Cov(Rf 10y, St.) -0.497**
(-2.01)
Cov(CDS 10y, St.) 0.266
(0.41)
Crisis 1.752** 0.750
(2.34) (1.11)
Crisis x Cov(Prem., St.) 0.774*
(1.90)
Crisis x Cov(Tr 10y, St.) -0.326
(-1.45)
VIX 3.817* 2.759**
(1.72) (2.07)
Eff. Fed Funds 0.446*** 0.450*** 0.428*** 0.444*** 0.253*** 0.249*** 0.243***
(3.72) (3.55) (3.47) (3.34) (4.54) (4.12) (4.49)
Constant -0.994F  L0.97T1* -0.950%%%  -1.481°**  -0.779°**  -0.806%**  -1.267**
(-546)  (-5.11)  (-5.12)  (-329)  (-5.50)  (-4.93)  (-4.18)
Observations 216 216 216 216 380 380 380
R? 0.390 0.459 0.504 0.432 0.197 0.242 0.217

Table 4: Stock-Bond Covariance and 1st Principal Component the Convenience Yield
Proxies. The left-hand-side variable is the first principal component of the convenience yield
proxies available in the entire indicated period. The right-hand-side variables are components of the
aggregate stock-bond covariance, corresponding to the convenience yield, the frictionless risk-free
rate, and the CDS rate, as well as the effective Fed funds rate, an indicator variable for the Global
Financial Crisis, and the VIX. Monthly data in 2005-2022 in the first four columns, monthly data in
1991-2022 in the remaining three columns. Heteroskedasticity and autocorrelation robust t statistics

in parentheses. *** ** and * denote significance at the 1%, 5%, and 10% levels.
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Panel A.

2005-2022
10y TIPS-Tr 2y Box USD GC-Tr 3m FF-Tr 3m -1*Z-spr. 30y Sw-Tr FN 30y-Tr

Cov(Prem. 10y, St.) -0.045" -0.066 -0.115™* -0.188" -0.023 -0.027 -0.282***

(-1.66) (-1.12) (-2.41) (-1.96) (-0.76) (-0.28) (-3.54)
Crisis 0.135 0.335"** 0.074 0.268" 0.001 0.316™** 0.280""

(1.32) (3.38) (1.34) (1.82) (0.01) (3.66) (2.44)
Crisis x Prem. Cov -0.027 -0.024 0.075 0.190" -0.068™* 0.025 0.261"**

(-0.91) (-0.40) (1.56) (1.85) (-2.10) (0.26) (3.20)
Eff. Fed Funds 0.009 0.056™** 0.027** 0.044* 0.005 0.175"** 0.043"**

(1.37) (6.05) (2.37) (1.67) (0.56) (7.74) (2.92)
Constant 0.246™** 0.213"** 0.079*** -0.034 0.116™** -0.316™** 0.212%**

(13.57) (12.92) (4.08) (-1.16) (8.81) (-5.97) (4.46)
Observations 216 179 216 216 216 216 216
R? 0.392 0.729 0.259 0.180 0.416 0.586 0.243

Panel B.
2005-2022
10y TIPS-Tr 2y Box USD GC-Tr 3m FF-Tr 3m -1*Z-spr. 30y Sw-Tr FN 30y-Tr

Cov(Prem. 10y, St.) -0.076™** -0.090"** -0.064™** -0.099** -0.066™"* -0.103** -0.029

(-4.71) (-3.23) (-4.59) (-2.29) (-4.02) (-2.11) (-1.13)
Cov(Rf 10y, St.) -0.008 -0.019 -0.029 -0.126" 0.024 -0.090 -0.058**

(-0.37) (-0.71) (-1.53) (-1.96) (1.33) (-1.58) (-2.03)
Cov(CDS 10y, St.) 0.202** -0.116 -0.071* -0.130 -0.035 -0.039 0.192***

(2.25) (-1.60) (-1.66) (-1.17) (-1.30) (-0.42) (2.60)
VIX 0.229 0.930" 0.003 -0.238 0.289 -0.528 1.142***

(0.80) (1.93) (0.02) (-0.50) (1.36) (-0.80) (2.96)
Eff. Fed Funds 0.015**~ 0.063**~ 0.027** 0.045 0.006 0.175*** 0.055**

(2.73) (5.95) (2.20) (1.62) (0.76) (7.41) (4.53)
Constant 0.194**~ 0.067 0.083** 0.005 0.066™ -0.220 -0.005

(3.78) (0.91) (2.01) (0.05) (1.69) (-1.59) (-0.08)
Observations 216 179 216 216 216 216 216
R? 0.414 0.572 0.248 0.185 0.433 0.558 0.345

Table 5: Stock-Bond Covariance and Proxies of the Treasury Convenience Yield.
Robustness Analysis. In Panel A, the left-hand-side variables are various proxies of the convenience
yield and the right-hand-side variables are the stock-bond covariance corresponding to the convenience
yield, an indicator for the Global Financial Crisis, as well as the product of these two variables. In
Panel B, the left-hand-side variables are as in Panel A, and the right-hand-side variables are as in
Table 3, as well as the VIX. Monthly data 2005-2022. Heteroskedasticity and autocorrelation robust
t statistics in parentheses. *** ** and * denote significance at the 1%, 5%, and 10% levels.
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2005-2022
10y TIPS-Tr 2y Box USD GC-Tr 3m FF-Tr 3m -1*Z-spr. 30y Sw-Tr FN 30y-Tr

Cov(Prem. 10y, St.)  -0.070"** -0.146"** 20.061°**  -0.094**  -0.073"**  -0.078"*  -0.097***
(-6.71) (-7.62) (-4.69) (-2.48) (-5.74) (-2.06) (-4.77)
Cov(Rf 10y, St.) -0.003 -0.054" -0.026 -0.122° 0.022 -0.080 -0.086"*
(-0.17) (-1.73) (-1.28) (-1.88) (1.24) (-1.36) (-2.22)
Cov(CDS 10y, St.) 0.153" -0.053 -0.078* -0.115 -0.040" -0.066 0.311***
(1.80) (-0.89) (-1.98) (-1.34) (-1.74) (-0.75) (3.30)
CDS 10y 0.454"** 0.187 0.053 -0.225 0.217* -0.149 -0.030
(2.69) (0.84) (0.60) (-1.06) (2.26) (-0.45) (-0.09)
Eff. Fed Funds 0.038"** 0.071°** 0.028"* 0.031 0.016 0.169*** 0.046"
(3.89) (4.77) (2.44) (1.25) (1.48) (5.56) (1.72)
Constant 0.101° 0.154" 0.069"* 0.031 0.054**  -0.271°** 0.212°
(1.97) (2.09) (2.08) (0.55) (2.08) (-2.63) (1.77)
Observations 215 178 215 215 215 215 215
R? 0.529 0.517 0.242 0.181 0.451 0.543 0.258

Table 6: Stock-Bond Covariance and Proxies of the Treasury Convenience Yield,
Controlling for the Level of CDS Rate. The left-hand-side variables are various proxies of the
convenience yield and the right-hand-side variables are components of the aggregate stock-bond
covariance, corresponding to the convenience yield, the frictionless risk-free rate, and the CDS rate,
as well as the effective Fed funds rate, and the level of the 10-year U.S. CDS rate. Monthly data
2005-2022. Heteroskedasticity and autocorrelation robust t statistics in parentheses. *** ** and *
denote significance at the 1%, 5%, and 10% levels.
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Panel A.

B-D Depos. HH Insur. MMF Mutual Funds Monet. Pension ROW
Cov(Tr 10y, St.) -0.055 0.472*** 0.036 -0.043 -0.311 0.309*** 0.056 1.773*** -0.453*** -1.250**
(-0.95) (2.83) (0.13) (-0.67) (-0.88) (3.62) (1.23) (4.52) (-3.13) (-2.41)
KW Term Premium -0.610™** -1.410**~ -0.379 0.639*** -1.876™"* -1.7117 -0.406™"* -4.557 2.902"** 4.665™*"
(-4.83) (-8.21) (-0.68) (7.64) (-3.92) (-8.01) (-7.93) (-5.51) (8.66) (5.59)
Eff. Fed Funds -0.375™** -0.147** -0.713*** 0.214*** -0.493**~ -0.165"** -0.019 -0.422** 1.281*** -0.663""*
(-8.90) (-2.38) (-4.21) (6.43) (-5.57) (-3.54) (-1.04) (-2.26) (15.93) (-3.43)
Constant 0.910**~ 3.219"** 6.326™"" 1.998*** 5.383"** 5.258"* 0.817"** 17.445* 12.077* 38.1117**
(12.69) (16.42) (19.07) (35.61) (15.83) (37.05) (16.75) (33.61) (68.93) (56.09)
Observations 74 74 74 74 74 74 74 74 74 74
R? 0.678 0.479 0.245 0.625 0.401 0.584 0.427 0.519 0.834 0.425
Panel B.
B-D Depos. HH Insur. MMF Mutual Funds Monet. Pension ROW
Cov(Prem. 10y, St.) -0.101* 0.385"** 0.344 0.011 -0.903*** 0.317"** 0.019 2.048™** -0.609"* -0.761""*
(-1.75) (4.34) (1.40) (0.25) (-4.12) (6.44) (0.77) (7.07) (-4.69) (-2.70)
Cov(Rf 10y, St.) -0.008 0.527** -0.224 -0.091 0.191 0.291** 0.085 1.481** -0.313 -1.600"*
(-0.10) (2.02) (-0.67) (-1.14) (0.56) (2.31) (1.30) (2.06) (-1.41) (-2.28)
Cov(CDS 10y, St.) 0.194 -0.395 1.550" 0.111 -0.143 -0.413** 0.010 -1.769 0.069 0.846
(1.43) (-1.31) (1.95) (1.49) (-0.19) (-2.64) (0.15) (-1.41) (0.19) (1.00)
KW Term Premium -0.627* -1.380™** -0.416 0.637"** -1.955*** -1.676"** -0.408"** -4.358"** 2.859™** 4.628**
(-4.88) (-8.56) (-0.75) (7.40) (-3.86) (-8.01) (-7.79) (-5.50) (8.55) (5.56)
Eff. Fed Funds -0.369"* -0.168™** -0.678*** 0.218"** -0.484™"* -0.182*** -0.020 -0.511"** 1.295"** -0.615™"*
(-8.50) (-2.67) (-3.91) (6.39) (-5.36) (-3.98) (-1.05) (-2.83) (15.97) (-3.06)
Constant 0.892*** 3.289"** 6.189™** 1.983*** 5.386™** 5.315"* 0.821*** 17717 12.040"** 37.939"**
(12.03) (16.74) (18.39) (35.30) (15.99) (37.77) (16.38) (34.49) (66.77) (54.60)
Observations 74 74 74 74 74 74 74 74 74 74
R? 0.686 0.505 0.276 0.633 0.456 0.604 0.435 0.568 0.839 0.444

Table 7: Stock-Bond Covariance and Sectoral Holdings of Treasuries. The left-hand-side variables in both panels are share of
total outstanding Treasuries held by the sector. Sectors included: Broker-Dealers (B-D), Depository Institutions (Depos.), Households
(HH), Insurers (Insur.), Money Market Mutual Funds (MMF), Mutual funds (Mutual), Closed-end Funds and ETFs (Funds), the Federal
Reserve (Monet.), Pension Funds (Pension), and Rest-of-the-World (ROW). In Panel A the right-hand-side variables are the aggregate
stock-bond covariance, the 10-year Kim and Wright (2005) term premium, as well as the effective Fed funds rate. In Panel B the
right-hand-side variables are as in Panel A, except we include the components of the aggregate stock-bond covariance corresponding to
the convenience yield, the frictionless risk-free rate, and the CDS rate. Quarterly data 2004-2022. Heteroskedasticity and autocorrelation
robust standard errors in parentheses. *** ** and * denote significance at the 1%, 5%, and 10% levels.



Panel A.

6m Gold Conv.

Cov(Prem. 10y, St.) 0.099***
(3.36)
10y TIPS-Tr -0.520***
(-2.59)
Eff. Fed Funds -0.923*** -0.929*** -0.921***
(-20.77) (-20.47) (-20.78)
Constant -1.150%** -1.121%%* -1.004***
(-8.70) (-8.23) (-6.98)
Observations 216 216 216
R? 0.856 0.859 0.858

Table 8: Gold Convenience Yield and the Treasury Convenience Yield. Left-hand-side
variable is the 6-month convenience yield in Gold prices, estimated from the term structure of
futures prices. Right-hand-side variables are the stock-bond covariance term corresponding to the
convenience yield, the 10-year TTPS-Treasury premium, and the effective Fed funds rate. Monthly
data 2005-2022. Heteroskedasticity and autocorrelation robust t statistics in parentheses. ***  **,
and * denote significance at the 1%, 5%, and 10% levels.
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Panel A.

2005-2022
P2-Tr. AAA-TY. EBP ST EBP MT EBP LT
Cov(Tr 10y, St.) -0.488** -0.097*** -0.658*** -0.569*** -0.409**
(-2.25) (-2.97) (-2.64) (-2.61) (-2.45)
Eff. Fed Funds 0.080*** -0.097*** -0.003 -0.025 -0.004
(2.71) (-6.87) (-0.05) (-0.62) (-0.14)
Constant 0.268*** 1.080*** -0.143 -0.102 -0.077
(4.71) (22.25) (-0.93) (-0.80) (-0.79)
Observations 216 216 189 189 189
R2 0.365 0.475 0.279 0.288 0.263
Panel B.
2005-2022
P2-Tr. AAA-TY. EBP ST EBP MT EBP LT
Cov(Prem. 10y, St.) -0.675*** -0.122%** -0.794*** -0.687*** -0.509***
(-10.24) (-7.52) (-6.92) (-7.22) (-7.76)
Cov(Rf 10y, St.) -0.139 -0.043 -0.163 -0.147 -0.072
(-1.39) (-1.50) (-0.76) (-0.80) (-0.59)
Cov(CDS 10y, St.) -0.340 0.095 1.297** 1.076* 0.826*
(-1.58) (0.78) (2.00) (1.86) (1.71)
Eff. Fed Funds 0.073** -0.095*** 0.017 -0.009 0.008
(2.13) (-6.62) (0.35) (-0.24) (0.30)
Constant 0.333*** 1.081*** -0.130 -0.089 -0.062
(6.73) (21.85) (-1.05) (-0.86) (-0.79)
Observations 216 216 189 189 189
R? 0.633 0.518 0.492 0.493 0.500

Table 9: Corporate Spreads and the Stock-bond Covariance. Left-hand-side variables are
proxies of the Treasury convenience yield employing corporate security prices. Right-hand-side
variables in Panel A are the aggregate stock-bond covariance and the effective Fed funds rate.
Right-hand-side variables in Panel B are the components of the aggregate stock-bond covariance
corresponding to the convenience yield, the frictionless risk-free rate, and the CDS rate, as well
as the effective Fed funds rate. Monthly data 2005-2022. Heteroskedasticity and autocorrelation
robust t statistics in parentheses. *** ** and * denote significance at the 1%, 5%, and 10% levels.
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Panel A.

2008-2022
US prem. -EUR prem. -GBP prem. 2y Box USD 2y Box EUR 2y Box GBP
Cov(Prem. 10y, St.) -2.694*** 0.795 -0.758 -0.130*** -0.0535%** -0.0751
(-6.76) (1.10) (-0.19) (-15.20) (-5.97) (-0.58)
Eff. Fed Funds -6.464*** -8.115* -10.67*** 0.0798 0.0716*** 0.0318
(-3.08) (-1.70) (-4.15) (1.43) (2.87) (1.02)
Constant -15.14*** -12.41%* 1.257 0.234*** 0.190*** 0.282***
(-7.01) (-4.41) (0.41) (10.61) (8.26) (4.99)
Observations 180 180 159 151 151 74
R? 0.263 0.158 0.357 0.464 0.334 0.034
Panel B.
2008-2022
US prem. -EUR prem. -GBP prem. 2y Box USD 2y Box EUR 2y Box GBP
10y TIPS-Tr 34.388*** 8.635 34.689 0.788*** 0.164 -0.194
(5.44) (0.58) (1.64) (4.73) (1.56) (-0.39)
Eff. Fed Funds -6.602*** -8.026* -11.301*** 0.087 0.070*** 0.027
(-2.98) (-1.67) (-4.82) (1.49) (2.70) (0.75)
Constant -24.155***  -15.109*** -7.127 0.027 0.156*** 0.347*
(-8.86) (-2.62) (-1.14) (0.56) (3.89) (1.96)
Observations 180 180 159 151 151 74
R? 0.382 0.161 0.387 0.360 0.197 0.026

Table 10: Stock-Bond Covariance and Proxies of U.S. Treasury Premium. In Panel
A the right-hand-side variables are the stock-bond covariance component corresponding too the
convenience yield and the effective Fed funds a rate. In Panel B the right-hand-side variables are
the 10-year TIPS-Treasury premium, and the effective Fed funds rate. In the first three columns
the left-hand-side variables are a proxy of relative U.S. Treasury convenience yield over a basket of
foreign currency denominated bonds, and proxies for the relative US Treasury convenience yield
over the indicated foreign currency bond. In the second set of three columns the left hand side
variables are estimates of convenience yields using the option-implied risk-free rate in the indicated
currency. Monthly data 2008-2022. Heteroskedasticity and autocorrelation robust t statistics in

parentheses. *** ** and * denote significance at the 1%, 5%, and 10% levels.
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Panel A.

2005-2022
Cov(Tr, St.) Cov(Prem., St.) Cov(Rf, St.) Cov(CDS, St.) 10y TIPS-Tr
5-year Inf. Swap Rate 0.721*** 0.693 0.077 -0.047 -0.136**
(2.77) (1.54) (0.31) (-1.63) (-2.45)
Constant -2.026*** -1.720 -0.459 0.147** 0.584***
(-3.29) (-1.62) (-0.80) (2.01) (4.38)
Observations 216 216 216 216 216
R? 0.195 0.178 0.003 0.021 0.277
Panel B.
2005-2022 1982-2022 1972-2022
Cov(Tr, St.)  Cov(Prem., St.) Cov(Rf, St.) Cov(CDS, St.) 10y TIPS-Tr  Cov(Tr, St.) Cov(Tr, St.)
5-year E[Inflation] 0.493** 0.168" 0.401** -0.078™ -0.014 0.428***
(2.48) (1.74) (2.21) (-2.04) (-0.33) (7.46)
PTR 0.281***
(8.06)
Constant -1.348"** -0.512** -1.021** 0.188** 0.312*** -l1.217 -0.876""
(-3.26) (-2.06) (-2.81) (2.23) (3.27) (-6.46) (-5.94)
Observations 216 216 216 216 216 492 612
R? 0.050 0.006 0.043 0.032 0.002 0.299 0.233

Table 11: Stock-Bond Covariance and Expected Inflation. In both panels the left-hand-side
variables are the aggregate stock-bond covariance, as well as its components corresponding to the
convenience yield, the frictionless risk-free rate, and the CDS rate. In Panel A the right-hand-side
variable is the five-year inflation swap rate. In Panel B the right-hand-side variable is the five year
expected inflation rate constructed by the Cleveland Fed, and, in the last column, PTR, a measure
of inflation expectations used in the FRB/US model maintained by the Fed Board. Monthly data in
the indicated date range. Heteroskedasticity and autocorrelation robust t statistics in parentheses.
krx k% and * denote significance at the 1%, 5%, and 10% levels.
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Panel A.

Date Description Abbreviation Conv.
pred.
11/25/2008 Fed to purchase up to 100 billion GSE and 500 billion MBS QE, #1 +
12/1/2008 Ben Bernanke states that “the Federal Reserve could purchase longer-term  QE, #2 +
Treasury or agency securities...in substantial quantities”
3/18/2009 The FOMC will a purchase “up to an additional 750 billion of agency QE, #3 +
mortgage-backed securities, “up to 100 billion” in agency debt, and “up to
300 billion of longer-term Treasury securities over the next six months.”
8/12/2009 The FOMC “decided to gradually slow the pace” of Treasury purchases QE, #4 -
8/10/2010 The FOMC will reinvest “principal payments from agency debt and QEII, #1 +
agency mortgage-backed securities in longer-term Treasury securities.”
11/3/2010 The FOMC “intends to purchase a further 600 billion of longer-term  QEII, #2 +
Treasury securities”
9/21/2011 The FOMC intends to purchase 400 billion of long-term Treasuries, sell OT +
equivalent amount of short-term Treasuries.
9/13/2012 The FOMC “will increase the Committees holdings of longer-term securi- QEIII +
ties by about 85 billion each month through the end of the year,
Panel B.
10y TIPS-Treasury Prem. Cov(Prem. 10y, St.)
QE, #1 0.046"* -3.842%%*
(19.20) (-374.18)
QE, #2 -0.186*** 1.227***
(-77.28) (119.53)
QE, #3 0.202*** -0.175%**
(83.96) (-17.09)
QE, #4 ~0.131% 0.141%**
(-54.51) (13.73)
QEIL, #1 0.063*** 0.017*
(26.03) (1.69)
QEIL, #2 0.040*** 0.192%**
(16.55) (18.65)
oT 0.108*** -0.637**
(44.81) (-62.07)
QEIITL 0.030™** -0.019*
(12.34) (-1.86)
Constant -0.000 0.002
(-0.15) (0.22)
Observations 1299 1299
R? 0.012 0.088

Table 12A: Event Study around Global Financial Crisis Event Days. Panel A lists the
event dates. Panel B shows three-day changes in the TIPS-Treasury premium and the stock-bond
covariance component corresponding to the convenience yield. Daily sample from July 2007 to
and * denote

November 2011. Heteroskedasticity robust t statistics in parentheses. *** **

significance at the 1%, 5%, and 10% levels.
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Panel A.

Date Description Abbreviation Conv.
pred.

3/15/2020  Purchase 500 billion of Treasuries, and 200 billion of Agency MBS. Purchases +
3/23/2020  Extend the range of accepted collateral at emergency facilities. Collateral -

3/31/2020  Allow certain foreign counterparties to repo Treasuries with the Foreign +
Fed directly.
4/1/2020 Exclude Treasuries and deposits from leverage calculations for bank Exclude -

holding companies.

Panel B.
10y TIPS-Treasury Prem. Cov(Prem. 10y, St.)
Purchases 0.036*** -0.467***
(4.83) (-13.26)
Collateral -0.127*** -0.668***
(-17.13) (-19.00)
Foreign -0.059*** 0.064*
(-7.87) (1.82)
Exclude -0.097*** -0.248***
(-13.03) (-7.06)
Constant 0.004 0.016
(0.55) (0.46)
Observations 104 104
R? 0.053 0.057

Table 12B: Event Study around the Onset of Covid Pandemic Event Days. Panel A
lists the event dates. Panel B shows three-day changes in the TIPS-Treasury premium and the
stock-bond covariance component corresponding to the convenience yield. Daily sample from March
2020 to August 2020. Heteroskedasticity robust t statistics in parentheses. *** ** and * denote
significance at the 1%, 5%, and 10% levels.
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Panel A. 2011 debt crisis. Cutoff August 1, 2011

10y TIPS-Tr Cov(Tr 10y, St.) Cov(Prem. 10y, St.)
Cutoff 0.065*** -2.582%** -0.366***
(3.36) (-6.57) (-5.97)
Constant 0.254*** -0.734*** -0.121%**
(21.84) (-3.78) (-3.56)
Observations 66 66 66
R? 0.263 0.798 0.691
Panel B. 2023 debt crisis. Cutoff May 31, 2023
10y TIPS-Tr Cov(Tr 10y, St.) Cov(Prem. 10y, St.)
Cutoff 0.039*** 0.240** -0.175**
(3.66) (2.04) (-2.36)
Constant 0.297*** -0.741%** 0.132*
(32.61) (-10.58) (1.76)
Observations 54 53 53
R? 0.237 0.184 0.141

Table 12C: Convenience Yields and Stock-Bond Covariances Around Two Debt Ceiling
Deals. Daily data. 2011 debt ceiling standoff sample from June to September 2011; 2023 debt
ceiling sample from April to June 2023. Heteroskedasticity and autocorrelation robust t statistics.
*rx k% and * denote significance at the 1%, 5%, and 10% levels.
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10 Figures

Stock-10y Treasury Bond Covariance
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Figure 1: Aggregate Stock-Bond Covariance. Nominal 10-year constant maturity bond.
Covariance with the market calculated using a 30 trading-day rolling window. Plot shows end of
month values. Monthly data 1973-2022.

49



Stock-10y Treasury Bond Covariance
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Figure 2: Stock-Bond Covariance Using the TIPS-Treasury Premium. Two calculations
of the stock-bond covariance in a 30 trading-day rolling window. The blue solid shows the aggregate
stock-bond covariance using the 10-year Treasury yield. The neon dashed line shows the component
of the aggregate stock-bond covariance calculation corresponding to the convenience yield. Plot
shows end of month values. Monthly data 2005-2022.
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Panel A. TIPS-Treasury Premium and Stock-Bond Covariance
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Figure 3: Treasury Convenience Yield and the Stock-Bond Covariance. Panel A is
a scatterplot of the 10-year TIPS-Treasury premium and the aggregate stock-bond covariance.
TIPS-Treasury premium residualized with respect to the effective Fed funds rate. Panel B is a
scatterplot of the first principal component of convenience yield proxies against the aggregate
stock-bond covariance. Monthly data 2005-2022.
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Panel A. Abnormal TIPS-Treasury Premium
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Figure 4: TIPS-Treasury Premium and the Stock-Bond Covariance. Panel A shows
the level of the 10-year TIPS-Treasury premium, as well as the five-year expected inflation, and
the five-year inflation swap rate. Panel B shows a scatterplot of the TIPS-Treasury premium and
stock-bond covariance. TIPS-Treasury premium residualized with respect to effective Fed Funds
rate.
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Panel A.
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Figure 5: Returns in 2021, 2022, and first half of 2023. Stocks, 10-year Treasuries, and
the 60-40 Portfolio. Return on TIPS proxied by the return on TIP, a TIPS ETF with duration
of approximately 7 years.
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Panel A.
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Figure 6A: TIPS-Treasury Premium and Stock-Bond Covariance during the Financial
Crisis and Covid Era. Vertical lines correspond to event days described in Table 12A Panel A,

and Table 12B Panel A.
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Figure 6B: TIPS-Treasury Premium and the Stock-Bond Covariance around the 2011
Debt Ceiling Crisis. Relative Treasury Convenience Yield over German Bunds. Panel
A shows the TIPS-Treasury premium and the aggregate stock-bond covariance, as well as the
components of the stock-bond covariance corresponding to the convenience yield, the frictionless
risk-free rate, and the CDS rate. Panel B shows the relative convenience yield of U.S. Treasuries
over German Bunds, as well as the aggregate stock-bond covariance. Red vertical lines indicate
August 1, 2011, the date of the debt ceiling standoff resolution.
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A Online Appendix

A.1 Analytical Setup Details

Consider an zero-coupon safe bond with face value 1 and maturity 7. In periods ¢ < T, the holder
of the bond accrues a non-pecuniary and potentially time-varying convenience flow K; = b+ f(X}),
where X; captures market conditions at time ¢: the demand for safety, supply of safe assets and so
on. The present value of the bond is given by:

Eo[Kl] EO [KQ] Eo [KT_ﬂ 1

Py = + + ...+ + Al
T 14K [Ro1] 1+ Eo[Ro2] 1+ Eo[Ror-1] 1+ Eo[Ro7] (A1)

where Eg[Rp ] is the fair discount rate for the time ¢ flows, made up of explicit cash payments, if
any, and the non-pecuniary convenience benefits. Consequently, the discount rate at each maturity
captures both a pure risk-free discount, as well as a potential risk adjustment on account of the
time-variation in convenience flows. To see explicitly how the expected returns are determined,
consider a hypothetical security that only earns the time ¢ < T" convenience flow with time 0 price

Py ;. The hold-to-maturity return is a function of the state variable X;:

b+ J(Xi)

1+ Ry = 2
it

(A2)

Suppose the aggregate market return Ré\j[t prices assets and is itself a function of the same state

variable. In that case, the expected hold-to-maturity returns are given by:
Eo[Ros) = R}, + A Covo (Rog, RYY) | (A3)
where A captures risk aversion.

If the convenience service flow is good precisely when the market return is poor, the covariance term
is negative and the expected return on the hypothetical single convenience flow paying bond will be
below the frictionless risk-free rate. As a result, the price of the bond as calculated in Equation

(A1) depends on such covariance terms as well.

By contrast, consider a zero-coupon bond with maturity date ¢ but with no associated convenience

services. The present value of this bond is just

1
Pl=—— (A4)
M 14 Eo[R],

where the superscript f indicates the frictionless risk-free rate. Because the single cash-flow is

fixed, the hold-to-maturity expected returns do not reflect any risk adjustment and are known with
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certainty at time ¢t =0
Bo[R{,] = B¢ (A5)
The gap, then, between the two expected returns at any maturity ¢ is given by
Eo [Rg;t} — Eo [Roy) = —A Covo(Ro,, RAL), (A6)

This simple setup illustrates that in the presence of convenience flows, the hold-to-maturity returns
on safe zero-coupon bonds are risky, and the expected returns can therefore reflect a risk adjustment.
Our empirical analysis is motivated by Equation (A6): the gap in hold-to-maturity returns (or,
equivalently, yields) is proportional to the covariance of hold-to-maturity returns—inclusive of the

convenience flows—with the market return.

In practice, we do not observe the value of the non-pecuniary flows accruing to the bondholder,
making it impossible to estimate Equation (A6) directly. We do, however, observe a proxy for the
present value of such convenience flows. Our empirical analysis, therefore, proceeds by calculating
the single-period returns on bonds with convenience flows and estimating their covariance with

market returns.

Let r; with a single subscript denote the single-period log returns and let k; denote the log convenience
flow in period t. By the Campbell and Shiller (1988) decomposition, the log price of the bond
described in Equation (A1) follows?"

S

-1
I .

T, +E; Pl = p)kirjir — revjel | (AT)

Pt =

<.
Il
o

where p =1/ (1 + exp(k — p)) is a constant depending on the unconditional level of the convenience
yield and ¢ = —In(p) — (1 — p)In(1/p — 1).

The time ¢ 4 1 return on the bond exclusive of the convenience flows is just p;y; — p¢ (recall we do

not observe the convenience flows so we cannot calculate a with-dividend return):

T-1

wri =per1 — pe= Bepr —Be) | D [0 = pkerjer — repjal | = Bol(1 = p)kers — repa], (A8)
j=1

and the surprise returns at time ¢ + 1 are given by
T-1

srip1 = (Bp1 — Be) (@rig1) = g — Eo) [ D o1 = p)kyjon — reajpa] | - (A9)
j=1

208ee Campbell (2017) Section 5.3 for derivation.
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In words, the surprise return on the bond with convenience flows equals the innovation to the

discounted value of the expected convenience flows, minus the innovations to expected returns.

The surprise return on the bond without convenience flows can be calculated in a similar manner.
Let 7y T denote the single-period return on the safe bond with maturity 7. The surprise return on

the bond is given by:

T-1

7T 7T ,T
57"{+1 = (Bt —Ey) (ﬁ{; ) = (Eey1 — Ey) Z —Tf+j+1 . (A10)
j=1

With these two return innovations in hand we are in position to calculate the exposure of convenience
flows to market returns. The difference in the surprise return in Equation (A9) and Equation (A10)

captures the return due to changes in expected convenience flows, as well as changes in the risk

premium:
(171
T j T
srepr — sty = (B —Ee) | > o 11— plkerjon — regin — i) (A11)
=
(71
= (Etr1 — E) P [(1 = p)keyjr — Pl | (A12)

1

<.
Il

where in the second equation rp stands for the risk premium: the gap between returns on the bond
with convenience yield minus the return on the bond without such convenience flows. With the
surprise returns in hand we are able to estimate the covariance between innovations to convenience

flows (inclusive of risk premium innovations) and market returns:
Cov (srt+1 - sr,{_ﬂ, TM> . (A13)

In our empirical work we estimate Equation (A13) with rolling lookback windows and then show
that it accounts for the level of the convenience yield, as described in Equation (A6). Namely, we
regress proxies of the Treasury convenience yield on the conditional covariance between the stock

market and the Premium component of nominal Treasury returns.

A.2 Appendix Tables
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Panel A.

mean pl pl0 p50 p90 P99 sd count
Corr(Tr 10y, St.) -0.29 -0.85 -0.74 -0.36 0.29 0.57 0.37 216
Corr(Prem. 10y, St.) -0.15 -0.64 -0.48 -0.16 0.16 0.34 0.24 216
Corr(Rf 10y, St.) -0.22 -0.74 -0.62 -0.29 0.28 0.61 0.34 216
Corr(CDS 10y, St.) 0.06 -0.59 -0.29 0.05 0.41 0.67 0.29 216
St. Beta Tr 10y -0.17 -0.72 -0.45 -0.20 0.15 0.55 0.25 216
St. Beta Prem. 10y -0.05 -0.25 -0.16 -0.04 0.05 0.14 0.08 216
St. Beta Rf 10y -0.14 -0.66 -0.41 -0.17 0.20 0.57 0.24 216
St. Beta CDS 10y 0.02 -0.13 -0.02 0.00 0.10 0.22 0.06 216
5y TIPS-Tr 0.28 0.02 0.10 0.24 0.47 1.05 0.20 216
2y TIPS-Tr 0.26 -0.13 0.02 0.26 0.44 1.45 0.26 216
Cov(Tr 5y, St.) -0.19 -1.67 -0.62 -0.11 0.08 0.64 0.38 216
Cov(Prem. 5y, St.) -0.10 -2.24 -0.22 -0.03 0.05 0.24 0.36 216
Cov(Tr 2y, St.) -0.05 -0.54 -0.16 -0.03 0.02 0.35 0.14 216
Cov(Prem. 2y, St.) -0.03 -0.43 -0.12 -0.01 0.04 0.15 0.11 216
Frictionless 10y Yield 2.94 0.83 1.55 2.71 4.87 5.44 1.22 216
Nominal 10y Yield 2.88 0.68 1.55 2.71 4.60 5.11 1.15 216
Nominal-Frictionless 10y -0.06 -0.58 -0.32 -0.05 0.22 0.40 0.22 216

Table Al: Additional Summary Statistics. Correlation with the stock market and stock market
beta of the 10-year Treasury bond, separated into terms corresponding to the three constituent
elements of the 10-year yield. TIPS-Treasury premium at the 5- and 2-year maturity and the
stock-bond covariance using the 5- and 2-year Treasury returns. “Frictionless” and nominal 10-year
Treasury rates, as well as the gap between nominal and frictionless. Monthly data 2005-2022.
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Panel A.

mean pl pl0 p50 p90 p99 sd count
Cov(Tr 10y, St.) -0.22 -3.57 -1.03 -0.11 0.63 1.48 0.88 384
GC-Tr 3m 0.15 -0.04 0.02 0.11 0.33 0.68 0.15 380
FF-Tr 3m 0.16 -0.57 -0.07 0.08 0.48 1.18 0.27 384
-1*Z-spr. 0.08 -0.22 -0.07 0.08 0.20 0.54 0.13 384
PC1, Long Sample 0.00 -2.35 -1.18 -0.31 1.46 5.37 1.32 380
Eff. Fed Funds 2.62 0.05 0.08 2.02 5.86 6.99 2.31 384
5-year E[Inflation] 2.32 1.12 1.44 2.26 3.36 3.91 0.73 384
PTR 2.29 1.86 2.00 2.10 3.10 3.91 0.45 384
Panel B.
mean pl pl0 p50 p90 p99 sd count
Cov(Tr 10y, St.) 0.07 -2.83 -0.79 0.08 1.02 2.60 0.92 612
FF-Tr 3m 0.47 -0.35 -0.03 0.23 1.20 3.41 0.72 612
-1*Z-spr. -0.01 -0.82 -0.26 0.04 0.19 0.43 0.27 612
Eff. Fed Funds 5.01 0.06 0.09 5.01 10.48 17.46 4.16 612

Table A2: Additional Summary Statistics. The stock-bond covariance, convenience yield and
inflation expectations proxies. Panel A: 1991-2022; Panel B: 1972-2022. Monthly data.
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Panel A. Correlation matrix.

Cov(Tr 10y, St.)  Cov(Prem. 10y, St.) Cov(Rf 10y, St.) Cov(CDS 10y, St.)
Cov(Tr 10y, St.) 1.000

Cov(Prem. 10y, St.) 0.649*** 1.000
Cov(Rf 10y, St.) 0.427*** -0.388*** 1.000
Cov(CDS 10y, St.) -0.145** -0.080 -0.298*** 1.000

Panel B. Autocorrelations.

2005-2022
Cov(Tr 10y, St.) Cov(Prem. 10y, St.) Cov(Rf 10y, St.) Cov(CDS 10y, St.)

L.Cov(Tr 10y, St.) 0.658***

(9.18)
L.Cov(Prem. 10y, St.) 0.665***

(4.96)
L.Cov(Rf 10y, St.) 0.5297*
(4.73)
L.Cov(CDS 10y, St.) 0.355***
(5.24)

Constant -0.153*** -0.068** -0.138*** 0.030***

(-4.29) (-2.23) (-3.15) (2.72)
Observations 215 215 215 215
R? 0.432 0.442 0.279 0.126

Table A3: Correlation coefficients. Autocorrelation coefficients of the Stock-Bond
Covariance Components. Panel A shows the correlation matrix of the aggregate stock-bond
covariance and its components corresponding to the convenience yield, the risk-free rate, and
the CDS rate. Panel B reports the autocorrelation coefficients of the four stock-bond covariance
measures. Monthly data 2005-2022. Heteroskedasticity and autocorrelation robust t statistics in
parentheses. *** ** and * denote significance at the 1%, 5%, and 10% levels.
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Panel A. Correlation matrix.

10y TIPS-Tr 2y Box USD GC-Tr 3m FF-Tr 3m -1*Z-spr. 30y Sw-Tr FN 30y-Tr

10y TIPS-Tr 1.000

2y Box USD 0.474*** 1.000

GC-Tr 3m 0.281*** 0.575*** 1.000

FF-Tr 3m 0.059 0.575*** 0.706*** 1.000

-1*Z-spr. 0.438*** 0.578*** 0.566** 0.198*** 1.000

30y Sw-Tr 0.070 0.589*** 0.304*** 0.501*** -0.034 1.000

FN 30y-Tr 0.322%** 0.549*** 0.299*** 0.201*** 0.292%** 0.198*** 1.000

Panel B. First PC Loadings.

2005-2022
10y TIPS-Tr 2y Box USD GC-Tr 3m FF-Tr 3m -1*Z-spr. 30y Sw-Tr FN 30y-Tr

PC1 0.046** 0.112*** 0.070*** 0.117*** 0.051*** 0.123*** 0.086***

(2.36) (6.52) (15.14) (3.79) (3.66) (4.88) (6.40)
Constant 0.286*** 0.323*** 0.137*** 0.068*** 0.136™** -0.049 0.324***

(16.30) (19.14) (15.70) (2.65) (10.30) (-0.84) (11.45)
Observations 216 179 216 216 216 216 216
R? 0.261 0.682 0.763 0.540 0.428 0.241 0.311

Table A4: Correlation coefficients. Variation Explained by the First Principal Com-
ponent. Panel A shows the correlation matrix of seven proxies of the convenience yield. Panel B
reports regressions of the seven convenience yield proxies on the first principal component (PC1).
Monthly data 2005-2022. Heteroskedasticity an autocorrelation robust t statistics in parentheses.
*ax ** and * denote significance at the 1%, 5%, and 10% levels.
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Panel A.

2005-2022
F.10y TIPS-Tr F.2y Box USD F.GC-Tr 3m F.FF-Tr 3m F.-1*Z-spr. F.30y Sw-Tr F.FN 30y-Tr
Cov(Tr 10y, St.) -0.071*" -0.115*** -0.040*** -0.091* -0.034 -0.057 -0.105***
(-2.11) (-3.19) (-3.08) (-1.90) (-1.40) (-1.60) (-3.37)
Eff. Fed Funds 0.013* 0.063"** 0.030"" 0.077*** 0.006 0.178"** 0.047***
(1.89) (5.37) (2.43) (2.82) (0.74) (8.17) (3.34)
Constant 0.238*** 0.204*** 0.079*** -0.051 0.113*** -0.311"** 0.216"**
(11.89) (11.48) (4.02) (-1.33) (6.88) (-5.63) (5.28)
Observations 216 179 216 216 215 216 216
R? 0.196 0.390 0.187 0.266 0.058 0.544 0.204
Panel B.
1996-2022 1991-2022 1972-2022
F.FN 30y-Tr F.GC-Tr 3m F.FF-Tr 3m F.-1*Z-spr. F.FF-Tr 3m F.-1*Z-spr.
Cov(Tr 10y, St.) -0.085"*" -0.038™** -0.097*** -0.035" -0.103** -0.014
(-2.98) (-2.62) (-2.71) (-1.78) (-2.35) (-0.82)
Eff. Fed Funds 0.034™** 0.033**~ 0.056™"" -0.019**~ 0.146™*~ -0.037***
(2.66) (5.24) (5.23) (-4.26) (9.71) (-7.74)
Constant 0.219™* 0.055**~ -0.065*" 0.117*** -0.251*** 0.171**
(6.03) (2.97) (-2.05) (7.34) (-4.31) (8.48)
Observations 314 381 384 383 612 611
R? 0.136 0.205 0.246 0.216 0.611 0.367

Table A5: Stock-Bond Covariance and Proxies of the Treasury Convenience Yield.
Left-hand-side variables are proxies of the convenience yield. The right-hand-side variables are the
aggregate stock-bond covariance and the effective Fed funds rate. Right-hand-side variables lagged
by one month. Monthly data 2005-2022. Heteroskedasticity and autocorrelation robust t statistics
in parentheses. *** ** and * denote significance at the 1%, 5%, and 10% levels.
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2005-2022
F.10y TIPS-Tr F.2y Box USD F.GC-Tr 3m F.FF-Tr 3m F.-1*Z-spr. F.30y Sw-Tr F.FN 30y-Tr

Cov(Prem. 10y, St.) -0.101*** -0.135"** -0.046™** -0.070** -0.057** -0.053** -0.094"**
(-9.40) (-8.30) (-4.31) (-2.33) (-4.40) (-1.98) (-5.30)
Cov(Rf 10y, St.) -0.003 -0.052* -0.033* -0.131** 0.007 -0.062 -0.104**
(-0.22) (-1.81) (-1.95) (-2.04) (0.46) (-1.13) (-2.57)
Cov(CDS 10y, St.) 0.144* 0.003 -0.095" -0.180 -0.020 -0.021 0.186"**
(1.78) (0.06) (-1.88) (-1.57) (-0.55) (-0.21) (2.73)
Eff. Fed Funds 0.014** 0.063*** 0.029** 0.077** 0.005 0.178*** 0.051***
(2.40) (4.97) (2.31) (2.87) (0.61) (8.16) (3.69)
Constant 0.240"** 0.215"* 0.084"** -0.055 0.120"** -0.314™** 0.200"**
(12.87) (11.50) (4.06) (-1.39) (7.63) (-5.57) (5.16)
Observations 216 179 216 216 215 216 216
R? 0.445 0.465 0.199 0.290 0.184 0.545 0.246

Table A6: Stock-Bond Covariance and Proxies of the Treasury Convenience Yield.
Left-hand-side variables are proxies of the convenience yield. The right-hand-side variables are
components of the aggregate stock-bond covariance, corresponding to the convenience yield, the
frictionless risk-free rate, and the CDS rate. Right-hand-side variables lagged by one month. Monthly
data 2005-2022. Heteroskedasticity and autocorrelation robust t statistics in parentheses. ***, **,
and * denote significance at the 1%, 5%, and 10% levels.
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Panel A.

2005-2022
10y TIPS-Tr 2y Box USD GC-Tr 3m FF-Tr 3m -1*Z-spr. 30y Sw-Tr FN 30y-Tr

Cov(Tr 10y LW, St.) -0.070*** -0.120*** -0.046™** -0.048 -0.070*** -0.020 -0.116™**
(-2.84) (-3.72) (-2.96) (-1.64) (-2.82) (-0.73) (-3.82)
Eff. Fed Funds 0.010 0.059*** 0.026** 0.063** 0.007 0.173*** 0.042***
(1.41) (5.80) (2.33) (2.22) (0.87) (7.16) (3.22)
Constant 0.235"** 0.203*** 0.078"** -0.017 0.089™** -0.286™** 0.205™**
(10.61) (11.35) (3.95) (-0.65) (5.27) (-5.41) (5.02)
Observations 216 179 216 216 216 216 216
R? 0.217 0.449 0.199 0.165 0.275 0.526 0.247
Panel B.
2005-2022
10y TIPS-Tr 2y Box USD GC-Tr 3m FF-Tr 3m -1*Z-spr. 30y Sw-Tr FN 30y-Tr
Cov(Tr 10y, St. MSCI) -0.053" -0.123** -0.051** -0.105** -0.043 -0.081** -0.092***
(-1.82) (-2.39) (-2.16) (-2.19) (-1.07) (-1.98) (-3.60)
Eff. Fed Funds 0.009 0.057*** 0.027** 0.069"** 0.005 0.179*** 0.041***
(1.22) (5.44) (2.41) (2.65) (0.58) (8.35) (2.79)
Constant 0.252*** 0.214*** 0.080"*" -0.042 0.112*** -0.316™*~ 0.232***
(10.24) (10.11) (4.16) (-1.28) (6.22) (-5.61) (5.14)
Observations 216 179 216 216 216 216 216
R? 0.100 0.364 0.197 0.243 0.080 0.553 0.147

Table A7: Stock-Bond Covariance and Proxies of the Treasury Convenience Yield. Panel
A repeats the main analysis, but uses the Liu and Wu (2021) yield curve to calculate the stock-bond
covariance. Panel B repeats the main analysis, but uses the MSCI World Index (Ticker: MXWO)
to calculate the stock-bond covariance. Left-hand-side variables are proxies of the convenience yield.
Right-hand-side variables are the monthly stock-bond covariance and the effective Fed funds rate.
Heteroskedasticity and autocorrelation robust t statistics in parentheses. *** ** and * denote
significance at the 1%, 5%, and 10% levels.
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Panel A.

2005-2022
10y TIPS-Tr 2y Box USD GC-Tr 3m FF-Tr 3m -1*Z-spr. 30y Sw-Tr FN 30y-Tr
St. Beta Prem. 10y -0.231 -0.450 -0.440™* -0.675™" -0.302 -0.049 -0.080
(-1.17) (-1.28) (-2.46) (-2.37) (-1.23) (-0.14) (-0.32)
St. Beta Rf 10y 0.017 -0.015 -0.041 -0.243** 0.059 -0.150 -0.082
(0.37) (-0.24) (-0.91) (-1.99) (1.32) (-1.08) (-1.01)
St. Beta CDS 10y 0.116 -0.269 -0.174 -0.209 -0.107 0.036 0.046
(0.72) (-1.22) (-1.56) (-1.02) (-0.77) (0.10) (0.19)
Eff. Fed Funds 0.007 0.050"** 0.028"* 0.048™ 0.003 0.175"** 0.035*
(0.92) (3.95) (2.28) (1.82) (0.33) (8.00) (2.05)
Constant 0.266** 0.266"** 0.078*** -0.056 0.128"** -0.301"** 0.262***
(8.62) (8.85) (3.61) (-1.35) (7.28) (-5.20) (4.66)
Observations 216 179 216 216 216 216 216
R? 0.024 0.165 0.158 0.141 0.056 0.532 0.056
Panel B.
2005-2022
10y TIPS-Tr 2y Box USD GC-Tr 3m FF-Tr 3m -1*Z-spr. 30y Sw-Tr FN 30y-Tr
Corr(Prem. 10y, St.) -0.082 -0.077 -0.152*"* -0.207*" -0.084 0.045 -0.036
(-1.46) (-0.81) (-2.91) (-2.32) (-1.18) (0.35) (-0.40)
Corr(Rf 10y, St.) 0.012 0.008 -0.032 -0.198* 0.065 -0.104 -0.099
(0.31) (0.11) (-0.86) (-1.93) (1.50) (-0.92) (-1.51)
Corr(CDS 10y, St.) 0.064 -0.006 -0.020 -0.016 0.019 -0.074 0.133**
(1.64) (-0.19) (-0.65) (-0.25) (0.65) (-0.97) (2.11)
Eff. Fed Funds 0.008 0.049** 0.028"* 0.049* 0.002 0.171*** 0.039**
(0.93) (3.51) (2.38) (1.87) (0.26) (7.81) (2.57)
Constant 0.263*** 0.277"** 0.072*** -0.070 0.134*** -0.284*** 0.238™**
(7.57) (6.82) (3.34) (-1.47) (6.24) (-4.54) (4.89)
Observations 216 179 216 216 216 216 216
R? 0.039 0.143 0.163 0.157 0.056 0.534 0.098

Table A8: Stock-Bond Correlation, Stock Beta of Bonds, and Proxies of the Treasury
Convenience Yield. Left-hand-side variables are proxies of the convenience yield. In Panel A
the right-hand-side variables are stock betas of the bond returns, separately corresponding to the
convenience yield, the frictionless risk-free rate, and the CDS rate, as well as the effective Fed funds
rate. In Panel B the right-hand-side variables are stock-bond correlation coefficients, corresponding
to the convenience yield, the frictionless risk-free rate, and the CDS rate, as well as the effective

Fed funds rate. Heteroskedasticity and autocorrelation robust t statistics in parentheses.

and * denote significance at the 1%, 5%, and 10% levels.
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Panel A.

2005-2022
10y TIPS-Tr 2y Box USD GOC-Tr 3m FF-Tr 3m -1*Z-spr. 30y Sw-Tr FN 30y-Tr
Cov(Prem. 5y, St.) -0.264™*~ -0.360™*~ -0.134™*~ -0.096™" -0.221** -0.109**~ -0.147**
(-5.00) (-13.49) (-6.56) (-2.21) (-7.90) (-3.63) (-2.95)
Eff. Fed Funds 0.012** 0.058™** 0.026™* 0.061** 0.007 0.174"** 0.036™*
(2.03) (5.29) (2.27) (2.24) (0.85) (7.51) (2.25)
Constant 0.244™** 0.235™** 0.089™** 0.001 0.104™*  -0.288™** 0.261***
(13.99) (12.41) (4.99) (0.07) (7.24) (-5.98) (5.31)
Observations 216 179 216 216 216 216 216
R? 0.433 0.539 0.225 0.153 0.392 0.533 0.094
Panel B.
2005-2022
10y TIPS-Tr 10y TIPS-Tr 5y TIPS-Tr 5y TIPS-Tr 2y TIPS-Tr 2y TIPS-Tr
Cov(Prem. 10y, St.) -0.148** -0.203"**
(-15.63) (-16.02)
Cov(Prem. 5y, St.) -0.256"** -0.415"**
(-4.86) (-12.08)
Cov(Prem. 2y, St.) -0.284 -0.386"
(-1.28) (-1.67)
Constant 0.260™*~ 0.277*"" 0.252*** 0.240*** 0.222*** 0.252***
(21.10) (14.67) (10.73) (11.59) (9.60) (6.56)
Observations 216 216 216 216 216 216
R? 0.414 0.052 0.438 0.536 0.481 0.028

Table A9: Stock-Bond Covariance and Proxies of the Treasury Convenience Yield.
Alternative maturity bond returns. Left-hand-side variables are proxies of the convenience yield.
Right-hand-side variables are the monthly stock-bond covariance corresponding to the convenience
yield, calculated using the 10-, 5-, and 2-year Treasury returns, as well as the effective Fed Funds
rate. Heteroskedasticity and autocorrelation robust t statistics in parentheses. *** ** and * denote
significance at the 1%, 5%, and 10% levels.
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Panel A.

Date Description Abbreviation
5/10/2010  Securities Market Programme (SMP) introduction SMP, #1
8/6/2010  SMP expansion SMP, #2
12/1/2011  Long Term Refinancing Operations (LTRO) LTRO, #1
12/8/2011 LTRO official introduction LTRO, #2
3/9/2012 Greek default Greece
7/26/2012  Outright Monetary Transactions (OMT), ”whatever it takes” OMT , #1
speech
8/2/2012 OMT announcement OMT, #2
9/6/2012 OMT official introduction OMT, #3
Panel B.
10y TIPS-Tr Cov(Prem. 10y, St.) EUR prem.
SMP, #1 0.157*** -0.430*** 0.123***
(8.88) (-4.67) (5.88)
SMP, #2 0.016 -0.160** 0.134***
(0.99) (-2.34) (6.87)
LTRO, #1 0.094*** -0.175%** -0.030
(10.36) (-4.78) (-1.05)
LTRO, #2 0.058"** -0.042 -0.045*
(3.97) (-0.99) (-1.83)
Greece 0.076*** 0.040 -0.019
(3.74) (1.09) (-0.60)
OMT, #1 0.073*** 0.027 -0.001
(7.81) (0.78) (-0.05)
OMT, #2 0.075** -0.014 -0.100%**
(6.46) (-0.40) (-3.90)
OMT, #3 0.070"* -0.036 -0.079%+*
(4.87) (-0.93) (-3.31)
Constant 0.212%** -0.143** 0.120***
(24.07) (-4.21) (7.00)
Observations 727 727 727
R? 0.248 0.150 0.582

Table A10: TIPS-Treasury Premium, Stock-bond Covariance, and the EUR Conve-
nience Yield During Periods of the Eurozone Crisis. Daily data from January 2010 to
December 2012. Indicator variables run from start dates indicated in Panel A to the next start date.

Heteroskedasticity and autocorrelation robust t statistics. ***, ** and * denote significance at the
1%, 5%, and 10% levels.

68



(=]

-2

Cov(Stocks, 10y Tr.)

Stock-10y Treasury Bond Covariance

-8H

Cov(Tr 10y, St.)
Cov(Tr 10y, St.) one day

| W

2005/1

2010/1

1 1
2015/1 2020/1

1
2025/1

Figure A1l: Stock-bond Covariance. Calculation with three daily returns in blue, calculation
with single daily returns in dashed neon green. Monthly data from 2005 to 2022. Vertical line

indicates 1,/2021.
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Figure A2: Nominal and Real Treasuries Outstanding. Dollar value of Treasuries held by
the private sector. Monthly calculation.
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Panel A.
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Figure A3: Nominal and Real Treasuries Held by the Fed. Panel A shows the dollar value
of Treasuries held by the Fed. Panel B shows the share of the total held by the Fed, as well as the
10-year TIPS-Treasury premium. Monthly calculation.
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the debt ceiling standoff resolution.
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Panel A.
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Figure A5: TIPS-Treasury Premium and Relative Treasury Convenience Yield of
German Bunds. Vertical lines correspond to event days described in Table 12A, Panel A.
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