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Abstract

We quantify the difference in the convenience yield of U.S. Treasuries and government
bonds of other developed countries by measuring the deviation from covered interest parity
between government bond yields. We call this wedge the “U.S. Treasury Premium.” We
document a secular decline in the U.S. Treasury Premium at medium to long maturities.
The five-year U.S. Treasury Premium averages approximately 21 basis points prior to the
Global Financial Crisis, increases up to 90 basis points during the crisis, and has disappeared
after the crisis with the post-crisis mean at -8 basis points. Meanwhile, the short-term U.S.
Treasury Premium remains positive post-crisis. We discuss the impact of sovereign credit
risk, FX swap market frictions, and the relative supply of government bonds on the U.S.

Treasury Premium.
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1 Introduction

If investors value the liquidity and safety of government bonds, they may be willing to
accept lower yields to hold them over alternative investments that offer the same cash flows.
The extent to which they value these non-pecuniary benefits is often referred to as the
“convenience yield.” Krishnamurthy and Vissing-Jorgensen (2012) quantify this convenience
yield for U.S. Treasuries and provide evidence for the specialness of U.S. Treasuries relative
to other safe dollar assets. In this paper, we measure the difference in the convenience yield
of U.S. Treasury bonds and government bonds in other developed countries as the deviation
from covered interest parity (CIP) between government bond yields in the United States and
foreign countries.

We call this measure the “U.S. Treasury Premium.” For each foreign country, a positive
Premium implies that the convenience yield of U.S. Treasuries is higher than the convenience
yield of that country’s government bonds. The U.S. Treasury Premium directly measures
the difference between the yield paid by the U.S. government on Treasuries and the synthetic
dollar borrowing cost faced by foreign governments after their bonds are swapped into U.S.
dollars. We show that the U.S. Treasury Premium is equal to the Treasury convenience yield
differential under the assumption that government bonds are default-free and international
financial markets are frictionless. More generally, we also consider the impact of sovereign
credit risk and FX swap frictions on our U.S. Treasury Premium measure.

We measure the U.S. Treasury Premium vis-a-vis government bonds in Australia, Canada,
Denmark, Germany, Japan, New Zealand, Norway, Sweden, Switzerland and the United

1

Kingdom, commonly referred to as the G10 currency countries. Except for Japan, all

sample countries have a AAA or near-AAA sovereign credit ratings and are perceived as

1Strictly speaking, the Danish krone (DKK) is not among the ten most liquid currency based on trading
volume and turnover. However, market participants still often refer the DKK as a G10 or a G11 currency.
For example, Bloomberg lists the DKK as a G10 currency.



2 From 2000-2016, we find the average premium on

near default-free by global investors.
U.S. Treasuries was 10 basis points at the five-year horizon and 26 basis points at the three-
month horizon. The premia also differ significantly across countries, with the mean five-year
premium ranging from -26 to 61 basis points.

Furthermore, we document a steady decline in the U.S. Treasury Premium at medium-
and long-term maturities since the Global Financial Crisis (GFC). The average five-year
premium is 21 basis points pre-crisis, increases up to 90 basis points during the crisis, and
declines to -8 basis points post-crisis. In contrast, the three-month premium averages 20
basis points before the crisis, increases up to 280 basis points during the crisis, but remains
at 20 basis points after the crisis. The decline in the medium- and long-term U.S. Treasury
Premia after the GFC is accompanied by a sharp inversion of the term structure of the
premia.

The benchmark U.S. Treasury Premium measures the relative convenience yield of gov-
ernment bonds if all government debt is default-free and the swap market is frictionless.
While this is a useful benchmark to begin with, we also examine alternative measures of
the premium where we adjust for sovereign credit risk differences using credit default swaps
(CDS) and FX swap market frictions as proxied by deviations from CIP for observed risk-free
rate proxies (Du et al. (Forthcoming)). We show that in the pre-crisis period, measured credit
spread differentials and CIP deviations for interbank rates were both negligible. During this
period, our benchmark U.S. Treasury Premium measure therefore gives a clean measure of
the relative convenience yield. In the post-crisis period, both CIP deviations for interbank
rates and sovereign CDS spread differentials tend to increase the U.S. Treasury Premium.
This is because the U.S. has lower sovereign CDS spreads than the average G10 country

and CIP deviations for these risk-free rate proxies makes the average swap-implied dollar

2The long-term local currency bonds in seven of 11 countries are AAA-rated throughout the sample
(Australia, Canada, Denmark, Germany, Norway, Sweden and Switzerland). The other four countries (Japan,
New Zealand, United States and United Kingdom) do not have a perfect credit rating. The United States
was downgraded to AA+ in 2011 and New Zealand was downloaded to AA in 2011 and the United Kingdom
lost its AAA rating after the Brexit in 2016. Japan was downgraded several times in our sample, currently
rated A+, several notches lower than all the other sovereigns and the lowest in our sample.



yield higher than the direct dollar yield. Therefore, the secular decline in the medium- to
long-term U.S. Treasury Premium is not explained away by differential credit risk or FX
market frictions, but rather a fall in the relative convenience yield.

Furthermore, we connect the U.S. Treasury Premium measure to the difference in the
swap spread between the Libor interest rate swap rate and the Treasury yield across countries.
We show that the decline in the U.S. Treasury Premium is largely driven by a decline in
the spread between U.S. Treasuries and either the U.S. or the foreign Libor benchmark.
To the extent that the swap spread sheds light on the Treasury convenience yield in each
country, our results suggest that the decline in the U.S. Treasury Premium is largely driven
by a decline in the convenience yield of the U.S. Treasuries, rather than an increase in the
convenience yield of foreign government bonds.

We then examine the behavior of the U.S. Treasury Premium measure against other
measures of the convenience component of U.S. Treasury yields. At the short horizon, the
general collateral (GC) repo-Treasury bill (repo-Thill) spread is considered a measure of
the convenience premium in Treasury bill yields, as the GC repo is secured by Treasury
collateral and has very little credit risk, but is not as liquid as Treasury bills (Nagel (2016)).
We find that variations in the average three-month premium of U.S. Treasury bills are
strongly correlated with the U.S. repo-Thill spread. When the repo-Thill spread is high,
our average three-month U.S. Treasury Premium is also high. Furthermore, we find that
a higher repo-Thill spread in foreign countries is correlated with a reduction in the U.S.
Treasury Premium at the three-month horizon, which supports the notion that our premium
measures the relative convenience of U.S. Treasury bills vis-a-vis foreign Treasury bills.

At longer maturities, the conventional Treasury convenience yield measure is given by the
yield spread between near risk-free agencies and Treasuries (for example, Fleckenstein et al.
(2014), Negro et al. (2017) and Schwartz (2015)). We choose the risk-free agency to be KfW,
a German development bank, fully backed by the German government. The advantage of

focusing on KfW is that it issues debt in multiple currencies. We calculate the convenience



yield of the German bund as the euro-denominated KfW spread over the German bund yield,
and the convenience yield of the U.S. Treasury as the dollar-denominated KfW spread over
the U.S. Treasury yield. We find the U.S. Treasury Premium vis-a-vis the German bund
closely tracks the difference in the two convenience yields based on KfW yields, which also
exhibits a secular decline. This provides further support that our measure of the convenience
yield is indeed capturing relative convenience benefits.

Finally, we examine how the relative supply of U.S. Treasuries and foreign government
bonds affects the U.S. Treasury Premium. Krishnamurthy and Vissing-Jorgensen (2012)
show that the U.S. public debt to GDP ratio is inversely related to the convenience yield
on U.S. Treasuries. When the debt to GDP ratio is low, Treasuries are more scarce and
therefore commands a higher premium compared to private paper. Consistent with their
results, we find that an increase in the supply of foreign government bonds relative to U.S.
Treasuries is associated with a higher U.S. Treasury Premium.

The U.S. Treasury Premium measure is related to a number of papers that examine the
convenience yields of U.S. Treasuries, in particular Krishnamurthy and Vissing-Jorgensen
(2012), Nagel (2016) and Greenwood et al. (2015). Krishnamurthy and Vissing-Jorgensen
(2012) examine the effect of the amount of debt outstanding on the liquidity and safety
premia of U.S. Treasuries. The authors estimate the average “liquidity convenience” at
46 basis points, which they identify off of the effect of Treasury issuance on AAA-Treasury
spreads. While our benchmark estimates are lower than those in Krishnamurthy and Vissing-
Jorgensen (2012), this should not be surprising as we are measuring a different concept. We
are considering the U.S. Treasury’s liquidity and safety premia relative to other governments
rather than relative to safe agencies and corporates. Greenwood et al. (2015) estimate the
convenience yield of T-bills using the differential between the actual T-bill yield and the fitted
yield based on the estimated yield curve, and find a premium of 40 basis points for one-week
bills. Nagel (2016) measures the liquidity premium on T-bills as their spread relative to a

three-month general collateral repo with the mean premium equal to about 24 basis points.



The question of how much less the U.S. government pays on its debt because of its “spe-
cialness” is also related to the question of the “Exorbitant Privilege” and the source of the
return differentials between the United States and the rest of the world. This question is
examined by Gourinchas and Rey (2007a,b), Gourinchas et al. (2010), and Curcuru et al.
(2008). By converting all foreign government bond yields into U.S. dollars, we contribute to
this literature by quantifying the degree to which the U.S. government pays less than foreign-
ers, above and beyond differences in currency risk premia. By focusing on the specialness
of government bonds within a currency, this measure is largely distinct from the question of
why the U.S. dollar is the global reserve currency (Maggiori (Forthcoming), Farhi and Mag-
giori (Forthcoming)) and attempts to measure premium on U.S. dollar-denominated assets
(Maggiori (2013)).

Recently, a number of papers in international finance have examined how changes in the
relative convenience yield of government bonds across countries can help resolve a number of
exchange rate puzzles. Engel (2016) and Valchev (2017) argue that time variation in bond
convenience yields can explain the term structure of violations of uncovered interest rate
parity. Itskhoki and Mukhin (2017) looks at how a similar shock can generate exchange rate
disconnect. Our measure of the U.S. Treasury Premium provides an empirical counterpart
to the shocks in these papers. While we focus on the long-term behavior of the average U.S.
Treasury Premium, the high frequency, currency and maturity specific measures of the U.S.
Treasury Premium we construct can be used as an input in this growing literature.

In terms of the construction of the U.S. Treasury Premium measure itself, this paper
build on the earlier work of Du and Schreger (2016a,b). Du and Schreger (2016a) construct
the “local currency credit spread” in an identical way as the measure used in this paper,
but has a different interpretation.®> This is because sovereign default risk is very low in G10
countries, and therefore, it is likely that the factors such as the convenience yield differential

and financial market frictions play more important roles than default risk in explaining the

3Hofmann et al. (2016) studies this same measure in connection to currency appreciation.



U.S. Treasury Premium vis-a-vis G10 government bonds. The measure in this paper is closely
related to the analysis of “Relative Swap Spreads” in Codogno et al. (2003).* Finally, our
paper is also related works on frictions in the interest rate and FX swap markets. Feldhiitter
and Lando (2008), Klingler and Sundaresan (2016) and Jermann (2016) on the U.S. swap
spreads, and Ivashina et al. (2015), Liao (2016), Du et al. (Forthcoming), and Avdjiev et al.
(2016) on CIP violations post-crisis.

The paper is organized as follows. In Section 2, we discuss the methodology behind
calculating the premium and our data sources. In Section 3, we present the main results
on the behavior of the U.S. Treasury Premium across time, currency, and maturity. In
Section 4, we compare this premium to existing measures of the safety and liquidity of U.S.
Treasuries. In Section 5, we examine the relationship between the relative bond supply and

the premium. Section 6 concludes.

2 Methodology and Data

2.1 Bond Prices and Convenience Yields

In this section, we will define the U.S. Treasury Premium and discuss how it relates to the
concept of bond convenience yields. We begin with the simplest case in which we assume that
the local currency government bonds of developed countries are default-free and international
financial markets are frictionless. In this case, government bond yields can still be different
from the risk-free rate in the local currency if government bonds offer convenience benefits.

We let A; ;11 denote the convenience benefit of the government bond of country ¢ realized

at t + 1, and let y; { denote the risk-free rate in currency 7. Then we can price a one-period

4Codogno et al. (2003) decompose yield spreads in euro area countries into international risk factors,
default, and liquidity, while accounting for the fact that bonds are in different currencies by using interest
rate swaps. Our measure differs from the measure in that paper by including the cross-currency basis swap,
but would be the same if this basis was close to zero as was generally the case pre-crisis.



Treasury bond in country ¢ as
P = exp(_y£{>Ei,t[(1 + Aiy1)]; -
where E; ; refers to the risk-neutral expectation in country 7. In logs, we have
Nip = it =y (1)

where yft"”t = —log(P°"") is the yield on the government bond, and \;y = InE; (14 Ay 1)
is the Treasury convenience premium in country ¢ at time ¢. Therefore, the convenience yield
in country i is equal to the spread between the risk-free rate and the government bond yield.
In this case, the government bond yield can be lower than the risk-free rate if there is a
positive convenience benefit associated with holding government bonds.

Similarly, we can write the convenience yield of the U.S. Treasury, Aysp+, as the spread

between the U.S. risk-free rate, y(T]’;D,t, and U.S. Treasury yield, y52 :

Govt
Auspie = Yilspe — YS%H 4- (2)

Then the difference in the convenience yield between the United States and country ¢ is given

by

~

Nt = Auspg — N = Wifspy — y64h.) — (Wit — ye). (3)

In addition, we define the market-implied forward premium, p;, as the log difference in

the outright forward Fj;y1 and spot exchange rate S;,

Pit = 10g<Fz',t,t+1) - log(Si,t),



where both Fj;,.1 and S;; are expressed as units of foreign currency ¢ per dollar. If inter-
national financial markets are frictionless, the CIP condition holds for risk-free rates. So we

therefore have:

Pii =Yt — Yiisp.-

2.2 The U.S. Treasury Premium and Convenience Yields: Friction-

less Benchmark

We now formally define our U.S. Treasury Premium measure as follows.

Definition 1. At time ¢, we define the n-year U.S. Treasury Premium vis-a-vis country i
as the deviation from covered interest rate parity between government bond yields in the

United States and country :

_ Govt Gout
PQint =Yime — Pint — YUSDnts (4)

where p; ,,; is the n-year market-implied forward premium for hedging currency ¢ against the
U.S. dollar.

Under the assumption of frictionless international financial markets and default-free gov-
ernment bonds, we now show that the U.S. Treasury Premium vis-a-vis country ¢ measures

the Treasury convenience yield differential between the United States and country i:

~

(I)i,n,t - )\i,n,ta

where 5\”” = A\uspnt — it 10 see this, we know that if covered interest rate parity holds

between risk-free rates, then p;,,; = yz {L,t — yTU];Dm’t. We can substitute this expression into



Equation 4 and rearrange:

_ Gout Gout
Pint = Yimt — Pint — YUSDmt>

Govt rf rf Gouvt
= Yint — (yznt - yUSDm,t) — Yuspm,ts

(y;]];’D,n,t - y((];g%,n,t) - (y:,];,t - yzGﬂg;t)

~

- )\US'D,n,t - /\i,n,t = )\Ln,t-

Govt

Intuitively, since y;77%

— pin, Measures the synthetic dollar borrowing cost of swapping the
cash flows of foreign currency Treasury bonds into U.S. dollars, our U.S. Treasury Premium
®, ,» measures the difference in borrowing costs between foreign governments and the U.S.
Treasury, all expressed in U.S. dollars. Under the assumptions that government bonds
are default-free and FX swap markets are frictionless, the synthetic dollar yields of foreign

Treasuries can be higher than the U.S. Treasury yield if and only if the convenience yield of

the U.S. Treasury bond is higher than that of the foreign government bond.

2.3 The U.S. Treasury Premium and Convenience Yields: Default

Risk and FX Swap Market Frictions

There are a number of places where the assumptions made in the previous section could
fail. First, each sovereign bond could have some default risk, and ®;,; could be capturing
sovereign credit risk differentials. Second, there could be frictions in the swap market, such
that the observed forward premium p;,, is different than the hypothetical premium p;
that ensures CIP for risk-free rates. Third, government bonds could be mispriced due to
market segmentation, financial repression, or other frictions. Since a systematic study of
Treasury bond mispricing is beyond the scope of this paper, we maintain the assumption
throughout the paper that Treasury bonds are correctly priced for our sample of developed

countries. However, we do consider the other two sources of frictions more formally.



For default risk, we use lAmt to denote the difference between the expected default loss
of the U.S. Treasury bond, lysp i, and the expected default loss of the Treasury bond in
country 4, ljny, -

~

li,n,t = lUSD,n,t - li,n,t-

For the FX swap market frictions, we define a wedge 7, that is equal to the difference

between the hypothetical premium, p; ¢, and the observed forward premium, p; , ;:
Tin,t = ﬁi,n,t — Pint-

In the presence of these two sources of frictions, the U.S. Treasury Premium becomes a
collection of the convenience yield differential, differential default risk, and swap market
frictions:

~

(I)i,n,t = )\i,n,t - lz’,n,t + Tin,t- (5)

L 5
where Ti ¢ = Tuspnt — Tingt-

As can we be seen in Equation 5, the U.S. Treasury premium approximates the conve-

nience yield

(I)i,n,t ~ 5\i,n,t (6)

if swap market frictions (7;,+) and credit spread differentials (ﬂm) are small. However, if
we believe that swap market frictions are and credit spread differentials are sizable, then we
would need to adjust the U.S. Treasury Premium for these frictions in order for the Premium

to provide an accurate measure of the relative convenience yield \;, ;. We define two such

A full derivation of this expression is given in the appendix.
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adjusted versions of the U.S. Treasury Premium:

crp
it = Ping — Ting (7)
CIPCDS _ 7
(I)i,n,t = (I)i,n,t — Tint + li,n,t (8)
. . . . CIPCDS . :
where @17 is the premium adjusted for swap market frictions, and ®; is the premium

adjusted for both swap market frictions and the credit differential between foreign and U.S.

Treasuries. Our proxies for 7;,,; and [;,,, are discussed in the next sub-section.

2.4 Data and Measurement

In this section, we briefly discuss our data sources and some measurement issues.

2.4.1 Bond Yields and the Market-Implied Forward Premium

We use Bloomberg BFV curves for government bond yields in the United States and G10
countries; BFV curves are fitted par yield curves based on secondary market bond prices
estimated by Bloomberg. We also use Bloomberg data for yields on interest rate swaps
and cross-currency basis swaps. Bloomberg and Thomson Reuters Eikon tickers used in the
paper can be found in the Appendix B.

For short-term maturities less than one year, we calculate the market implied forward

premium directly from the forward and spot exchange rates:

1

Pint = 5[log(Fi,t,t+n) —log(Si)],

where Fj ¢4y, is n-year (n < 1) outright forward rate, measured in terms of units of currency
¢ per dollar, and S;; is the spot exchange rate.

For longer maturities equal to or greater than one year, the liquidity of outright forward

contracts is quite poor. The market convention is instead to quote the forward premium

11



through a collection of interest rate swaps and cross-currency basis swaps based on the

following formula:

Pint = irSins + 0Sint — IrSUSDnLs (9)

where i7s;,,, denotes the n-year interest rate swap rate that exchanges fixed currency ¢ cash
flows into the floating interbank interest rate benchmark (referred to as the Libor interest
rate swap) in country i, bs;,: is the n-year cross-currency basis swap that exchanges the
floating benchmark interbank rate in country ¢ for U.S. Libor, and irsysp, is U.S. Libor
interest rate swap rate that exchange fixed dollar cash flows into U.S. Libor.°

In order to hedge long-term currency risk for currency ¢, a dollar investor has to go
through three steps. First, the investor pays the foreign currency interest rate swap, rs; .,
to swap fixed foreign currency cash flows into floating foreign currency Libor cash flows.
Second, she pays the cross-currency basis swap, bs;,: , to swap floating foreign currency
Libor into U.S. dollar Libor cash flows. Third, she receives the U.S. interest rate swap,
1rsysp.nt, to swap floating dollar U.S. Libor cash flows into fixed U.S. dollar cash flows. The
combination of the three steps eliminates all floating cash flows, and only exchanges of fixed
cash flows in foreign currency and the U.S. dollar at the inception and maturity of the swap

remain, which is exactly analogous to a long-term forward contract.

2.4.2 FX Swap Market Mispricing

We proxy for FX swap market mispricing 7;,, in Equation 7, as the deviation from the
CIP condition for proxies of risk-free rates. In the benchmark calculation, we use the Libor
interest rate swap as our risk-free rate proxy, y; {ut = irs; . Alternatively, we also consider
the Overnight Indexed Swap (OIS) rate as an alternative measure of the risk-free rate in

Section 3.4, and yields on bonds issued by KfW, a German development bank with liabilities

®Du et al. (Forthcoming) provides detailed discussion and cash flow diagrams for these transactions.

"Interest rate swaps have long been used as proxies for risk-free rates in the academic literature. Duffie
and Huang (1996) show that the credit risk component of the benchmark interest rate swap is less than 2
basis points under reasonable calibrations.
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fully backed by the German government in Section 4.2. Our main empirical results are robust
to the choice of these alternative risk-free rates.
When using the Libor interest rate swap rate as the risk-free rate proxy, the Libor-based

swap market mispricing measure is given by

quiljfr = (irsi,n,t - Z.7’=5;U57D,’r7,,t) — Pint- (]-0>
Substituting the expression for the observed swap rate in Equation 9 into Equation 10, we

have that the Libor-based swap market mispricing is given by

In other words, the Libor-based swap market mispricing is equal to the negative of the cross-
currency basis swap rate. As shown in Du et al. (Forthcoming), the CIP condition holds
very well for Libor interest rate swaps before the Global Financial Crisis (7/5%" ~ 0), but
large CIP violations emerge during the crisis and persist after the crisis.® As a result, our

benchmarkFX swap mispricing measure based on Libor interest rate swap rates is very close

to zero before the GFC and becomes sizable during and after the GFC.

2.4.3 Sovereign Credit Risk Differential

~

We measure the credit risk differential between sovereigns, [; ,,; in Equation 8, as the differ-
ence in CDS spreads. CDS data are from Markit and are on senior, unsecured credit default
swap contracts denominated in U.S. dollars. They were obtained for the six-month, and one
to 10-year contracts. Because data on the 3-month contract is unavailable, we use the six-

month contract for the three-month contract instead. However, there is the question of what

8Du et al. (Forthcoming) argue the CIP deviations exist due to constraints on the balance sheet capac-
ity of financial intermediaries, and CIP deviations can be viewed as an intermediation fee that financial
intermediaries are earning to justify the marginal cost of balance sheet capacity while providing currency
hedging.
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exactly developed country sovereign CDS spreads capture. G10 Sovereign CDS markets are
not very liquid: Klingler and Lando (2016) show that CDS premiums for sovereigns with
low default risk are primarily driven by regulatory demand. One alternative assumption is
to assume that all sovereigns in the sample are risk-free and therefore, lAmt = 0, as we do
in the benchmark U.S. Treasury Premium calculation ®, as well as in the measure adjusted

only for CIP differentials, ®¢17.

3 The U.S. Treasury Premium: 2000-2016

3.1 Summary Statistics and Stylized Facts

In Figure la, we plot the currency-specific nominal yields of our ten country sample at the

5-year horizon. The variation across country is wide. In Figure 1b, we report the swap-

Govt
2,n,t

implied dollar yields for each country y — Pinst at the five-year tenor. It is immediately
clear that these swap-implied dollar yields track the yield on U.S. Treasuries very closely, with
significantly less dispersion than currency-specific yields. Our U.S. Treasury Premium can

be visualized as the spread between these swap-implied dollar yields and the U.S. Treasury

yield.
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Figure 1: Nominal and Synthetic Dollar Yields

(a) Nominal Yields (b) Synthetic Dollar Yields
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Notes: Figure la plots currency-specific yields on five-year government bonds in G10 countries and the
United States. Figure 1b plots the five-year synthetic dollar yields on these government bonds after hedging
foreign currency risk. Series are seven-day moving averages. EUR refers to Germany.

Figure 2 plots the cross-country mean of the five-year U.S. Treasury Premium and the
two versions of the adjusted premium as defined in Equations 7-8, respectively. The dif-
ference between these measures are smallest from 2000-2006. During that time, CIP held
for interbank rates and sovereign CDS spreads between U.S. and foreign countries were ap-
proximately zero. Therefore, the U.S. Treasury Premium ® and the adjusted versions, ®¢7
and ®C1PCPS were all nearly equal with cross-country averages at the five-year tenor equal
to about 21 basis points. During the GFC (2007-2009), all three measures widened with
the benchmark premium widening most significantly. This is, however, the period in which
CIP for interbank rates broke down, and U.S. and foreign sovereign CDS spreads diverged.
The two adjusted premia also widened during the GFC, but by significantly less than the
benchmark premium.

In the post-GFC sample (2010-2016), we document a steady decline in the U.S. Treasury
Premium at the medium to long tenors. The Premium trended down to the negative territory
in 2010 with the 5-year cross-country average premium at -8 basis points for the 2010-2016
period. The 5-year premium adjusted for CIP deviations in interbank rates is more negative

over that period with an average equal to -22 basis points. In other words, if the swap rate
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was such that the CIP condition for interbank rates held, the U.S. Treasury Premium would
be even lower. In addition, since the U.S. sovereign CDS spread is lower than the average
G10 sovereign CDS spread, the CDS differential adjustment brings down the premium even
further to an average -38 basis points in the post-GFC period. Therefore, the decline in
the average U.S. Treasury Premium at medium to long tenors post-GFC can neither be
attributed to swap market frictions nor to perceived credit quality differentials between the

U.S. and foreign sovereigns.

Figure 2: Five-Year Average U.S. Treasury Premium
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Notes: This figure plots the average 5-year U.S. Treasury Premium (in solid green), the average premium
adjusted for CIP deviations (in dotted red), and the average premium adjusted for CIP deviations and
CDS differentials (in dashed blue) for 2000-2016. Series are seven-day moving averages.

Figure 3 shows the three measures by country and Table 1 reports the mean and standard
deviations of the U.S. Treasury Premium by country.” As shown in Table 1, cross-country
heterogeneity is large: the U.S. Treasury Premium is highest for Japan with the average

equal to 61 basis points and lowest for Australia and New Zealand at about -25 basis points.

9Summary statistics by country of the adjusted premia can be found in Appendix Tables A3 and A4.
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With the exception of Japan, however, the U.S. Treasury premiums vis-a-vis other sample
countries all exhibit a decline post-crisis.

In terms of the time series variation by country, pre-GFC, the 5-year U.S. Treasury
premium and the adjusted versions are nearly identical for all countries. Broadly, this remains
true for Australia, Canada, Norway, Sweden, and New Zealand during and after the GFC,
suggesting that for this subset of countries, variations in the U.S. Treasury Premia are
largely independent of swap market frictions or credit spread differentials. For Switzerland,
Denmark, Germany, and the United Kingdom, outside the GFC and the European Debt
Crisis, the U.S. Treasury Premia are generally higher than the version adjusted for CIP
deviations. With the adjustment, the premia vis-a-vis this subset of countries falls more
precipitously in the post-GFC period, more so when adjusting for both CIP deviations and
the CDS spreads. Notably, outside crises, the two adjusted series are very similar; this is

unsurprising as CDS spreads are narrow in tranquil periods.
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Figure 3: 5-Year Average U.S. Treasury Premium by Country
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Table 1: Summary Statistics of the 5-Year U.S. Treasury Premium

Full Sample 2000-2006 2007-2009 2010-2016

AUD Mean -24.9%** 5.1* -15.9%** -H8.J¥**
Std. Error (4.0) (2.7) (6.0) (2.7)
N 4406 1797 783 1826

CAD Mean 7.0%* 24 .2%** 29.4%%%* -17.8%*%
Std. Error (3.4) (2.6) (7.7) (2.7)
N 4215 1609 782 1824

CHF Mean 29.0%** 28.6%** 40.2%%* 24.6%**
Std. Error (2.0) (2.9) (4.8) (2.8)
N 4186 1603 770 1813

DKK Mean 25.4%%* 317k 56.5%** 6.6%**
Std. Error (3.2) (2.1) (9.8) (2.4)
N 4201 1599 776 1826
EUR Mean 18.67%** 32.0%** 38.47%** -2.2
Std. Error (2.5) (1.7) (3.5) (1.8)
N 4287 1692 770 1825
GBP Mean A 13.17%%* 21.9%%* -4.8%
Std. Error (2.2) (1.6) (6.3) (2.6)
N 4220 1665 775 1780

JPY Mean B1.1%H* 50.5%** 64.7HH* 70.0%**
Std. Error (2.7 (4.0) (6.6) (3.3)
N 4397 1787 784 1826

NOK Mean -4.7 15. 1% 12.1%* -28.9%**
Std. Error (3.5) (1.9) (6.6) (4.1)
N 4110 1545 772 1793

NZD Mean -26.4%** -15.1%** -15.8 -39.1%**
Std. Error (3.5) (4.3) (11.0) (3.8)
N 3912 1307 780 1825

SEK Mean -0.3 19.6%** 24, 8%** Z28. 7KK
Std.Dev. (3.3) (1.5) (3.2) (2.6)
N 4235 1630 779 1826

Total Mean 9.6%** 21.3%%x* 25.6%** 7. 8%k
Std. Error (1.4) (1.3) (3.2) (2.2)
N 42169 16234 7771 18164

Significance levels: * p<0.10 ** p<0.05 *** p<0.01

Notes: This figure table reports the mean, standard error of the mean based on Newey-West standard errors
with a 91-day lag, and number of observations of the 5-year U.S. Treasury Premium by country, and period
(pre-GFC (2000-2006), GFC (2007-2009), post-GFC (2010-2016)).

19



3.2 Term Structure of the U.S. Treasury Premium

Next, we turn our attention to the term structure of the U.S. Treasury Premium. Table 2
presents summary statistics of the benchmark version of the U.S. Treasury Premium and the
adjusted versions of the U.S. Treasury Premium by tenor and subsamples. Figure 4 plots
the benchmark premium by maturity. As we can see from Table 2 and Figure 4, before the
GFC, the term structure of the U.S. Treasury Premium is upward sloping and the average
premia are positive across all maturities.

During the GFC, we see an inversion in the term structure of the premia, and an increase
the U.S. Treasury Premium across maturities, with the increase concentrated at shorter
maturities. The cross-country average for the 3-month premium nearly reaches 300 basis
points at the peak of the crisis. The increase in the 10-year premium during the GFC is
much more subdued with the highest level only around 50 basis points.

After the GFC, the term structure remains inverted and the 3-month, 1-year, 5-year,
and 10-year premia are no longer strongly correlated, nor of the same sign. Post-GFC, the
3-month and 1-year premia are positive and have been trending up; meanwhile, the 5-year
and 10-year premia have been negative and approximately flat. Strikingly, the 3-month and
l-year premia begin their upward trend in 2014, with the 3-month premium rising from
nearly 0 basis points to 70 basis points.

The inversion of the term structure of the U.S. Treasury Premium also holds for the
premia adjusted for swap market frictions and credit spread differentials. Figure 5 plots the
term spread of the U.S. Treasury Premium, which we define as the 10-year premium minus
the 1-year premium, for the U.S. Treasury premium and the two adjusted versions. The
term spread becomes negative for all three premium measures post-GFC.

Therefore, we find that even though medium- to-long-term U.S. Treasuries have lost their
specialness relative to other near-default-free government bonds since the GFC, short-dated

U.S. Treasury bills still command a sizable premium.
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Figure 4: The U.S. Treasury Premium, by Maturity
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Notes: This figure plots the U.S. Treasury Premium at the 3-month horizon (in orange), the 1-year horizon

(in blue), the 5-year horizon (in red), and the 10-year horizon (in green) from 2000-2016. Series are seven-day
moving averages.

Figure 5: Term spread of the U.S. Treasury Premium
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Notes: This figure plots the spread between the 10-year and 1-year premium for the U.S. Treasury Premium
(in blue), for the premium adjusted for CIP deviations (in orange), for the premium adjusted for CIP
deviations and CDS differentials (in purple). Series are seven-day moving averages.
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3.3 The U.S. Treasury Premium and Relative Swap Spreads

In this subsection, we explore the connection between our U.S. Treasury Premium measure
and the relative swap spread between the Libor interest rate swap and the Treasury bond
yield across countries. In particular, using Libor interest rate swaps as the risk-free rate
proxies, we find that the decline in the U.S Treasury convenience relative to foreign govern-
ment bonds is mainly driven by a decline in the USD swap spread, rather than an increase
in the foreign swap spread. \

To demonstrate this, we re-write the U.S. Treasury Premium as:

o Gout Gout
Pint = Ying — Pimt — YUSDmt

Gouvt . . Gout
= Yint — (irSint + bSint — TSUSD L) — YUsSDn.t

: Govt . Gout
= (irsuspnt — yUSD,n,t) — (IrSing — Yint ) — bSin,t
~ ~ ~ 9 —— .
USD Swap Spread Currency i Swap Spread ~ Cross-Currency Basis
= SSUSDn,t — SSint — bsi,n,ty (11)

Gout
1,m,t

— Gouvt —
where ssyspnt = 1SUsDnt — Yigpns N SSingy = iTSine — Y

are swap spreads in the
United States and country i, respectively. As discussed in Section 2, in the absence of
sovereign credit risk, the currency-specific convenience yield is defined as the wedge between
the risk-free rate in currency i and the government bond yield in currency 7. If we assume
that the Libor interest rate swap rate is a measure of the risk-free rate, then the swap spread
becomes a measure of the currency-specific Treasury convenience yield. The first two terms
of Equation 11 are equal to Ayspn: and A, respectively, as shown in equations 2 and 1.
The final term is the CIP deviations for Libor interest rate swap rates between the U.S.
dollar and currency i. Note that the difference in the U.S. and foreign swap spread is exactly
equal to the U.S. Premium adjusted for Libor CIP, defined in equation 7, as follows:

CIP __ Libor
(I)@n’t = (bi,n,t - Ti,n,t = (I)i,n,t - (_bsi,n,t) = SSUSDnt — SSin,t (12)
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In Table 3, we report the decomposition given by Equation 11 for our three sub-periods
for all 10 currencies, and the average of all non-dollar currencies, at the 5-year maturity.
As reported in Table 1, the US Treasury Premium fell from an average of 21 basis points
in 2000-2006 to -8 basis points in 2010-2016. This decomposition shows that the decline in
the U.S. Treasury Premium is largely driven by the decline in the U.S. swap spread from 52
basis points pre-crisis to 13 basis points after the crisis. Meanwhile, the average non-U.S.

swap spread only increased slightly from 30 basis points to 35 basis points.
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The fact that the cross-currency basis is not zero post-crisis points to a conceptual chal-
lenge in comparing the levels of Libor-Treasury swap spread across countries. In the the case
of a non-zero cross-currency basis, the two Libor interest rate benchmarks are no longer in-
terchangeable, as market participants are willing to pay a spread equal to the cross-currency
basis to exchange the Libor interest rate benchmarks across the two countries. As a result, a
comparison of the level of the two swap spreads is potentially confounded by the differences
in the Libor interest rate benchmarks. Indeed, one may argue that this calculation over-
states the magnitude of the decline in the convenience yield of the U.S. Treasuries, as the
U.S. Libor interest rate swap rate can be mispriced. In addition to the CIP deviations, the
“negative swap spread” is another fixed-income anomaly that emerged after the GFC (for
example, Jermann (2016) and Klingler and Sundaresan (2016)). The swap spread turned
negative at the 30-year tenor during the GFC and has since remained negative. The 5-year
and 10-year U.S. swap spread also turned negative in 2015. A negative swap spread implies
an arbitrage opportunity,!® which suggests that the observed U.S. interest rate swap market
is lower than the hypothetical risk-free rate.

To mitigate this concern about frictions in the U.S. interest rate benchmark and imperfect
substitutability between interest rate benchmarks, an alternative approach is to swap the
U.S. Treasury yield into a foreign currency, and then measure the convenience yield of the

U.S. Treasury relative to the foreign risk-free rate benchmark, denoted by S@i{,ﬁ D11 To do so,

we first note that the swapped U.S. Treasury yield in currency ¢ is given by ygg%ﬁn’t + Pint-

10To see this, the arbitrageur can purchase a 30-year Treasury bond and finance the purchase by rolling
over a three-month repo with the Treasury bond being the collateral. Meanwhile, the arbitrageur can pay
the fixed 30-year interest rate swap rate, and receive the floating three-month U.S. Libor. The net cash
flow of the arbitrageur is to receive the three-month Libor and to pay the three-month repo rate backed
by Treasuries. Since the three-month Libor-repo spread is always positive, the trade involves zero upfront
investment and has positive carry throughout the trading horizon, which is a violation of the no-arbitrage
condition.

HGimilarly, we can swap the foreign government bonds into dollars and compared with the U.S. benchmark
interest rate. However, since there is more concern about anomalies associated the U.S. benchmark, we pick
the foreign benchmark as the common reference instead.
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Then this alternative U.S. Treasury convenience yield can be expressed as follows:

~Usp - Gout
Ssi,n,t = WSint — (yUSD,n,t + pi,n,t)

. Gout . .
= WSint — YUSDmt — (irSimt + bSint — ITSUSD )

. Govt
= (irsuspmt — ?JUSD,n,t) - bSi ¢
USD Sw‘a; Spread Cross-Currency Basis

= SSusSDnt — bSi,n,t

Once we measure both U.S. and foreign Treasury bonds against the same interest rate
benchmark, and then the U.S. Treasury Premium is equal to the difference in the adjusted

U.S. swap spread and the foreign swap spread:

b, = SSUSD,t — SSit

The cross-currency adjustment of the U.S. swap spread allows us to directly measure how
much the U.S. Treasury can borrow below the foreign risk-free rate in a foreign currency.'?
After this adjustment, we see that the average U.S. Treasury convenience yield relative to
the foreign risk-free rate benchmark declined from 49.9 [=51.5 (USD Swap Spread) - 0.6
(Cross-Currency Basis)| basis points pre-crisis to 27.5 [= 13.0 (USD Swap Spread) - (-14.5)
(Cross-Currency Basis)| basis points after the crisis. While this 22 basis point decline is
smaller in magnitude than the decline as measured Libor interest rate swap alone, it remains
sizable. Therefore, to the extent that swap spreads sheds light on Treasury convenience yield

in each country, our results suggest that the decline in the U.S. Treasury Premium is largely

2By paying irsV°P, an investor pays fixed dollar cash flows and receives floating U.S. Libor. By paying
bsz/ USD, an investor pays floating Libor in currency ¢ and also receives U.S. Libor. Therefore, by paying

. i/USD . . . . . .
(irsVSP — bs;/ ), an investor pays fixed dollar cash flows and receives floating Libor in currency i, and

the floating U.S. Libor cash flows get canceled. Therefore, frictions with the U.S. Libor benchmark do not
directly enter into the asset swap package.
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driven by a decline in the convenience yield of the U.S. Treasuries, rather than an increase

in the convenience yield of foreign government bonds. 3

3.4 Using OIS as Alternative Risk-Free Rate

To this point, we have used the Libor interest rate swap rate as the risk-free rate proxy and
measured swap market frictions as the deviation from CIP in this market. In this subsection,
we show that the decline in the medium- to long-term U.S. Treasury Premium is robust to
the choice of the Overnight Indexed Swap (OIS) rate as the risk-free rate. The OIS rate
is indexed to the overnight rate, which contains very little credit risk, and is unaffected by
frictions in the Libor rate. This section demonstrates that our results are robust to the use
of an alternativemeasure of the hypothetical currency ¢ risk-free rate ;.

Similar to Equation 10, we can measure CIP deviations for OIS rates as follows:

oIS , .
Tint (OZSi,n,t - OZSUSD,n,t) — Pint
where ois; ,,; denotes the OIS rate for currency ¢ at tenor n at time ¢. Then the premium

adjusted for swap mispricing implied by the OIS rates then become

oIS __ [( Gout Gout

Dy — T, Yint — Pint — yUSD,n,t)] - [(Oisi,n,t - OiSUSD,n,t) - pi,n,t]

i,n,t

= (0isusDat — Y5&bng) = (00Sime = Yot ):

In other words, if we use the OIS as the risk-free rate in each currency, then the OIS-Treasury
spread measures the convenience yield of the U.S. Treasury bond in each currency, assuming
that any CIP deviation in OIS rates is evidence of FX swap market frictions. Under this

assumption, the U.S. Treasury Premium adjusted for OIS CIP deviations is equal to the

13We plot the U.S. swap spread and the adjusted U.S. swap spread, together with the average foreign swap
spread, in the internet appendix.
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difference between OIS-Treasury spread in United States and country ¢, which is analogous
to the Libor based measure expressed in Equation 7.

Prior to the crisis, the difference between Libor interest rate swaps and the OIS rates was
negligible. Only the U.S. dollar and euro have separate long-term OIS quotes before 2007.
The Libor-OIS spread widened significantly during the GFC for all currencies. Post-crisis,
long-term OIS quotes become more widely available for other G10 currencies. In Figure
6(a), we first plot the U.S Treasury Premium vis-a-vis the German bund, and the premium
adjusting for the mispricing measured by Libor and OIS respectively. Every version of the
premium exhibits a secular decline after the global financial crisis. It is important to note
here that all of these measures are essentially identical pre-crisis, as CIP holds pre-crisis for
both Libor interest rate swaps and OIS rates. Post-crisis, we see that all of these measures
follow a similar trend, demonstrating that our result on the secular decline of the U.S.
Treasury Premium is not driven by our choice of the risk-free rate. Similarly, in Figure 6(b),
we plot the average U.S Treasury Premium vis-a-vis the set of countries for which there

4 and the premium adjusted for the

exists a sufficiently long history of 5-year OIS rates,!
mispricing measured by Libor and OIS. For the premium adjusted for OIS CIP deviations,
we only start in 2008 due to the lack of data for most countries in the earlier period. Again,
we see that post-crisis, the premium adjusted for Libor and OIS CIP deviations move in
tandem.

While we may not be able to capture the exact magnitude of the hypothetical risk-free
rate differential using observed data, different proxies of the risk-free rates point to a similar
pattern: swap market mispricing after the GFC makes it more costly to swap foreign currency

funding into dollar funding (7;,+ > 0) and correcting for these mispricings make the decline

in the average U.S. Treasury Premium even more pronounced.

14 All sample countries except for Denmark, Norway and Sweden all have sufficiently long historical data
on 5-year OIS rates on Bloomberg post-crisis.
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Figure 6: 5-Year U.S. Treasury Premium and Swap Market Mispricing
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Notes: Figure a plots the 5-year U.S. Treasury premium vis-a-vis the German bund in green, the premium
adjusted for Libor CIP deviations in blue, the premium adjusted for OIS CIP deviations in red. Figure b
plots the average, 5-year U.S. Treasury premium (in green), the average premium adjusted for Libor CIP
deviations (in blue), the premium average adjusted for OIS CIP deviations (in red). Averages are over
the panel of seven countries with long OIS data history: Australia, Canada, Switzerland, Germany, United
Kingdom, Japan, and New Zealand. Series are seven-day moving averages.

3.5 G10 vs. EM Comparison

To better understand drivers of the U.S. Treasury Premium, we now compare the measure
averaged across G10 currencies to the measure averaged across a set of 13 emerging markets
(EMs). Figure 7 plots the U.S. Treasury Premium vis-a-vis G10 countries and the U.S.
Treasury Premium vis-a-vis EMs. Unsurprisingly, the average U.S. Treasury Premium vis-
a-vis G10 countries is significantly lower than the U.S. Treasury Premium vis-a-vis EMs.!5

Du and Schreger (2016a) call the U.S. Treasury Premium the “Local Currency Credit
Spread” because they argue that it constitutes a credit spread on local currency sovereign
debt, and measures the risk that governments explicitly default on debt denominated in their
own currency. The reason for this significantly different interpretation can be seen in Figure
8. The left panel plots the (unadjusted) mean U.S. Treasury Premium and CDS differential

for G10 countries. Other than at the peak of the GFC, we see limited correlation between the

15The included countries are Brazil, Colombia, Hungary, Indonesia, Israel, Mexico, Malaysia, Peru, Poland,
Thailand, Turkey South Africa, and South Korea.

30



measures.'% Pre-GFC, the CDS differential is approximately zero for G10 countries, but the
the U.S. Treasury Premium is positive and sizable. Post-GFC, the average CDS differential
between G10 countries and the United States is positive, but the U.S. Treasury Premium is
negative. By contrast, in the right panel, we make the same figure for a sample of emerging
markets and see very strong co-movement between the unadjusted U.S. Treasury Premium
and the CDS Differential, indicating that the premium is capturing fluctuations in default
risk.

Figure 7: Premium vs. EM and G10 countries
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Notes: This figure plots the cross-sectional mean premium for 13 emerging markets (Brazil, Colombia,
Hungary, Indonesia, Israel, Mexico, Malaysia, Peru, Poland, Thailand, Turkey, South Africa, and South
Korea) (in red) and the mean premium for G10 countries (in green). Series are seven-day moving averages.

16 Japan is an interesting exception, as can be seen in the internet appendix. The pattern of the strong
comovement between the premium and the CDS differential is quite similar to the pattern documented for
individual emerging markets in Du and Schreger (2016a). Notably, the credit rating of Japan is the lowest
in our sample of sovereigns.
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Figure 8: Components of the 5-Year Premium

(a) G10 (b) EM

100
500
|

Basis Points
0 50
Basis Points
200 300 400
L L |

i
LA

2004 2006 2008 2010 2012 2014 2016 2004 2006 2008 2010 2012 2014

100

o
©

0

Premium CDS Differential Premium (LCCS) CDS Differential

Notes: This figure plots the premium (in solid green) and the CDS differential (in dashed orange) for G10s
and EMs. Series are seven-day moving averages.

4 Relationship with Other Convenience Yield Measures

In this section, we examine the relationship between the U.S. Treasury Premium and existing

measures of the safety and liquidity components of the convenience yield.

4.1 Short-term premium comparison

A conventional measure of convenience yield in the 3-month market for Treasuries is the Gen-
eral Collateral (GC) Repo-Treasury Bill spread, defined as the spread between the 3-month
Treasury GC Repo rate and a 3-month T-Bill yield. Assuming that Treasuries themselves
are default-free, a Treasury GC repo is free of credit risk as it is secured by Treasuries.
However, repos are not as liquid as Treasury bills because the money is always lent for term
(Nagel (2016)); thus, the GC Repo-Treasury Bill spread mainly captures the convenience
premium of Treasury bills. Since our U.S. Treasury Premium is vis-a-vis another country,
if it is being driven by a convenience component, that component should be a relative mea-
sure of the U.S. Treasury market vis-a-vis the Treasury market of a foreign sovereign. The

closest approximation of this is the difference in the 3-month GC Repo rate-TBill spread for
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United States Treasuries and foreign country’s Treasuries. This motivates the following set

of regressions to estimate the convenience component of the 3-month Treasury premium:!”
(i)sM,t =a+ - Rlyspam: + €

Pismy=a+ - Rlyspamy+7 - Rlismy + €, 1 € {EUR, JPY},

where ®3)/; denotes the cross-country average of the 3-month U.S. Treasury Premium;
RTyspawm is the 3-month GC repo-TBill spread for the United States; RTgyr s is the 3-
month GC repo-TBill spread for Germany ; RT;py 3y is the 3-month GC repo-TBill spread
for Japan. We run these regressions in levels and changes at the weekly frequency in Table
4 with changes denoted as A . This exercise is restricted to Germany and Japan because of
lack of usable data on GC repo rates in other countries in our sample.

Regression results in levels are reported in the first three columns of Table 4 whereas
regression results in differences are reported in the next three columns. In the first regres-
sion in levels, RTysp s enters with a highly significant coefficient of 1.726 and with the
constant, explains 75% of the variation in the U.S. Treasury Premium. In the second and
third regressions in levels, RTysp sy enters with a highly significant coefficient of 1.635
and 2.362, respectively. This supports the hypothesis that when the liquidity benefit of
U.S. Treasuries is high, so is the U.S. Treasury Premium. The country-specific convenience
yield variables enter in as negative and insignificant in the levels regression for Japan and
Germany. The regressions in first differences are broadly consistent with the regressions in
levels, and supports the notion that our U.S. Treasury Premium is, at the 3-month horizon,
a relative measure of the convenience yield on U.S. Treasury bills vis-a-vis foreign Treasury
bills. When estimated in first differences, however, increases the EUR and JPY GC-Repo

are associated with statistically significant declines in the bilateral U.S Treasury Premium.

1"Throughout the paper, we follow Driscoll and Kraay (1998) and to calculate heteroskedasticity autocor-
relation spatial correlation robust standard errors.
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Figure 9 plots the average U.S. Treasury Premium and the GC-repo-Thill spread at the

three-month maturity to make clear just how closely the two measures co-move.

Figure 9: Three-month Average U.S. Treasury Premium vs. Repo-Thill Spread
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Notes: This figure plots the average three-month U.S. Treasury premium (in solid green), the average three-
month premium adjusted for CIP deviations (in dotted red), and the three-month U.S. GCF Treasury repo
and T-bill spread (in solid purple). Series are seven-day moving averages.

34



Table 4: The 3-month U.S. Treasury Premium and the GC repo-Thill spread (Weekly Fre-
quency, 2000-2016)

(1) (2) 3) (4) () (6)

Doy Prursm  Pipviam APy APpursm  APypysm

RTyspam 1.726%**  1.635%**  2.362%**
(0.229) (0.156) (0.249)

RTEuR3M -0.00290
(0.0835)
RTjpysm -0.840
(0.523)
ARTysp3m 0.822%**  (.916*** 1.215%**
(0.238) (0.295) (0.219)
ART gy rsar -0.198*
(0.117)
ARTrpysm -1.393**
(0.551)
Constant 3.184 -6.201 7.573* 0.0121 -0.0805 0.0986
(3.534)  (4.318)  (4.511)  (0.338)  (0.387) (0.675)
Observations 631 444 384 582 395 335
R-squared 0.745 0.803 0.723 0.368 0.428 0.350

Significance levels: * p<0.10 ** p<0.05 *** p<0.01

Notes: This table reports the regression results of the level of the 3-month U.S. Treasury Premium on
convenience yield measures of the country’s and United States’ 3-month treasury bills. Standard errors are
heteroskedasticity autocorrelation spatial correlation robust with a 13 week lag. The first column reports
on the regression of the 3-month, U.S. Treasury Premium averaged across countries ¢ on our measure of
the convenience yield on U.S. Treasuries at the 3-month horizon RTI? ;’g’gﬁm , which is the spread between
a 3-month Treasury repo and the 3-month U.S. T- bill. The same regression in differences is reported in
the fourth column. The second column reports on the regression of the 3-month U.S. Treasury Premium
vis-a-vis Germany ®gy g sy on the measures of the convenience yield on U.S. treasuries at the 3-month
horizon RT,; [I;;’S’ g\/fbm and German treasuries at the 3-month horizon RTgE’géﬁm , which is the spread
between the 3-month repo rate on German treasuries and the rate on a German T-bill. The same regression
in differences is reported in the fifth column. The third column reports on the regression of the 3-month U.S.
Treasury Premium vis-a-vis Japan ® jpy sy on the measure of convenience yield on U.S. treasuries at the
3-month horizon and Japanese treasuries at the 3-month horizon RTf;f,%ﬁbz” , which is the spread between
the 3-month repo rate on Japanese treasuries and the rate on a Japanese T-Bill. The same regression in
differences is reported in the sixth column. All data are at the weekly frequency and span 2000-2016. The
U.S. Treasury Premium is from the authors’ calculations using data from Bloomberg. The convenience yield
measures RT; 5 ;ﬁéﬁ”ﬁ RTg[eJZEgﬁZ”, RT f;f,‘_’éﬁbm were computed by the authors. Three-month GCF rates
are from Thomson Reuters Eikon.
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4.2 Long-term Premium

At medium to long maturities, a conventional measure of the convenience yield of government
bonds is the spread between yields on near risk-free agency paper and Treasuries denominated
in the same currency. Some well-known examples include the spread between the yields on
Refcorp and Treasury bonds, which are both guaranteed by the U.S. government and subject
to the same taxation (Negro et al., 2017; Fleckenstein et al., 2014), and the spread between
yield on the euro-denominated KfW bonds and German bunds, which are both guaranteed
by the German government (Schwartz (2015)).

We can also measure the Treasury convenience yield differential as the difference in these
conventional convenience measures across countries. However, if we allow the agency bench-
mark to differ by country, cross-country differences in the agency credit, the degree of the
government guarantee, and the liquidity of the paper they issue will potentially drive our
relative Treasury convenience result. To avoid this problem, we keep the agency fixed. We
pick KfW as our benchmark risk-free agency, because it issues bonds in different currencies
with an annual issuance volume of $60-80 billion. To mitigate problems of differential lig-
uidity between KfW bonds denominated in different currencies, we focus on the euro and
dollar comparison, the two most important issuance currencies for KfW. The euro and the
dollar each account for about 40% of the annual issuance volume.

We measure the 5-year convenience yield of a German bund relative to KIW (KTgyrsv¢)

as the difference between the euro-denominated KfW yield (yggﬁyjt) and the German bund

yield (ngUvI%,SKt) :

_ KfwW Gout
KTreursyvt = YeuRsve — YEURSY -

Similarly, we measure the 5-year convenience yield of the U.S. Treasury bond relative to
KIW (KTyspsye) as the difference between the yield on the dollar-denominated KfW yield

(y{fgggy,t) and the yield on the U.S. Treasury:

_ Kfw Gout
KTyspy = Yusp, — Yusp,-
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We can therefore construct a new relative convenience yield measure between the U.S. Trea-
sury and the German bund as the difference between the spreads each government earns
relative to KfW in each currency as:
Kfw _ _ (KW Gout Kfw Gout
(I)E‘UR,BY,t = KTyspsvie — KTpursye = (yUSD,5Y,t - yUg’UDjY,t) - (?/EUR,sy,t - yE(OJUR,5Y,t)'
As shown in Figure 10, this relative Treasury convenience measure based on KfW bond
yields (shown in orange) strongly comoves with our U.S. Treasury Premium (shown in green)
defined vis-a-vis the German bund and declines notably after the GFC. Since no swaps are

used in the construction of @553{534,5, frictions in the swap market cannot explain the decline.

Figure 10: Five-Year Average U.S. Treasury Premium vs. KfW Based Relative Convenience
Yield Measure
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Notes: This figure plots the average 5-year U.S. Treasury Premium vis-a-vis Germany (in solid green) and
the KfW based relative convenience yield measure of U.S. Treasuries vis-a-vis German Treasuries (in dashed
orange), which is defined as the difference in the yield spread between a 5-year KfW bond denominated in
U.S. dollars and a U.S. Treasury bond and the yield spread between a 5-year KfW bond denominated in
euros and a German Treasury bond. Series are seven-day moving averages.
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Conducting an exercise similar to the Repo-Thill regressions at the 3-month tenor but

at the 5-year horizon, we run the following set of regressions:

Psyy=a+ - KTuspsyi+ &

CPrursye =a+ B Klyspsys + 7 - KTgursye + &

where @5y denotes the cross-country average of the 5-year unadjusted premium.

We run the specifications in both levels and first differences, using A to indicate weekly
changes. Table 5 presents the results. In Columns 1 and 3, the regression results in levels
and differences both suggest that a higher K7Tygp sy is associated with a higher average
U.S. Treasury Premium. The results also show that KTy sp sy and the constant can jointly
explain approximately 50% of the variation in the average U.S. Treasury Premium. As
reported in Columns 2 and 4, the euro-specific regressions in levels and differences both
show that a 1 basis point increase in the KTysp sy, spread is associated with a close to 1
basis point increase in the our U.S. Treasury premium vis-a-vis Germany, and a 1 basis point
increase KTgy g5y, spread is associated with a close to 1 basis point decrease in the premium.
The two components of the alternative relative convenience yield measure, KTy sp sy and
KTgursys , explain 81% and 60% of the variation in the premia in the levels and difference
regressions, respectively. Overall, the results provide strong support that our long-term U.S.

Treasury Premium is also related to conventional convenience yield measures.
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Table 5: Regressions of the 5-year U.S. Treasury Premium on the KfW-Sovereign Spread
(Weekly Frequency, 2000-2016)

(1) (2) (3) (4)

Qg,y,t Prursy APsyr  APrpursy

KTyspsy — 0.557TFFF  (.973%%x
(0.0602)  (0.0455)

KTrursy -0.837***
(0.0603)
AKTysp.sy 0.956***  1.041***
(0.0592)  (0.0657)
AKTpursy 0,719
(0.0755)
Constant -5.669 0.870 0.0502 0.0331

(3.448)  (2.072)  (0.129)  (0.0967)

Observations 851 851 840 840
R-squared 0.491 0.809 0.495 0.601
Significance levels: * p<0.10 ** p<0.05 *** p<0.01

Notes: This table reports regression results of the level of 5-year U.S. Treasury Premium ®; sy on the 5-
year KfW based convenience yield measures of German and United States’ treasuries. Standard errors are
heteroskedasticity autocorrelation spatial correlation robust with a 13 week lag. The first column reports
on the regression of the 5-year U.S. Treasury Premium averaged across countries @5y, on our KfW based
convenience yield measure of a 5-year U.S. Treasury bond K71y sp sy , which is the yield spread between a
5-year KfW zero-coupon bond denominated in dollars and a 5-year U.S. Treasury zero-coupon bond. The
same regression in differences is reported in the third column. The second column reports on the regression of
the 5-year U.S. Treasury Premium vis-a-vis Germany ® gy r 5y on the KfW based convenience yield measure
of a 5-year U.S. Treasury KTy sp sy and a German Treasury KTgy g5y, which we defineas the yield spread
between the 5-year KfW zero-coupon bond denominated in euros and a 5-year, zero-coupon German treasury.
The same regression in differences is reported in the fourth column. All data are at the weekly frequency and
span 2000-2016. The U.S. Treasury Premium is from the authors’ calculations using data from Bloomberg;
KTyspsy , KTgursy , are from the authors’ calculations.

5 Bond Supply and the U.S. Treasury Premium

In this section, we test for a relationship between the U.S. Treasury Premium and the relative
scarcity of sovereign debt in the U.S. vis-a-vis the other countries in the sample. We proxy
for the scarcity of sovereign debt by taking the ratio of the quantity of outstanding federal

debt excluding central bank holdings to seasonally-adjusted nominal GDP.'® This analysis

18We conduct the same analysis without netting out central bank holdings in the internet appendix and
find similar results.
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builds on the work of Krishnamurthy and Vissing-Jorgensen (2012) that finds that the U.S.
public debt to GDP ratio is inversely related to the convenience yield on U.S. Treasuries.
Because the measure is intended to capture the relative premium of U.S. Treasuries relative
to other safe sovereign debt, we will look at the supply of debt for both the U.S. and other
countries.

Our general regression framework is given by:

debt debt
nt=a+ 0 Og(GDP)USD,t_}—,y Og(GDP>i7t+< €t (13)
debt : : : debt :
where log (GDP)USDt is the log of the U.S. debt to GDP ratio at time t, log (GDP)” is the

log of country i’s debt to GDP ratio at time ¢, and X;; is a set of additional covariates
motivated by Nagel (2016). In particular, X;; includes the U.S. Policy Rate (the Federal
Funds rate), the country i’s policy rate, and the VIX, which is the CBOE Volatility Index
and measures the market expectation of 30-day volatility in the S&P 500. In columns 1-4, we
estimate the regressions in levels, and in columns 5-8 we estimate the regressions in changes
at the quarterly frequency. In the even numbered columns, we include country fixed effects
and in the odd number columns we omit these fixed effects. Given the short sample period,
these results should be interpreted conservatively.

In column 1 of Table 6, we omit country fixed effects and any controls and include only
the debt variables. We find that a 1 log point increase in the U.S. debt to GDP ratio is
associated with a 0.72 basis point fall in the U.S. Treasury Premium. By contrast, a 1 log
point increase in the foreign country debt-to-GDP ratio is associated with a 0.29 basis point
higher U.S. Treasury Premium. Therefore, the initial specification is consistent with the idea
that the relative supply of government debt affects the U.S. Treasury Premium. In column
2, we include country fixed effects and the effect of the individual country debt/GDP ratio
disappears. In other words, the coefficient in column 1 is driven by differences in between

country means. In columns 3 and 4, we rerun the regressions in columns 1 and 2 but include
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the additional covariates. The U.S. policy rate and VIX enter statistically significantly-the
latter result being consistent with “flight to safety” to U.S. Treasuries during times of high
global risk aversion. The coefficient on the U.S. Debt-to-GDP ratio is quantitatively similar
across specifications. In columns 5-8, we estimate the same regressions in first differences and
examine whether changes in the Debt-to-GDP levels are associated with changes in the U.S.
Treasury Premium. One potential concern with these regressions is that quarterly changes
in debt ratios can be quite noisy. Indeed, the results of these regression are qualitatively
similar to columns 1-4, but the standard errors are much larger and many of the coefficients
lose statistical significance.

Taken together, these regressions show that the U.S. Treasury Premium co-moves with
the relative supply of government debt. This is consistent with the the story that when
the supply of U.S. Treasuries becomes higher or the supply of foreign government bonds
becomes lower, the value that investors assign to the liquidity and safety premia of U.S.
Treasuries relative to foreign bonds decreases. However, our results should be interpreted
cautiously given the short sample period. In addition, the Debt-to-GDP ratio we use is of
total outstanding federal debt to nominal GDP, and is not maturity specific. We do not find

a significant effect of the relative bond supply on the 3-month Treasury Premium.
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Table 6: Effects of Government Bond Supply on the U.S. Treasury Premium, Net Central
Bank QE Purchases (Quarterly Frequency, 2000-2016)

(1) (2) 3) (4) (®) (6) (7) (8)
D5y b5y D5y S5y AdPsy  Adsy Ads5y Adsy
log (HL5), g -TLT6¥F -64.28%FF  _75.18%%% 5] 5%+
(8.966)  (9.458) (13.17) (12.11)
log (&%), 29.06***  1.735 17.51%% 2.616
(2.905)  (6.549) (3.043) (4.820)
Policy Rate -0.0801%**  -0.0160
(0.0120)  (0.0164)
U.S. Policy Rate 0.0465%**  0.0238*
(0.00947)  (0.0123)
VIX 0.0139%*%  0.0117%**
(0.00315)  (0.00312)
Alog (425) ,sp -64.00  -64.20  -104.6* -104.9*
(62.92)  (62.94)  (54.74) (54.82)
Alog (&%), 18.02**  18.28** 11.10 11.17
(7.867) (8.140)  (8.215) (8.528)
A Policy Rate -0.0544%*%  _0.0547***
(0.0120) (0.0121)
A U.S. Policy Rate -4.38¢-05  4.37e-05
(0.0169) (0.0168)
A VIX 0.00490%**  0.00491***
(0.00173)  (0.00173)
Constant 19.21%%F  41.70%%%  -11.75%  -57.50%%*  -0.193  -0.908 -0.101 -0.763
(3.865)  (11.99) (6.640) (11.59)  (0.735)  (1.071)  (0.773) (1.045)
Observations 670 670 670 670 660 660 660 660
R-squared 0.383 0.633 0.552 0.690 0.008  0.009 0.075 0.075
Country FE No Yes No Yes No Yes No Yes

Significance levels: * p<0.10 ** p<0.05 *** p<0.01

Notes: The table reports panel regression results of the level and differences of the 5-year U.S. Treasury
Premium on country level and U.S. variables that proxy for the scarcity of government bonds. Heteroskedas-
ticity autocorrelation spatial correlation robust standard errors were used with a 8 quarter lag. The variable

log (gg’},)l is the ratio of the country’s federal debt, net central bank holdings, to nominal GDP and the

variable log ( gg’f,)USD is the ratio of the United States’ federal debt, net central bank holdings, to nominal
GDP. The variable Policy Rate is the country-specific policy rate, the variable U.S. Policy Rate is the U.S.
policy rate-the Federal Funds rate, and the VIX is the CBOE Volatility Index. All data are at the quarterly
frequency and span 2000-2016. The U.S. Treasury Premium is from the authors’ calculations using data
from Bloomberg. Data on federal debt and nominal GDP are from Haver Analytics; data on central bank

holdings of domestic debt are from national websites; data on policy rates and the VIX are from Bloomberg.
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6 Conclusion

We construct a new measure of the convenience yield of developed country government bonds
relative to U.S. Treasuries. We find that prior to the Global Financial Crisis, U.S. Treasuries
earned a significant convenience yield relative to other government bonds. Following the
crisis, medium and long-term U.S. Treasuries lost their specialness relative to the government

bonds of sovereigns of comparable credit while short-term U.S. Treasury bills remain special.

43



References

AvbJiev, S., W. Du, C. KocH, AND H. S. SHIN (2016): “The dollar, bank leverage and
the deviation from covered interest parity,” BIS Working Papers, Bank for International

Settlements.

CobpocGNo, L., C. FAVERO, A. MissALE, R. PORTES, AND M. THUM (2003): “Yield

Spreads on EMU Government Bonds,” Economic Policy, 18, 503-532.

CurcURU, S. E., T. DVORAK, AND F. E. WARNOCK (2008): “Cross-Border Returns

Differentials,” Quarterly Journal of Economics, 123, 1495-1530.

DriscoLL, J. C. AND A. C. KRAAY (1998): “Consistent covariance matrix estimation with

spatially dependent panel data,” Review of economics and statistics, 80, 549-560.

Du, W. AND J. SCHREGER (2016a): “Local Currency Sovereign Risk,” Journal of Finance,

71, 1027-1070.

(2016b): “Sovereign risk, currency risk, and corporate balance sheets,” HBS Working
Paper No. 17-024.

Du, W., A. TEPPER, AND A. VERDELHAN (Forthcoming): “Deviations from Covered

Interest Rate Parity,” Journal of Finance.

DUFFIE, D. AND M. HUANG (1996): “Swap rates and credit quality,” The Journal of Fi-

nance, 51, 921-949.

ENGEL, C. (2016): “Exchange rates, interest rates, and the risk premium,” The American

Economic Review, 106, 436-474.

FarHI, E. AND M. MAGGIORI (Forthcoming): “A Model of the International Monetary

System,” Quarterly Journal of Economics.

44



FELDHUTTER, P. AND D. LANDO (2008): “Decomposing swap spreads,” Journal of Finan-

ctal Economics, 88, 375-405.

FLECKENSTEIN, M., F. A. LONGSTAFF, AND H. LUSTIG (2014): “The TIPS-Treasury

Bond Puzzle,” Journal of Finance, 69, 2151-2197.

GOURINCHAS, P.-O. AND H. REY (2007a): “From world banker to world venture capitalist:
US external adjustment and the exorbitant privilege,” in G7 Current Account Imbalances:

Sustainability and Adjustment, University of Chicago Press, 11-66.

(2007b): “International Financial Adjustment,” Journal of Political Economy, 115,

665-703.

GOURINCHAS, P.-O.; H. REY, N. GOVILLOT, ET AL. (2010): “Exorbitant privilege and

exorbitant duty,” Tech. rep., Institute for Monetary and Economic Studies, Bank of Japan.

GREENWOOD, R., S. G. HANSON, AND J. C. STEIN (2015): “A Comparative-Advantage

Approach to Government Debt Maturity,” The Journal of Finance, 70, 1683—-1722.

HorMANN, B., I. SHIM, AND H. S. SHIN (2016): “Sovereign yields and the risk-taking
channel of currency appreciation,” No. 538, BIS Working Papers, Bank for International

Settlements.

ITSKHOKI, O. AND D. MUKHIN (2017): “Exchange rate disconnect in general equilibrium,”

National Bureau of Economic Research Working Paper.

IVASHINA, V., D. S. SCHARFSTEIN, AND J. C. STEIN. (2015): “Dollar Funding and the

Lending Behavior of Global Banks,” Quarterly Journal of Economics, 130, 1241-1281.
JERMANN, U. J. (2016): “Negative Swap Spreads and Limited Arbitrage,” Working Paper.

KLINGLER, S. AND D. LANDO (2016): “Safe-Haven CDS Premiums,” Working Paper,

Copenhagen Business School.

45



KLINGLER, S. AND S. SUNDARESAN (2016): “An Explanation of Negative Swap Spreads:

Demand for Duration from Underfunded Pension Plans,” .

KRISHNAMURTHY, A. AND A. VISSING-JORGENSEN (2012): “The Aggregate Demand for

Treasury Debt,” Journal of Political Economy, 120, 233-267.

L1ao, G. Y. (2016): “Credit Migration and Covered Interest Rate Parity,” Working Paper,

Harvard Business School.

MAGGIORI, M. (2013): “The US dollar safety premium,” Unpublished working paper. Harvard

University.

(Forthcoming): “Financial intermediation, International Risk Sharing, and Reserve

Currencies,” American Economic Review.

NAGEL, S. (2016): “The Liquidity Premium of Near-Money Assets,” Quarterly Journal of
Economics, 131, 1927-1971.

NEGRO, M. D., G. EGGERTSSON, A. FERRERO, AND N. KIyOTAKI (2017): “The Great

Escape? A Quantitative Evaluation of the Fed’s Liquidity Facilities,” American Economic

Review, 107, 824-857.

ScHWARTZ, K. (2015): “Mind the Gap: Disengtangling Credit and Liquidity in Risk

Spreads,” Working Paper.

VALCHEV, R. (2017): “Bond Convenience Yields and Exchange Rate Dynamics,” Boston

College Working Paper.

46



Internet Appendiz (not for publication)

The appendix contains a decomposition of the U.S. Treasury Premium (A), the Bloomberg
and Thomson Reuters tickers used in the data analysis (Section B), supplementary charts
and summary statistics (Section C), an extension of the bond supply regression (Section D),
and regression and reduced form VAR results that comment on the explanatory power of

different components in explaining variations in the U.S. Treasury Premium (Section E)

A Decomposition of the U.S. Treasury Premium

In this section, we provide a simple theoretical decomposition of the U.S. Treasury Premium
into three components: convenience yield, credit risk, and swap market mispricing. The
underlying assumption is that government bond markets and FX markets are integrated
and priced by a global investor, which is a reasonable assumption for G10 countries. In
this framework, the U.S. Treasury premium can exist for three reasons: convenience yield

differentials, credit risk differentials, and swap market frictions.

A.1 Price of a U.S. Treasury Bond

Given a U.S. Treasury bond, let Aysp+1 denote the convenience benefit and Lygp 11 denote
the default loss at time ¢ + 1. EVS? denotes the risk-neutral expectation at time t using the

U.S. dollar numeraire. Then the price of a one-period U.S. Treasury bond is given by

Pyspy = eXP(—szJfSD,t)E?SD[(l + Avsp+1)(1 — Luspit1)),
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and the yield on the U.S. Treasury is

yeeh . = yisp. — MEYSPI(1+ Auspes)(1 — Luspest)]

= y[T]];D,t —In[E*P (14 Ayspas1)EY P (1 = Luspr1) + Covy *P (14 Avsp i1, 1 — Lusper1)]

= y%[),t —InE{*P(1+ Apsper1) — InEY*P(1 — Lysp i)

14 Cov?P(1 4+ Ayspisi, 1 — Luspii1)
EYSP(1+ Auspa+1)EY*P(1 — Luspis1)

rf
= Ypsps — Avuspt +luspt — Suspyts

—In

where yTU];DJ is the hypothetical dollar risk-free rate, Aysp; is the convenience premium,
lyspy is the default premium, and {ygp+ is the covariance between convenience and default
risk.

If the U.S. Treasury bond is default-free, we have lysp; = 0 and {ysps = 0, and then
yoeh, = yrs b+~ Ausp,- In other words, the Treasury yield can be lower than the hypothet-

ical dollar risk-free rate if the Treasury obligation earns a convenience yield over the private,

risk-free obligation.

A.2 Price of a Foreign Government Bond

Now we price a one-period foreign government bond in an analogous way. Let L;;.; denote
the default loss at ¢t + 1 on a government bond of country ¢, and A; 41 be the convenience
benefit at ¢ 4- 1 for holding the bond. Let y; { be the hypothetical risk-free rate for currency
1.

Py = eXP(—y:,{)Et[(l + A1) (1 = Lig11)]

Based on the derivation for the U.S. Treasury yield, we have

yz‘G,tovt = ?J:{ —Nig+ iy — &
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The hypothetical risk-free rate in currency i, yz { , is connected to the hypothetical U.S.

risk-free rate as follows

yf{ = ylr]fSD,t + pit (A16)

where p;, is the hypothetical forward premium in a frictionless market given by the CIP
relationship for the risk-free rates y:{ and y(r]}; D

Therefore, we can write the foreign bond yield as

yftovt = yZ{gD,t +Pir — Nig T iy — & (A17)

Once again, if the foreign government bond is default-free, we have [;; = 0 and &;; = 0, so
yoot = y,rj; p. T Pit — Aig. The foreign yield can differ from the dollar risk-free rate due to
currency risk and the convenience benefit.

We let the hypothetical forward premium in a frictionless market p;; be the sum of the

observed p;; and a wedge due to swap market frictions, 7, ;:
Pit = Pit + Tit- (A18)

By substituting Equation A18 into Equation A17, we can write the foreign government bond

yield as'?

in,tovt = szJJ;D,t + (pig+Tie) — Nip +lie — v (A19)

190ur theoretical decomposition focuses on the pricing of one-period bonds. We assume the intermediate
spread 7; + is known ex ante and do not consider the covariance between the 7; ; and \; ; entering the spread.
However, once we extend to multi-period bond, the covariance between 7;; and A;; could matter for bond
pricing.
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A.3 Components of the U.S. Treasury Premium

Using Equations A17 and A19, the U.S. Treasury Premium, denoted by @, is then given by:

_ Gout Gout
Qir = Yir — Pit — Yusp,

= [?J(%D,t + Pig— Mg+ lig — &nl — piy — (?J%D,t — AMvspt +luspt — Eusp.t)
= Mg+ T —lig+ &

~ ~

R it Tip — lig, (A20)

where 2;; = xysp — ;. We assume that the difference in the covariances between currency
and the convenience yield is negligible, i.e., éi,t = 0. Therefore, the U.S. Treasury Premium
can be decomposed into (1) the difference in convenience premia, (2) an intermediation

spread arising from frictions in the swap market, and (3) the difference in default risk..

B Bloomberg and Thomson Reuters Tickers

In this section, we list the Bloomberg and Thomson Reuters tickers used in the data analysis.

Table A2: Bloomberg and Thomson Reuters Eikon Tickers For Convenience Yield Measures

Series
GC Repo Rate | BFV Agency Yield | Government Yields
USD US3MRP= C0915Y Index C0795Y Index
EUR | EUR3MRP= C9325Y Index C9105Y Index
JPY JPY3MRP= C2215Y Index C1055Y Index

Notes: This table lists the Bloomberg and Thomson Reuters Eikon tickers for the repo rate, agency yields,
and government yields. Column 1 lists the Thomson Reuters Eikon Tickers for 3-month Treasury GC repo
rates in their respective countries. Columns 2-3 list the Bloomberg Tickers for 5-year BFV Agency and
Government par yields in their respective countries. EUR denotes Germany.
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C Supplementary Charts and Regressions

In this section, we show supplementary charts and regression results: a chart of the U.S.
Treasury Premium and the CDS differential vis-a-vis Japan may be found in Section C1,
summary statistics of the 5-year premium adjusted for CIP deviations in LIBOR, and the
5-year premium adjusted for CIP deviations in LIBOR and credit differentials by country
may be found in Section C2, a chart of the swap spread decomposition in Section C3, and
a chart of showing the five-year swap spreads in the United States and foreign countries in

Section C4.

C.1 Treasury Premia and CDS Differentials

A1 shows the U.S. Treasury Premium vis-a-vis Japan versus the Japan-U.S. sovereign CDS
differential. Of our sample, Japan’s Treasury has the lowest credit rating and the U.S.
Treasury Premium defined vis-a-vis Japan displays moderate co-movement with the CDS
differential, similar to the pattern we document for emerging markets in (Du and Schreger,

2016).
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Figure Al: Japan: U.S. Treasury Premium vs. CDS Differential
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Notes: This figure plots seven-day moving averages of the U.S. Treasury Premium against Japan (in solid
green) and the Japan-U.S. sovereign CDS differential (in dashed orange). Series are seven-day moving
averages.

C.2 Summary Statistics for Adjusted U.S. Treasury Premium

The secular decline in the U.S. Treasury Premium not only holds when the premium is
adjusted for swap frictions and sovereign credit spread differentials, but also is more pro-
nounced.

A3 reports the summary statistics of the 5-year premium adjusted for CIP deviations in
LIBOR, and A4 reports the summary statistics of the 5-year premium adjusted for CIP de-
viations in LIBOR and credit differentials. Compared to the 5-year U.S. Treasury Premium,
both series declined more sharply over our sample. The premia adjusted for CIP deviations
in LIBOR trended down 44 basis points from 2000-2016, declining from a pre-crisis average
of 22.0 basis points before the GFC to -22.4 basis points. post-GFC. The premia adjusted
for CIP deviations in LIBOR and credit differentials trended down 51 basis points from

2000-2016, declining from a pre-crisis average of 13.1 basis points to -38.0 basis points.
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Table A3: Summary Statistics of the 5-year Premium Adjusted for CIP Deviations in LIBOR,
CI)CIP

Full Sample 2000-2006 2007-2009 2010-2016

AUD Mean -9 2%k 14.6%** -6.6 -33.8%**
Std. Error (3.2) (2.9) (5.0) (2.5)
N 4406 1797 783 1826

CAD Mean 14.8%%** 34,9 40.3*** -13.9%H*
Std. Error (3.9) (2.7) (7.9) (3.7)
N 4215 1609 782 1824

CHF Mean 8.4HK* 26.4%** 27 HXHE -15.6%**
Std. Error (3.1) (2.8) (5.1) (2.1)
N 4186 1603 770 1813

DKK Mean -1.8 20.1%** 26.3%** -40.8%**
Std. Error (4.3) (1.9) (2.8) (2.2)
N 4201 1599 776 1826

EUR Mean 3.5 32.0%** 23.47%%* S31.4%%*
Std. Error (3.9) (1.5) (3.4) (2.4)
N 4287 1692 770 1825

GBP Mean 0.8 12.2%%* 4.7 S11.7H
Std. Error (1.9) (1.4) (5.0) (2.2)
N 4220 1665 775 1780
JPY Mean 30.6%** 45 2%%* 51.3%%* 7.3%*
Std. Error (3.1) (3.5) (5.1) (2.9)
N 4397 1787 784 1826

NOK Mean -15. 7% 10.3%** -2.6 -43.8%**
Std. Error (3.9) (2.1) (3.9) (5.1)
N 4110 1545 772 1793
NZD Mean -0 %Kk S11.4%%* -7.9 -8.1%
Std. Error (3.4) (4.0 (11.1) (4.7)
N 3912 1307 780 1825

SEK Mean -3.7 17.8%** 17.6%** -31.9%%*
Std.Dev. (3.3) (1.6) (2.1) (2.8)
N 4235 1630 779 1826

Total Mean 2.0* 22.0%%* 17.4%%* =22 4%
Std. Error (1.2) (1.2) (2.5) (1.4)
N 42169 16234 7771 18164

Significance levels: * p<0.10 ** p<0.05 *** p<0.01

Notes: This figure table reports the mean, standard error of the mean based on Newey-West standard errors
with a 91-day lag, and number of observations of the 5-year premium adjusted for CIP deviations by LIBOR
by country, and period (pre-GFC (2000-2006), GFC (2007-2009), post-GFC (2010-2016)). EUR denotes
Germany.
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Table A4: Summary Statistics of the 5-Year Premium Adjusted for CIP Deviations in LIBOR
and CDS Differentials, ®¢/PCDS

Full Sample 2000-2006 2007-2009 2010-2016

AUD Mean -34.5%** -1.2 -21.2%*X -55.3¥**
Std. Error (4.1) (1.2) (4.9) (4.4)
N 3345 790 782 1773

CAD Mean -2.3 22.6%4* 32.3 %k -23.8%H*
Std. Error (4.7) (1.1) (12.4) (3.5)
N 2944 711 541 1692

CHF Mean -25. 4% -19.9%** -26.2%**
Std. Error (2.1) (7.2) (2.2)
N 2013 253 1760

DKK Mean -21.5%** 23.8%** 17.2%%% -DT.4HHH
Std. Error (6.4) (1.3) (4.1) (6.4)
N 3288 740 776 1772

EUR Mean -10.1* 29, 1%%* 26.6%** -43.6%**
Std. Error (5.7) (1) (3.1) (5.2)
N 3341 798 770 1773

GBP Mean =24 .2°%x* 11.5%%* -13 -32.4%*%
Std. Error | (-3.7) (2.0) (8.4) (3.2)
N 2657 153 775 1729

JPY Mean -0.5 28.5%** 44HH% -33.0%**
Std. Error (5.2) (1.4) (6.9) (2.4)
N 3342 785 784 1773

NOK Mean -18.3%** TR 4.1 -39.9%**
Std. Error (4.5) (-1.8) (5.9) (-5.4)
N 3290 778 772 1740

NZD Mean -33.2%** -32.6%** -33.1%K* -33.5%**
Std. Error (2.9) (3.2) (5.5) (4.3)
N 3114 569 773 1772

SEK Mean -15. 1% 16.9%** 4.6 -34.7HH*
Std.Dev. (4. (1.5) (4.5) (-4.1)
N 3156 604 779 1773

Total Mean -18.2%4 13.1%%* 5.0 -38.0%+*
Std. Error (1.6) (1.9) (3.1) (1.5)
N 30490 5928 7005 17557

Significance levels: * p<0.10 ** p<0.05 *** p<0.01

Notes: This figure table reports the mean, standard error of the mean based on Newey-West standard errors
with a 91-day lag, and number of observations of the 5-year premium adjusted for CIP deviations in LIBOR
and CDS differentials by country, and period (pre-GFC (2000-2006), GFC (2007-2009), post-GFC (2010-
2016)). Statistics are not reported for Switzerland (CHF) for 2000-2006 because of the lack of data on CDS
spreads. EUR denotes Germany.
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C.3 Swap Spread Decomposition

As discussed in Section 3.3, A2 plots five-year U.S. swap spread between the U.S. Libor
interest rate swap rate and the U.S. Treasury yield in red, the average U.S. adjusted U.S.
swap spread between the foreign interest rate swap rate and the swapped U.S. Treasury yield
in orange, and the average foreign swap spread between the foreign interest rate swap rate
and the foreign Treasury yield. We can see a notable decline in the two U.S. swap spread
measures.

Figure A2: Five-Year Swap Spreads

2000 2002 2004 2006 2008 2010 2012 2014 2016

Mean Global Swap Spread
US Swap Spread
Adjusted US Swap Spread

Notes: This figure plots the mean 5-year foreign swap spread (in solid blue), the five-year U.S. swap spread
over the U.S. Libor interest rate swap (in solid red), and the mean adjusted U.S. swap spread over the foreign
interest rate swap (in dashed orange). Series are seven-day moving averages.

C.4 Supplementary Analysis on Effects of Government Bond Sup-

ply on the U.S. Treasury Premium

In this section, we report results on a version of the bond supply regressions where bond

supply is defined as the log of the ratio of federal debt (including central bank purchases)
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and nominal GDP. As noted in the main text, our general regression framework is given by:

debt debt
ne =0t flog (GDP)USD,t—f_,y % (GDP)itJrg o (A1)
debt : : : debt :
where log (GDP)USDt is the log of the U.S. debt to GDP ratio at time ¢, log (GDP)” is the log

of country i’s debt to GDP ratio at time ¢, and X;; is a set of additional covariates motivated
by Nagel (2016). In particular, X, includes the U.S. Policy Rate (the Federal Funds rate),
the country ¢ policy rate, and the VIX, which is the CBOE Volatility Index and measures
the market expectation of 30-day volatility in the S&P 500. In columns 1-4, we estimate
the regressions in levels, and in columns 5-8 we estimate the regressions in changes at the
quarterly frequency from 2000-2016. In the even numbered columns, we include country
fixed effects and in the odd number columns we omit these fixed effects. As we noted in our
interpretation of the baseline model, given the short sample period, the results should be
interpreted conservatively.

The results correspond in magnitude, sign, and significance with the results obtained

when the measure of bond supply netted out central bank purchases.
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Table Ab: Effects of Government Bond Supply on the U.S. Treasury Premium (Quarterly
Frequency, 2000-2016)

(1) (2) (3) (4) (5) (6) (7) (8)
5y Psyv sy Psyv APsy  Adsy Adsy Adsy
log (Zebt) 750 GT.o4%rr L60.28%FF  70.526K% 48,007
(7.844)  (8.365)  (11.73) (10.98)
log (&9%) ., 27.74%%% 4302 16.80%** 5.268
(2.601)  (5.705)  (2.566) (4.123)
Policy Rate, -0.0807*F**  -0.0153
(0.0123)  (0.0162)
U.S. Policy Rate; 0.0462%%%  0.0234*
(0.00962)  (0.0124)
VIX; 0.0136%*%  0.0115%**
(0.00300)  (0.00303)
Alog (ebt)75P -67.68 -67.81  -113.2% 1134
(72.78)  (72.81)  (64.55) (64.66)
Alog (&%), 15.45%  15.61* 9.165 9.079
(8.576) (8.912)  (9.003) (9.375)
A Policy Rate; -0.0550%F*  -0.0563***
(0.0128)  (0.0129)
A U.S. Policy Rate, -0.000237  -0.000141
(0.0171)  (0.0170)
A VIX, 0.00492%%%  0.00493%**
(0.00172)  (0.00172)
Constant 19.71%%%  _35.27%%% L9324 -51.23%%F 0125  -0.797  0.0430 -0.590
(3.243)  (10.82)  (6.244) (10.26)  (0.761) (1.133)  (0.849) (1.132)
Observations 670 670 670 670 660 660 660 660
R-squared 0.387 0.638 0.555 0.693 0007  0.008 0.075 0.075
Country FE No Yes No Yes No Yes No Yes

Significance levels: * p<0.10 ** p<0.05 *** p<0.01

Notes: The table reports panel regression results of the level and differences of the 5-year U.S. Treasury
Premium on country level and U.S. variables that proxy for the scarcity of government bonds. Heteroskedas-

ticity autocorrelation spatial correlation robust standard errors were used with a 8 quarter lag. The variable

log ( gg’;)i , 1s the ratio of the country’s federal debt to nominal GDP and the variable log (C‘f%b;)ijw i

the ratio of the United States’ federal debt to nominal GDP. The debt/GDP measures include central bank
purchases. The variable Policy Rate is the country-specific policy rate, the variable Policy Rateysp is the
U.S. policy rate, and the VIX is the CBOE Volatility Index. All data are at the quarterly frequency and
span 2000-2016. The U.S. Treasury Premium is from the authors’ calculations using data from Bloomberg.
Data on federal debt and nominal GDP are from Haver Analytics.
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D Variance Analysis of the U.S. Treasury Premium

In this section, we examine the explanatory power of credit differentials, swap market fric-
tions, and the residual convenience yield factor in explaining the total variation in the U.S.
Treasury Premium. Table A6 shows panel regression results of changes in the U.S. Treasury
Premium on changes in swap market frictions and changes in the CDS differential at the
daily, weekly, and monthly frequency. The coefficient on the swap market friction, as mea-
sured by CIP deviations for the interbank rates, is very close to 1. However, the coefficient
on the CDS differential is small and slightly negative, which suggests CDS differentials have
a limited role in driving the U.S. Treasury Premium. The R? of the regressions with both
CIP deviations and the CDS spread is 5% at the daily frequency and 25% at the monthly
frequency. This implies a large fraction of total variations in the U.S. Treasury Premium

can be attributed to the residual convenience yield factor.
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Table A6: Panel Regression of Changes in the 5-Year Unadjusted U.S. Treasury Premium

(Varying Frequencies, 2000-2016)

(1) (2) (3)
Adsy Adsy Adsy
AT 0.983***  1.185%**  1.170%**
(0.0581) (0.0708) (0.109)
Al; -0.0501***  0.00319  -0.105*
(0.0191) (0.0288)  (0.0601)
Constant -0.00729 -0.0964 -0.502%*
(0.0113) (0.0636) (0.282)
Observations 29,004 4,459 1,037
R-squared 0.039 0.188 0.247
Frequency Daily Weekly  Monthly

Significance levels: * p<0.10 ** p<0.05 *** p<0.01

Notes: The table reports results from panel regressions of changes in the 5-year U.S. Treasury Premium on
changes in the LIBOR, CIP deviation, defined as the difference between the swapped foreign interbank rate
and the U.S. Libor rate and the CDS differential at the daily, weekly, and monthly frequency. Heteroskedas-
ticity autocorrelation spatial correlation robust standard errors were used with 65 lags at the daily frequency,
13 lags at the weekly frequency, and 3 lags at the monthly frequency. The variable A7 is changes in LIBOR
CIP deviations; and the variable Al; is changes in the CDS differential, defined as the foreign sovereign’s
CDS spread on a 5-year senior, unsecured contract. Data range from 2005-2016. The U.S. Treasury Premium
is from the authors’ calculations using data from Bloomberg. Data on CIP deviations are from Bloomberg;
data on CDS differentials are from Mark.it.

To take into account dynamic interactions among these factors, we present results from
individual country vector autoregressions (VAR). For each country in our sample, we estimate

a dynamic system based on quarterly time series for three variables: the CDS differential,

CIP deviations, and the U.S. Treasury Premium, in that order.

Zi,t—l Zz,t—l Zi,t—Q Zi,t—s
Tit—l = AI(L) Tit—1 + A2(L) Tit—2 + AS(L) Tit—3 +
Psyit1 Psyi-1 Dsyit2 ] Psyit-3
Zz,t—4 Uit
A4(L) Tit—4 + B €it
Py §it ]
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Formal lag selection procedures (the Akaike information criterion (AIC), the Hannan and
Quinn criterion, (HQ) and the Schwarz Criterion (SC)) suggest one to four lags. Given our
relatively small sample of quarterly observations (34 to 53 quarters), we used the Edgerton
and Shukur test to test the null hypothesis of residual autocorrelation. Across currencies,
only a model with four lags rejects the null hypothesis for all currencies. We therefore
choose four lags. For model stability, we want eigenvalues to be less than one; a formal
test confirms all eigenvalues lie inside a unit circle. We triangularize the shocks using an
upper triangular Cholesky decomposition, calling the first shock a CDS shock; the second,
a CIP shock; and the third, a residual convenience yield shock. We then use the estimated
VAR system to analyze the dynamic effect of the shocks via a historical decomposition and
variance decomposition.

We find the contribution of the convenience yield shock to the forecast error to be sizable
across countries despite some variation in the exact percentage. Table A7 shows variance
decomposition results based on the 8-quarter forecasting horizon. The average contribution
across countries is 20% for the CDS shock, 33% for the CIP shock, and 47% for the resid-
ual convenience yield shock. The historical decompositions of the five-year U.S. Treasury
Premium by country are shown in Figure A3. We can see that the residual convenience
yield shocks (in red) play an important role in all countries, especially in Denmark, Europe,

Norway, and Germany.
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Table A7: Proportion of Forecast Error 8 Quarters Ahead Produced By Each Innovation:
5-Year U.S. Treasury Premium (Quarterly Frequency, 2000-2016)

Triangularized innovation
CDS Shock CIP Shock Convenience Yield Shock
AUD 0.58 0.05 0.37
CAD 0.13 0.41 0.47
CHF 0.12 0.66 0.22
DKK 0.21 0.25 0.54
EUR 0.06 0.26 0.68
GBP 0.19 0.37 0.44
JPY 0.39 0.35 0.26
NOK 0.19 0.21 0.59
NZD 0.06 0.02 0.92
SEK 0.07 0.67 0.26
Avg. 0.20 0.33 0.47
Std. Dev. 0.16 0.21 0.21

Notes: This table reports the variance decomposition of the 5-year U.S. Treasury Premium from a four-lag
reduced form VAR of three variables: the CDS differential, CIP deviations, and the 5-year U.S. Treasury
Premium, in that order. Orthogonalized shocks were obtained by taking the upper triangular Cholesky
decomposition of residuals. EUR denotes Germany.
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Figure A3: Historical Decomposition of the 5-Year Unadjusted U.S. Treasury Premium
(Quarterly Frequency, 2000-2016)
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Notes: This figure plots the cumulative contribution of each structural shock to the evolution of the 5-year
U.S. Treasury Premium over time. Structural shocks were obtained by taking the upper triangular Cholesky
decomposition of residuals from a four-lag, reduced form VAR of three variables: the CDS differential, CIP
deviations, and the 5-year U.S. Treasury Premium, in that order. Bars in red represent the contribution
of a convenience yield shock; bars in blue, a CIP shock; bars in gold, a CDS shock. The black line is the
demeaned, and detrended U.S. Treasury Premium.
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Figure A3: (Continued) Historical Decomposition of the 5-Year U.S. Treasury Premium
(Quarterly Frequency, 2000-2016)
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Notes: This figure plots the cumulative contribution of each structural shock to the evolution of the 5-year
U.S. Treasury Premium (demeaned and detrended) over time. Structural shocks were obtained by taking the
upper triangular Cholesky decomposition of residuals from a four-lag, reduced form VAR of three variables:
the CDS differential, CIP deviations, and the 5-year U.S. Treasury Premium, in that order. Bars in red
represent the contribution of a convenience yield shock; bars in blue, a CIP shock; bars in gold, a CDS
shock. The black line is the demeaned, and detrended U.S. Treasury Premium. EUR denotes Germany.
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Figure A3: (Continued) Historical Decomposition of the 5-Year U.S. Treasury Premium
(Quarterly Frequency, 2000-2016)
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Notes: This figure plots the cumulative contribution of each structural shock to the evolution of the 5-year
U.S. Treasury Premium (demeaned and detrended) over time. Structural shocks were obtained by taking the
upper triangular Cholesky decomposition of residuals from a four-lag reduced form VAR of three variables:
the CDS differential, CIP deviations, and the 5-year U.S. Treasury Premium, in that order. Bars in red
represent the contribution of a convenience yield shock; bars in blue, a CIP shock; bars in gold, a CDS
shock. The black line is the demeaned, and detrended U.S. Treasury Premium.
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