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1 Introduction

Low sovereign yields are key for fiscal sustainability. Many countries sell sovereign bonds at a
yield below the risk-free rate plus a default risk premium. This gap is coined the convenience
yield in reference to the many convenience services provided to investors by these relatively

safe assets (e.g., collateral usage, liquidity provision, and safety, as discussed in Reis (2022)).

While the literature shows that the price of these convenience services declines when a
country supplies more sovereign bonds (Krishnamurthy and Vissing-Jorgensen, 2012), little
is known about the impact of other countries” bond supply. If foreign debt issuance has
effects on the domestic convenience yield, this constitutes a new source of fiscal spillovers,

beyond the typical spillover channels focusing on risk contagion, trade, and monetary policy.

These new spillovers arise if investors are willing to substitute the services provided by
different sovereign bonds. Substitutability might be particularly relevant in monetary unions
where these bonds are equally useful as hedging instruments or collateral and their prices

are driven by synchronized shocks, fundamentals, and policies.

This paper contributes to the literature by investigating spillovers between convenience yields
in the euro area, both in theory and in the data. We develop a stylized model to illustrate that
high substitutability across bonds arises from similar credit risk and amplifies spillover effects,
i.e., the response of the domestic convenience yield to a change in the foreign convenience
yield stemming from a change in foreign bond supply. To estimate these spillovers, we collect
news about the supply of sovereign bonds from Germany, measure high-frequency market
reactions to these events, and employ event-study and heteroskedasticity-based estimators.
We find that spillovers to other low-risk countries’ convenience yields are close to unity,

indicating a high degree of substitutability, while spillovers to riskier countries are weaker.

Figure 1 nicely illustrates both our identification strategy and our main result. On 14 De-
cember 2022, at 10:00 CET, the German debt management office announced its issuance plan
for the following calendar year. Market commentary suggests that the announced amount
exceeded expectations, implying that this information led investors to revise upwards their
expectations about future bond supply. Accordingly, German yields rose across maturities
(left panel). The 10-year yield jumped by around 2 basis points on impact and increased in
total by almost 4 basis points within 20 minutes. Even though the increase in the German

yield was arguably caused by news about the supply of German debt, the French 10-year



FIGURE 1: German Debt Issuance Plan Announcement (December 14, 2022)
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Notes: The red vertical line depicts the time of the announcement (10:00 CET). Shaded areas show the
“before” and “after” time windows used to measure high-frequency changes.

yield moved in an extremely similar way, suggesting strong spillovers and a high degree of
substitutability (right panel). The Italian 10-year yield tracked the German yield less closely

but also rose substantially.

In more detail, we start by presenting a stylized two-country three-period model of con-
venience yields in a currency union as a conceptual framework for our analysis. We draw
inspiration from the convenience yield model developed in Brunnermeier et al. (2024) and
extend it by introducing two sovereign bond issuers and default risk. In the first period,
an exogenous and fixed supply of bonds is sold to households. With some probability, the
economy enters a recession in the second period, in which a random subset of households
experiences a stronger fall in income than the rest. In the third period, if a recession has
taken place, the foreign country defaults on its bonds with a positive probability. In a
recession, worse-hit households sell their bonds to better-off households to mitigate their
situation. Bondholders get reimbursed in period 3 from countries that do not default. For
each country, the convenience yield is defined as the bond price in period 1 relative to the
price of a contract that delivers the same payoff in period 3 but that cannot be re-traded in

period 2 in recessions.

Sovereign bonds carry a convenience yield because they can be re-traded at favorable prices in
recessions and thereby allow households to partially insure themselves against idiosyncratic

income risk. As noted in Reis (2022), the term convenience yield is a catch-all term capturing



several convenience services provided by sovereign bonds. Hence, in the model, we focus on
one specific dimension of the convenience yield, the service flow from re-trading in recessions
described in Brunnermeier et al. (2024). In the empirical analysis, we use a model-free
measurement of the convenience yield (Jiang et al., 2020) which is not restricted to this

specific convenience service and therefore has a more general scope.

The stylized model allows us to characterize the interplay between convenience yields, sovereign
bond supply, and credit default risk. We solve the model analytically in a special case and

provide numerical results in the more general case. We obtain three main results.

First, the model predicts that a country earns a lower convenience yield when its probability
of default is higher. The reason is that risky bonds trade at a lower price in recessions and
are therefore less valuable as insurance against a low income realization. We easily verify

the negative relationship between convenience yields and default risk in the data.

Second, the model predicts that convenience yields in both countries decrease when the
supply of bonds from the safe (home) country increases. When more bonds are available,
households are better insured against income risk and are less willing to pay for additional
convenience services. This result highlights that changes in bond supply in the home country
also affect the foreign country’s convenience yield, which is the spillover effect at the core of

this paper.

Third, the model allows us to investigate how the magnitude of the spillover effect varies with
default risk in the receiving country. Spillovers are one-for-one when the receiving country
is as safe as the origin country. In this case, both bonds are perfect substitutes. Conversely,
spillovers are 0 when the receiving country is certain to default in a recession. In between
these extreme cases, plausible calibrations suggest that the spillovers decline with default

risk. In other words, riskier countries are less affected by supply changes in the safe country
bonds.

Then, we empirically examine convenience yield spillovers in the euro area resulting from

changes in the supply of debt.

The two key identification challenges are that euro area convenience yields are affected by
many common shocks and that changes in bond supply are well-anticipated by investors.
To overcome these, we exploit the news about debt supply contained in the German Debt

Management Office’s (DMO) debt issuance plan announcements. We measure debt supply



shocks as the change in the German 10-year yield in a 30-minute window around DMO
announcements, based on the argument that these changes are entirely driven by revised

expectations about German debt supply.

We employ a range of state-of-the-art techniques to estimate spillovers from German bond
supply shocks to other countries’ convenience yields. Convenience yields are measured in the
data as the gap between sovereign yields and the sum of euro overnight index swap (OIS)
rates—a proxy for the risk-free rate—and credit default swap (CDS) rates—a proxy for the

risk premium, following Jiang et al. (2020). We highlight two main findings.

First, we find that daily convenience yield spillovers from German debt supply shocks are
close to unity among low-risk countries, indicated by low CDS rates, such as France, the
Netherlands, Finland, Austria, and Belgium. We find spillovers close to unity also among
sovereign yields at daily and high-frequency, as well as using the heteroskedasticity-based
estimator of Rigobon and Sack (2004).

Second, we find that daily convenience yield spillovers from German debt supply shocks are
substantially lower and often insignificant to riskier countries with relatively higher CDS
rates, such as Italy, Spain, and Portugal. Again, this finding also emerges among sovereign

yields and using heteroskedasticity-based estimation.

We run a battery of robustness checks to confirm the strength of our results. We consider
different maturities and data sources to compute convenience yields. We also consider al-
ternative outlier treatments and different implementations of the heteroskedasticity-based

estimator.

In addition, we estimate spillovers from France, where the DMO communication strategy
forces us to rely on heteroskedasticity-based estimation only. Nonetheless, evidence from
France confirms our results for Germany: convenience yield spillovers are almost one-to-one
to other safe countries (Germany, Finland, Netherlands, Austria, and Belgium), while those

to riskier countries (Italy, Spain, and Portugal) are usually smaller and insignificant.

Finally, we broaden the scope of our analysis and investigate spillovers beyond euro-area
sovereign debt. We find large spillovers also to bonds issued by the European Union (EU)
as well as to investment-grade corporate bonds, indicating that these bonds are perceived as
substitutes for bonds issued by safe euro-area countries. We also find significant spillovers

to U.K. bond yields, while effects on U.S. bond yields, euro area stock prices, and exchange



rates are mostly insignificant.

Our results have important policy implications for debt sustainability. For safe countries
to secure low sovereign yields and fiscal sustainability, it matters how much safe debt is
issued in total, and it matters less which country issues debt (e.g., whether debt is issued by
France or Germany). This gives rise to an externality: the cost for one country to issue more
debt (lower convenience yield and higher interest rates) accrues both to the issuing country
and to other similarly safe countries. Therefore, our results underscore the importance of
coordinated fiscal rules which can help contain this negative externality (spillover) which is

present even in the absence of default risk.

The rest of this paper is structured as follows. Section 2 summarizes the related literature
and discusses our contributions. Section 3 presents our model of convenience yields in a
monetary union and explains the main model predictions. Section 4 presents the estimation
strategy and the data used throughout the analysis. Section 5 provides an overview of our

empirical results and Section 6 concludes.

2 Related Literature

First and foremost, this paper relates to the literature investigating the determinants of
convenience yields of sovereign debt. Krishnamurthy and Vissing-Jorgensen (2012) show that
the convenience yield in U.S. Treasuries falls when their supply increases. Jiang et al. (2020)
present evidence for this negative relationship between convenience yields and bond supply
for euro area countries. We contribute to this literature by documenting that convenience
yields not only decline with countries’ own bond supply but also with the bond supply of
issuers with similar characteristics. Further determinants of convenience yields include risk-
free interest rates (Nagel, 2016), safety (e.g., Mian et al. 2022), liquidity (e.g., Reis 2022),

and the international monetary system more generally (Farhi and Maggiori, 2018).

Second, the model presented in this paper relates to the theoretical literature providing
micro-foundations for convenience yields. We build on Brunnermeier et al. (2024) who
rationalize convenience yields with the insurance value of sovereign bonds—they can be
sold at a relatively high price during recessions. Our contribution is to extend the insights
from their single-country model to a framework with two issuers of sovereign bonds, one of
them carrying default risk. This allows us to rationalize two key features of the evidence:

convenience yield levels are heterogeneous and spillovers depend on default risk differentials.



Convenience yields in a framework with several issuers, but without explicit micro-foundation
or default risk, have been studied, e.g., in Alpanda and Kabaca (2020).

Third, our empirical strategy relates to the literature using high-frequency identification to
obtain fiscal shocks. Ray et al. (2024) identify U.S. Treasury demand shocks from auction
results, while Phillot (2024) and Gomez Cram et al. (2024) identify U.S. Treasury supply
shocks from auction announcements and communication of the Congressional Budget Office,
respectively. Lengyel (2022) identifies supply shocks for the U.K. and Lengyel and Giuliodori
(2021) identify demand shocks for euro area debt from auction results. To the best of our
knowledge, this paper is the first to identify debt supply shocks for several euro area countries,

using debt issuance plan announcements.

Finally, our work relates to the literature on fiscal spillovers in currency unions and in the
euro area in particular. Euro area sovereign yields display a strong co-movement, in partic-
ular during crises, as documented by Caporale and Girardi (2013), Antonakakis and Vergos
(2013), and Umar et al. (2021). Burriel et al. (2024) estimate the role of fundamentals, while
Ehrmann and Fratzscher (2017) discuss fragmentation and the role of the unconventional
monetary policy. Focusing on a particular component of sovereign yields, Galariotis et al.
(2016) analyze spillovers among default risk premia, using CDS rates. We focus on another
component of euro area sovereign yields, namely convenience yields. Further, the study of
spillovers in the literature has focused on risk contagion or flight-to-safety behavior origi-
nating from changes in risk and risk perception. We study another source of sovereign yield
spillovers that operates through bond supply and the global demand for the convenience

services associated with sovereign bonds.

3 A Model of Convenience Yields in a Monetary Union

We build a stylized model of convenience yields to guide our empirical analysis.

3.1 Model Setup

Time is discrete and there are three periods ¢t = {1,2,3}. The model comprises a continuum
of households that purchase sovereign bonds to smooth consumption over time and to insure
themselves against idiosyncratic income risk that arises in recessions. As in Brunnermeier
et al. (2024), sovereign bonds are considered “safe assets” because their secondary markets

never dry up, and they continue to be traded (at favorable prices) even in recessions unlike
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other assets. As a result of their unique insurance properties, sovereign bonds carry a con-
venience yield premium. In turn, sovereign bonds are supplied inelastically by two countries

H (“Home”) and F' (“Foreign”) in a common currency.’

Households. Households in the two countries are identical and therefore we do not dis-
tinguish between households living in H and F. Households maximize expected lifetime
utility generated by consumption. They receive an exogenous income w; (“wage”) in each
period. The only source of household heterogeneity is income in period 2, which can be low
(“type A”) or high (“type B”) when a recession occurs. Households do not know their type
in period 1, but they know the probability of receiving either level of income. To smooth
consumption, households buy bonds in period 1 from the sovereign issuers (b, bl"), re-trade
them in period 2 among each other (db};, dby; for each type i = A, B, with db < 0 when
bonds are sold and db > 0 when bonds are bought on the secondary market), and are paid

back in period 3, unless a sovereign defaults.

Uncertainty. There are three sources of uncertainty. First, in period 2, a recession (R = 1)
occurs with probability Pr > 0. Second, if and only if a recession occurs in period 2, country
F will default at the end of period 2 with positive probability P(D¥ = 1|R =1) = Pp and
Pp > 0. If there is no recession, there is no default risk P(D¥ = 1|R = 0) = 0. Country
H does not default in either state, P(D¥ = 1) = 0. Third, if and only if a recession occurs
in period 2, household income is ws 4 with probability P4 and w, g with probability 1 — Py
and ws 4 < we p. Otherwise, income is identical for all households and equal to wy . Figure

2 illustrates the sequence in which decisions are taken and uncertainties are resolved.

Household Optimization. We describe the households’ optimization recursively. House-

holds enter period 2 with bonds purchased in period 1 (b, bl"), which they can re-trade

'We consider countries that form a monetary union and therefore have a fixed exchange rate. Extending
the model to countries that do not share the same currency requires introducing endogenous exchange rate
fluctuations as in Alpanda and Kabaca (2020).



FIGURE 2: Model Timing
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where the per-period utility function u has standard properties regarding continuity and

derivatives, and where F, is the expectation operator based on information available in

period 2. In period 2, there is re-trading of bonds only among households, so net household
demand must be 0 (Padb§ 4 + (1 — Pa)dbs g = 0 for ¢ = H, F'). Re-trading only happens

in a recession, as in the absence of a recession, households remain homogeneous. D! is



an indicator variable that takes the value 1 if country F' defaults (which also only happens
when a recession occurs).? At this point in time, the only uncertainty remaining is whether

country F will default in period 3 or not.

We assume that bond supply is low enough such that in recessions, type-A households sell
all their bonds to type-B households. In recessions, type-A households experience a steeper
decline in income and want to re-sell their bonds to compensate for the income loss. We
consider the equilibria where there is a shortage of safe assets, meaning that, in recessions,
type-A households would be willing to re-sell even more bonds at the going prices than what
they hold. In other words, we consider corner solutions where the no-short-selling constraints

on both bonds are binding for type-A households.

As a result, households are not able to fully insure themselves against idiosyncratic income
risk with sovereign bonds. Markets are incomplete as we assume that there are no other
financial instruments that can provide insurance against such risk. Therefore, the valua-
tion of sovereign bonds also depends on households’ valuation of additional insurance. Both
sovereign bonds carry a convenience yield premium above the yields that would be deter-

mined by the bonds’ repayment profile.

Technically, when the no-short-selling constraints are binding, there is a range of prices that
clear the market. The price at which the type-B households are willing to buy all available
bonds exceeds the price at which the type-A households are willing to sell all their bonds, and
the equilibrium prices (pZ, pl’) can be anywhere in between. To resolve this indeterminacy,
we assume that all the bargaining power belongs to sellers, meaning that the prices are such
that type-B households are indifferent between buying one more or one fewer marginal unit
of both bonds.?

Now turning our attention to period 1, households solve

s.t. c] = w; — p{{b{{ - pfbf (")

where pf and p!" are the equilibrium bond prices in period 1, respectively, and where E);

2If there is a default, the default is complete and all bond value is lost for the household.

30ur results would continue to hold qualitatively if we instead assume that the prices are at a fixed
distance between the two ends of the price ranges, as long as the prices are strictly larger than the prices
that make type-A households indifferent.
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is the expectation operator based on information in period 1. Households need to form
expectations because of aggregate uncertainty (R, D) as well as idiosyncratic uncertainty
(t = A or B). Since households learn their “type” only at the start of period 2, they
make identical decisions in period 1 (b, b). Demand from all households must equal the

exogenous supply of bonds (BF, BI), respectively.

Convenience Yields. Sovereign bonds are convenient because they can be sold in a reces-
sion. We assume that other financial instruments become illiquid in recessions and that the
convenience yield is the premium paid by investors for having the option of re-trading such
bonds in recessions. We measure the convenience yield of country ¢ as the (log) difference
between the price of a bond (p§) and the price of a contract (p$) that has the same payment
profile as the corresponding bond (full reimbursement in period 3 if there is no default) but

cannot be sold in period 2:

CY( =log (%) (8)

b1
This convenience yield definition is analytically more tractable than the definition used later
in empirical analysis (pi% — pi?), yet approximately equivalent, as derived in Appendix A.12.

3.2 Results

Our model analysis provides three main results, which are derived analytically and illustrated
numerically. We solve for all variables analytically in the Appendix Section A. To derive
analytically how variables vary with key parameters, we resort to the special case in which
a recession happens with certainty (Pr = 1). Proofs are presented in the Appendix. While
less realistic, this special case preserves the essential mechanisms and considerably simplifies
expressions. The numerical results help build intuition and investigate the robustness of our
analytical results when Pg < 1. Our illustrations use Pgr = 0.7 but remain qualitatively

unchanged for alternative parametrizations.?

4The full calibration used to produce the numerical results is: Pr = 0.7,Pp = 0.5,P4 = 0.5,8 =
0.997 BlH = Bf = 0.04, w1, = W3 = 0.3, w24 = 0.2, W2, B = 0.4.
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3.2.1 Option to Retrade Bonds in a Recession Gives Rise to Convenience Yields
The convenience yields of home and foreign, derived in Appendix A, can be written as

benefit?

u'(ca,4)
(1= Pr)u'(c3,0) + Pr(1 — Pa) B [u/(c3,B)] |1+ 154 W(ern)

CY{# = log (9)

(1 — Pr)u/(c3,0) + Pr(l — Pa) B [u/(c3,5)] |1+ 12 gz {Zigzz;‘;}
—_————

costH

benefit

PA UI(CQ’A)

(1= Pr)u(es.0) + Pr(l = Pa)Ba[u/(es,p)] |14 3= 5 s

(1-Pp)

CY{ =log (10)

Py u'(c3a(pF=0))

1— Pr)u/(c + Pr(1 — P4)Es [u/(c 1+ 1— P
( r)U (c3,0) + Pr( A)Ez [u/(cs,8)] = Pa (e ppr o) ( D)
cost ¥
with co 4 = wo 4 +pi B +pf'Bf and co p = wa p — %(%{B{{ + p&" BY') in period 2, and
: _ H F _ Fy _ (B{'+B{'DF) . :
with c30 = w3 + By + By, ¢34 = w3 and ¢3 g(D") = w3 + ey In period 3.

These equations illustrate that convenience yields are positive as long as there is a non-zero
recession probability (Pr > 0), default is not systematic (Pp < 1), and the benefit of selling

bonds in a recession exceeds the cost of doing so.

The benefit reflects that sovereign bonds enable households to transfer resources from the
poor (type-A) income realization to the rich (type-B) income realization in recessions. The
‘benefit’ increases with the consumption difference between types, captured by the weighted

ratio of type-A over type-B marginal utilities in recessions.

However, insurance has a cost, which is that type-A households miss out on the payoff of
bonds in period 3 as it goes entirely to type-B households. This cost is reflected by the
weighted ratio of type-A over type-B marginal utilities in period 3.

Our assumption that bond supply is rationed implies that households cannot perfectly insure

against idiosyncratic income risk. In turn, this implies that the benefit exceeds the cost of

12



insurance and both convenience yields are positive (unless Pp = 1, in which case CY{" = 0).

3.2.2 Higher Default Risk Erodes the Convenience Yield

We investigate the role of default risk by assessing how the convenience yields depend on
the probability of default of the foreign country Pp. Recall that the home country has no
default risk.

Analytical Results (1). In the case when Pgr = 1, we derive that

(i) CY < Y if 0 < Pp and CY{" = CYH if Pp =0,

..\ o(cyf-cyf

(ii) (BTDI)ZOforOSPDgl.
In words, Analytical Result (1.1) states that the home convenience yield is larger than the
foreign convenience yield when there is positive default risk. In the limit case of no default
risk, the two convenience yields are identical. Analytical Result (1.ii) states that the differ-
ence in convenience yields between the safe (home) and the risky (foreign) country increases
with the probability of default of the risky foreign bond.?

Intuition. Convenience yields reflect the value of being able to sell a bond if income is
low (type A) in a recession. Bonds that trade at a higher price in a recession are therefore
more valuable as insurance and earn a larger convenience yield. Default risk drives down
the price of the (foreign) bond in a recession because it reduces the expected return of the
(foreign) bond. In consequence, risky foreign bonds earn a smaller convenience yield than
home bonds. We investigate the strength of the relationship between convenience yields and
default risk in the data in Section 4.5.

Numerical Results (1). For the general case when Pr < 1, Figure 3 plots both countries’
convenience yields as a function of the default probability of the foreign country (conditional
on a recession). It confirms that the home convenience yield is systematically higher than
the foreign convenience yield, except when there is no default risk and both are equal. It

also shows that the difference between the two convenience yields increases with the foreign

As in Kaldorf and Réttger (2023), countries with higher default risk earn a lower convenience yield.
However, the mechanism that generates this relationship in our model is different. In Kaldorf and Rottger
(2023), the “convenience” of bonds declines with default risk, because default risk leads to larger haircuts,
making the bonds less useful as collateral.

13



default probability because the foreign bond becomes relatively less useful as insurance. The
home convenience yield rises with the foreign default probability, because the total amount
of available insurance in a recession (pilb + pl'b!") falls, implying that the marginal value

of insurance rises.

F1cURE 3: A Larger Convenience Yield for Safer Home Bonds
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3.2.3 Higher Bond Supply Erodes Convenience Yields

We are ultimately interested in the movements of convenience yields across countries in
response to an increase in the supply of home bonds. In the model, these correspond to the
derivatives of convenience yields with respect to Bff. For completeness, we also examine the

case of a change in the supply of foreign bonds.

Analytical Results (2). In the case when Pr = 1, we have that

oCYH

. ocy{
(i) ; ' BBH

oBH <0

Soy

..\ OCYF
(i) BT

oCYH
oBF

<0, and

<0

. BE+Bf c3,5(0)u" (c3,5(0)) _ Bf c3,5(1)u" (c3,5(1))
if (17PA)w13+(BllH+Bf) (e 50) 1 and (lfPA)iU3+B{{ w(cs.5(1)

> —1.

We use condensed notations for period 3 consumption in the above results. In period 3

following a recession, type-B households hold all the bonds because they bought everything
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from type-A households in period 2. Therefore, c3 p(1) = w3 + ng is a type-B household’s
BH+Bf
1—P,

1s its

consumption in period 3 when the foreign bond defaults and c3 5(0) = w3 +

consumption in period 3 without default.

In words, Analytical Result (2.i) shows that both home and foreign convenience yields de-
crease when the supply of home bonds increases. Analytical Result (2.ii) shows the same

response for an increase in the supply of foreign bonds.

Intuition. The convenience yield reflects the value of the insurance services provided by
a sovereign bond and we would expect this value to decline with bond supply following the
standard logic of supply and demand. The results provide sufficient conditions for this logic
to apply, ensuring that an increase in bond supply increases the total amount of available
insurance in a recession (pi’b? + pL'vl") i.e., the increase in supply is not offset by declines

in bond prices.

The conditions have an intuitive interpretation themselves: they require that type-B house-

holds’ coefficients of relative risk aversion (— C;L,/(/C()C )> are not too high in period 3 in both the
default and no-default states, or that the share of bond payoffs in type-B households’” income
is not too high. The empirical literature suggests that coefficients of relative risk aversion
are between 1 and 10, and most likely around 3, while the share of sovereign bond income
in total income is unlikely to exceed 10% for most households.® Therefore, there is evidence

suggesting the conditions are met.

These conditions are sufficient to ensure that the value of transfers from rich to poor house-
holds (akin to insurance payouts) increases with home bond supply (and respectively with
foreign bond supply).” In turn, greater insurance facilitated by more home bonds (or more

foreign bonds) reduces the appetite for more insurance and reduces both convenience yields.

Numerical Results (2). Turning to the case when Pr < 1, Figure 4 supports the gener-

ality of the analytical results. Both convenience yields decline if either country issues more

6 Among others, Attanasio and Weber (1995) estimate the coefficient of relative risk aversion around 2
using data from the Consumer Expenditure Survey while Chetty (2006) estimates coefficients between 1 and
3 using labor supply data.

"We show in the Appendix that the conditions ensure that higher bond quantity is not offset by lower
bond prices in period 2, thereby allowing for greater exchanges across households with different types. If the
conditions are not met, for example when risk aversion is very high, bond prices in recessions can become
extremely sensitive to the availability of bonds, and an increase in home bonds can trigger a drop in prices
that brings down the value of re-traded bonds (the value being the price times the quantity).
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bonds (holding the other country’s bond supply fixed).

FIiGURE 4: Convenience Yields Decline with Bond Supply
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3.2.4 Convenience Yield Spillovers Decrease with Default Risk Differential

Having shown that both convenience yields react to a change in bond supply in either country,
our next objective is to compare the magnitude of these reactions across countries. Tech-

nically, we examine the ratio of the marginal responses of convenience yields to a marginal
ocYF /acylH
8BH oBH -
spillovers in convenience yields arising from a home bond supply change.

increase in home bond supply by studying In other words, this ratio captures

Analytical Results (3). In the case when Pgr = 1, we have that

() acY /8CY

aBH B — 1 when Pp — 0,

(i) L2 = 0 when Pp = 1,

oB{
BCY scyH
BBIIJ /a5l 8CY1 acy{t . : :
(iii) T < 0 and the /55t 5 declines monotonically from 1 to 0 as Pp increases

from 0 to 1 if the utility functlon is characterized by strong prudence (u” is positive

and large enough).

Intuition. The extreme cases considered in Analytical Results (3.1) and (3.ii) are straight-
forward. When the foreign country is as safe as the home country (Analytical Result 3.i), the

two bonds offer identical payoffs, their convenience yields are the same, they move one-to-one

16



with any shock, and the spillover from a home bond supply change is one. When the foreign
bond defaults with certainty in a recession (Analytical Result 3.ii), the foreign convenience
yield is constant and equal to zero, because the price of the foreign in a recession is 0. Thus,

there is no spillover to the foreign convenience yield.

To get intuition about spillover magnitudes in between the extreme cases as considered in
Analytical Result (3.iii), analytical derivations are helpful to realize that all the difference

in the magnitude of the convenience yields’ response comes from the cost component.

An increase in the probability of default makes type-B households poorer in period 3 in
expectation. When the utility function is characterized by strong prudence, being poorer
leads to an increase in type-B households’ risk aversion in period 3. As a result the valuation
of the cost component of the home convenience yield becomes more sensitive to variations in
home bonds: an increase in home bonds provides much more insurance against default risks,
the cost component of the home convenience yield increases much more with home bonds,
and the home convenience yield decreases much more. In contrast, the cost component of
the foreign convenience yield is unaffected by default risks. To sum up, when Pp is larger,
the home convenience yield responds more to a home bond supply change than the foreign

convenience yield and spillovers from the home country are smaller.

Numerical Results (3). Turning to the case when Pr < 1, an examination of the an-
alytical expression of convenience yields (equations 9 and 10) and Figure 3 reveal another
role for default risk. When the probability of default gets closer to one, it shrinks the foreign
convenience yield to insignificance. In the foreign country, it dampens all the mechanisms
discussed in the special case of P = 1. As a result, the response of the foreign conve-
nience yield to home bond supply changes are smaller compared to the response of the home
convenience yield in absolute terms. The shrinking of the foreign convenience yield and its

variations is therefore an additional force lowering spillovers to the foreign country.

Numerical results in Panel (A) of Figure 5 illustrate how both countries’ convenience yields
change when the supply of home bonds increases by 20%, as a function of the default
probability of foreign bonds. The changes in both convenience yields are negative, in line
with the notion that higher bond supply erodes the convenience yield. The magnitude of this
change for home bonds is not substantially affected by the default risk of foreign bonds, at
least in comparison with changes for the foreign country. The foreign convenience yield also

falls with B, but this spillover effect very much depends on the level of default risk. Panel
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(A) of Figure 5 confirms that when there is no default risk, bonds are perfect substitutes and
hence the spillover is 1-for-1. As default risk increases, the magnitudes of the two responses
diverge and the spillover effect weakens. In the limit case where default risk (conditional
on a recession) is 1, the foreign bond carries no convenience yield and there is no spillover

effect. Our empirical analysis in Section 5 quantifies the magnitude of these convenience

yield spillovers.

FIGURE 5: Spillovers in Convenience Yields from Bond Supply Shocks
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Numerical results also allow us to explore changes in additional variables. Figure 5, Panel
(B) plots the change in both countries’ convenience yields when foreign bond supply increases
by 20%. Qualitatively, the effects align with the effects of an increase in the supply of home
bonds. An increase in the supply of foreign bonds leads to a fall in both convenience yields,
except for some very high probability of default when it increases the home convenience

yield.® The graph also suggests that the spillover effects tend to decline with foreign bond
default risk.

Figure 11 in the Appendix plots the change in both countries’ convenience yields when the

supply of both bonds increases by 20%. Both convenience yields fall, but not necessarily
homogeneously.”

8This exception is a deviation from results obtained in the special case with Pr = 1.
9This aligns with the findings of Gnewuch (2022), who finds heterogeneous effects on euro area conve-
nience yields of a relatively homogeneous debt supply shock (the ECB’s PSPP).
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4 Empirical Strategy

We now outline our empirical methodology. In Section 4.1, we discuss our strategy for
identifying the spillover effects of changes in one country’s debt supply. Sections 4.2 and
4.3 explain in more detail the measurement of debt supply shocks for Germany and France,
respectively. In Section 4.4, we outline the estimation techniques that we employ to estimate
spillover effects, using our identified debt supply shocks. Section 4.5 describes the data that

we use to implement the analysis.

4.1 Identification of News about Debt Supply

Our main objective is to estimate how changes in the debt supply of euro area countries
affect the convenience yields of other euro area countries. There are two major challenges to

identifying this spillover effect.

First, convenience yields—and sovereign yields more generally—are not only exposed to debt
supply shocks but also to a variety of other shocks. Therefore, the high correlation among
euro area sovereign (convenience) yields, especially among countries with low sovereign risk
premia (Jiang et al., 2020), does not necessarily imply large spillover effects, as it can also
reflect common shocks. In line with the model presented in Section 3, common debt supply
shocks (e.g., the ECB’s asset purchases) as well as common income shocks affect all conve-
nience yields simultaneously, thereby creating a positive co-movement. Conversely, changes
in investors’ perception of or aversion to (default) risk can lead them to reallocate their
portfolios between bonds of safer and riskier countries, generating a negative convenience

yield co-movement.

Second, changes in the supply of sovereign debt are usually anticipated well in advance. With
financial markets that are sufficiently forward-looking, the effects of debt supply changes on

sovereign yields are priced in before any actual debt issuance takes place.

To deal with these two issues, we identify and collect news about the country-specific supply
of sovereign debt. Utilising news about debt supply allows us to cut through confounding
shocks. Moreover, since this type of news contains information that is not perfectly antic-
ipated by investors, using it resolves the foresight issue. Finally, we demonstrate that this
type of news is quickly reflected in sovereign yields, both of the source country and of other

receiving countries.
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Our source of news about the supply of sovereign debt is official announcements of public
debt management agencies (DMOs). The approach is inspired by the literature identify-
ing monetary policy shocks from official central bank communication (e.g., Kuttner 2001;
Rigobon and Sack 2004) but has also been used in the context of fiscal announcements (e.g.,
Phillot 2024; Ray et al. 2024). We focus on DMO announcements in Germany and France.
The different institutional settings in these two countries require us to use slightly different

identification strategies and we discuss each country in detail below.

4.2 German Debt Supply Shocks

The Federal Republic of Germany - Finance Agency (henceforth, German Finance Agency)
is responsible for the German federal government’s debt management, borrowing, and cash
management. It publishes its annual issuance plan for the subsequent calendar year in
December and provides quarterly updates during the year in March, June, and September.
The date and exact time of these publications are communicated in advance and therefore
salient to financial markets. The headline results are typically disseminated within seconds.!®
Due to this institutional setup, the issuance plan publications provide an ideal setting for a

high-frequency event-study analysis as commonly used to identify causal effects of monetary

policy.

To measure the surprise component of a given publication, we compute the change in German
sovereign yields in a narrow 30-minute window around the publication, which takes place at
10:00 CET. That is, we compute the change in the median yield between 10:20 CET and
10:25 CET and the median yield between 09:50 CET and 09:55 CET. Figure 1 illustrates
that these publications contain information that is quickly incorporated into yields. On this
occasion, yields at various maturities jumped within the first minute of the announcement.
We use the yield of the 10-year benchmark bond since bonds with a longer residual maturity

provide a better signal-to-noise ratio.!

We do not directly use the information on the quantities announced by the German Finance

Agency, since we do not know what quantities investors were expecting to be announced and,

10For example, on December 14, 2022, the date depicted in Figure 1, Bloomberg released the message
“GERMANY TO ISSUE RECORD EU539 BILLION IN FEDERAL DEBT NEXT YEAR” at the same
minute as the announcement (10:00 CET).

1 News about debt supply should matter for yields of all maturities, but risk-free interest rates—another
driver of sovereign yields—are less volatile at longer horizons than at shorter horizons. In line with this,
30-minute changes around German DMO announcements explain a higher share of the variance of daily yield
changes when using 10-year yields as compared to 5-year or 2-year yields.
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FIGURE 6: German Finance Agency Announcements
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therefore, to what extent the announced quantities differed from expectations.!? Nonetheless,
the left panel of Figure 6 illustrates that there is a positive correlation between quantity

revisions and 30-minute changes in the 10-year yield.

The shocks have a standard deviation of 1.1 basis points and are significant predictors of
daily changes in German 10-year yields (t = 2.19), as panel (B) of Figure 6 shows. They are

even better predictors of daily changes in the German 10-year convenience yield (¢t = 3.55).

4.3 French Debt Supply Shocks

The Agence France Trésor (henceforth, the French Treasury) manages the French state’s cash
requirements with the objectives of allowing the state to meet its financial commitments at
all times, whatever the circumstances. It communicates about its issuance plan and future

total financing requirements for the upcoming year at least twice a year.

First, the French Treasury publishes a press release announcing a tentative plan, typically
in September (and never later than the first Tuesday of October). This release coincides
with the first presentation by the finance ministry of the budget law proposal (Projet de Loi
de Finances) to the public, starting with a presentation in the council of ministers (conseil

des ministres). Second, the French Treasury publishes another press release announcing its

12The June 2020 publication nicely illustrates this point. A huge increase in the issuance of bonds (by
more than €30bn) barely caused a market reaction, since markets were already anticipating a large increase
due to the fiscal measures announced in the wake of the COVID-19 crisis.
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final issuance plan when the budget process is concluding, typically in December. In some
years, it announces revisions to that plan, and these announcements are typically linked to

the presentation of a budget law amendment proposal.

Overall, each of these press releases provides official information to the public about the
supply of French debt. Further, these are the only communication events about the annual

total amount of issuance of the French Treasury.

The institutional setting in France does not allow us to exploit minute-by-minute variations in
yields as in the German case but nonetheless allows us to use estimators that rely on changes
in the magnitude of shocks across announcement and no-announcement dates. Because the
French Treasury announcements are made in connection with progress in the budget process,
they are subject to the uncertainty of that process. It is not possible to anticipate when the
finance ministry will be able to publish the budget law proposal or when the parliamentary
debates of the budget law will conclude. Both events are tied to negotiations that are not
easily predictable in terms of content and timing. Therefore, the French Treasury does
not pre-commit to publish these press releases at a specific date and time. However, the
unpredictability of the negotiation outcome means that the press releases have the potential

to carry unexpected news, causing substantial yield variations on that day.

4.4 Estimation Methods

To estimate the spillover effects of debt supply shocks, we use OLS, IV, and heteroskedasticity-
based estimation techniques, taking into account that convenience yield changes around

DMO announcements may not only reflect news but also idiosyncratic and common noise.

We start from the following measurement equation, expressing that a change in expected

debt supply will change some measure of the bond yield of the home country H:
AV = ABP + BFHABPT 4! (11)

where ABtS " is the (unobserved and normalized) debt supply shock in the home country,
prH ABf " captures spillovers, if any, from a debt supply shock in the foreign (F') country
ABtS F and nH is noise that is uncorrelated with the supply shocks by definition and can
reflect both home-country-specific and common shocks. An analogous equation applies for
6HF

the foreign country where is the coefficient of interest measuring the spillover effect

from the home country on the yield of the foreign country.
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Note that we have effectively normalized the shock to have an effect of 1 on the home yield,
such that 87 measures the spillover effect, i.e., the effect on the foreign yield relative to the
domestic effect. This is necessary because we do not directly observe the change in expected
debt supply and therefore cannot disentangle the domestic yield change into the change in
debt (in billions) and the effect of a given change in debt on the domestic yield. Importantly,
this normalization does not interfere with our estimation of the spillover effect of a given

change in the domestic yield in response to a debt supply shock.

In practice, we rearrange equation (11) and the analog equation for the foreign country to

obtain our estimation system of equations:

AY*tH — BFHAY;F + EtH + VtCommon (12>
AY;F — BHFAY;H_‘_EI{?_FQVtCommon (13>

where each €! is a country-specific shock that potentially includes the country-specific supply
shock ABE *and ygemmon ig noise common to both countries but which potentially has

heterogeneous effects (6 # 1).

In the following, we describe three methods of estimating the coefficient of interest 37# (or,
BHEY. The first two methods require knowledge about the precise timing of the announce-

ment and can therefore only be applied in the context of German debt supply changes.

Method 1: High-Frequency Spillovers using OLS. With a precisely timed announce-
ment and high-frequency data, we can neglect noise, allowing us to infer the supply shock
ABtS  from the yield change. In our setting, we use minute data and follow the literature
(Giirkaynak et al., 2004; Swanson, 2021) in focusing on a 30-minute window around the
announcement. Precisely, we assume that noise and variations in other variables in a tight
window around the announcement are negligible (7! ~ 0 for i = H and F, ABtS 2~ 0 and

pCommon ~ (). Under these assumptions, equation (11) simplifies to Agg, Y = AB>.

Hence, the coefficient of interest (S) can be estimated using the second equation in (13)

with a simple OLS regression. Under our assumptions, we can recover 335 by regressing the

change in the outcome variable (As,,Y;’") on the change in the yield of the origin country
(As0m ;).
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Method 2: Daily Spillovers using IV. When estimating spillovers at a daily frequency,
we have to acknowledge the possible presence of common and country-specific shocks. Com-
mon shocks 4, like news about monetary policy, can bias spillover estimates because they

correlate with yield changes in the origin country as well as in the destination country (i.e.,

AYH and AY/).

However, when a high-frequency measure of the shock is available, we can estimate spillovers
at the daily frequency, as long as we maintain the assumption that there is no common noise
during the high-frequency window. To do so, we use an instrument-variable approach and
estimate equation (13) by instrumenting A4, Y, with AzpinY,”. Under our assumptions,

Asomin Y, is correlated with Ay, Y, but uncorrelated with ;.

Method 3: Daily Spillovers using Heteroskedasticity-based Estimation. As a
robustness check or when there is no high-frequency instrument available—as in the case of
the French DMO announcements—we use the heteroskedasticity-based estimator of Rigobon
(2003) and Rigobon and Sack (2004) (henceforth, the RS estimator).

The RS estimator exploits knowledge about the timing of large supply shocks to consistently
estimate the spillover coefficient 5. In our context, we assume that debt supply shocks have
a higher variance on DMO announcement dates than on a set of well-chosen other days.
Following Rigobon and Sack (2004), we use the business days preceding the announcement
dates for this purpose. This estimator imposes the least restrictive assumptions with respect
to background noise and common shocks, as it only requires them to have the same variance
on all dates. In contrast, the previous methods assumed that all yield changes in a 30-minute
window around the announcements reflect debt supply shocks, thereby assuming that there

is no background noise in this window.

A more detailed discussion of the methodology and its implementation through an instru-

mental variable approach are relegated to Appendix B.

4.5 Data and Definitions

We use two main datasets, one with daily time series covering 9 major euro area sovereign
bond issuers (Germany, Netherlands, Finland, France, Austria, Belgium, Italy, Spain, and
Portugal) and a second one with intra-day time series for a subset of countries. In both

datasets, we consider interest rates at the 5-year and 10-year maturity. When extending our
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results, we additionally examine daily data on EU, US, and UK bonds and the associated
exchange rates, as well as daily data on the German, French, and European stock markets

and euro area corporate bond indexes.

The intra-day dataset contains minute-by-minute sovereign bond yields for Germany, France,
Italy, and Spain, from January 1, 2007 to December 31, 2023 that we obtained from
Bloomberg.

The daily dataset contains sovereign bond yields for our 9 euro countries, euro-denominated
credit default swap (CDS) rates, and Overnight Index Swap (OIS) rates for the 2009-2023
period. The bond yields and OIS data were collected from Bloomberg, while the CDS rates
were obtained from two different sources: Bloomberg and Eikon. All observations are based

on mid yields.

We follow the literature and use the euro OIS rates to proxy for “risk-free” rates, and the
CDS rates to capture default risk premia. The OIS is a derivative contract that swaps a
fixed rate in exchange for a floating rate.!® It is bought for hedging interest rate exposure
and is closely tied to investors’ expectations of future short-term interest rates. Lloyd (2021)
argues that liquidity premia are expected to be minimal because there is no initial cash flow,
and because counterparty risk is limited since there is no exchange of principal (Feldhiitter
and Lando, 2008). Further, OIS trades are often collateralized and thus have minimal credit
risk (Tabb and Grundfest, 2013).

The market for CDS contracts is not as liquid as the markets for sovereign debt and OIS
contracts, in particular for low-risk countries. Therefore, new information may not be re-
flected in CDS rates as quickly as in sovereign yields and OIS rates. As a remedy, we work
with data from two different sources (Bloomberg and EIKON) and exclude all episodes from

our analysis when changes in CDS rates are inconsistent across the two data providers.'4

At the daily frequency, we adopt the approach outlined in Jiang et al. (2020) and in Gnewuch

13We rely on OIS rates using the Euro OverNight Index Average (EONIA) as the underlying floating rate
and, after October 2019, the Euro Short-Term Rates (€STR).
MSpecifically, ~we calculate the FEuclidean distance between CDS changes d! =

. . . . . . . 2
\/(A(Sz’Bloomb”gP — (AS-F*™)2 and exclude episodes t when |di — * Tdil > 2\/% ST (d% — % ?d%)

for some 4. In other words, we exclude episodes when the distance between the change in the CDS across
sources relative to the average distance exceeds two standard deviations.
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(2022) to decompose bond yields as:
Vi = R+ 8- CY; (14)

where Y denotes the bond yield for country i at time ¢, R; represents the risk-free rate as
measured using OIS rates, d; captures the default risk premium as measured using CDS rates,
and CY} is the convenience yield premium. An increase in the convenience yield represents
an increase in the premium paid by investors for the convenience services of the bond and
hence a larger discount on the yield for the issuer. This formulation applies to each available

maturity.

Table 1 presents summary statistics of convenience yields, yields, and CDS rates for all
countries over all the business days in our sample period. We rank countries from the largest
to smallest average convenience yield. Average convenience yields range from 37 basis points

for Germany to a negative value of -32 basis points for Portugal.

The comparison between average convenience yields and CDS rates aligns very well with
our first theoretical result. Riskier countries, as measured by the CDS rate, have lower
convenience yields. The country ranking is extremely similar—only Austria and Spain are
one spot too low. Throughout, we refer to the group of countries with an average CDS rate
above 1 percentage point as “risky” countries. This group includes Italy, Spain, and Portugal.
The group of countries with an average CDS rate below 1 percentage point is referred to as

“safe” (or “low-risk”) countries.

In our analysis, we focus on the days with identified shocks to the supply of sovereign bonds.
We start with 68 announcements from the German Finance Agency over 2007-2023 (four
per year over this 17-year period) and 43 announcements from the French Treasury over
2007-2023. To cleanly isolate the effects of DMO announcements, we proceed by dropping
announcement dates that are less than one day apart, and by dropping the four dates that
coincided with major but unrelated European events.!> We also remove all announcements

with missing yield, OIS and CDS rate values for any of the 9 EU countries.

15We exclude the September 28, 2022 announcement from the German Finance Agency because of the
heightened volatility caused by the sabotage of the Nordstream pipeline on September 26. We exclude the
March 22, 2016 announcement that coincided with the Brussels terrorist attack, and the June 25, 2012
announcement that coincided with Spain’s request for support from the European Stability Mechanism. We
excluded the September 27, 2011 announcement that occurred as the Parliament was dissolved in Spain and
as Chancellor Merkel hosted the Greek Prime Minister for a key meeting.
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TABLE 1: Descriptive Statistics

Country Convenience Yield Yield CDS

Mean Median SD | Mean Median SD | Mean Median SD
Germany 0.37 033 0.26 | 1.16 0.88 1.21| 0.30 021 0.24
Netherlands  0.19 0.18 0.24 | 1.39 1.09 1.30 | 0.34 0.21 0.31
Finland 0.19 0.19 0.20 | 1.43 1.05 1.30 | 0.38 0.35 0.21
France 0.15 0.15 0.23| 1.61 1.28  1.29| 0.53 0.39  0.36
Austria 0.09 0.11 0.22| 1.54 1.19  1.38 | 0.39 0.20  0.38
Belgium 0.08 0.09 024 1.76 1.27 148 | 0.61 0.44  0.57
Italy -0.08 -0.08 0.36 | 3.03 290 155 1.74 1.60  0.75
Spain -0.18 -0.06 0.44 | 2.68 2.12 1.81 | 1.29 0.99 0.91
Portugal -0.32  -0.06 0.74 | 3.81 3.15  3.09| 2.32 1.73  2.06

Note: This table reports the mean, median, and standard deviation (SD) for convenience yields,
yields, and CDS rates for the period 2009-2023. All values are reported in percentage points and
for the 10-year maturity. The data is at daily frequency.

As a result, our baseline estimation sample for analyzing spillovers covers the years 2009-
2023 and focuses on 44 announcements for Germany and 22 announcements for France. As
shown in Figure 10, announcement dates in the baseline sample are evenly spread across
the full estimation period. We use the baseline sample throughout our analysis, thereby
facilitating comparisons across methods and results. For some specific estimations, we are
able to use more observations and we present robustness checks in the Appendix on larger
samples, when available. For example, for the intra-day analyses, we do not need CDS rates
and we also consider a sample where we reintroduce observations that were excluded because

of missing or outlier CDS values.

Table 2 presents key descriptive statistics on changes in convenience yields for the set of DMO
announcement dates and the set of the preceding dates. Comparing statistics across these two
sets of dates provides suggestive evidence about the relevance of the DMO announcements.
The top panel focuses on Germany and the bottom one on France. The first two columns
report standard deviations of daily changes in convenience yields, on the days preceding the
announcements and on the announcement dates respectively. They are almost systematically
and significantly higher in the second column that focuses on the announcement dates (p-
values of testing the difference are reported in the third column). This supports the view
that DMO announcements generate shocks that move the convenience yields more than on

normal days.
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The right panel in Table 2 shows that the co-movements of changes in convenience yields
across countries tend to differ between announcement dates and the preceding days. Corre-
lations are notably higher and more significant on announcement dates (columns 6-7 versus
columns 4-5). Together with the higher standard deviations, this evidence supports the

relevance of the announcements and the use of the RS estimator based on heteroskedasticity.

5 Estimates of Spillover Effects

We focus on estimating spillover effects from news about changes in the supply of German
debt as we can apply the strongest identification strategy in this case. The German setting
allows us to implement a wide range of estimation techniques (event-study OLS estimation
with minute data and IV estimation in Section 5.1; RS estimation in Section 5.2). We
then examine spillovers from France, in which case we have fewer observations and where
fewer estimation techniques apply (Section 5.3). Finally, we estimate spillover effects from

Germany beyond the market for euro-area sovereign debt (Section 5.4).

5.1 Event-study OLS and IV Estimations with Minute Data

As we know the exact time of the German Finance Agency’s announcements, we start by

exploiting intra-day data on yields.

We measure German debt supply shocks as changes in the German 10-year yield in a 30-
minute window around debt issuance announcements. We also observe minute variations
for a few other sovereign bond yields, allowing us to estimate yield spillovers at this very
high frequency. Table 3 shows that spillovers to French yields are large and statistically

significant, confirming the anecdotal evidence presented in Figure 1.

A 10 basis point increase in the German yield leads to an 8.7 basis point increase in the

French yield. Spillovers to Italy and Spain are also significant, but somewhat smaller.

An important limitation of the high-frequency analysis is that many outcomes of interest
are not available, including convenience yields and yields of smaller euro area countries.
Therefore, we turn to a slightly lower (i.e., daily) frequency, which also allows us to examine

whether spillovers persist through the end of business days.

To investigate yield spillovers at the daily frequency, we instrument daily changes in the

German 10-year yield with the 30-minute change around the DMO announcement. Table 4
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TABLE 2: Variances and correlations on announcement (7) and non-announcement (7" — 1) dates

CY change, std. dev. by dates Corr. with source shock by dates

1 @ (3) (4) (5) (6) (7)
sdr—y  sdr sdp_1=sdp  Br-1 Pr-1=0  pr  pr=0

p-value p-value p-value
Germany
ACYpg 0.018 0.024 0.067 1.000 . 1.000 )
ACYyr, 0.015 0.022 0.011 0.375 0.000 0.700  0.000
ACYr; 0.032 0.053 0.001 0.883 0.000 1.577  0.022
ACYrr 0.021 0.027 0.091 0.694 0.002 0.918  0.000
ACY a1 0.016 0.024 0.009 0.436 0.006 0.613  0.000
ACYgE 0.031 0.041 0.069 0.378 0.372 0.498  0.040
ACYr 0.054 0.054 0.972 0.248 0.422 0.333  0.367
ACYEgg 0.043 0.049 0.384 0.688 0.004 0.526  0.192
ACYpr 0.054 0.093 0.001 0.599 0.148 0.544  0.294
Observations 44 44 ) 44 . 44
France
ACYrr 0.016 0.024 0.054 1.000 : 1.000 )
ACYpg 0.011  0.028 0.000 0.403 0.037 0.730  0.005
ACYnNr 0.014 0.022 0.047 0.384 0.181 0.740  0.008
ACYrp; 0.020 0.029 0.099 0.694 0.010 0.676  0.012
ACY 1 0.017 0.024 0.102 0.754 0.003 0.791  0.000
ACYgE 0.018 0.024 0.154 0.395 0.151 0.735  0.000
ACY;r 0.041 0.045 0.711 0.139 0.814 -0.028  0.904
ACYgs 0.033 0.035 0.822 0.478 0.442 0.685  0.021
ACYpr 0.233 0.088 0.000 7.769 0.155 1.310  0.100
Observations 22 22 : 22 . 22

Notes: The top panel focuses on spillovers from France following issuance plan announcements by the
French Treasury, while the second panel focuses on spillovers from Germany and its Finance Agency’s issuance
plan announcements. The first and second columns reports the standard deviations of daily changes in 10-year
convenience yields at announcement dates (column 2) and on the days before announcement dates (column 1).
Column (3) reports the upper one-sided p-value of the test on the equality of standard deviations. Columns
(4) and (6) report the coefficient estimate of equation ACY,cceiving = & + BACYsource + € respectively on
announcement dates (7') and the preceding business day (7' — 1) where the receiving country is indicated by
the row title. Columns (5) and (7) report the p-value of a significance test with robust standard errors.

displays the results, which are quite similar to the spillover estimates at the higher frequency.
This indicates that the spillovers captured in 30-minute windows are also present at a lower
frequency. Spillovers are very close to unity and highly statistically significant for France,

the Netherlands, Austria, Belgium, and Finland. In contrast, spillovers are again weaker in
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TABLE 3: Intraday Yield Spillovers - German Debt Supply Shocks

(1) (2) (3)
AYFR AY}T AYTES

AYpg 0.875***  0.623*** 0.506**
(0.101)  (0.213) (0.237)
Constant 0.000 0.003 0.001
(0.001)  (0.002) (0.002)
Observations 44 43 39
R? 0.800 0.199 0.199

Notes: Each column displays coefficients from a separate regression: AYjcceiving = o + B1 * AYpg + €.
Standard errors are reported in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01.

magnitude and not significantly different from zero for Italy, Spain, and Portugal. While
using raw yields rather than convenience yields, these findings align well with our third
theoretical result, predicting that spillovers between safe issuers are (close to) one-to-one

and that spillovers are smaller between a safe and riskier country.

TABLE 4: Daily Yield Spillovers - German Debt Supply Shocks

(1) (2) (3) (4) (5) (6) (7) (8)
AYrp AYng AYrr AYr AYpg AY;r  AYgs AYpr

AYpp 0.989%** 0.984*** 1.088** 1.034** 1.175"* 0529  0.557  0.883
(0.116)  (0.072) (0.090) (0.112) (0.288) (0.474) (0.373) (0.650)

Cons.  0.004 0001 0003 0002 0006 0.015* 0.009 0.016
(0.003)  (0.002)  (0.002)  (0.003) (0.006) (0.008) (0.008) (0.012)

Obs. 44 44 44 44 44 44 44 44
R? 0.830 0.958 0.938 0.849 0.470 0.288 0.335 0.150
Notes: Each column displays coefficients from a separate regression: AYjcceiving = Bo + B1 * AYpE + ¢,

where the daily change in the German yield is instrumented with the 30-minute change. Standard errors
are reported in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01.

Our theory is centered on convenience yields rather than on simple yields and we now move
to the study of convenience yield spillovers. This removes the effects of confounding common

shocks, such as to risk-free interest rates.

Table 5 shows our estimated convenience yield spillovers, where we instrument daily changes

in the German convenience yield with the 30-minute yield change. We again estimate
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spillovers to France, the Netherlands, Austria, Belgium, and Finland to be close to unity
and statistically significant. Spillovers to Italy, Spain, and Portugal remain statistically

insignificant.

Comparing the results in Table 5 and Table 2 highlights the importance of our identification
strategy. Column 4 in Table 2 shows estimates of the unconditional correlations between
country convenience yields and the German convenience yield on ‘normal’ days without
salient bond supply shocks. Correlations are low and largely insignificant. In contrast, our
empirical strategy based on the identification of arguably exogenous supply shocks, results

in higher and more significant conditional correlations.

TABLE 5: Daily Convenience Yield Spillovers - German Debt Supply Shocks

(1) (2) (3) (4) (5) (6) (7) (8)
ACYrr ACYny ACYpr ACYar ACYsp ACYir ACYgs ACYpr

ACYpE 0.917** 0.972** 1.193*** 0.674*** 1.140** 0.795 -0.429 1.617
(0.233) (0.254) (0.210) (0.239) (0.559)  (0.851) (0.905)  (1.045)
Constant -0.002 0.004 -0.003 -0.002 -0.002 -0.007 -0.013 -0.007
(0.002) (0.006) (0.003) (0.003) (0.006)  (0.008) (0.008) (0.014)
Observations 44 44 44 44 44 44 44 44
R? 0.525 0.423 0.585 0.372

Notes: Each column displays coeflicients from a separate regression: ACY,¢ceiving = Bo + f1 * ACYpE + ¢,
where the daily change in the German convenience yield is instrumented with the 30-minute yield change.
Standard errors are reported in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01.

In Appendix B.1, we provide a number of robustness checks, which confirm our main results
(Table 5). Table 11 shows results when using bonds and swaps with a maturity of 5 years
instead of 10 years, Table 12 shows results when we use CDS data from EIKON instead of
Bloomberg, and Table 13 shows results when we relax our approach for excluding outliers.
In all cases, we confirm that spillovers are significant and close to unity for low-risk countries
(France, Netherlands, Finland, Austria, Belgium), but mostly weaker and insignificant to

riskier countries (Italy, Spain, Portugal).

5.2 Heteroskedasticity-based Estimation

Our final empirical approach to estimating spillover effects draws on the RS estimator. This
estimator exploits the higher variance of convenience yields, caused by bond supply shocks,

in comparison to a set of dates without such shocks.
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Estimates of spillovers from Germany using the RS estimator are shown in Table 6. We
also consider alternative implementations of this estimator in the appendix (Table 14 uses a
smaller sample with a stricter exclusion rule for outliers and Tables 15-16 show results with
alternative instrument variables). We also implement two statistical tests to support the
relevance of the Rigobon-Sack approach. Whenever applicable, the Hansen J-Test strongly
supports the validity of the instrument variables used in the procedure. The Stock and Yogo
test of weak IV often suggests that the instruments are somewhat weak. However, they are
assessed as strong in the case of France in the restricted sample in Table 14 and significant

coefficient estimates are very consistent across alternative implementations.

In all cases, spillovers to safer countries like France, the Netherlands, Finland, Austria,
and Belgium are close to one. They are less precisely estimated than with high-frequency
data and OLS and IV methods, but they are still mostly significant. One exception is
the spillover to the Netherlands, as estimates can be very large in some implementations
but also very imprecise (and statistically not different from one). Compared with results
in the previous section, the difference between the spillover estimates across methods is
statistically insignificant given the imprecision of the RS estimates. Additionally, spillover

estimates continue to be systematically insignificant for Italy, Spain, and Portugal.

TABLE 6: Convenience yield spillovers from German supply shocks using the RS estimator

(1) (2) (3) (4) (5) (6) (7) (8)
ACYpr ACYynL ACYr; ACYar ACYgp ACYrr ACYgs ACYpr
ACYpp 0.932%F  2872% 1.090°* 1.326* 0888  0.541  -0.301  0.082
(0.291)  (1.604)  (0.375)  (0.525) (1.028) (0.998) (1.199)  (1.325)

Constant  -0.004*  -0.008  -0.002  -0.004  -0.005 -0.010  0.002  -0.008
(0.002)  (0.007)  (0.003)  (0.003) (0.005) (0.006) (0.007)  (0.010)
N 88 88 88 88 88 88 88 88
Weak IV 6.126 5261  4.025 3750  3.205  3.172  3.170  3.126
Overid. 0.605  0.866  0.733 0383 0510 0949 0538  0.125

Notes: This table reports coefficient estimates of equation ACY,eceiving = o + BACYpE + € using the RS
estimator described in Section 4.4. Each column corresponds to a different receiving country. For every
column, we use the two-step GMM estimator and the two instrument variables based on the change in the
variance-covariance matrix of origin and receiving country yields. Robust standard errors are reported in
parentheses and stars indicate significance levels: * p < 0.10, ** p < 0.05, *** p < 0.01. The before last
row shows the Stock-Yogo weak ID statistics while the associated threshold for the 25% maximal IV size is
estimated at 7.25. The last row reports the p-value of the Hansen J overidentification test where the null
hypothesis is that the instruments are valid.
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5.3 Spillover Effects from Debt Supply Shocks in Other Countries

Turning our attention to France, the institutional setting only allows us to estimate spillovers
at the daily frequency. We therefore estimate spillover effects from France to other countries
only using the RS estimator. Fortunately, the analysis of German debt supply shocks shows
that the RS estimator performs reasonably well in comparison to the other approaches that

are based on intra-day data.

Table 7 presents spillover estimates from France to other euro area countries. The results are
strikingly similar to those for Germany. We find a spillover effect from France to Germany
which is very close to unity and highly significant. Spillovers to the Netherlands, Finland,
Austria, and Belgium are also close to unity. In addition, spillovers to Italy and Spain are
smaller and not or only barely significant. They are extremely imprecisely estimated for

Portugal and insignificant.

TABLE 7: Convenience yield spillovers from French supply shocks using the RS estimator

(1) (2) (3) (4) (5) (6) (7) (8)
ACYps ACYn, ACYp; ACYar ACYss ACYir ACYgs ACYpr
ACYrr 12507  0.852%  0.772° 0.906™ 0.940"* -0.192  0.735  1.664
(0.388)  (0.350)  (0.430) (0.272)  (0.307) (0.542) (0.636)  (4.142)

Constant ~ 0.001  0.002  -0.001  -0.001  -0.001  0.003  0.003  0.017
(0.003)  (0.002) (0.002) (0.002)  (0.002) (0.006) (0.005) (0.018)

N 44 44 44 44 44 44 44 44
Weak IV 4.576 5.131 3.926 3.950 4.848 3.969 3.991 7.614
Overid. 0.235 0.755 0.482 0.455 0.743 0.830 0.793 0.236

Notes: This table reports coefficient estimates of equation ACY,eceiving = @ + BACYpr + € using the RS
estimator described in Section 4.4. FEach column corresponds to a different receiving country. For every
column, we use the two-step GMM estimator and the two instrument variables based on the change in the
variance-covariance matrix of the origin and receiving country yields. Robust standard errors are reported
in parentheses and stars indicate significance levels: * p < 0.10, ** p < 0.05, *** p < 0.01. The before last
row shows the Stock-Yogo weak ID statistics while the associated threshold for the 25% maximal IV size is
estimated at 7.25. The last row reports the p-value of the Hansen J overidentification test where the null
hypothesis is that the instruments are valid.

We perform a large number of robustness checks that confirm the strength of our results
for France. As in the case of German spillovers, we consider estimates based on a smaller
sample with a stricter exclusion rule for outliers (Table 17), alternative implementations
of the heteroskedasticity-based estimator (Tables 18-19), and results for 5-year instead of
10-year yields (Table 20) in the appendix.
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In Appendix B.2, we also discuss spillovers from Italy, which are more challenging to estimate
than those from Germany or France. While we apply a similar approach, Italy’s institutional
setting offers investors a more limited information set, and the analysis is further complicated
by debt issuance announcements that occur when markets are closed. This precludes using

high-frequency identification and complicates the usage of the RS estimator.

5.4 Spillovers from Germany Beyond Euro Area Sovereign Bonds

We have established that changes in the supply of euro area sovereign bonds have sizeable
spillover effects on the yields of other euro area sovereign bonds. These large effects are
plausible in view of the fact that euro area sovereign bonds share many characteristics. We
now investigate spillover effects to other assets that are also potential substitutes for euro

area sovereign bonds but differ with respect to certain characteristics.

First, we look at supranational bonds issued by the European Union as well as investment-
grade corporate bonds, to assess spillovers to bonds that are also safe and euro-denominated
but lack the status of sovereign bonds. Second, we study spillovers to German, French,
and European stocks, which are also euro-denominated, but an entirely different asset class.
Finally, we study yields of highly-rated non-euro sovereign issuers to investigate the role of

the currency.

Spillovers to EU Bonds & Euro-Area Corporate Bonds. Using daily data, we find
sizeable and significant spillovers from German debt supply shocks to EU bond yields,
confirming our hypothesis that these bonds are close substitutes. Spillovers to euro area
investment-grade corporate bonds are also highly significant and close to unity (Table 8).1
This supports the idea that also highly-rated corporate bonds are close substitutes for highly-

rated government bonds, despite lacking the sovereign-issuer status.

Spillovers to European Stock Prices. In contrast, we find positive but insignificant
spillover effects to the major German (DAX), French (CAC 40), and European (Stoxx 50)
stock indices, confirming that stocks are not close substitutes for euro-area sovereign bonds.
We interpret the increase in stock prices despite higher interest rates as suggestive evidence

of a higher capacity and appetite to bear risks by investors, resulting from the reduced cost

16For the results in Table 8, we use the Bank of America Merrill Lynch EMU Corporates Non-Financial
AAA, AA S A, and BBB indices retrieved from Refinitiv Eikon as well as yields on EU bonds from Bloomberg.
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TABLE 8: Daily Spillovers to Other Euro Area Variables

(1) (2) (3) (4) (5) (6) (7) (8)
AYgy AAAA AAA AA ABBB ADAX ACAC40 AStoxxb50
AYpE 0.801*** | 0.909*** 1.045*** 1.071** 1.107*** | 0.029 0.026 0.025
(0.116) (0.178) (0.168) (0.214) (0.283) | (0.057) (0.068) (0.068)
Constant 0.001 0.003 0.005 0.007* 0.010* -0.001 -0.001 -0.001
(0.002) (0.003) (0.003) (0.004) (0.006) | (0.001) (0.002) (0.002)
Observations 38 44 44 44 44 44 44 44
R? 0.860 0.810 0.774 0.686 0.496 0.066 0.059 0.056

Notes: Each column displays coefficients from a separate regression: AYgy = 8o+ 1 * AYpg + € for column
(1); ACorporate Yield Index = o+ 1% AYpg + € for columns (2) - (5); Alog(StockIndex) = Bo+ f1xAYpE
+ € for columns (6) - (8), where the daily change in the German yield is instrumented with the 30-minute
change. Standard errors are reported in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01.

and higher supply of bonds which serve as a hedge against risk.'”

Spillovers to Non-Euro-Area Sovereign Bonds. Table 9 shows that there are also
spillovers to sovereign bond yields outside the euro area. For the U.S. 10-year yield, the
effect is insignificant while for the U.K. 10-year yield, the effect is close to unity and highly
significant, suggesting that U.K. bonds are highly substitutable with safe euro area bonds,
despite the different currency. To the extent that changes in interest rates are less than
one-for-one, the uncovered interest rate parity (UIP) predicts an appreciation of the euro
vis-a-vis other currencies, following an increase in the supply of German bonds. In line with
the UIP, we observe an appreciation, albeit insignificant, of the euro vis-a-vis the U.S. dollar.

The appreciation of the euro against the British pound is smaller and also insignificant.®

6 Conclusion

We build a convenience yield model close to Brunnermeier et al. (2024) and extend it along
two key dimensions by introducing multiple sovereigns and incorporating default risk. The
model predicts (i) a higher convenience yield when a country’s probability of default is lower,

(ii) a decrease in countries’ convenience yields when the supply of bonds increases in one

1"With intraday data, spillovers to stock prices remain insignificant. See Table 10 in the Appendix.

18Tn Table 10 in the Appendix, we confirm the results for the U.S. 10-year yield and the U.S. dollar using
intraday data. For the U.K., the coefficient for the yield spillover is lower (but still highly significant) and
the coefficient on the pound is positive and significant, as predicted by UIP condition.
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TABLE 9: Daily Spillovers Beyond Euro Area Sovereign Bonds

(1) (2) (3) (4)
AYys AYgp AUSD  AGBP

AYpr 0.460 1.033** | 0.052 0.039
(0.369) (0.276) | (0.033) (0.030)
Constant -0.008 0.000 0.000 0.001
(0.006) (0.004) | (0.001) (0.001)
Observations 44 44 44 44
R? 0.207 0.706 0.149

Notes: Each column displays coefficients from a separate regression: AYeceiving = Bo + 51 * AYpg + € for
columns (1) and (2); Alog(ExchangeRate) = By + f1 * AYpg + € for columns (3) - (4), where the daily
change in the German yield is instrumented with the 30-minute change. Standard errors are reported in
parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01.

safe country, and (iii) a spillover effect that declines with the default risk of the receiving

country.

We examine empirically the relationships between convenience yields across countries pre-
dicted by our model. We do so by building a novel dataset that comprises debt supply
shocks in Germany, identified using announcements of annual bond issuance plans made by

the German DMO as well as minute and daily data on bond (convenience) yields.

We employ a number of estimation techniques, ranging from high-frequency event-study
methods (a la Giirkaynak et al., 2004) to the heteroskedasticity-based estimator of Rigobon
(2003). Our findings align well with the model’s predictions as we find spillovers from Ger-
many to be almost one-to-one when the receiving countries are low-risk, while the spillovers
to riskier countries are lower and insignificant. We confirm our results by estimating spillovers

originating from France.

Our paper contributes to the academic literature as well as to policy debates by showing the
existence of a new form of fiscal spillover effects operating through the global demand for the
convenience services associated with sovereign bonds. These spillover effects are unlikely to
be fully internalized by sovereign issuers, reinforcing the case for coordinated policies. Our
results highlight the importance of considering cross-border effects in fiscal planning and the
potential financial stability benefits of harmonized debt management strategies within the

euro area.
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Summary Statistics and Graphs

FIGURE 7: Time Series of Yields
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FIGURE 8: Time Series of CDS Rates
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FIGURE 9: Time Series of Convenience Yields
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FIGURE 10: Distribution of Policy Dates by Country and Year
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A Theory Appendix

A.1 Period 2 Without a Recession

In this case, all households receive the same income now and in the third and final period.
Therefore, there is no reason to re-trade bonds and consumption is the same for all and equal

to income:

dbng = dbgjozo

G0 = W20

A.2 Period 2 With a Recession

In this case, households can be of type i =A or B and solve:

{ max : u(ca;) + B [Ppu(ws + b’ + dby;) + (1 — Pp)u(ws + by’ + dby; + by + dby ;)]
€2,4,a05 ;,d05 ;

st Cgi = Wa; — pfdbfi = pgdbgi
/| (no-short-selling constraint on H-bond)

52

b+ db; ;>0 (no-short-selling constraint on F-bond)

The three first order conditions for the choice variables are

'U//(CQ’/L') — )\271' =0
B [Ppu (ws + b + dbfl) + (1 — Pp)u(ws + bf' + dbl; + bf + dbl )] — Aaipl + pdf; = 0
B(1 — Pp)u(ws + bff + dbl, + b + dbl) — X ipd + pd, =0

where ui’i, ui , > 0 are the Lagrange multipliers associated with the no-short-selling con-

straint. We also have:

0= Ay (CQ,i — Wz, — pﬁldbﬁﬂ- - pgdbg,i)
0 = pg; (bff + dbs’)
0= ps,; (b + dby,)
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Type-A households’ income declines more strongly to the point that they wish to re-sell
some of their bond holdings. We assume that the quantity of bonds issued in period 1
was low, to the point that type-A households sell all their holdings, meaning PAdbg 4=
—Pyb{" = —(1 — Py)dby and Padbf , = —Psbf = —(1 + P4)dbf 5. In other words, bonds
were rationed, type-A households would have wanted to hold more and are now constrained
in period 2 by the no-short-selling assumption. Having solved for re-traded quantities, we
solve for consumption:

CoA = Wo A+ pgb{{ + pgbf

Py

Cop = W2 B — m(pgb{{ +P5bf)

A.3 Bond Prices in a Recession

We presently consider the case where bond prices are such that type-A households are at the
point where they do not want to sell any more bonds, or equivalently, when the short-selling
constraint is not strictly binding. Let us denote such prices pQZ’ 4 and p§ 4- In this case, the
associated Lagrange multipliers are null ( ug 4= ,ug 4 = 0). Furthermore, type-A households’

first order conditions simplify to

u' (wa, 4 + pyot + pibl) = A2.4
Bl ) = D apl
B(1— Pp)u'(ws) = /\2,Ap§

and we obtain
o Bl (wy)
24 w'(wo,a + pil 4 [0 4 (1 — Pp)bf])
pha = pya(l—Pp) (16)

where p3’, is implicitly defined by equation 15.

Alternatively, we consider the case where bond prices are such that type-B households are
at the point where they do not want to buy any more bonds. Let us denote such prices pf B

and pg - Again, the Lagrange multipliers associated with the short-selling constraints are
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null (,uf B = u§ 5 = 0). Furthermore, type-B households’ first order conditions simplify to

R4

’ HiH

- by’ + b =
U <w27B (1 P )(pg P2 1)) 2,B

8 {PDU, (wg + <1 + &) bf) +(1— Pp) <w3 + <1 + (1fAPA)> (b{{ + bf))] = >\2,Bp§[
B(1 — PD)u' <w3 + <1 + &) (b{{ + bf)) = )\2,Bp§
and we obtain

8 [Pou (ws 4+ rbl?) + (1= Po)ut (ws + oy 6 + D))

PgB = (17)
! (wQ»B iy (3 bt + 3 BbF)>
B (1— Pp)u (w3 + e 0 + bF))
e Ppu’ (w3 +=p )bH> (1= Pp)u/ (wz + ooy 0 + bf))
_ 80— Poy (un + g 0 + ) (18)

P
u’ (U’?,B - (1—A15A) (pz BbH + D BbF))

where pé{ p 1s implicitly defined by equation 17. After substituting pg g for pg p using 18, we
observe that the right-hand side of equation 17 is strictly positive and decreasing in pg B
while the left-hand side increases linearly from 0 to infinity. Therefore, this equation has a
unique solution. Consequently, equation 17 also determines a unique price pg p- The foreign-
to home-price ratio is hence equal to the type-B households’ marginal utility in the state

with default over their marginal utility in the state without default.

For reasons that will be obvious later, let’s introduce ey(b, b)) = pé{ 0 + pg 5b!" which
captures the value exchanged between type-A and type-B households in a recession. Re-

arranging the above expressions, we get

;62([) bf)u’ <w2,B - (1_PAPA)€2(Z){{, bf)) = (19)

bi! b’ +bf b + bf
P / 1 1—P /! 1 1 H 1—P / 1 1 F
[ - <w3+<1—PA>>+‘ D) (’“"“(1—&))]“ = Poj{ws g ) b

The left-hand side is increasing in e. The derivatives of the right-hand side with respect to
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respectively bl and bl are

e (e (c5,5(1)) EmaE (0)u" (e3,5(0)
— C. u C; C; u C;
Ppu/(cs p(1) | —1FAL B’Bu,(c (31)5; +1| + (1= Pp)u/(c3,5(0)) (l(b];fJ)er) B’Bu,(c (SS)E; +1
w3 + (1—1PA) 5B w3 + (1-Pa) 5B
and
(o b1
a=pry  3,8(0)u"(c3,5(0))
(1 — Pp)u/(c3,5(0)) H F 7 +1
wo+ O /(e 5(0)

With 03,3(1) = W3 + (1——1PA)b{{ and 0373(0) = W3 + ﬁ(b{{ + bf)

Jea (b1 b1 dea (b1 b1 . (oF b1 c3,5(0)u"’(c3,5(0))
As a result we have that %Tl{{l > 0 and %{wl > 0 if (1—PA)111;3+(1b{{+bf) 3 Bu/(%B(SO;E; >
H "
—1 and by ca.(Wules.e) - 1 Note that this condition is satisfied if the coeffi-

1 PA)wngbH ’U/(CS,B(l))

c3,5(0)u"(c3,5(0)) and — & s(M)u"(c3,5(1))
u/(c3,8(0)) uw(c3,5(1))

ratio of bond repayments to total type-B income in period 3 is low enough. This is likely

cients of relative aversion (- ) are low enough, and if the
the case, as the literature typically estimates the coefficient of relative aversion between 1

and 10, and because bond repayments are unlikely to exceed 10% of income.

Up to this point, bond prices p& and pt are undetermined because we are in the case of a
corner solution. On one hand, type-A households are constrained from selling more bonds
(the no-short-selling constraints hold with equality) and any set of prices py’ > pi’, and pj” >
pg 4 would be consistent with our corner equilibrium. On the other hand, type-B households
are constrained from buying more bonds at the going prices (the supply constraints hold
with equality) and any prices pi’ < pj'p and pj’ < pj 5 would be consistent with our corner
equilibrium. To recap, the equilibrium prices (pif,pf) are such that pf 4 <pll < pg p and
Pha <p5 <plp

In what follows, we assume that sellers have all the bargaining power in all markets. This

means that type-B households are able to sell at the highest possible prices, at pi = pg B
and pl’ = pg B
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A.4 Period 1

After unpacking some notations, households solve

Iax u(cr) +5(1— Fr) [u(ws,0) + Bu(ws + by +b7)]

+ BPg [paVa,a(bl',b]) + (1 — Pa)Va p(bi', b7)]

s.t. cy = wy — pio — pf'vl
with
Va,a(br',b1) = u(wa,a + 3’1" +p307) + Bu(w),

Py
V2,B(b{1, b = u <’w2,B — ﬁ(pé"db% +p§db5,B>>

Padbl! Pa(dbl, + dbE
48 | Pou [ ws + 67 + “2728 ) (1= Pp)u [ ws + b7 4+ 0F + A(dby  + dbs )
1 - PA 1 _ PA
adbé{B 8‘”’53 . .. H LF
Importantly, we have that o = 0 and = 0 in the above definition of Va (b¥  bF)

because every household is small and does not anticipate that buying more bonds in period 1

. . . 9db! advt
would relax the aggregate supply constraint in period 2. Conversely, 8T§;A < 0 and BbZI%A
1 1

because households internalize that they can re-sell in period 2 any additional unit of bonds

<0

bought in period 1.
The first order condition with respect to b¥ is

OVa,a(by' b1) OVa,p (b1, b1)

piu'(er) = B*(1— Pru'(ws +b{' +b7) + BPrPa SuH + BPr(1 — Pa) ol
1 1
, OV (b1 b
with Q’Aa(bél) = ng/(UJQ,A + plng{{ + Pgbf)
1
0V 5 (0. 1) , b (e MO
’ = P 1-P
8[){[ 8 | Ppu w3+1_PA +( DU w3—|—1_PA

and we have a similar one for b’

pfu/(cl) = B2(1 — Pr)u/ (w3 + b{{ + bf) + ﬂPRPApgu’(wgyA —l—pg{b{{ + pQbe)
H '
+ B?Pr(1 — Pa)(1 — Pp)u/ <w3 + bfjpb,i )

48



A.5 Non Re-Tradable Bond Prices and Convenience Yields

We introduce non-re-tradable bonds b and bF'. The budget constraints in periods 1 and 3 in
the households’ optimization constraints now include additional terms reflecting the buying

and selling of these new bonds:

ey = wy — ity — piof — byt — prby (Period 1)
C3.4 = W3 + il + b DF (Period 3 after a recession)
c3,p =ws + by’ +dbllp + [ (. dbiB + o) DF (Period 3 after a recession)
30 = w3 4+ b + b + b1 4 BF (Period 3 without recession)

Assuming that the new bonds’ supply is zero, the new first order conditions associated with

b and b are

ﬁ{lu’(cl) = 52(1 — Pp)u/ (w3 + b{{ + bf)
+ B2PrPa [Ppu (w3) + (1 — Pp)u(ws)]
+ B2Pr(1 — Pa) [Ppu/(cs 5(1)) + (1 — Pp)u'(c3,5(0))]
pru/(cr) = B*1—Pp)u'(ws+bf +b) + B2Pr(l — Pp) [Pau(ws) + (1 — Pa)u'(c3,5(0))]

with 6373(1) = w3 + ﬁb{{ and 6373(0) = w3 + ﬁ(b{{ + bf)

From now on, we use the market clearing condition to introduce the exogenous supply of
bonds (b = BH and b = BI). Having solved for all prices, we can solve for conve-
nience yields using the definition C'Y} = p{/pS (equation 8). Hence, the convenience yields

associated with the home and foreign bonds are:

H
CYH = (1;;)@ W(c3,0) + Pat3-u'(wa,a + pi B +p§ BY') + (1 — Pa) [Ppu/(c3,5(1)) + (1 — Pp)u/(c3,5(0))]
1 = tog - —
(1137};1%)“'(03,0) + Pau/(w3) + (1 — Pa) [Ppu/(c3,8(1)) + (1 — Pp)u(c3,5(0))]

ovF — 1 <(1 — Pp)u’ (w3 + B{! + Bf') + §PrPaps v/ (w2, a +p§ B +p5' Bf") + Pr(1 — Pa)(1 — PD)UI(C&B(O)))
1 = tog

(1 — Pr)v (w3 + Bff + BF) + PrPa(1 — Pp)w (ws) + Pr(1 — Pa)(1 — Pp)u'(cs,5(0))

with ¢3 0 = w3+ B + Bf'. Interestingly, we observe with the help of equation 15 that setting

H F
py’ = pi 4 implies that C'Y}" = CY{" = 0. We also observe that %ile > 0 and ZZ;GA > 0 as

wa, 4 only appears once in the numerator and prices are independent of ws 4.

Using equations 17 and 18 that determine period 2 prices, the above equations can be
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rearranged into:

(1 — PR)U’(CZ},O) + PR(I — PA)E2 [u/(C:s,B)] |:1 + 1= PA /( u' (wo, A+P2 (Bl +P2ff)BF))]
w\w2,B— Tp) vy B +pf
CYH =log S - (20)
(1= Pa)u'(es.0) + Pa(1 — Pa)Ba [u'(es.5)] [1 + 12 gl o ]
(1= Puit(cuo) + Pall = Pa)L = Pol(ca,n(O) |1 1By o st D DEL
CYF—log Au/(sz W(PQB +py By ))
1 - u \w
(1 — Pr)u'(es,0) + Pa(l — Pa)(1— Po)ur(ca 5(0)) [1 + 12 piocahs |

with c30 = ws + B + Bf', c35(1) = w3 + %, c3.p(0) = ws + B1 +Bl and FEy [u/(c3 )] =
Ppu/(cs5(1)) + (1 — Pp)u/(cs,5(0)). In both expressions, note that the term in squared
brackets in the numerator corresponds to the gap between the marginal utility of type-A and
type-B households in period 2. Households are able to insure themselves (partially) and to
reduce this gap by re-trading their bonds (increasing transfers pi B +pf Bf from poor type-
A households to rich type-B households). The term in squared brackets in the denominator
corresponds to the gap between the marginal utility of type-A and type-B households in
period 3 and captures the costs for type-A of having sold all bonds and insuring themselves
in the period 2 recession. This makes clear that the value of the convenience yields are based
on the benefits from insurance (the term in square brackets in the numerator) relative to the

its costs (the term in square brackets in the denominator).

When Pg = 1, the equations simplify further and the convenience yields are equal to

1 _I_ PA UI(CQ,A)

16) | i ICY:) 21
1 og 5 Eg[u/(03,,4)] ( )

1 + 1-Pa Eo [u’(c;;,B)]
14+ -fa U:(C2,A)
CYF = log PR (22)
1+ —4- 3

1— PA u/(c3,B(0))

with cg a4 = w4 +p¥ BE +pl'BY ¢y p = w ’B—ﬁ(prH—l—szBf), By [u/(c3.4)] = v/ (w3)
H
and Es [u'(c3.p)] = Ppu/ < 1—}%) + (1 — Pp) (w + Bll J;Bgl )

20



Using the above, we can rewrite convenience yields for any 0 < Pr <1 as

Oy (Pr=1) _
e 1 1
C}/1H = log 1+ T =Pp (23)
2] [u/(CS,B)] P u/ (w3)
Pr(1-Pa) w/(e3,0) [H_l*éA PD”/(CS,B(1))+(13PD>“/(C3,B(0)):|
CY[F (Pr=1) _ 1
[ 1
CYF =log | 1+ — (24)
1 + P “I(C3,B(0)) Py u’(w3)
r(1—Pa)(1-Pp) u/(e3.0) =p w/(eg, g (0))
A.6 Proof of First Results when Pr =1
We are interested in the difference between the country convenience yields.
14+ —Pa Ba[u (cs,4)]
1=Pa Es|u/(c
CoYF — oyl = log QZICIEEY (25)

1+ Py u'(ws)

1—Pa BH 4 pF
u{ w3+ 117PA1

It’s straightforward to see that CY;" —CY# < 0 because v/ (U)g + M) < Ppu/ (wg + fﬁA)—F

1-P4
BHBF / Ea|u'(c3,4) .
(1 — Pp)u/ <w3 + 5 ) < u'(ws), and - wi(;ngf > Eju/(cz;‘j from the concavity of
3t P ’

the utility function. This proves our first result that the convenience yield is higher in the

‘safe’ country.

Turning our attention to the variations of the convenience yield difference with respect to

the probability of default in the foreign country

8 (CYVIF - C}/lH> _ 8 10g 1 T PA E2 [ul(C&A)]
6PD 8PD 1-— PA E2 [UI(C?),B)]
Py Pelu(cs )] (w(ea,B(1)-w(2,800) (e p(0)—w/(cs.5(1))
_ (B2[w (e3,5])" _ Bluas)]
n Pa E2[U'(03,A)] N 1—Py4 E2[U’(83,B)]
1 + 1—Py E> [UI(CS,B)] Py E-> [U/(CS,A)] + 1
) BH BHBF o(CcyF—cyi) .
with ¢ p(1) = w3 + =5, and ¢3 5(0) = w3 + 55 Furthermore, ——5—* < 0, again
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because the utility function is concave and o’ (UJg + Bf_—ﬁ) —u < 1?}2) < 0. This
complements our first result by showing that the gap between the country convenience yield
of the foreign relative to the ‘safe’ country decreases with the probability of default. In other
words in the euro area, this predicts that country convenience yields relative to Germany

decrease with the country credit default rates.

A.7 Proof of Second Results when Pr =1

Next, we examine how the two convenience yields move in response to a shock to the supply

. . aCcYF oCcYH
of home bonds. Technically, we examine 1 d A

oBH oBH -
B(Z:EZQ’AD py Eo [u'(cg,A)] (PDU”(Ca,B(1))+(1—PD)U"(03,B(0)))
H Pa oE 1—P 2
oCY; _ 1-Px  9Bf A (E2[u/(cs,8)])
H P, u'(caa) +2 (e (26)
0B; 14 Lo wlcza) 14 Pa B2 [/ (c3,4)]
1—Pa uw'(c2,B) + 1=Pa By [u/(cs.5)]
; b, o(T2) Py (e cp(0)
aCY; 1-P, 0B 1=Pa (u e3,5(0)))"
OBH - 1+ Py u/(c2,4) +2 1+ u/ (w3) (27)
1 1—P4 v/(c2,B) 1- PAU(CBB(O))

with ¢4 = won + py B + pj Bf, cop = wap — 1= PA (0’ B + pi BY), Ex[u/(c3.4)] =
W (ws), c3p(1) = ws + f—PA, ¢35(0) = ws + B;_;fjl and B, [u/(cs.5)] = Ppu/(csp(1)) +

(1 — Pp)u'(e3 5(0)). In both equations, the second fraction is negative because u' > 0

and the utility function is concave (v’ < 0). Those terms relate to the marginal cost of
additional insurance as measured by the period 3 consumption gap between type-A and
type-B households. They convey the fact that more home bonds increases this gap, as

type-B households are able to sell even more bonds and consume even more.

In both equations 26 and 27, the first fraction is the same and can be developed using
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eo(BE BI') = pl! BE + pI BY to become

u! (w +e (BH,BF))
15} u'(c2,4) 9 , Q’APA2 - I—? F
P W/(c3,B) P u (w2,8—ﬁ62<31 B3 )) des (B BE)
1-Pa oBH _1-Py dea(BH ,BL) oBH
Py u/(c2,a) Py u/(cz,a)
Lt 1 p v s) Lt 1h v s)
" H pF\\,/ 7PA52(B{—I*B§) ’ H pF\_Pa .1 7PA62<BleB§)
u" (w2, a+e2(By B3 ))u (wz,B =P, +u (wa, a+e2(Bf 2,32 Ni=pyu’(we,p——F—p—2= 662(]31;1}}35)
Paeq(BH BI 0B
(u’(wzs—%)) 1
- 1-Py u/(c2,4)
+ u'(c2,B)
which is negative when (B{'+B/) ca,8Ou(es.5(0) - 1 4nq By’ ca.p(u(cs.p(1) -
(17PA)w3+(B{I+Bf_‘) u’(Cg,B(O)) (1 PA)w3+bH u’(c&B(l))

Oea (B, BI)
oBl
sion in the subsection on bond prices in recessions). This captures the fact that more home

—1, because > 0 under that condition (see equation 19 and the subsequent discus-

bonds allows for greater insurance and thereby reduces the appetite for even more insurance.

This proves our second result, that the two convenience yields decline when the supply of

home bonds increases. This is both because the marginal benefits of insurance decline and
aCY{ dCYH

because the marginal costs of insurance increase. In other words, aBH < 0 and 83;1 0

1

because all of their components are negative.

We also examine how the two convenience yields move in response to a shock to the supply
ocy d oCYH

of foreign bonds. Technically, we examine -4 and —-}.
1 1

R g sk
8CY1 1—Py4 oBY A (Ez [u'(cs,B)])
F = u/(c2,4) +2 / <28)
0B; 1+ -4 oA 14 La Bz [“ (63’/4)]
1—P4 v/ (c2,B) 1-Pa 1, [u/(C&B)]
/(e ,A) / "
F Py 8<u/(c:;)) 15; o' (wg)u (CS,B(ZO))
oCcY!  1-p, aBF Lol (u'<c3,3<0>) (29
BF Py v(c2,4) u(w3)
a 1 1 + 1—;14 u’(CQ’B) 1 + 1- PA /(03 B(O))

with co 4 = waa + PHBH + piBY, cop = wop — 1PpA (pi B + piBY), Ey[u/(c3,4)] =

W (ws), e3p(1) = wy + 12, c3,5(0) = wy + 2L and By [u/(e5,5)] = Ppu/(es.p(1)) + (1 -
Pp)u/(c3,5(0)). In both equations, we just proved that the first term is negative. Given the
properties of the utility function, we also have that the second terms are negative. Therefore,

acYfF oCYH
aBF < 0 and aBF <0.
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A.8 Proof of Third Results when Py =1

acyl /acylH
oBH
default Pp goes to zero. Conversely, when Pp goes to one, the foreign country has a constant

It is easy to show that is positive and tends to one when the probability of

convenience yield equal to zero. This holds irrespective of the level of home bonds, implying

H
no spillovers and that aCY / 860BY}, tends to zero when the probability of default Pp goes to
1
F H
one. Otherwise, in the general case when 0 < Pp < 1, the two derivatives aac;;;} d aaCBY}I
1 1

are linked by a positive coefficient that varies with income dynamics and bond quantities.

ooy jocyH
oBH / oBH
have to focus on the second fraction of equation 26 because it is the only term that depends
on Pp. We take its derivative

To study the variations of with respect to the probability of default, we only

P (Ppu''(c3,5(1))+(1—Pp)u'’ (c3,5(0)))
(Ppu'(e3, 5(1)+(1—Pp)u’(c3,5(0))>+ 15? uw (w3)(Ppu’(e3,p(1))+(1—Pp)u’(c3,5(0)))
A

oPp
(" (e5,(1)) = w”(e3,50)) (B2 [w/(e,8)])* + 28 Bz [t (e3,4)] B2 [/ (cs,)])
((PDU'(Cs,B(l)) + (1 Pp)u/(cs,5(0))° + 1fféA o (w3) (Ppw(c3,8(1)) + (1 — PD)U'(Cs,B(O)))>2
By [u"(¢5,5)] (u(c5,5(1)) = w'(c3,5(0))) (2B2 [t (c3,)] + 724 Ba [/ (c3,4)] )

((Pow(es (1)) + (1 — Po)u(es, 5(0)) + 12w (ws) (Po(es,5(1) + (1~ Pp)u(e5,5(0))) )

B1+1

with ¢3 (1) = w3+ % and c3 5(0) = w3 +

the second term, which is on the last line, is p031tlve. If we assume that the utility function

. Because the utility function is concave,

is not characterized by ‘prudence’ and that v = O, the first term is null and we have that
p
acylF /acy1H

aBfl
8PD

o2CcyH

3BT > 0. This implies

> 0.

Conversely, if we assume that the utility function is characterized by prudence (v > 0), we

have that the first fraction is negative. If it is negative enough to imply
(u" (e, 5(1))—u" (c3,5(0))) <1+ Pa Ez[u/(ca,A)]> < —(W(es,5(1)—u'(c5,5(0)) <2+ Pa Ez[u'<cs,A>]>

—Es[u(c3,B)] 1—Pa Es[u/(cs,B)] Es[u’(c3,B)] 1—Pa Ez[u’(c3,B)]
acy{  acyil
H H
o8] o8]
OPp

and therefore e, <0.

aBHdP < 0, this implies

Therefore, the difference in the response of the convenience yields with respect to an increase

in home bonds is ambiguous and crucially depends on ‘prudence’.

Ppu'(c3,5(1))+(1—Pp)u’(c3,5(0))
Ppu/(c3,5(1))+(1—Pp)u/(c3,5(0))

(the magnitude of spillovers) with Pp are governed by this frac-

To build intuition about the above results, it can be helpful to examine —
8C’Y1 acy{t

/ oBH
tion. This fractlon is closely connected to type-B households’” absolute risk aversion in period

as variations in
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3, which is itself key to evaluating the cost component of convenience yields.

e When " = 0, the numerator is constant.
— A greater Pp increases the denominator and absolute risk aversion in period 3 falls.
— Investors care less about changes in the cost component of convenience yields.

— CY{ decreases less strongly in response to a marginal increase in home bonds.
aCYF /8CY1H
oBH / oBH
larger.

is greater: spillovers from the home countries are larger when Pp is

e When «"” > 0, variations in Pp introduce another effect.
— A greater Pp increases the numerator which contributes to increasing the absolute
risk aversion in period 3.
— If this new effect dominates, investors care more about changes in the cost component
of convenience yields.

— We get the opposite results: spillovers from the home countries are smaller when Pp

is larger.

A.9 Log Utility when P4, = 0.5

Assuming that u(c) = In(c), we can simplify the expression of period 2 prices (equations 15

and 17) as follows

P 1-P

I HpH FnF D D

p = B(wes—py BY — pi BY) [w3+23{1 + w3+23{1+235}
u  p(ws+ 2B +2BF) Pp N 1—Pp

Py = Py (1— Pp) ws + 2B ws + 2B + 2B

Wa B — prf{ - prf
ws + 2B + 2Bf

py = B(1—Pp)

The solutions are

6[ Porwr + 57557
H w3 +2B7 w3+2B{" +2B7
Py = w2B (30)
1+ pBH Pp___ 1—Pp + BBF __1-Pp
1 |ws+2BH ' ws+2BH+2BF 1 | ws+2Bf +2BF
/8 17PD
w3z +2BH +2BF
p; = w, — (31)

B
H Pp 1-Pp F 1-Pp
1+ B3 [w3+2B{’ + w3+2Bf+2Bf} + BBy |:w3+23{'1+23f}
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Also, solving for (p¥ B + pl BF) is possible analytically

pi B+ BY = BIB (wa,p — plf B — p BY)

Pp 1-Pp

+B1 B

r (w25 —pi B —pfB")(1 - Pp)

+
ws + 2B w3 +2BH 4+ 2BF ws + 2B +2BF

H Pp 1-Pp F 1-Pp
By |:w3+28{'1 wz+2BI +2Bf + By

Py Bi' +pi B =wa

w3+2BH +2BF ]

w3g+2BH 1 wz+2Bf +2BF
1

1, pH|_Pp 1-Pp Fl__1-Pp
5+ B [ + }*Bl [w3+23{‘1+2Bf}

HpH | FpF
py Bi +p3 Bl =w2 B —w2B

wg+2BH T wz+2BI+2BY

Interestingly, this implies that

u'(wg, 4 + pi B! + p§ BY) _ W2 — py BT — pi' Bf’
w'(we,5 — p§' Bi' — p§ BY') wa, 4 + py' B + p§ Bf’
W2, B

H Pp 1-Pp F 1-Pp
1+BBy [w3+23{1+w3+23{1+23f +BBy w3+2BlH+2Bf

W2, A + W2, B — W2, B

H Pp 1-Pp F 1-Pp
1+6B; |:w3+23{{+w3+25f1+25{?:|+ﬂ31 [W3+23f1+23f]

1

H Pp 1-Pp F 1-Pp
v - -

w2, A H P, 1—P, F 1-P
(1 + w;13> (1 +5B1 {w3+IQDB{{ + u13+2BfiQBf:| +ﬂB1 [ 2

A.10 Quadratic Utility when P4, = 0.5

¢2

w3 +23{I +QBf

)1

Assuming that u(c) = ¢o + ¢1c — 3@2, we can simplify the expression of period 2 prices

(equations 15 and 17) as follows

Py
Py
Py
and then
py =
0 —

ﬁ(bl — ¢oPp(ws + 2B) — ¢o(1 — Pp) (w3 + 2BH + 2BF)
b1 — Pows g + Gopy B + ¢opf BY
- ¢1 — ¢a(1 — Pp)(ws + 2B{' +2BY)
¢1 — ¢p2Pp(ws + 2B{") — ¢o(1 — Pp)(ws + 2B{" + 2BY)
_ ﬁ¢1 — ¢o(1 — Pp)(ws +2B{" +2BY)
¢1 — powa g + Gop B + ¢oph BY
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And the above equation is a standard quadratic equation in p& (with a positive solution to
retain and a negative solution to be excluded).

Also, solving for (pi B 4+ pL BI') is possible again as it is the solution of a quadratic equation
(with a positive solution to retain and a negative solution to be excluded)

1" (¢1 — ¢2Pp(ws +2B{") — ¢2(1 — Pp)(ws + 2B{" +2B{)) + B{ (¢1 — ¢2(1 — Pp)(ws + 2B{' +2B}"))

B
HpH | FpF
py By +py By =8
1 — ¢pawa g + d2pi BE + ¢opk BF

A.11 Additional Numerical Results

FIGURE 11: Change in Convenience Yields from a Joint Bond Supply Change (Higher Bf and
BY)
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A.12 Convenience Yield Definition

In this section, we show that the definition of the convenience yield used in the data is up
to an approximation equal to the definition chosen in the model. The yield-to-maturity, as
used empirically, relates to the price according to y; = p% — 1. In the data, we use the OIS
rate and CDS rate to construct the “yield without convenience benefits”, which in the model
isy; = p% —1. For yields close to 0, we can use y; ~ log(1+y;) = —log(p1). The convenience
yield measured in the data is C'Y; = 1 — y1, but can, using the approximation, be rewritten

as: C'Y] = log (%), which is the formulation we use in the model analysis (equation 8).
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B Empirical Analysis Appendix

RS estimator

For every country, our dataset of daily changes in convenience yields is categorized into two
subsets: the E subsample corresponds to dates for which an announcement is issued, while

the NFE subsample pertains to dates without announcements.

The challenge in estimating spillovers between convenience yields in euro area countries
lies in two endogeneity issues: i. the fact that the convenience yields of different countries

simultaneously influence each other; ii. the presence of unobserved common shocks.

The following set of equations offers a clear depiction of the endogeneity present in the

system:

ACY™ = BHIACYS + 67, + & (32)

ACYF = BHEACYH + Z, 4+, (33)

where ACY,? is the daily change of the home country’s convenience yield, ACY, is the
daily change of the foreign country’s convenience yield and Z; is a set of control variables.
The aim of this paper is to estimate the parameter S i.e. the spillover effect of a change
of the home country’s convenience yield on the foreign country’s convenience yield, following
a supply shock in the home country. The simultaneity issue reflected in the above equations

is depicted in Figure 12, where we simulate the data as in equations (32) and (33).

It is now clear that achieving consistent estimation for Eqs. (32) and (33) using ordinary
least squares is unattainable due to the presence of simultaneous equations and omitted
variables. To address these challenges, we rely on identification through heteroskedasticity,
as in Rigobon (2003) and Rigobon and Sack (2004). This approach does not require the
complete absence of both common and idiosyncratic shocks. Instead, it relies on a critical

assumption:

o > aéVE, (34)



oF = oNE, (35)

ol = oNE, (36)

This means that the variances of common shocks (z) and the shock to the foreign country
(n) should be equal on both event and non-event days, while the variance of the shock to
the home country (e) is higher on event days compared to non-event days. This increase in
variance on event days is attributed to the impact of announcements, assumed to be home

country (e) shocks.

With this assumption, we can determine the parameter 7% by contrasting the covariance
matrices of the change in the home country convenience yield and the change in the for-
eign country convenience yield on event days versus non-event days. This intuition can be

visualized in the context of the simulated data of Figure 12, and is shown in Figure 13.

Hence, we divide the daily observations in our sample into two types, events (E) and non-

events (NE) and we estimate the covariance matrix :1?

var;(ACYH) cov;(ACY,F, ACYH)

Q. fng
covj(ACYF ACY ) varj(ACY[F)

We then define the difference in the covariance matrices during events and non-events as:

1 BHF ]

BHF BHF2 (37)

where

(OS,E - U?,NE)
(1 —afup)?

Y € {E, NE}.
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FIGURE 12: Joint Change in CY;” and CY,” FIGURE 13: Announcement Dates Only
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A nice feature of this method is that we can build the following instruments and implement

it through an instrumental variable approach:

w; = {ACY" t € E}U{-ACY," t € NE}

w, = {ACY t € E}U{-ACY/ t € NE}.

Though we could use the IV estimation using just one instrument (as in Rigobon and Sack
(2004)), we prefer to follow Arai (2017) and use the orthogonality of both instruments as
the moment conditions for GMM estimation, as it should provide more efficient estimates.

The moment conditions are described as follows:

E[ft(BHFﬂ =0,

where

ft(ﬁHF) = Q- e,

Qt = [wi,t 5 ws,t]la
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er = ACY — pHEACYH.

The GMM estimate of 34 can be obtained by solving the minimum distance problem:

ﬂm = arg min fT(BHF), W fT<6HF)7

where fp(8HF) = Y21, £i(7F) and W is an appropriate 2 x 2 weighting matrix. We
use the two-step GMM for the estimation, where we use the identity matrix as a weighting
matrix to solve the minimization problem, and then use the inverse of the estimated variance-
covariance matrix of the moment conditions in the first step as a weighting matrix in the

second step.
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B.1 Robustness Checks

TABLE 10: Intraday Spillovers Beyond Euro Area Sovereign Bonds

(1) (2) (3) (4) (5) (6) (7)
AYyg AYag AUSD AGBP ADAX ACAC 40 AStoxx 50
AYpg 0.498*** 0.724** | 0.021** 0.020** | 0.023 0.027 0.013
(0.084)  (0.130) | (0.009) (0.009) | (0.039) (0.036) (0.023)
Constant -0.001 -0.002 | -0.000 0.000 | -0.000 -0.000 -0.000
(0.001)  (0.001) | (0.000) (0.000) | (0.000) (0.000) (0.000)
Observations 43 44 44 44 44 44 44
R? 0.543 0.417 0.086 0.054 0.010 0.013 0.005

Notes: Each column displays coefficients from a separate regression: AYicceiving = Bo + 81 * AYGermany
+ € for columns (1) and (2); Alog(EchangeRate) = By + f1 * AYGermany + € for columns (3) - (6);
Alog(StockIndex) = By + B1 * AYGermany + € for columns (7) - (9). Standard errors are reported in
parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01.

TABLE 11: Daily Convenience Yield Spillovers: 5-Year Maturity

(1) (2) (3) (4) (5) (6) (7) (8)
ACYFR ACYNL ACYF] ACYAT ACYBE ACYIT ACYES ACYPT

ACYpE 1.815*  1.323*** 1.078*** (.849** 1.335 1.392 0.387 1.818
(0.912) (0.386) (0.331) (0.327) (0.841)  (0.963) (0.709)  (1.350)
Constant -0.005 -0.000 -0.001 -0.003 -0.002 -0.011 -0.001 -0.012
(0.007) (0.003) (0.002) (0.004) (0.006)  (0.007) (0.006)  (0.011)
Observations 43 43 42 43 43 43 43 43
R? 0.094 0.382 0.637 0.370 0.053 0.040 0.122
Notes: Each column displays coeflicients from a separate regression: ACYsy receiving = Bo + Bi *

ACYsy Germany + €, where the daily change in the German convenience yield is instrumented with the
30-minute yield change. Standard errors are reported in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01.
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TABLE 12: Daily Convenience Yield Spillovers: EIKON CDS Data

(1) (2) (3) (4) (5) (6) (7) (8)
ACYFR ACYNL ACYF[ ACYAT ACYBE ACY[T ACYES ACYPT

ACYpE 0.938*** 1.161** 1.010** 1.220*** 1.144 0.515 -0.026 1.272
(0.252) (0.427) (0.186) (0.269) (0.685)  (0.803) (1.001) (0.922)
Constant -0.002 0.003 -0.005** -0.005 -0.003 -0.007 -0.008 -0.022
(0.002) (0.005) (0.002) (0.005) (0.006)  (0.007) (0.007) (0.014)
Observations 39 31 25 24 38 39 39 39
R2 0.662 0.241 0.706 0.483 . 0.087

Notes: Each column displays coeflicients from a separate regression: ACY cceiving = Bo + 1 * ACYGermany
+e¢€, where the daily change in the German convenience yield is instrumented with the 30-minute yield change.
Standard errors are reported in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01.

TABLE 13: Daily Convenience Yield Spillovers: Less Restrictive Sample

(1) (2) (3) (4) () (6) (7) (8)
ACYrr ACYny ACYp; ACYar ACYpp ACYir ACYps ACYpr

ACYpg 0.902***  0.969*** 1.213*** 0.779***  1.055* 0.607 -0.795 1.969*
(0.227) (0.243) (0.205) (0.221) (0.538)  (0.876) (1.079) (1.124)
Constant -0.002 0.004 -0.003 -0.002 -0.003 -0.013 -0.015 -0.012
(0.002) (0.006) (0.003) (0.003) (0.006)  (0.009) (0.010) (0.014)
Observations 47 47 47 47 47 47 47 47
R? 0.533 0.422 0.593 0.366

Notes: Each column displays coefficients from a separate regression: ACY cceiving = Bo + 1 * ACYGermany
+e¢, where the daily change in the German convenience yield is instrumented with the 30-minute yield change.
Standard errors are reported in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01.
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TABLE 14: Convenience yield spillovers from German supply shocks using the RS estimator: 1%
alternative implementation on a subsample

(1) (2) (3) (4) (5) (6) (7) (8)
ACYFR ACYNL ACYF[ ACYAT ACYBE AC}/[T ACYES ACYPT
ACYpp 1.018™ 1352 13157 1636 1436  1.126 1274 4223
(0.273)  (0.391)  (0.407)  (0.630)  (1.089) (1.389) (1.158)  (4.137)

Constant  -0.001  -0.003*  -0.003  -0.002  -0.004 -0.003  0.003  -0.011
(0.002)  (0.002)  (0.002) (0.003)  (0.005) (0.006) (0.004) (0.013)
N 72 72 72 72 72 72 72 72
Weak IV 10.537  3.287  6.885  3.673  4.122 2459 2446  2.670
Overid. 0115  0.691 0370 0717 0857 0445  0.252  0.094

Notes: This table reports coefficient estimates of equation ACY cceiving = & + BACYGermany + € using the
RS estimator described in Section 4.4. This table is similar to Table 6, except that results are obtained
on a smaller sample that additionally excludes observations with potential outliers for yield variations in
the receiving countries. For every column, we use the two instrument variables based on the change in
the variance-covariance matrix of variations in the origin and receiving country yields. Again, we use the
two-step GMM estimator. Each column corresponds to a different receiving country. Robust standard errors
are reported in parentheses and stars indicate significance levels: * p < 0.10, ** p < 0.05, ***p < 0.01. The
before last row shows the Stock-Yogo weak ID statistics while the associated threshold for the 25% mazimal
IV size is estimated at 7.25. The last row reports the p-value of the Hansen J overidentification test where
the null hypothesis is that the instruments are valid.

TABLE 15: Convenience yield spillovers from German supply shocks using the RS estimator: 27¢
alternative implementation with different instruments

(1) (2) (3) (4) (5) (6) (7) (8)
ACYpr  0.637 1.250™ 1.116* 0.890°" -0.328 -0.398  0.538  -1.134
(0.252)  (0.596)  (0.155)  (0.239)  (0.409) (0.618) (0.764)  (1.015)

Constant ~ -0.002  -0.004  -0.003*  -0.002  0.001  -0.004  0.001  0.002
(0.002)  (0.004)  (0.002)  (0.002)  (0.003) (0.005) (0.004) (0.007)

N 88 88 88 88 88 88 88 88
Weak IV 1.982 1.982 1.982 1.982 1.982 1.982 1.982 1.982
Overid. 0.086 0.829 0.450 0.401 0.434 0.129 0.082 0.746

Notes: This table reports coefficient estimates of equation ACY cceiving = & + BACYGermany + € using the
RS estimator described in Section 4.4. This table is similar to Table 6, except that results are obtained
with different instruments. For every column, we use the instrument variables based on the change in the
variance-covariance matrix of the origin country and the 8 receiving country yields. Again, we use the
two-step GMM estimator. Each column corresponds to a different receiving country. Robust standard errors
are reported in parentheses and stars indicate significance levels: * p < 0.10, **p < 0.05, *** p < 0.01. The
before last row shows the Stock-Yogo weak ID statistics while the associated threshold for the 25% mazimal
1V size is estimated at 11.07. The last row reports the p-value of the Hansen J overidentification test where
the null hypothesis is that the instruments are valid.
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TABLE 16: Convenience yield spillovers from German supply shocks using the RS estimator: 37
alternative implementation with different instruments

(1) (2) (3) (4) (5) (6) (7) (8)
ACYFR ACYNL ACYF[ ACYAT ACYBE ACY]T ACYES ACYPT
ACYpg 1.178 2.699 1.169** 0.863 0.716 0.551 -0.090 0.669

(0.729)  (1.812)  (0.471) (0.530)  (0.908) (1.018) (1.199)  (1.280)

Constant ~ -0.005  -0.007  -0.002  -0.003  -0.003 -0.010  0.000  -0.012
(0.003)  (0.008)  (0.003) (0.003) (0.005) (0.006) (0.007)  (0.010)

N 88 88 88 88 88 88 88 88

Weak IV 6319 6319 6319 6319 6319 6319 6319  6.319

Notes: This table reports coefficient estimates of equation ACY cceiving = @ + BACYGermany + € using the
RS estimator described in Section 4.4. This table is similar to Table 6, except that results are obtained with
different instruments. For every column, we use the instrument variable constructed only with German yield
variations (based on the change in the first column of variance-covariance matriz of origin and receiving
country yields). Again, we use the two-step GMM estimator. FEach column corresponds to a different
receiving country. Robust standard errors are reported in parentheses and stars indicate significance levels:
*p < 0.10, **p < 0.05, *** p < 0.01. The last row shows the Stock-Yogo weak ID statistics while the
associated threshold for the 25% maximal IV size is estimated at 5.53.

TABLE 17: Convenience yield spillovers from French supply shocks using the RS estimator: 1%
alternative implementation on a restricted sample

(1) (2) (3) (4) (5) (6) (7) (8)
ACYpp ACYyp ACYr; ACYar ACYpgp ACY;r ACYps ACYpr
ACYpr  1125%%  0.917*  0.886* 0.965** 0.998"* -0.408 0481  0.877

(0.310)  (0.406)  (0.292)  (0.231)  (0.293)  (0.559)  (0.428)  (1.036)

Constant ~ 0.001  0.002  -0.000  -0.001  -0.001  0.001  0.005  0.005
(0.002)  (0.001)  (0.002)  (0.002)  (0.002) (0.007) (0.005)  (0.008)
N 40 40 40 40 40 40 40 40
Weak IV 5204 4953 5567 5121 5991 5325 5223  6.286
Overid. 0193 0391 0339 0359 0989 0712 0950  0.363

Notes: This table reports coefficient estimates of equation ACYreceiving = & + BACYprance + € using the
RS estimator described in Section 4.4. This table is similar to Table 7, except that results are obtained
on a smaller sample that additionally excludes observations with potential outliers for yield variations in
the receiving countries. For every column, we use the two instrument variables based on the change in the
variance-covariance matrix of the origin and receiving country yields. Again, we use the two-step GMM
estimator. Each column corresponds to a different receiving country. Robust standard errors are reported in
parentheses and stars indicate significance levels: * p < 0.10, ** p < 0.05, *** p < 0.01. The before last
row shows the Stock-Yogo weak ID statistics while the associated threshold for the 25% maximal IV size is

estimated at 7.25. The last row reports the p-value of the Hansen J overidentification test where the null
hypothesis is that the instruments are valid.
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TABLE 18: Convenience yield spillovers from French supply shocks using the RS estimator: 27¢
alternative implementation with different instruments

(1) (2) (3) (4) (5) (6) (7) (8)
ACYDE ACYNL ACYF[ ACYAT ACYBE ACY[T ACYES ACYPT
ACYpr  0.709% 05217 0.904™* 05827 0716 -0270 0456  1.771
(0.203)  (0.200)  (0.232)  (0.202)  (0.173)  (0.341) (0.325)  (2.190)

Constant ~ 0.001  0.002  -0.004*  0.000  -0.001  0.002  0.002  0.000
(0.002)  (0.001)  (0.002)  (0.002)  (0.002) (0.005) (0.004)  (0.015)

N 44 44 44 44 44 44 44 44
Weak IV 1.868 1.868 1.868 1.868 1.868 1.868 1.868 1.868
Overid. 0.705 0.526 0.368 0.212 0.560 0.177 0.366 0.732

Notes: This table reports coefficient estimates of equation ACYreceiving = & + BACYprance + € using the
RS estimator described in Section 4.4. This table is similar to Table 7, except that results are obtained
with different instruments. For every column, we use the instrument variables based on the change in the
variance-covariance matrix of the origin country and the 8 receiving country yields. Again, we use the
two-step GMM estimator. Each column corresponds to a different receiving country. Robust standard errors
are reported in parentheses and stars indicate significance levels: * p < 0.10, **p < 0.05, *** p < 0.01. The
before last row shows the Stock-Yogo weak ID statistics while the associated threshold for the 25% mazimal
IV size is estimated at 11.7. The last row reports the p-value of the Hansen J overidentification test where
the null hypothesis is that the instruments are valid.

TABLE 19: Convenience yield spillovers from French supply shocks using the RS estimator: 37
alternative implementation with different instruments

(1) (2) (3) (4) (5) (6) (7) (8)
ACYDE ACYNL ACYF[ ACYAT ACYBE ACY[T ACYES ACYPT
ACYrr 0940  0.962°  0.638 08277 1.032 -0.201  0.751  -2.809
(0.373)  (0.516)  (0.471)  (0.294)  (0.433)  (0.539) (0.642)  (5.402)

Constant ~ 0.002  0.003  -0.002  -0.001  -0.002  0.003  0.003  0.008
(0.003)  (0.002) (0.003) (0.002)  (0.003) (0.007) (0.005)  (0.023)

N A4 44 44 44 44 44 44 14

Weak IV 8.044  8.044 8044 8044  8.044  8.044  8.044  8.044

Notes: This table reports coefficient estimates of equation ACYreceiving = & + BACYprance + € using the
RS estimator described in Section 4.4. This table is similar to Table 7, except that results are obtained with
different instruments. For every column, we use the instrument variable constructed only with French yield
variations (i.e. based on the change in the first column of variance-covariance matriz of origin and receiving
country yields). Again, we use the two-step GMM estimator. FEach column corresponds to a different
receiving country. Robust standard errors are reported in parentheses and stars indicate significance levels:
*p < 0.10, **p < 0.05, *** p < 0.01. The last row shows the Stock-Yogo weak ID statistics while the
associated threshold for the 25% maximal IV size is estimated at 5.53.
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TABLE 20: Convenience yield spillovers from French supply shocks using the RS estimator: 4"
alternative implementation using 5-year yields

(1) (2) (3) (4) (5) (6) (7) (8)
ACYDE ACYNL ACYF[ ACYAT ACYBE ACY[T ACYES ACYPT
ACYpr L4157 1280 0.985* 1.182" 1.007** -1473  1.130  -0.212
(0.321)  (0.264)  (0.191)  (0.202)  (0.203)  (2.753) (0.689)  (1.190)

Constant  -0.001  -0.000  0.000  -0.001  -0.004* 0.012  0.000  -0.004
(0.002)  (0.002)  (0.002) (0.002) (0.002) (0.011) (0.003)  (0.007)
N 44 44 44 44 44 44 44 44
Weak IV 6474  3.714 6209  7.035 4499 3255  3.342  3.300
Overid. 0957 0568 0230  0.098  0.866  0.150 0976  0.278

Notes: This table reports coefficient estimates of equation ACYsy receiving = & + BACYs5y France + € using
the RS estimator described in Section 4.4. This table is similar to Table 7, except that we use 5-year
instead of 10-year yields. For every column, we use the two instrument variables based on the change in
the variance-covariance matrix of the origin and receiving country yields. Again, we use the two-step GMM
estimator. Each column corresponds to a different receiving country. Robust standard errors are reported in
parentheses and stars indicate significance levels: * p < 0.10, ** p < 0.05, *** p < 0.01. The before last
row shows the Stock-Yogo weak ID statistics while the associated threshold for the 25% mazimal IV size is
estimated at 7.25. The last row reports the p-value of the Hansen J overidentification test where the null
hypothesis is that the instruments are valid.
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B.2 TItalian Debt Supply Shocks

The Dipartimento del Tesoro (henceforth, the Italian Treasury), which is part of the Ministry
of Economy and Finance, issues government bonds and manages the liabilities of the central
state administrations with a dedicated directorate general. The Italian Treasury employs a
different policy for announcements of future bond issuances compared to both Germany and

France.

Press releases are published at the end of each quarter and provide a broad view of the
government’s plan over the following three months. The Treasury provides information
about new issues and re-openings of previously issued bonds. The information is more limited
compared to the German and French announcements. In fact, the quarterly releases contain
information only for bonds with maturities ranging from 2 to 10 years and the Treasury does
not disclose the actual notional amount of each bond issue. In the releases, only the minimum
amounts that will be offered before issuing another bond with a similar maturity are disclosed.
In addition, the Italian Treasury does not provide forward guidance for auctions of short-
term bonds (i.e. for maturities less than 1 year), bonds with maturities over 10 years, and
off-the-run bonds. Hence, while investors have full information on scheduled German bond

auctions, they have more limited information on scheduled Italian bond auctions.

While these factors preclude high-frequency identification, the institutional setting still allows
us to follow the same approach used for France and apply it to estimate spillovers originating
from Italy. Hence, by knowing the dates of the announcements, we can possibly employ the

RS estimator.

As discussed in more detail in Subsection 4.5 for Germany and France, we check the condi-
tions that support the use of the RS estimator. Table 21 presents key descriptive statistics
on changes in convenience yields for the set of DMO’s announcement dates and the set of the
preceding dates for Italy. Unlike the cases of Germany and France, the differences between
the two groups of dates following Italian announcement dates are almost systematically in-
significant. The right panel also shows that co-movements of changes in convenience yields
across countries tend to be similar whether it is on announcement dates or on the preceding
day. This stock of evidence suggests that Italian DMO’s announcements do not generate

shocks that move the convenience yields more than in normal days.

Despite these limitations, we applied the RS estimator, obtaining largely imprecise and

statistically insignificant estimates (Table 22). These findings underscore the need for alter-
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native methodologies when dealing with markets characterized by limited transparency and

after-hours announcements. This constitutes a highly interesting avenue for future research.

TABLE 21: Variances and correlations on announcement (7°) and non-announcement (7' — 1) dates

Price change, std. dev. by dates Corr. with source shock by dates

(1) (2) (3) (4) (5) (6) (7)
sdp—1  sdr sdp—y=sdr  Pr-1 Pr-1=0 Ppr Pr=0

p-value p-value p-value
Italy
ACYr 0.082  0.077 0.635 1.000 : 1.000 )
ACYNp 0.031  0.039 0.116 0.293 0.000 0.319  0.054
ACYrgy 0.027  0.036 0.054 0.040 0.536 0.000  0.998
ACYrR 0.025  0.026 0.642 0.096 0.206 0.089  0.439
ACY 7 0.033  0.042 0.072 0.184 0.016 0.302  0.177
ACYgE 0.049  0.035 0.015 0.390 0.002 0.308  0.018
ACYpEg 0.022  0.026 0.244 0.070 0.155 0.082  0.435
ACYEgs 0.081  0.036 0.000 0.784 0.000 0.146  0.142
ACYpr 0.119  0.102 0.269 0.781 0.006 0.835 0.028
Observations 53.000 53.000 : 0.000 : 0.000

Notes: The panel focuses on spillovers from Italy following issuance plan announcements by the Italian
Treasury. The first and second columns report the standard deviations of daily changes in 10-year conve-
nience yields at announcement dates (column 2) and on the days before announcement dates (column 1).
Column (3) reports the upper one-sided p-value of the test on the equality of standard deviations. Columns
(4) and (6) report the coefficient estimate of equation ACY;cceiving = @ + BACY 141y + € respectively on
announcement dates (T) and the preceding business day (T' — 1) where the receiving country is indicated
by the row title. Columns (5) and (7) report the p-value of a significance test with robust standard errors.
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TABLE 22: Convenience yield spillovers from Italian supply shocks using the RS estimator

(1) (2) (3) (4) (5) (6) (7) (8)
ACYpr ACYyny, ACYp; ACYar ACYgp ACYpp ACYgs ACYpr
ACY;p 0761 -0407  0.098 0567 1546  -0.210 1.130"* -3.303
(2.096)  (2.102) (0.897) (0.964) (2.266)  (0.748)  (0.226)  (5.322)

Constant ~ 0.006  -0.009  0.001  0.002 0021  -0.002  0.004  -0.053
(0.033)  (0.033) (0.014) (0.016) (0.035) (0.012)  (0.006)  (0.083)

N 106 106 106 106 106 105 105 105
Weak IV 0.342 0.396 0.266 1.298 0.772 0.285 18.656 0.294
Overid. 0.308 0.440 0.711 0.455 0.856 0.460 0.136 0.736

Notes: This table reports coefficient estimates of equation ACY,cceiving = o + BACY a1y + € using the RS
estimator described in Section 4.4. Each column corresponds to a different receiving country. For every
column, we use the two-step GMM estimator and the two instrument variables based on the change in the
variance-covariance matriz of the origin and receiving country yields. Robust standard errors are reported
in parentheses and stars indicate significance levels: * p < 0.10, ** p < 0.05, *** p < 0.01. The before last
row shows the Stock-Yogo weak ID statistics while the associated threshold for the 25% maximal IV size is

estimated at 7.25. The last row reports the p-value of the Hansen J overidentification test where the null
hypothesis is that the instruments are valid.
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