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Abstract

Essays in European Integration

Giovanni Bonfanti

This dissertation examines the complexities of European fiscal and financial integration in a

setting of imperfect markets and fragmented politics. The issuance of common debt as a joint lia-

bility of the members of the European Union (EU) is studied under both a positive and normative

perspective. The dissertation analyzes the constraints holding back the process of integration due

to frictions in financial markets and emphasizes the need for coordination across different agents.

It describes the large and underappreciated role of varying expectations about support from the

central bank in magnifying the existing market segmentation. It tackles the issue of welfare impli-

cations for heterogeneous countries and describes a path toward mutually beneficial fiscal reform.

In the first chapter, joint with Juri Marcucci, we study bonds issued by the EU as joint liabilities

and show that they pay higher interest rates than comparably safe sovereign issuers. The spread

reflects their greater sensitivity to adverse market shocks, which is particularly pronounced during

periods of monetary tightening. Using novel data, we document that EU bonds have a small

investor base because they are excluded from major fixed-income indices due to their lack of

formal sovereign status. This exclusion lowers expected prices during crises, making EU bonds

unattractive to investors with liquidity needs, such as mutual funds and foreign central banks.

Banks and insurance corporations in core countries replace expensive safe government bonds with

cheap but illiquid EU bonds. A demand-based asset pricing framework suggests that the spread

would be negligible if the EU were recognized as a fully sovereign issuer, and this would not come



at a high cost for existing safe asset issuers due to strong foreign demand.

In the second chapter, I study the effect of time-varying expectations about the willingness of

the central bank to intervene in distressed markets on relative asset prices. I document that market

perceptions about asset purchases drive large variations in the spread between securities with the

same fundamentals but different liquidity properties due to market segmentation. In particular,

issuers with a lower pool of potential investors see their borrowing costs spike when the central

bank is perceived as unwilling to provide market support due to high inflation. This mechanism is

shown in the context of the mandate of the European Central Bank (ECB), which is bound to act

symmetrically across issuers, regardless of their exposure to external shocks. EU bonds are thus

particularly exposed to depreciation during periods of high inflation due to their stronger reliance

on the ECB for liquidity provision during crises.

In the third chapter, I challenge the conventional wisdom of fiscal integration in a currency

union as a transfer from fiscally strong to fiscally weak member states. I show that this trade-

off changes when combining common debt issuance with partial common taxation that members

cannot default on. I characterise a fiscal threshold for the taxation parameter above which fiscal

integration eliminates the incentive for the risky country to default, and I derive analytical welfare

decompositions for each country. The risky country gains through the unrestricted upfront transfer

and an equilibrium commitment channel that improves its private-market borrowing cost; the safe

country gains through reduced spillovers from default. They both benefit from an implicit risk-

sharing instrument and a calibration suggests that a Pareto improvement can be achieved with

a very modest amount of common taxation. Extensions to a convenience yield on the common

bond, common public goods, and reversals in the status of countries enlarge the region of Pareto

improvements.
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Chapter 1: A European Safe Asset? Not Without the Investors1

1.1 Introduction

The European Union (EU) has been issuing debt jointly guaranteed by its member countries

for several decades. Through various institutions and legal frameworks, more than e1.6 trillion

of AAA-rated bonds have been issued as of 2025. Although this figure represents only 10% of

European GDP, it is comparable in size to the sovereign debt of major member states such as

Germany and France. The issuance of these bonds surged in response to the COVID-19 crisis, and

recent political momentum has reinvigorated efforts to develop a safe asset for the entire Union,

aimed at financing common priorities.

Despite such ambitious plans, EU bonds trade at significant spreads relative to comparable

sovereign issuers, around 50 basis points, with little evidence of compression even as their out-

standing volume has doubled. Their prices are more sensitive to bad news and react more strongly

to shifts in monetary policy expectations. These characteristics indicate that EU bonds do not

function as a safe asset, yet explanations from the literature, such as perceived credit risk, are

inconsistent with the empirical evidence.

We show that EU bonds pay a large premium not because of their economic fundamentals,

but because of their legal status. They are excluded from sovereign bond indices because they are

“supranationals”: securities backed by tax revenues but not legally issued by a government. Con-

sequently, many institutional investors cannot participate in this market because their investment

universes are defined by index inclusion. This exclusion matters because it shrinks the investor

base, and a smaller base means prices fall more during crises, which makes the bonds unattractive

to investors who might need to liquidate assets.

1This chapter is co-authored with Juri Marcucci at the Bank of Italy.
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We begin by ruling out other explanations and use credit default swaps to show that the spread

is up to 10 times larger than default risk alone could justify. Crucially, this finding extends to all

supranationals, regardless of their activity or credit backing. Even bonds issued by KfW, a policy

bank fully controlled and solely guaranteed by Germany, trade at the same spread both in levels

and changes. The spread cannot be accounted for by issuer size, secondary market liquidity, or

preferential regulatory treatment for government bonds.

In line with a classical approach to asset pricing, we document that the unconditional spread

on EU bonds reflects their inferior stochastic properties, with prices falling more during periods of

market stress. The higher sensitivity to adverse shocks does not reflect expectations of worsening

fundamentals, as is the case for risky governments like Spain and Italy, since it is common to all

supranationals. Instead, a higher probability of a crisis has a larger impact on EU bonds because

they are expected to fall by more in price during a period of severe market disruption due to their

smaller investor base.

To explain why supranational bonds have worse stochastic properties, we construct a novel

measure that quantifies the size of the potential investor base for different issuers. We find that

bonds issued by the EU and other supranationals have a benchmarked investor base only about

20% as large as that of comparable sovereign bonds, a dramatic difference that cannot be explained

by characteristics such as credit quality, maturity, or issue size.

Our measure is constructed by collecting the weights assigned to thousands of individual bonds

across a wide range of European fixed-income indices and combining these with data on the total

assets under management (AUM) that track each index from mutual funds and ETFs. For each

bond, we calculate the fraction of its outstanding amount that would be held by benchmarked

investors if they replicated their indices exactly. This measure accounts for both active and passive

investors, following a large literature showing that even active funds tend to minimize deviations

from their benchmarks. Using the terminology in the index-inclusion literature, we refer to this

measure as inelastic demand, and show that securities with smaller investor bases face significantly

higher borrowing costs.

2



In Section 1.3, we confirm the link between low inelastic demand and worse conditional proper-

ties that drive relative pricing by comparing the actual investor base of supranational and sovereign

bonds. In particular, we show that it is investors with a potential need for cash that avoid buying

EU bonds even if they are in their investment universe. We present evidence of investor sorting

across bonds that are equally safe but have different stochastic properties both within and across

classes of financial intermediaries. Within mutual funds and ETFs, we measure the flightiness of

the investor base during Covid for different funds, and show that it is only those that expect to

suffer large outflows during a crisis that pay a large premium to hold sovereigns relative to equally

safe supranationals.

We also use confidential holdings data to establish that insurance companies and commercial

banks almost entirely avoid government debt and are instead enthusiastic buyers of EU bonds,

which offer AAA safety at a sizeable discount. They are the natural buyers for this type of debt

since the long-dated or stable nature of their liabilities means they do not need to liquidate assets

and realize losses during crisis episodes. By contrast, mutual funds and foreign investors pay a

large premium to hold government debt since they have a higher willingness to pay for safe assets

that do not depreciate in bad times. Mutual funds, with their short-dated liabilities, experience

large outflows during periods of market disruption; as a result, they need to hold assets they can

liquidate at a high price. Foreign holdings are dominated by central banks, which use European

bonds as hard-currency reserves to draw on in times of need.

Banks and insurance companies thus naturally take advantage of this pricing differential, but

cannot eliminate it. Foreign investors and mutual funds, who together hold nearly 80% of all AAA-

rated European bonds, are simply too large relative to domestic intermediaries. The spread persists

because the marginal investors are those with the greatest liquidity needs. In equilibrium, slow-

moving institutions such as banks and insurers act as stabilizing arbitrageurs, while flight-prone

mutual funds and foreign investors pay a stiff price to hold assets that retain value during episodes

of market stress.

Among banks and insurers, it is the intermediaries located in core countries who take advantage

3



of this trade, selling their expensive government bonds while holding cheap EU bonds. German

and Dutch banks stand out in particular, with the former holding their own sovereign bonds less

than 20% as compared to the market portfolio, while buying EU bonds more than 3 times as much.

The spread is not large enough for intermediaries in Spain and Italy, who continue to hold their

sovereign bonds because they offer a higher yield.

We thus provide an explanation for the failure of EU bonds as safe assets that disproves claims

that financial markets require an “EU premium" arising from the political fragmentation of its

institutions. We also rationalize the failure of policies aimed at reducing the spread paid by EU

bonds because they did not address the issue of inelastic demand. Instead, we show that the legal

status of the issuing entities is ill-suited for the market coordination on proper sovereign issuers

and that monetary tightening widens the gap.

Finally, in Section 1.4 we estimate a demand-based asset pricing framework to understand

which policies have the potential to reduce the spread paid by EU bonds. We show that incremental

increases in outstanding quantities, potentially replacing part of each country’s national debt, yield

only modest gains in terms of reduced interest cost for EU bonds. Instead, the recognition of the

European Commission as a fully sovereign entity, holding constant default risk and market size,

would substantially reduce its borrowing costs. This ability to issue safe assets would come at the

cost of only slightly higher yields for national governments, thanks to large additional demand by

foreign investors in need of a store of value.

Our findings have substantial implications for the understanding of the ultimate source of the

specialness of government debt and for the international role of the euro. We describe a setting

where a large stock of debt issued by a safe institution cannot compete with government debt, even

with full regulatory support. Instead, the recognition of an asset as a store of value accessible to

a large investor base is the key source of convenience yields. Because reserve currency status re-

quires assets that can attract broad demand, our findings suggest that the euro has limited prospects

for challenging the dominance of the dollar.

Related literature. This paper first relates to the literature on European fiscal integration,

4



where countries of differing credit quality consider joint debt issuance. Among the most influ-

ential contributions, Brunnermeier et al. (2017) analyze the institutional design of European Safe

Bonds (ESBies), proposing a tranching mechanism to create AAA-rated securities from a diversi-

fied portfolio of sovereign debt. Similar proposals (e.g. Favero and Missale (2012), Beetsma and

Mavromatis (2014)) have explored alternative structures for common issuance. While these de-

signs have received considerable policy attention, they were never implemented, and our findings

suggest that they would have failed to create a safe asset because financial markets would not have

treated such instruments as sovereign debt.

The paper also contributes to the literature on the determinants of safe-asset status. Following

Brunnermeier et al. (2024), a truly safe asset must be not only free of default risk but also highly

liquid during periods of stress, thereby earning a convenience yield. Geromichalos et al. (2023)

show that the link between safety and liquidity is strong but not universal and this paper provides

a salient example: despite their AAA rating, EU bonds are not treated as liquid stores of value.

We thus speak to the ultimate source of the convenience yield on government debt as measured by

Krishnamurthy and Vissing-Jorgensen (2012) and Du et al. (2018a) for the US and by Jiang et al.

(2026) for euro-area sovereigns, and connect more broadly to Habib et al. (2020), who systemati-

cally identify the fundamentals underlying safe-asset status at a cross-country level. In particular,

we show that institutional design can impede market coordination on a given issuer as a provider

of safe assets, a mechanism modeled theoretically by He et al. (2019), and consistent with Beber

et al. (2009), who find that investors in the euro area value liquidity properties associated with

market size more than default risk.

A third strand concerns the index inclusion effect, originally identified by Harris and Gurel

(1986) and Shleifer (1986), who show that the inclusion of a stock in an index induces abnormal

returns because of the inelastic demand of benchmarked investors. The broader framework for

thinking about inelastic demand as a first-order equilibrium property of asset prices is provided

by Gabaix and Koijen (2021), whose inelastic-markets hypothesis generalizes these early findings

beyond equity index inclusion. Our work differs from this literature in two key respects. First,
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we focus on fixed-income markets, where the importance of the index inclusion effect has only

recently been discussed (see e.g. Calomiris et al. (2022), Dathan and Davydenko (2026) for corpo-

rates and Pandolfi and Williams (2019) for sovereigns). Second, whereas most studies employ an

event-study approach for temporary price impacts, we identify a persistent consequence of index

exclusion that is never arbitraged away. We build on Pavlova and Sikorskaya (2023) by comput-

ing a measure of benchmarking intensity and examining its implications for asset pricing and the

investor composition.

A fourth, more recent strand of the literature studies how investor clienteles shape the pric-

ing of safe assets, and it is largely euro-area focused and based on granular holdings data. Using

the same data as this paper, Breckenfelder et al. (2024) show that supranational bonds issued by

the European Commission are primarily held by mutual funds and banks and are not viewed as

substitutes for national sovereign debt, reflecting strong home bias and segmentation across asset

classes. In parallel, Holm-Hadulla et al. (2024) decompose sovereign yields into liquidity, collat-

eral, and regulatory components, showing that these convenience services account for a substantial

share of governments’ borrowing advantage. Our findings bridge these perspectives by showing

that EU bonds fail to command similar premia not because of inferior fundamentals, but because

institutional design limits their ability to deliver these services to key investor groups.

The rest of the paper is structured as follows. Section 1.2 shows that EU bonds pay a spread

due to their exclusion from indices. Section 1.3 describes their investor base. Section 1.4 estimates

a demand-based asset pricing framework for policy counterfactuals. Section 1.5 concludes.

1.2 EU bonds failed because they are not sovereign debt

Common EU debt has not lived up to expectations of providing a new safe asset. EU bonds

consistently trade at a large premium relative to sovereign bonds, a difference that cannot be ex-

plained by default risk, market size, or regulatory treatment. They also lack the key property of safe

assets, high prices in bad times, and therefore must offer higher yields than equally safe sovereign

issuers. We argue that investors demand this premium because EU bonds are not sovereign debt:
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the EU is not a government, and its securities are excluded from the sovereign bond indices that

underpin inelastic demand in fixed-income markets.

1.2.1 Not issuing as a formal government has a large cost

We show that the European Union and other supranational institutions pay a large premium

relative to equally safe and large governments due to their legal status, which does not qualify

them as formal sovereigns. In particular, we show that the spread paid by EU bonds is exactly

the same as that of a very heterogeneous group of issuers and that factors such as default risk and

market size do not seem to have any effect on their cost of borrowing.

We document the large spread that AAA-rated EU bonds pay relative to AAA-rated govern-

ments as an empirical puzzle. Figure 1.1 shows the 5-year yield spread with AAA-rated German

government bonds for selected issuers to show that the EU pays a very large premium relative to

Germany (in the range of 20 to 80 basis points) and also relative to another smaller AAA-rated

sovereign issuer such as the Netherlands. The EU spread at times exceeded the spread paid by

Spain, a country with a significantly lower rating and that was part of a bailout program in the

early 2010s.

We rule out that the spread is explained by credit risk considerations by employing a market-

based measure of default risk: credit default swaps (CDS). These are financial contracts in which

the seller insures the buyer against the default of a specific issuer over a period of time. We compute

the so-called bond basis, following Bai and Collin-Dufresne (2019), for an issuer i as the difference

between the 5-year spread (shown in Figure 1.1) and the 5-year CDS premium differential, or

bbit =
(
yit − yGermany

t

)
−
(
CDSi

t − CDSGermany
t

)
, (1.1)

where yit is the yield for issuer i at time t and CDSi
t is the corresponding CDS premium. Figure

.1.1 in the Appendix shows that the bond basis is positive and large - up to 70 basis points - for EU

bonds, meaning that the required compensation for credit risk is much smaller than the observed
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Figure 1.1: 5-year yield spread with German government bonds
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The figure shows the difference between the 5-year point of the yield curve for a given issuer and the 5-year point of the yield curve for Germany,
computed for Spain (in red), the European Union (in black), and the Netherlands (in blue). The yield for the European Union is computed as the
average yield for the 4 EU institutions listed in Table 1.1. The vertical line marks the start of turmoil in financial markets due to the Covid epidemic
(9 March 2020), while the shaded gray area is the period during which the ECB raised interest rates (from 27 July 2022 to 20 September 2023).
Data comes from Bloomberg.

spread over German bonds.2

We then use a heterogeneous group of supranational institutions to further show that the spread

paid by EU bonds is not due to commonly cited factors such as market size or regulatory treatment.

The context is the sovereign debt market in euros, where all issuers are comparably large but belong

to two groups according to their legal status and hence the size of potential investors: they are either

national governments or supranational institutions. For both groups, we focus on the issuance in

euros and ignore the smaller amounts issued in dollars or other currencies.

For national governments, we consider the central administrations of the five largest economies

of the euro area since this grouping exhibits heterogeneity in both market size and credit risk. Table

1.1 reports the credit rating and outstanding debt in euros at the end of 2024, and both dimensions

of heterogeneity are apparent. First, the credit rating ranges from the very safest (Germany and the

Netherlands) to a merely safe BBB (Italy). Secondly, the size of markets varies to a large extent,

2The CDS premium on AAA-rated issuers of medium size is the price of an illiquid contract that is traded by a
small subset of financial intermediaries and it likely includes some amount of counterparty risk and market power. As
a result, IHS Markit only reports prices for the EIB (with several days without data), KfW (starting in 2021), and the
European Commission (starting in 2025).
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with the outstanding debt for France being about double the Spanish debt, which in turn is about 3

times as large as the Dutch debt.

For supranationals, we consider 5 entities with very different roles and the legal status as the

only common characteristic. Four are institutions linked to the European Union and the fifth is a

German policy bank and they are all AAA-rated entities with established debt markets. Table 1.1

lists their names and outstanding debt but we show below that this heterogeneity is irrelevant for

market pricing and that they all pay the same interest rates. The only significant difference with

national governments is that the securities issued by these institutions are not formally classified

as sovereign debt.

Table 1.1: Selected national governments and supranational institutions issuing debt in euros

The table shows characteristics of the central governments for the five largest countries in the euro area by GDP and the five largest supranational
issuers in euros, whose role and legal status are described in the body of the text. For each issuer, the table reports the corresponding default rating
(median across rating agencies) and the total amount of tradable debt in euros outstanding as of December 31, 2024. We define the category of “EU
bonds" as the combined issuance of the 4 institutions linked to the European Union.

Issuer (national governments) Rating Debt (EUR Bn)
Germany AAA 2,300
Netherlands AAA 500
France A 2,900
Spain A 1,500
Italy BBB 2,700
Issuer (supranational institutions) Rating Debt (EUR Bn)
European Commission (EC) AAA 900
European Investment Bank (EIB) AAA 400
European Financial Stability Facility (EFSF) AAA 200
European Stability Mechanism (ESM) AAA 100
Total “EU bonds" (EC, EIB, EFSF, and ESM) AAA 1,600
Kreditanstalt für Wiederaufbau (KfW) AAA 500

The 4 institutions linked to the European Union are tasked with very different roles but have

always been AAA-rated3 thanks to the understanding that their bonds are a joint and several liabil-

ity of the member countries.4 The European Investment Bank (EIB) is a multilateral development

3In some periods, issuers other than the EIB have had an AA rating assigned by some of the agencies.
4The legal status of these liabilities is the result of political negotiations at different points in time, giving rise to a

variety of ad-hoc arrangements of unclear classification, see Estrella Blaya (2022). However, the evidence presented
in this Section shows that the exact legal status of the securities is not a pricing factor.

9



bank established in 1959 and with operations in a wide range of countries. The European Financial

Stability Facility (EFSF) and the European Stability Mechanism (ESM) provided concessionary

loans to governments during the Euro crisis of the early 2010s. The European Commission (EC)

is the political body at the head of the Union and whose funding comes from a multiannual budget

financed by the member countries; Figure 1.2 shows how the EC rapidly increased its share of

debt after a big recovery package was agreed during Covid and now accounts for the bulk of the

outstanding amounts.

The last supranational borrower is a German policy bank whose credit standing is fully backed

by the German government and whose securities can thus be regarded as having the exact same

credit risk as those of the national government. The full name is Kreditanstalt für Wiederaufbau

(KfW) and while being formally a private entity, the institution operates within a political mandate

and the federal government has an explicit and binding legal obligation to guarantee all its liabili-

ties. A long literature in finance has thus treated securities issued by KfW as having the same credit

risk as German government bonds, and interpreted the higher yield of its securities as a measure

of “illiquidity”.5

Figure 1.2: Outstanding EU bonds denominated in euros by issuing institution
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The figure shows total outstanding tradable debt in euros issued by the 4 supranational institutions of the European Union, whose legal status is
described in the body of the text. In the rest of the paper we refer to the total amount of bonds issued by the four institutions as “EU bonds". Data
comes from the ECB’s Centralised Securities Database (CSDB) and is shown at a monthly frequency.

5See, among others, Du and Schreger (2016), Du et al. (2018b), Schwarz (2019), Du et al. (2023).
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We now document that the different legal status of supranational institutions translates into

significantly higher borrowing costs for reasons unrelated to default risk. Figure 1.3 plots the yield

to maturity of the 5 supranational institutions together with Germany, where all issuers are large,

AAA-rated, and have preferential treatment in regulatory terms. In particular, the left panel shows

how all supranationals pay a very similar interest rate for all the maturities shown6, regardless of the

nature of their activity or their ultimate financial backing. Most importantly, all these institutions

must pay a very large premium relative to bonds issued by the German central government. The

right panel shows that this phenomenon is not specific to the period in question, with the 5-year

yields of the institutions moving in tandem for the past decade and maintaining a large gap to the

rate paid by Germany.

Figure 1.3: Yield to maturity in secondary market for selected AAA-rated issuers
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The figure shows yield to maturity data in the secondary market for selected AAA-rated issuers in Europe. The left panel shows the average yield
curve for each issuer over the 2024 calendar year for maturities from 1 to 15 years. The right panel shows the evolution of the 5-year spread to
Germany for each issuer from 2015 to the end of December 2025, computed as the 17-day centered moving average. Data comes from yield curves
as computed by Bloomberg.

The spread of supranationals relative to Germany cannot be explained by different default risk

6Figure .1.2 shows that rates seem to diverge for very long maturities like 20 and 30 years, where our mechanism
might apply to a smaller extent and other pricing factors might be more important. Since the vast majority of debt is
within the 1-15 maturity we leave this issue aside.

11



because KfW has long been considered as safe as Germany in the literature and yet its borrowing

costs are exactly the same as all EU institutions. This also rules out related explanations such as

redenomination risk (since KfW bonds would be redenominated in the same currency as German

bonds) or the complexity of enforcing the claim on the many different governments backing EU

bonds (only the German government guarantees KfW).

We can also rule out other explanations that have been shown to drive relative pricing in other

settings such as market size or liquidity. As regards the former, the Netherlands is an issuer whose

market size is comparable to that of the EU institutions and yet pays a much lower premium (see

Figure .1.2) since it is a national government issuing sovereign debt. For liquidity, Figure .1.3 in the

Appendix shows that bid-ask spreads of EU bonds are comparable to those of the Netherlands and

at least one order of magnitude smaller than interest rate differentials; if anything, supranationals

pay the same interest rates on securities with very different bid-ask spreads. The rate paid by EU

bonds is also not an average of the yield of member countries computed using some weighting

scheme such as GDP or the share of contributions to the EU budget: Figure .1.4 shows that such

averages fail to match both the cross-section and the time series of the yield paid by EU bonds.

A final set of explanations related to the regulatory treatment of different issuers can also be

rejected, as supranational bonds receive the same regulatory treatment as sovereign bonds.7 For

example, commercial banks and insurers use a 0% weight for credit risk purposes for both cate-

gories and the ECB conducts open market operations by allocating a share of purchases towards

EU bonds that is broadly equivalent to their share of the outstanding.

The next Section shows that the unconditional spread paid by supranationals is due to their

higher sensitivity to bad news and in this sense their lower price is consistent with their stochastic

properties. Since we established that all institutions related to the EU are treated as identical by

market participants, in the following we consider all their bonds jointly and refer to the combined

outstanding as debt of the “European Union". Daily yields are a simple average of the very similar

rates paid by the different institutions, and all the results shown for the aggregate also apply to the

7Section 1.4.2 discusses attempts to reduce the spread by improving the regulatory status of EU bonds.
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issuers when considered individually as well as for KfW.

1.2.2 EU bonds spread is due to higher sensitivity to bad news

The price of EU bonds reacts adversely to bad news compared to equally safe bonds issued

by national governments and this explains the spread. Figure .1.6 shows examples of EU bonds

depreciating relative to German bonds over periods of heightened uncertainty like the start of Covid

or political upheaval in France. To show this formally, we define the realized excess holding-period

return for an n-year bond issued by i relative to Germany as

rxin,t = nsin,t−∆t − (n−∆t)sin−∆t,t, (1.2)

where sin,t−∆t is the spread of a n-year bond issued by i relative to Germany at time t−∆t. Since

Germany pays the lowest interest rate among European governments (see e.g. Figure 1.1), rxin,t

is on average positive for any other issuer i, but it turns negative when bonds issued by Germany

appreciate relative to bonds issued by i.

Table 1.2: Estimated sensitivity to VIX for major issuers in the euro area

The table shows estimation results for Equation 1.3, where we regress the realized excess return relative to Germany for each issuer on the con-
temporaneous log change in VIX. We use monthly data for the period 2019m1-2025m12 for a total of 80 observations for each issuer. We use
Newey-West standard errors with 24 lags and 90% confidence intervals. Yield data comes from Bloomberg and EURO STOXX 50 Volatility
(VSTOXX) data from STOXX. Significance stars are as follows: * p<.05, ** p<.01, *** p<.001.

Netherlands France EU Spain Italy
∆ lnV IXt -0.15∗∗∗ -0.33∗∗∗ -0.41∗∗∗ -0.70∗∗∗ -0.92∗∗∗

[-.23,-.08] [-.47,-.18] [-.59,-.23] [-.80,-.60] [-1.48,-.35]

Constant 0.01 0.02 0.05∗ 0.09∗∗∗ 0.20∗∗

[-.01,.03] [-.00,.05] [.00,.09] [.04,.13] [.07,.34]

We compute a measure of the covariance between risk-off movements and the widening in

spreads in line with the literature (e.g. Du and Schreger (2016)) by running a contemporaneous

regression of the excess return on the percent change in VIX.8 Formally, we obtain estimates of

8Here VIX is the implied volatility computed from options on the EURO STOXX 50.
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parameters for each issuer i in

rxi5,t = αi + βi ·∆ lnV IXt + εt,i. (1.3)

Table 1.2 shows that the spread of EU bonds to German bonds reacts to bad news by widening

more than for comparably safe governments. All estimated beta parameters are negative, meaning

that all spreads widen during risk-off movements, but the spread of EU bonds widens by more than

both the Netherlands and France.9 The estimated coefficient for the EU is so large that it is not

statistically different from Spain and Italy.

The estimated sensitivity to adverse shocks explains the cross-section of unconditional yields

over the past decade very well so the spread paid by EU bonds reflects their high conditional volatil-

ity. This is shown in Figure 1.4, where there is a very strong correlation between the estimated β

and the unconditional spread over the sample. Figure .1.15 shows that, contrary to expectations,

the volatility of EU bonds has not improved as outstanding amounts have increased.

Figure 1.4: Average 5-year spread to Germany over Jan2014-Dec2025
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The figure shows the average 5-year spread to Germany over Jan2014-Dec2025 (on the vertical axis) and the volatility to VIX estimated over the
same period (on the horizontal axis), computed as in Equation 1.3 and reported in absolute value. Yield data comes from Bloomberg and EURO
STOXX 50 Volatility (VSTOXX) data from STOXX.

The higher sensitivity to bad news of EU bonds cannot be due to credit risk, as is the case for

9Figure .1.9 shows estimated parameters using the swap rate to compute excess returns and Germany is the only
issuer with a positive β, consistent with market coordination on German bonds as safe assets.
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Spain and Italy, because German-guaranteed KfW also has the same stochastic properties. Figure

.1.10 shows that the estimated βi for KfW and the European Union are not statistically different

from each other, while being larger than equally safe Germany and the Netherlands.

Having shown that the spread of supranational bonds is due to their worse conditional proper-

ties, the Section documents how this is due to their exclusion from sovereign bond indices.

1.2.3 Supranational bonds are arbitrarily excluded from indices

We show that EU bonds are excluded from European government bond indices due to the legal

classification of EU institutions as not formally sovereign and that this translates into a smaller

investor base compared to equally safe governments. This smaller investor base is associated

with higher borrowing costs and institutional investors explicitly identify this as the main hurdle

preventing EU bonds from commanding a higher price.

Large financial institutions that compile fixed-income indices explicitly exclude EU bonds

from their sovereign indices and investors list this exclusion as the main reason for the failure

of EU bonds as safe assets. For example, the prospectus of one of the largest states that“The J.P.

Morgan EMU Government Bond Investment Grade Index aims to track the performance of eligi-

ble fixed-rate, euro-denominated domestic government debt issued by Eurozone countries." Since

supranational institutions are not formally countries, they are automatically excluded from such

indices, regardless of their safety or liquidity.

In a recent survey of institutional investors, respondents noted that “Inclusion of EU-Bonds in

sovereign indices is the single-most important remaining step in order for EU-Bonds to trade and

price similarly to European government bonds."10 The European Commission has tried to have its

bonds recognized as sovereign securities but all major index providers declined to change its status

as a supranational even after formal consideration.11 This highlights the equilibrium nature of the

supranational status, since it is not in the interest of an individual provider to include bonds with

10“EU Inaugural Investor Survey: Overview of results", European Commission, 29 September 2023.
11For example, after rejecting the inclusion of EC bonds in its sovereign indices, ICE stated that (our emphasis)

“There were many views for and against this proposal, but nothing close to a consensus”. Described in “EU’s sovereign
ambition in capital markets suffers setback. . . for now”, OMFIF, 9 August 2024.
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worse conditional volatility properties until all other providers do the same.12

Since each index provider offers tens of different benchmarks for European bond markets, the

institutional investors that benchmark their returns against such indices could in principle use other,

broader indices that do include EU bonds but we show in the rest of this Section that this is not the

case. In particular, we develop a new measure to show that while supranational bonds are included

in other euro-denominated indices, the size of investors ultimately tracking their bonds is much

lower than for central governments.

We develop a measure of inelastic demand due to the inclusion in fixed-income indices and

show that bonds issued by supranational institutions are characterized by a smaller investor base

than sovereign bonds. Our approach is a concrete application to fixed-income markets of the

inelastic-markets hypothesis of Gabaix and Koijen (2021), which establishes inelastic demand as

a first-order equilibrium property of asset prices. Intermediaries such as mutual funds, money

market mutual funds, and exchange-traded funds (ETFs) declare an index and benchmark their

return against that of the index. Passive funds aim at tracking closely the composition of an index,

but a large literature has shown that even active funds tend to follow the investment universe defined

by their respective benchmark, both for theoretical reasons related to underperformance aversion

(Basak and Pavlova (2013), Buffa et al. (2022)) and empirically (see e.g. Raddatz et al. (2017)), so

we use data for both categories.

The measure is conceptually similar to others used in the literature (e.g. Pavlova and Sikorskaya

(2023)) but we are the first in the literature to employ data on the actual composition of a large

number of fixed-income indices. To compute the measure we assume that every fund invests in

each bond exactly in proportion to the weight assigned to it by the respective index and then we

compute what fraction of the outstanding amounts would be held by this class of investors.

The notation is as follows: every fund f has size µf,t and it declares a “benchmark" (or index)

x; for every index, bond b has a specific weight ωx
b,t at each date t and Σbω

x
b,t = 1 ∀x, t. Therefore,

12The second reason is that the inclusion of a large issuer like the EC would have to come at the expense of existing
sovereign issuers, which would experience reduced inelastic demand for their securities. Section 1.4.4 provides an
estimate of the increase in the funding cost for different countries if the EC was recognized as a sovereign issuer.
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each index x is tracked by a total amount equal to the sum of assets under management (AUM) of

these funds, Mx = Σindex(f)=xµf,t. If all funds invest according to the weights of their respective

index, then funds tracking index x buy a total amount of bond b equal to

Ωx
b,t =Mx

t · ωx
b,t. (1.4)

For each bond b, we can then compute how much is bought by the funds tracking all the indices,

Φb,t = ΣxΩ
x
b,t. (1.5)

We normalize this by the total outstanding amount for each bond, Tb,t, to obtain

ϕb,t = Φb,t/Tb,t. (1.6)

Finally, we compute the size-weighted mean inelastic demand for issuer i as

ϕi
t =

∑
b

ϕb,tTb,t∑
b Tb,t

. (1.7)

We use data from Morningstar Direct to identify the universe of active funds and obtain a time

series of their total assets that we match to the declared benchmark. We identify all mutual funds,

MMMFs, and ETFs located in major jurisdictions and define our total potential investor universe as

funds denominated in euros or classified as investing in European fixed income. The total amount

of AUM is above e10 Tn as of May 2025 and only 13% is composed of explicitly passive funds.

For the composition of fixed-income indices in euros we instead rely on Bloomberg and collect

daily data on all available benchmarks, a significant improvement over the existing literature that

tends to focus on the composition of a single index. Figure .1.5 in the Appendix shows the largest

indices by the sum of tracking AUM and we are able to obtain data for most of the indices provided

by Bloomberg and ICE, the two main providers, for a total of about 50% of AUM in the European
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fixed income asset class (about e500 Bn).

Figure 1.5: Mean inelastic demand ϕi
t by bond issuer
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The figure shows the mean inelastic demand, ϕb,t, for the issuers listed in Table 1.1 expressed as a percentage of the corresponding value for
Germany. The measure is computed from daily bond-level data averaged over the period 2019-2024 and weighted by bond outstanding amount. For
each European fixed-income index we obtain data about bond inclusion and weights from Bloomberg, we match fund size and declared benchmark
from Morningstar Direct, and use bond characteristics from the ECB CSDB.

Computing the measure described in the previous section, we find that bonds issued by suprana-

tional institutions can count on a much smaller inelastic demand compared to central governments.

Figure 1.5 shows how all governments exhibit similar levels of ϕj
t regardless of their rating and

the size of their debt markets, while supranational institutions have inelastic demand that is around

80% lower. In order to discard the hypothesis that these lower values are driven by a different

composition of bond characteristics in the outstanding securities of the two groups we regress the

bond-level inelastic demand on a supranational issuer dummy and time-varying bond characteris-

tics,

ϕb,t = f(σb + αt + z′
b,tζ) + εb,t, (1.8)

where f is the logit function in a generalized linear model to account for the fact that ϕb,t is a small

number between 0 and 1.

Table 1.3 shows that supranationals are excluded from fixed-income indices for reasons other

than the characteristics of the bonds. In particular, the exponentiated coefficient for the dummy

18



Table 1.3: Regression of inelastic demand ϕb,t on bond characteristics

The table shows estimation results from Equation 1.8, where we regress inelastic demand, ϕb,t, on a dummy for supranational issuer, σb, and bond
characteristics, zb,t. Since ϕb,t is a number between 0 and 1, we use a generalized linear model with logit function and report exponentiated point
estimates. We use monthly data between 2019m1 and 2024m12 with ϕb,t computed as described in Section 1.2.3 and bond characteristics from the
ECB’s CSDB. Bond characteristics are controlled in a nonparametric way as follows: issuer rating is the median rating across Moody’s, Standard
& Poor’s, Fitch, Scope and DBRS (a dummy for each level); coupon type is a dummy for fixed interest rate and a dummy for floating (so the base is
zero-coupon bonds); bond size is a dummy for each decile of the amount outstanding distribution; bond duration is seven dummies for conventional
cutoffs. Standard errors are clustered at the bond-month level and significance stars are as follows: * p<.05, ** p<.01, *** p<.001.

(1) (2) (3) (4) (5)
Supranational issuer 0.25∗∗∗ 0.20∗∗∗ 0.20∗∗∗ 0.23∗∗∗ 0.19∗∗∗

(-25) (-21) (-21) (-17) (-27)

Time FE Yes Yes Yes Yes Yes

Issuer Rating No Yes Yes Yes Yes

Coupon Type No No Yes Yes Yes

Bond Size No No No Yes Yes

Bond Duration No No No No Yes
Observations 164,050 164,050 164,050 164,050 164,050
Pseudo-R2 0.008 0.013 0.014 0.017 0.063
LRT for σb (p-value) 0.000 0.000 0.000 0.000 0.000

always being smaller than 1 indicates that supranational bonds are included to a lower extent than

bonds issued by central governments. Without controlling for any bond characteristics (first col-

umn), the average bond issued by a supranational is included in fixed-income indices only 25%

as much as a bond by a sovereign government. Progressively adding controls for bond charac-

teristics does not change the conclusion, with the last column showing that a bond issued by a

supranational is included only 19% as much as a sovereign bond having the same coupon type,

outstanding amount, duration, and rating.

We also verify that a higher measure of index inclusion is associated with lower borrowing

costs, consistent with the views expressed by investors. To do so, we regress the yield to maturity

of a bond b issued by i, yib,t, on the index inclusion measure relative to Germany, ϕi
t/ϕ

Germany
t , a

time fixed effect, and bond characteristics, or

yib,t = αt + β
ϕi
t

ϕGermany
t

+ z′
b,tζ + εib,t. (1.9)
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Table .1.2 in the Appendix shows that a higher inelastic demand is indeed associated with lower

yields even when controlling for all bond characteristics. The estimated coefficient for the measure

of inelastic demand is large and statistically significant in all specifications, even with standard

errors clustered at the bond-month level. The magnitude suggests that if EU bonds were to be

included in indices to the same extent as German government bonds, the gap in yields would

disappear.

We conclude that the large spread paid by EU bonds is fully consistent with their worse con-

ditional properties, which are due to their exclusion from sovereign indices. The next Section

explores the relation between these stochastic properties and the investor base in supranational as

opposed to sovereign bonds.

1.3 Investors with liquidity needs avoid EU bonds

We show that investor classes that value the low conditional volatility properties of safe assets

avoid EU bonds and instead tilt their portfolios towards expensive sovereign bonds. We show that

mutual funds hold AAA-rated sovereigns as opposed to EU bonds only if they anticipate suffering

large outflows from retail investors during a crisis. Across investor classes, mutual funds and for-

eign investors with conditional liquidity needs tilt their allocation towards AAA-rated sovereigns

while banks and insurance corporations are enthusiastic buyers of EU bonds.

1.3.1 Only mutual funds with flighty investors avoid EU bonds

Using holdings data from mutual funds we show that the funds that avoid holding EU bonds

are those that anticipate experiencing larger outflows during crises. We measure this heterogeneity

in the conditional need for liquidity using outflows during the Covid pandemic.

The market selloff during March 2020 was a liquidity crisis that forced intermediaries to sell

assets in order to meet redemptions from investors. A large literature has documented how investor

outflows generated a “dash for cash" unrelated to the safety of securities but purely driven by

the need for liquidity and constrained intermediaries (see e.g. He et al. (2022) and Haddad et al.
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(2021)). Mutual funds played a major role in the market rout due to the nature of their liabilities that

allowed large withdrawals from investors within a few days (Ma et al. (2022), Falato et al. (2021)).

We thus focus on the universe of mutual funds and ETFs denominated in euros or with European

fixed Income as investment class as reported by Morningstar. We obtain complete holdings data

for 6,240 individual funds with a combined AUM of e3.5 Tn in June 2023, of which about 90% is

accounted for by mutual funds.

We obtain a measure of the “flightiness" of the investor base for each fund by computing the

ratio between net flows into the fund for the worst week of market distress during Covid and its

AUM at the beginning of the month. We show in Figure .1.13 that March 2020 is a large outlier

with e71 billion of combined net outflows from funds, over 3 standard deviations below the mean

of e10 billion of net inflows, with the week of March 16-20 registering net outflows of about e20

billion daily. Figure .1.14 shows flows as a fraction of assets and not all funds experienced outflows

to the same extent, with a tenth of funds losing at least 6% of AUMs and a tenth registering inflows

of at least 1%. We can thus use this heterogeneity to sort funds by their conditional need for

liquidity.

Since the intensity of outflows depended on the characteristics of the investor base in each fund

and those are slow-moving factors, we assume that outflows share during a crisis is a constant

property of each fund and define the time-invariant property of fund j, χj , as the fraction of out-

flows experienced by j during March 16-20. We implicitly assume that this scales proportionally

with the overall level of liquidity needs and that fund managers know their value of χj after its

realization in March 2020.

We show that funds with larger liquidity needs tilt their holdings of highly rated bonds in euros

toward expensive sovereign bonds rather than EU bonds. We compute ωb,j as the value of holdings

of bond b for fund j as a share of all holdings of AAA-rated bonds in euros (either EU bonds

or German and Dutch bonds). We regress ωb,j on a dummy for EU bonds, EUb, our measure of
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Table 1.4: Regression of portfolio weight ωb,j on bond and fund characteristics

The table shows the estimation results of Equation 1.10, where we regress the portfolio share of fund j in bond b among AAA-rated bonds in euros
on a dummy for EU bonds and bond characteristics. Data for June 2023 with 1,418 funds with at least one holding of AAA-rated bonds in euros.
χj is the fraction of outflows experienced by fund j during March 16-20 (as a percentage of AUM at the end of February 2020). Holding and fund
flows data comes from Morningstar while bond characteristics come from the ECB’s CSDB.

(1) (2) (3) (4)
EUb -3.35∗∗∗ -1.65∗∗∗ -0.12 -0.06

(-16.12) (-5.47) (-0.41) (-0.19)

EUb × χj -17.25∗∗∗ -18.59∗∗∗ -21.06∗∗∗ -17.37∗∗∗

(-3.84) (-4.20) (-4.82) (-4.05)

Bond Size No Yes Yes Yes

Coupon Type No No Yes Yes

Bond Duration No No No Yes
N 15,386 15,386 15,386 15,386

investor flightiness, χj , their interaction, and bond-level characteristics. Formally:

ωb,j = γ · EUb + ψ · χj + β · EUb · χj + z′
bζ + εb,j. (1.10)

Table 1.4 shows that progressively adding bond controls removes the unconditional bias against

EU bonds while preserving the effect of the heterogeneous conditional need for liquidity. The

interaction coefficient is negative, meaning that funds that suffer larger outflows avoid holding EU

bonds relative to other AAA-rated bonds. An increase in χj of one standard deviation reduces

holdings of EU bonds by about 1.5 percentage points in a sample where the average holding is

10% of the portfolio in AAA-rated bonds.

Table .1.3 shows that a similar pattern, if less pronounced, exists for holdings at the end of 2019,

suggesting that fund managers had some prior knowledge about the flightiness of their investor

base. This also addresses concerns about reverse causality, since it implies that funds holding a

larger share of EU bonds suffered smaller outflows.

Next, we show that this same pattern of investor sorting is detectable in the holdings of different
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classes of financial intermediaries. In particular, the investors with a potential need for liquidity

avoid EU bonds and buy governments.

1.3.2 Investors with liquidity needs buy sovereigns, not EU bonds

We show that investors with liquidity needs hold disproportionately highly-rated sovereigns

even if they are expensive. Mutual funds and foreign investors avoid EU bonds, while banks and

insurance corporations do the opposite and earn the premium.

We employ the confidential Securities Holdings Statistics by Sector (SHSS) as collected by the

Eurosystem. This dataset has already been used in the academic literature but it remains a vastly

underutilized resource.13 SHSS reaches the full span of all securities issued by entities based in

the euro area or denominated in euros, including fixed income, equities and all other financial

instruments. The holdings are reported at the single ISIN level and the frequency of observations

is quarterly, with the first available data point for 2013Q4.

Data is obtained via depository institutions and holdings of individual investors are aggre-

gated at the country and sector level (e.g., French banks, German insurers). We further aggregate

holdings of domestic institutions (located inside of the euro area) into four broad categories of

investors: mutual funds (including ETFs and hedge funds), commercial banks, insurance corpora-

tions, and households (including government institutions and social security funds)14. We remove

the amounts held by the Eurosystem and compute the holdings of foreign investors as the difference

between the total outstanding amounts and holdings by domestic investors.

In order to establish clear empirical facts, we define a measure of portfolio “tilt" for investor j

and issuer i in quarter t as

TILTi,j,t =
ωj,i,t

mi,t

∈ [0;∞). (1.11)

where ωj,i,t is the share of country j’s portfolio invested in securities of issuer i, and mi,t is the

13See Boermans (2026) for a detailed description of the data and a literature review.
14We drop holdings by the German central government of its own debt as they reflect the activities of the debt

management office (Finanzagentur) that operates a large repo facility such that issued securities appear on its balance
sheet while being effectively used to borrow from investors.
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market weight of securities issued by i. Values above 1 mean that investor j is overweight issuer

i relative to the market portfolio, while values smaller than 1 imply the opposite. We compare the

tilt towards EU bonds and the tilt towards AAA-rated sovereign bonds (issued by Germany or the

Netherlands) because the two groups have the same default risk but different stochastic properties.

Figure 1.6 shows that different classes of investors differ widely in their holding patterns of EU

bonds and equally safe sovereigns. Commercial banks and insurance companies hold very little

of the expensive bonds issued by Germany and the Netherlands (only about 20% as their market

share), while they are comparatively large buyers of the cheap EU bonds. Vice versa, mutual

funds and especially foreign investors are significantly overweight sovereign bonds while avoiding

EU bonds, and since they account for almost four-fifths of the total market, their buying behavior

drives a gap between sovereign and supranational bonds.

Figure 1.6: Portfolio tilt for different investor sectors in 2025Q2

The figure shows the portfolio tilt, computed as described in Equation 1.11, towards AAA-rated sovereign bonds and towards EU bonds for different
investor sectors. In parentheses is shown the total share of holdings of AAA-rated sovereign or supranational bonds for each investor class (excluding
the ECB). Data comes from the ECB’s Securities Holdings Statistics by Sector.

This investor sorting reflects the interplay between the stochastic properties of bonds and the

differential aversion to volatility. In particular, insurance companies have very long-dated liabili-

ties and thus have relatively less need to hold securities that remain liquid during times of stress,

24



consistent with the evidence in Jansen (2025) that long-term investors’ demand shapes sovereign

yields; the same is true for commercial banks, which, while having a portion of their liabilities with

potentially very low maturity, tend to experience inflows during crises.15 Vice versa, mutual funds

tend to suffer outflows in periods of market turbulence16 and thus have a higher willingness to pay

for securities with lower price risk. Finally, foreign investors are dominated by reserve managers17

that hold assets in euros to use specifically during crises and hence are the class that is most willing

to pay a premium to hold liquid sovereigns rather than EU bonds that will lose some of their value

when it matters most. Jiang et al. (2021) document this foreign safe-asset demand as a first-order

driver of sovereign bond prices in the US context.

Within the sectors of commercial banks and insurance companies, it is institutions based in

countries where the local sovereign bond is more expensive that are the largest holders of EU

bonds. Figure .1.11 shows that investors based in Germany and the Netherlands hold very little

of their own sovereign bonds and are instead significantly overweight EU bonds, while investors

from Italy and Spain do the opposite. German banks are the most extreme case, holding their own

sovereign bonds at less than 20% of market weight while holding EU bonds at more than three

times market weight. It thus seems that the spread between EU bonds and highly-rated sovereigns

is large enough to flip the direction of the home bias typically documented in euro-area portfolio

allocations by Beck et al. (2024).

The next section shows that this pattern holds even at the bond level and that investors sort

across sovereign issuers according to their need for liquid securities.

15In a market crisis households typically liquidate their holdings of securities and hold larger precautionary balances
in checking accounts and hence the liquidity at the disposal of depository institutions actually increases. During the
first months of Covid, for example, American and European banks saw their deposit base increase at a fast pace (e.g.
Castro et al. (2022)).

16For recent documentation of this pattern, see e.g. Ma et al. (2022).
17In 2025Q1 foreigners held e2.1 trillion of bonds issued by EU institutions, Germany, or the Netherlands, while

total reserves denominated in euros by foreign central banks were e2.3 trillion (from the IMF COFER).
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1.3.3 Investor sorting reflects the stochastic properties of bonds

We show that the investor base in government bonds reflects their conditional properties, with

highly-rated bonds mostly held by investors with liquidity needs. The investor base of EU bonds is

more similar to that of a lower-rated government, whose bonds tend to depreciate during a crisis.

We consider two aggregate classes of investors: financial intermediaries with short-dated lia-

bilities (called Flighty) and with long-dated liabilities (called Stable). We identify the two groups

according to the holding patterns in Figure 1.6: Stable are insurance corporations, commercial

banks, and households while Flighty are mutual funds and foreign investors.

We show that there is a sorting of investors with potential liquidity needs (Flighty) into markets

with more potential buyers during a crisis. Such sorting is apparent in Figure .1.12, where the

market share of Stable (ρi in the model) unambiguously correlates with the average interest rates

shown in Figure 1.4. The issuer with the lowest interest rate, Germany, is characterized by the

largest market share of Flighty investors, with the Netherlands and France earning comparably

lower convenience yields and having a marginally smaller market share held by Flighty. The

investor base in bonds issued by the European Union is instead markedly skewed toward investors

that are less averse to volatility and is thus more similar along this dimension to that of Spain and

Italy.

Table 1.5: Issuer fixed effect in a regression of 1− ρb,t on bond characteristics

The table shows the estimated issuer fixed effect from Equation 1.12, where we regressed the market share held by Flighty, 1 − ρb,t, on an issuer
fixed effect, µb, and bond characteristics, zb,t. Since ρb,t is a number between 0 and 1, we use a generalized linear model with logit function and
report exponentiated point estimates. Issuer fixed effects are computed relative to bonds issued by Germany and bond characteristics are the same
as in Table 1.3. Holdings data comes from the ECB’s Securities Holdings Statistics by Sector and bond characteristics from the ECB’s CSDB.

Netherlands France European Union Spain Italy
Issuer FE 0.71∗∗∗ 0.67∗∗ 0.19∗∗∗ 0.41∗∗∗ 0.23∗∗∗

(-3.56) (-3.17) (-12.53) (-5.05) (-7.26)

We check that this aggregate pattern survives controlling for bond characteristics that might

bias our conclusion. For example, if the European Union disproportionately issues the long-term

bonds that are favored by Stable investors, we would observe this sorting pattern irrespective of
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the presence of our mechanism through investment mandates. We thus use bond-level data and

regress the share of outstanding amounts of bond b held by Flighty investors at time t, defined as

1 − ρb,t, on an issuer fixed effect µb and the rich set of time-varying bond characteristics already

used in Table 1.3. Since ρb,t is between 0 and 1, we use a generalized linear model with logit as

the link function and set Germany as the base level for the fixed effect. Formally, we estimate the

following

1− ρb,t = f(µb + z′
b,tζ) + εb,t. (1.12)

Table 1.5 shows that, even after controlling for bond characteristics, the investor base for EU bonds

is much more skewed toward Stable investors than comparably safe issuers and in this respect it is

more similar to that of a risky country like Italy.

1.4 The road towards a safe asset: possible scenarios

In this section, we consider alternative scenarios in which EU bonds assume the properties of

safe assets and show what would happen to their price and investor base. To do so, we estimate

a demand system for European sovereign bonds and compute counterfactual scenarios about in-

vestors’ preferences for EU bonds and increases in the amount of common debt. We thus inform

the policy debate about the desirability of this instrument, its optimal size, and the potential benefits

for European taxpayers.

1.4.1 Estimation of a demand system for European sovereign bonds

We start by estimating a demand system for bonds issued by sovereign countries and large

supranational institutions in Europe in a setup similar to Koijen and Yogo (2019). We use ob-

served prices and portfolios to infer investor preferences over a set of securities characteristics. We

then compute the counterfactual prices and portfolio allocations that would clear markets if asset

characteristics or investor idiosyncratic preferences were to change.

We obtain holdings data from the SHSS database already described in Section 1.3.2 and use
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them for an estimation exercise that expands on Koijen et al. (2021). We define investor classes at

the country-sector level (for a total of 46 portfolios) and consider their holdings of bonds issued

by the 6 largest European national governments18 or the four supranational institutions listed in

Table 1.1.19 We use holdings at the issuer level to avoid taking a stance on the substitutability of

specific bonds and use the 5-year point of the yield curve as the inverse of the bond price. We

use quarterly data for the period 2019Q4:2025Q1 and exclude holdings by the Eurosystem from

outstanding amounts as such securities are removed from the effective supply. In total, we observe

holdings of European sovereign bonds of almost e10 Tn for investors with combined portfolios

worth over e53 Tn.20

We thus observe the portfolios of m classes of investors across N issuers of securities for a

total of T quarters and define the market value of holdings of investor j for issuer i at time t as Bi
j,t

and the value of the holdings in outside assets as B0
j,t. In order to aggregate the holdings of bonds

with different maturities and coupon rates, we define the market value as the product between

the face value of holdings, FV i
j,t, and the price of a zero-coupon bond with 5-year maturity and

yield corresponding to the 5-year point of the issuer yield curve, P (yit). With this, we can express

portfolio shares as

wi
j,t =

Bi
j,t

B0
j,t +

∑N
n=1B

n
j,t

=
δij,t

1 +
∑N

n=1 δ
n
j,t

, (1.13)

where we defined the portfolio share relative to the outside asset as δij,t = wi
j,t/w

0
j,t.

The contribution of Koijen and Yogo (2019) is to show that under assumptions that are stan-

dard in asset pricing, the optimal portfolio gives a demand function that depends on the observed

characteristics of each asset. The necessary assumptions are weak and common in the literature:

investors have preferences such that the optimal portfolio is a mean-variance portfolio, returns have

a factor structure and expected returns and factor loadings depend only on an asset’s own prices

18These are France, Italy, Germany, Spain, Belgium, and the Netherlands.
19Supranational institutions are 4 instead of the original 5 because we consider the European Financial Stability

Facility together with the European Stability Mechanism as they have the same management and board and an identical
investor base.

20Note that for domestic investors we observe the complete portfolio of securities including fixed-income, equity,
and mutual funds even if invested abroad, while for foreign investors we only observe holdings that fall within the
reporting scope of SHSS, i.e. assets held in Europe or denominated in euros.
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and characteristics. As a result, we can write relative portfolio weights as a function of the yield to

maturity, yit, and other characteristics of the asset, ζi
t ,

δij,t = exp
(
αj,t + βjy

i
t + z′

jζ
i
t

)
· εij,t, (1.14)

where εij,t is commonly referred to as latent demand, which captures the time-varying demand of

investor j for additional characteristics of issuer i. By normalizing the mean of εij,t to 1, we can

interpret αj,t as the parameter for the attractiveness of European sovereign bonds relative to the

outside asset for investor j in quarter t. In practice, parameter estimation requires dealing with the

endogeneity concerns of correlated demand shocks that have aggregate price impact. With a valid

instrument for the yield, we can use the standard moment condition to retrieve parameter values

for each investor:

E[εij,t|ŷit, ζi
t ] = 1. (1.15)

We instrument the yield using a source of exogenous variation that is novel in this context and refers

to the index inclusion of different issuers. In particular, we use the measure of index inclusion

computed in Section 1.2.3 at the issuer level, ϕj
t , to measure the extent of inelastic demand for

bonds issued by different entities. The vector of additional characteristics ζi
t includes a dummy

for home bias, the 5-year default probability (computed from ratings), the outstanding amount (at

face value), and its square root. As a result, ϕj
t captures the index inclusion practices of different

issuers for reasons other than perceived default or market size and is thus particularly relevant for

the context of supranational issuers, whose bonds are excluded from indices for reasons that are

not related to the fundamentals of the securities themselves (see Table 1.3).

Index inclusion is a very strong instrument for all investors and the relevant statistics are above

conventional thresholds. We run the first-stage regression for each investor with time fixed effects

and cluster standard errors at the time-issuer level, with parameter estimates shown in .1.4. Table

1.6 shows how the absolute t-statistic for the excluded instrument (index inclusion) is above the

threshold of 4.05 from Stock and Yogo (2005) for all investors.
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Table 1.6: Statistics for excluded instrument (index inclusion) from first-stage regressions

The table shows statistics for the first stage of Equation 1.14, where for each investor j we regress the 5-year yield of issuer i on a time fixed effect
and a set of issuer characteristics: a dummy for home bias, the 5-year default probability (computed as the median across rating agencies) and the
log of outstanding amounts. We cluster standard errors at the issuer-quarter level and report the distribution of t-statistics, F-statistics, and partial
R2 across regressions for each investor.

min p25 p50 p75 max
t statistic -8.24 -6.57 -6.57 -6.05 -5.02
F statistic 25.24 36.58 43.14 43.14 67.91
Partial R2 0.11 0.15 0.17 0.17 0.24

Using this instrument, we rely on the moment condition in 1.15 to estimate model parameters

for each investor. The flexibility of GMM estimation allows us to impose restrictions on the sign of

some coefficients and we impose a positivity constraint for the yield (meaning a downward demand

schedule). Table .1.5 shows the large amount of dispersion of estimated parameters across investors

while Figure .1.16 plots the average estimate by investor sector. For all regressors we observe a

ranking across sectors that is consistent with the literature, for example with households displaying

the strongest home bias and foreign investors the most negative loading on default probability.

In order to compute counterfactual scenarios, we notice that market clearing together with

the estimated loadings on characteristics implicitly pin down prices and portfolio allocations as a

function of asset characteristics. To see this, consider that each investor has a total portfolio worth

Aj,t and that each issuer has a total face value outstanding of Si
t =

∑
j FV

i
j,t. For each issuer, the

bond market clears at observed prices and portfolio allocations:

Si
tP (y

i
t) =

m∑
j=1

Bi
j,t =

m∑
j=1

Aj,tω
i
j,t ∀ i, t. (1.16)

Taking the size of investors and asset supply as exogenous, the estimated parameters of Equation

1.14 provide an expression for portfolio weights as a function of yields and asset characteristics:

ωi
j,t = f

(
yit, ζ

i
t

∣∣αj,t, βj,γj , ε
i
j,t

)
. (1.17)

By combining 1.16 and 1.17 we obtain a system in m×N equations for each period such that for
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each collection of counterfactual characteristics {ζ̃i
t}Ni=1 there is a vector of counterfactual prices,

P̃t, that solves the system. Koijen and Yogo (2019) show that such a solution is unique as long

as demand curves are downward sloping, a condition that we imposed in the GMM estimation as

shown in Table .1.5.

The next Sections compute price and quantities corresponding to different distributions of out-

standing amounts across issuers, {Si
t}Ni=1, or different investor preferences for other characteristics

through changes in latent demand, {{εij,t}Ni=1}mj=1, for the latest available period. Similar exercises

have been carried out in the literature in a different context (see e.g. Koijen and Yogo (2020) and

Bretscher et al. (2026)).

Some limitations of this approach are inevitable and hence we limit ourselves to scenarios

where the total face value of outstanding assets is unchanged. We do this because our counter-

factual exercises only clear the markets for which we observe the full investor composition, i.e.

European sovereign debt, and do not consider the pricing of any outside asset. Furthermore, the

model allows unlimited substitution between the outside asset and European sovereign bonds and

hence does not explicitly capture rigidities in allocations to specific asset classes. Finally, since for

foreign investors we do not observe holdings outside the European market, we are unable to ob-

serve scenarios with radical changes, such as a shift of international reserves from the dollar to the

euro as a result of improvements in the properties of EU bonds. Before showing counterfactuals,

we briefly discuss policies that have already been tried but failed to bring about a change in the

status of EU bonds.

1.4.2 The failure of policies to change the status of EU bonds

After the realization that common debt was more expensive than originally thought21, policy-

makers in the European Union announced a range of policies to close the gap between the rates

paid by their institutions and those of national governments.

We consider 4 policies implemented by the European Commission (EC) and the ECB with

21For example, the large spread to Germany was described in Bonfanti and Garicano (2022).
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the aim of increasing the liquidity of debt issued by the EC; other EU institutions and KfW were

unaffected by these changes. First, the EC announced in December 2022 that it would start issu-

ing single-branded “EU-Bonds” for all its spending programs rather than bonds tied to a specific

spending program as it had done in the past. Second, the ECB announced that in its collateral

framework it would apply to the EC the same haircut that it uses for national governments start-

ing from June 2023, while previously the EC was assigned a worse category together with the

other EU institutions. Third, in October 2024 the EC started operating a repo facility for its debt

to increase the market liquidity, in line with the established practice of large sovereign issuers

like Germany. Fourth, the EC partnered with the largest European derivatives exchange to start a

market for futures on its securities that became operational in September 2025.

These policies did not close the spread between interest rates paid by the EC and national

governments and this is apparent in Figures .1.7 and .1.8, where no differential pattern in interest

rates within EU institutions is discernible in any of the periods mentioned above. While sensible in

their own merit, these measures did not address the fact that debt issued by the EC remains outside

the investment universe of a large class of investors. In particular, Kaldorf and Poinelli (2023) show

that the haircut change by the ECB resulted in a reduction in EC repo rates relative to Germany, and

yet the gap in secondary market yields remains substantial. More importantly, market yields for the

EC have remained close to those of the other supranationals, suggesting that all these reforms failed

to change the market view of the Commission as just another supranational. The next subsections

will thus evaluate other potential roads to change the nature of EC bonds, either via an increase in

outstanding amounts or via policies that change investors’ idiosyncratic demand.

1.4.3 If common debt partly replaced national bonds

We compute model equilibria in which the distribution of outstanding amounts across issuers is

different from the one observed. We think of a counterfactual supply, S̃i
t , and hence asset character-

istics, ζ̃i
t , and compute the prices that would clear markets in 1.16. A larger supply of securities of

a given issuer has to be matched by an increase in aggregate demand that comes from the changed
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characteristics themselves (the outstanding amount is included in ζi
t) or from an increase in the

yield. Depending on the amount of the increase and the estimated elasticities, a supply increase

can either lower or raise the interest rate for a given issuer.

In particular, we think of two scenarios in which there is an increase in the amount of EU bonds

while holding constant the total face value of outstanding bonds. The first scenario considers

an institutional arrangement such that all the large issuers related to the EU22 establish a single

Debt Management Office (DMO) that issues debt on behalf of the individual entities through the

European Commission in order to create a single asset market. The second scenario analyzes the

case of a debt mutualization exercise in which e500 Bn of national debt is replaced by bonds of

the Commission, with different countries benefiting in proportion to their ECB capital key (shown

in Table .1.1). This exercise abstracts from the effects of this mutualization on default rates and

we assume that each country pays a fraction of the interest bill on common debt that is equal to the

ECB capital key.

We show in Figure .1.17 that in both scenarios the interest rate paid by EU bonds (European

Commission in the figure) decreases by less than 10 basis points, while all other issuers are virtually

unaffected other than a marginal reduction for the largest issuers. These exercises explain why

proposals of debt mutualization have faced such stiff resistance, given the limited aggregate gains

and the large implicit fiscal transfers that they would entail. Implicit redistribution would happen

even if the total debt level is held constant and riskier countries never defaulted. In particular,

countries such as Germany and the Netherlands could end up paying a higher average interest rate,

even if all rates were to decrease, while countries like Italy and France would benefit from paying

lower rates on their individual debt, as well as access to cheaper common debt.

We conclude that reasonably large increases in outstanding quantities are, by themselves, un-

likely to bring about a significant change in the nature of EU bonds, while also being politically

costly to achieve. We thus caution against the idea that a gradual increase in common debt will

transform EU bonds into a safe asset able to rival national debt. The next section shows instead
22These are the 4 EU institutions listed in Table 1.1.
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that a change in the idiosyncratic preferences of investors offers more hope even without additional

issuance of common debt.

Figure 1.7: 5-year yield and counterfactuals under different scenarios, by issuer
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The figure shows the 5-year yield to maturity for different issuers at the end of 2025Q1 (in light blue) and counterfactual values obtained from
the computation of the price vector that would clear the system in 1.16 given the estimated elasticities for each investor. In the first counterfactual
scenario (dashed green line) we set the latent demand for EC bonds for each investor equal to the average latent demand for bonds issued by
Germany, the Netherlands, or Belgium (see Equation 1.18) and then rescale all latent demand values such that the mean and standard deviation
are unchanged. In the second counterfactual scenario (dotted red line) we set the latent demand for EC bonds for each investor equal to the latent
demand for Germany, which in turn is replaced by the average latent demand for bonds issued the Netherlands, or Belgium (see Equation 1.19) and
then rescale all latent demand values such that the mean and standard deviation are unchanged.

1.4.4 If the EU was recognized as a proper sovereign issuer

We compute counterfactual scenarios in which we hold fixed the characteristics of the issuers

but change the demand of investors for features other than those in the specification. In practical

terms, we focus on the last available quarter and compute the model equilibrium for variations in

the term for latent demand, εij,t. In general, an increase in latent demand for issuer i will lead to a

decrease in its yield even holding constant observable asset characteristics like default probability

and outstanding amounts.

We consider two scenarios in which we change the vector of latent demand for EC bonds in

order to match the unobservable characteristics of sovereign issuers. In the first alternative, for

each investor j we set the latent demand for EC bonds equal to the average latent demand for the
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6 sovereign issuers, or

ε̃EC
j =

∑
i

εij/6 ∀ j. (1.18)

In the second scenario, the European Commission replaces Germany as the supplier of the securi-

ties that are broadly recognized as the main safe asset in euros, while Germany becomes like the

average government. Formally, we set

ε̃EC
j = εGermany

j , ε̃Germany
j =

∑
i

εij/6 ∀ j. (1.19)

In both cases, we change all values of latent demand such that the mean and standard deviation

at the investor level are unaffected. This ensures that increases in demand for EC bonds come at

the expense of other issuers, rather than coming from funds previously allocated to the unspecified

outside asset.

Figure 1.7 shows that in both scenarios the yield on EC bonds would decrease significantly,

by about 20 basis points if it were perceived as a fully sovereign issuer and by more than 30 basis

points if it replaced Germany as the prime safe asset provider. This shows that the characteristics

of common debt in terms of size and rating are such that it could potentially become a safe asset if

it were perceived as having the same intrinsic properties of sovereign debt. Contrary to a widely

held belief, the lack of a captive investor base (expressed here by the absence of investors for

which the home-bias dummy assumes a value of 1) does not prevent EC bonds from earning a

large convenience yield.

If recognized as a sovereign issuer, the EC could issue more than e2,500 billion of new debt

and end up paying an interest rate no higher than it currently does. This is shown in Figure .1.18,

where we compute the counterfactual yield of EC bonds corresponding to different values of latent

demand and outstanding amounts (where increases in EC bonds are accompanied by decreases in

national debt in proportion to the ECB’s capital key).

In these scenarios, where we explicitly ruled out paradigm shifts like a move away from the

dollar by international investors, improvements in the interest rate paid by common debt would
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Figure 1.8: Holdings of EC bonds and counterfactuals, by investor sector
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The figure shows holdings of bonds issued by the European Commission in 2025Q1 by different classes of investors (in light blue) and counterfactual
holdings under the alternative scenarios described in Figure 1.7. Data comes from the ECB’s Securities Holdings Statistics by Sector.

necessarily come at the expense of other issuers. This is particularly true for Germany, which

currently earns a convenience yield in the order of 10 basis points and whose role as the prime

provider of safe assets would be diminished by an increase in the attractiveness of EC bonds. All

other countries would instead benefit from such a change, as the convenience yield rents would be

shared among all countries through the budget of the Commission.

Figure 1.8 shows that if EC bonds were to become more similar to a true safe asset, their

investor base would change dramatically. In particular, foreign investors would almost double

their holdings of EC bonds and end up holding almost half of the entire supply. Commercial

banks and insurance companies would drastically scale back their holdings due to the significantly

reduced yield on EC bonds, and as a result, they would hold little of them, just as they currently

do for Germany (see Figure .1.11).

We conclude that incremental increases in supply are unlikely to bring common EU debt closer

to a safe asset, since a change in investor preferences is required to reduce its yield by a significant

amount. Foreign investors, in particular, would have to drastically increase their holdings of an

asset that is currently walled off due to investment mandates or perceived as too volatile to compete

with sovereign issuers. We also highlighted political considerations, as gains for common EU debt
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would likely come at the expense of Germany, which is currently able to earn a large convenience

yield on its sovereign debt.

1.5 Conclusion

We show that bonds jointly issued by the European Union, despite their AAA rating and joint-

and-several guarantees, do not function as a safe asset. The key factor is the issuer’s legal status,

which limits the investor base through exclusion from fixed-income indices. Because EU bonds

are not legally classified as sovereign debt, investment mandates prevent or discourage many insti-

tutional investors from holding them, shrinking the investor base and causing larger price declines

during crises. Because investors value securities that retain value during crises, they demand a

premium for holding EU bonds.

Our contribution is to demonstrate that the special properties of government debt cannot be

replicated through preferential regulatory treatment alone, as they emerge from market coordina-

tion around sovereign legal status. A large stock of low-risk debt can serve as a superior store of

value only if it is accessible to the broadest possible investor base, as sovereign bonds are. Safety

alone is insufficient for investors who may face crisis-induced fire sales, when the ability to find a

buyer is most valuable.

These findings reshape our understanding of safe asset creation and carry important implica-

tions for the future of Europe and the international role of the euro. By constructing a novel mea-

sure of the investor base, we demonstrate that the spread relative to national governments will not

close through incremental liquidity gains alone. Even substantial increases in issuance are unlikely

to make EU bonds function as a true safe asset, implying that the euro will struggle to challenge

the dollar’s dominance as a global reserve currency. Lasting progress will require reforming the

legal foundations to align EU debt with the market’s coordination on sovereign debt.
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Chapter 2: Monetary Policy as an Unwilling Kingmaker

2.1 Introduction

Despite their strong credit fundamentals, bonds issued by the European Union (EU) exhibit

substantial fluctuations in their yield spreads relative to highly rated sovereign securities. These

movements are often abrupt and occur at frequencies that are difficult to reconcile with changes

in fiscal capacity, default risk, or other conventional determinants of asset prices. In particular,

episodes of pronounced spread widening have taken place during periods when the macroeconomic

outlook for the EU remained broadly stable, suggesting that factors beyond fundamentals play a

central role in shaping investors’ required compensation. This disconnect raises a fundamental

question: why do securities with comparable credit risk display such large and volatile differences

in borrowing costs over time?

The puzzle is especially evident during periods of monetary policy tightening. As inflationary

pressures increase and central banks signal a shift toward a less accommodative stance, spreads

on EU bonds tend to widen sharply, even in the absence of deterioration in their underlying cred-

itworthiness. The magnitude and speed of these adjustments stand in contrast to the relatively

smooth evolution of fiscal indicators and to the behavior of spreads for traditional sovereign is-

suers. Moreover, the sensitivity of EU bonds to adverse market news appears to intensify precisely

when monetary conditions tighten, pointing to a mechanism that amplifies market stress indepen-

dently of changes in fundamentals. Existing explanations based on duration risk, conventional risk

premia, or signaling about future policy rates struggle to account for these patterns.

This paper proposes a novel mechanism through which monetary policy shapes relative asset

prices by influencing expectations of central bank intervention in distressed markets. I introduce

the concept of conditional quantitative easing (conditional QE), defined as the market’s perception
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of the central bank’s willingness to engage in asset purchases during future crises, even when

no program is currently active. Because EU bonds rely more heavily on such interventions to

sustain liquidity during periods of stress, changes in conditional QE have asymmetric effects across

issuers. When the perceived likelihood of support declines, particularly during episodes of elevated

inflation, spreads on EU bonds widen disproportionately relative to those of traditional sovereigns.

By focusing on the state-contingent nature of central bank backstops, the paper highlights a distinct

monetary policy channel that operates through the relative stochastic properties of assets rather than

through their fundamentals or the overall level of interest rates.

In Section 2.2, I develop a model showing that sovereign bonds enjoy superior properties be-

cause of their larger inelastic demand. The model provides a unified explanation for both the

cross-sectional patterns documented in Chapter 1 and the time-series variation analyzed in this

chapter, delivering two key insights. First, on the cross-sectional side, given a fixed total amount

of benchmarked demand, inclusion of EU bonds in sovereign indices would come at the expense of

national governments, raising their borrowing costs. The magnitude of this redistribution depends

on model parameters but could be economically significant. Second, on the time-series side, the

model incorporates expectations of future central bank support, what I call “conditional QE”. This

captures market expectations that the ECB will intervene with asset purchases during crises, even

when no program is currently active. Because EU bonds’ expected liquidity during crises depends

more heavily on such interventions, changes in conditional QE have asymmetric effects across

issuers: reductions disproportionately raise EU spreads.

The model yields three testable predictions. First, reductions in conditional QE widen spreads

and increase sensitivity to bad news for low-inelastic-demand assets. Second, this effect is nonlin-

ear: as the ECB signals reduced willingness to intervene, the impact on spreads accelerates. Third,

investors with liquidity needs should respond by tilting their portfolios away from EU bonds,

which have deteriorating stochastic properties. By contrast, actual asset purchases (unconditional

QE) and conventional monetary policy have muted effects on spreads because they do not alter the

relative stochastic properties across bonds. I test the first two predictions directly and find strong
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empirical support; the third is left for future work.

In Section 2.3 I document substantial time-series variation in the EU bond spread at business

cycle frequency. This pattern cannot be explained by slow-moving changes in inelastic demand,

contemporaneous ECB asset purchases, or shifts in interest rate expectations. Instead, an option-

implied measure of conditional QE tracks the spread remarkably well, demonstrating that this

mechanism can increase the premium paid by supranational issuers by a factor of 4 (from 20 to 80

basis points). Strikingly, during monetary tightening, the sensitivity of EU bonds to market stress

increases as much as sixfold, becoming even larger than for Italy or Spain. The nonlinearity of

the mechanism provides a rationale for the sudden spike in spreads in 2022, which occurred only

months after the beginning of the reversal in the policy stance.

Related literature. This paper first connects to the recent literature on conditional policy

promises and the credibility of central bank backstops. Haddad et al. (2025b,a) show that expecta-

tions about crisis support can account for a substantial portion of price movements around policy

announcements, reducing long-term yields by as much as 100 basis points. Hubert et al. (2024)

demonstrate that the effect of ECB asset purchases depends on the conditional path of interven-

tions, highlighting the role of signaling. In a US context, Cieslak and Vissing-Jorgensen (2021)

document an analogous “Fed put” whereby expectations of central bank intervention compress

risk premia across a range of assets, providing the clearest transatlantic parallel to the mechanism

studied here. The clearest European example is the OMT, which Altavilla et al. (2016) show com-

pressed peripheral spreads despite never being activated, confirming that announced-but-unused

backstops can move prices. Swanson (2021) separates forward guidance, LSAP, and rate channels

in a Fed context, providing the methodological template for isolating distinct monetary channels.

I extend this literature by showing that conditional QE interacts with market segmentation to pro-

duce asymmetric effects on spreads across issuers with different investor bases, a dimension that

previous work has not explored.

The paper also contributes to the empirical literature on ECB asset purchases and euro-area

sovereign spreads. Krishnamurthy et al. (2018) decompose the effects of ECB interventions on
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peripheral yields into default-risk, segmentation, and safety channels. Eser and Schwaab (2016)

separate the flow from the stock effects of the SMP, while De Santis (2020) use market news to

identify the yield impact of the APP across issuers, and Koijen et al. (2021) exploit granular hold-

ings data to inspect the demand-side channels through which APP lowers yields. Kaldorf and

Poinelli (2023) study supranational debt directly, documenting a repo-collateral channel behind its

safe-asset properties; my mechanism is complementary, operating through expected central bank

support rather than contemporaneous collateral value. These contributions focus on the conse-

quences of actual purchases; the mechanism in this paper operates instead through the expectation

of future purchases, and generates predictions about the relative rather than the absolute asset

prices.

A third strand concerns preferred habitat and segmented demand as drivers of bond prices.

Vayanos and Vila (2021) formalize how clientele frictions produce spreads that are discon-

nected from fundamentals, and Greenwood and Vayanos (2014) document empirically that

supply-demand imbalances translate into meaningful yield differentials. The broader conceptual

underpinning of the demand structure adopted here is Gabaix and Koijen (2021), whose inelastic

markets hypothesis establishes inelastic demand as a first-order equilibrium property of asset

prices. Gourinchas et al. (2025) extend preferred-habitat models to accommodate monetary policy

spillovers, a direction closely related to the mechanism analyzed here. The closest theoretical

contribution is Coppola et al. (2024), where a similar modeling of the effect of market participation

on contingent liquidity is used to study the endogenous creation of a dominant currency. I build

on this approach by embedding search costs as in Duffie et al. (2005) and cash-in-the-market

constraints as in Bolton et al. (2011), but I go beyond the existing literature by making the liquidity

properties of segmented markets state-contingent on the monetary policy stance.

Finally, the paper relates to the literature on identifying monetary policy shocks in the euro

area. Altavilla et al. (2019) decompose ECB windows into target, path, and QE factors, provid-

ing the toolkit for isolating shifts in expected future intervention. Jarociński and Karadi (2020) use

sign restrictions to separate pure monetary from information shocks, a step necessary to distinguish
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reductions in conditional QE from bad-news surprises about the macroeconomic outlook. Bocola

(2016) shows how sovereign risk passes through intermediary balance sheets during distress, com-

plementing the amplification channel highlighted here once central bank support is perceived to

weaken. Relative to this work, the paper’s contribution is to identify a state-dependent channel of

monetary transmission that operates through the relative stochastic properties of otherwise com-

parable safe assets, and that is empirically largest precisely at the business-cycle frequency where

conventional identification schemes find little action.

The rest of the paper is structured as follows. Section 2.2 describes a model with dynamics

consistent with the empirical facts. Section 2.3 shows how conditional QE can explain the time-

series evolution of the spread. Section 2.4 concludes.

2.2 A model of inelastic demand and conditional QE

I develop a simple framework in which bonds with the same fundamentals can trade at different

prices due to investor segmentation driven by inelastic demand. Investors with liquidity needs pay

a premium to hold bonds with higher inelastic demand because they are more liquid during crises.

I show how expectations of asset purchases by the central bank can compress spreads even if they

are ex-ante symmetric across issuers.

2.2.1 Segmented demand in a market with search frictions

I consider segmented demand with marginal investors that have short-dated liabilities and hence

value liquid bonds, called Flighty, a class of intermediaries that invest inelastically according to the

weights of some index, called Indexers, and residual demand coming from other investors, termed

here Stable.

Time is discrete and similar to Diamond and Dybvig (1983): an investment decision is made

under uncertainty at t = 0, some agents are forced to fire-sale in t = 1, and payoffs materialize in

the last period t = 2. Investors allocate capital across n issuers of identical risk-free securities that
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pay e1 in t = 2.1

Stable investors are characterized by long-dated liabilities and their empirical counterpart of

Section 1.3.3 is insurance companies and commercial banks. I consider the investment behavior of

all these intermediaries as an aggregate2 where demand at t = 0 for bonds issued by i with price

P i
0 is given by

Di = A−BP i
0, (2.1)

where A > 0 is an inelastic component and B > 0 is the price elasticity. Indexers are a generic

class of investors that allocate their assets under management following the exact weight distribu-

tion of their chosen benchmark index and hence buy an amount Γi of bonds issued by i. Flighty

investors are atomistic and symmetric with a total mass of 1 and in t = 1 a fraction π is hit with

redemptions from their retail investors and forced to sell all its holdings. This assumption is meant

to capture the observed patterns of disinvestment during periods of intense market distress from

mutual funds and foreign investors (the empirical counterpart of Flighty investors in Section 1.3.3),

consistent with the evidence on mutual-fund liquidity transformation in Ma et al. (2022) and on

viral selling during stress episodes in Haddad et al. (2021). The parameter π is the exogenous

probability of severe market disruption, like what happened in March 2020 with the first impact of

Covid.

Each Flighty investor maximizes their gains by allocating e1 across the n issuers and holding

the bonds to maturity with probability 1− π or selling all assets at the t = 1 price with probability

π. For simplicity, there is no time discounting and Flighty investors are risk-neutral so they allocate

a share ωi to each issuer i such that their problem is

max
{ωi}ni=0

n∑
i=0

ωi

P i
0

(
πE
[
P i
1

]
+ (1− π)− P i

0

)
s.t.

n∑
i=0

ωi = 1. (2.2)

1Heterogeneous default risk could easily be added without changing any of the properties of the model.
2Given the additive form of demand, this could be decomposed as the sum of demand by different investors:

Di =
∑
j

(
aij − bijP

i
)
=
∑
j

aij − P i
∑
j

(
bij
)
.
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Market clearing at t = 0 for an S > 0 number of bonds issued by i is thus given by

P i
0S = Γi + ωi + A−BP i

0. (2.3)

Flighty investors have access to an outside asset with exogenous gross return R that is available in

unlimited supply, akin to the deposit facility at the ECB where the interest rate is a policy choice.3

I assume that the total size of Flighty investors is sufficient to impose full arbitrage such that the

expected return on every asset must be the same:

πE [P i
1] + (1− π)

P i
0

=
πE
[
P j
1

]
+ (1− π)

P j
0

= R ∀i, j. (2.4)

I can immediately observe that if the bonds issued by i are expected to be more liquid in t = 1 than

those of j (meaning that E [P i
1] ≥ E

[
P j
1

]
), their price will be higher in t = 0 as well. This happens

due to the willingness of Flighty investors to pay a premium to hold securities that are expected to

be more liquid during a crisis.

I assume that during the crisis there is an unraveling of normal market functioning such that

not all markets clear. I follow the classic approach of Duffie et al. (2005) by assuming that the

number of matches between buyers (with mass mi
B) and sellers (mi

B) is an increasing function of

their size:

mi = λ
(
mi

S

)θ (
mi

B

)θ
,

1

2
< θ ≤ 1. (2.5)

This formulation is also found in Coppola et al. (2024) in the context of an endogenous currency

choice and parameters have a similar interpretation: λ > 0 is a scale parameter for the overall

degree of liquidity of the market while θ governs the increasing returns of the matching function

and gives rise to the thick-market externality. In the following, I derive analytical results for the

case θ = 1 and show a calibration exercise for θ ∈ (0.5, 1).

A fraction π of Flighty liquidates their holdings and since they are symmetric and atomistic,

3Removing the outside asset would result in a model with the same qualitative dynamics but more involved analyt-
ical formulas and a risk-free interest rate that is endogenous rather than a policy choice of the ECB.
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the mass of potential sellers is just πωi/P i
0, while the mass of potential buyers is the inelastic

demand of Indexers, Γi. I assume that investors who do not find a match collect a payoff of 0 so

the expected price for sellers is just the probability of finding a buyer:4

E
[
P i
1

]
=
mi

mi
S

= λ

(
π
ωi

P i
0

)θ−1 (
Γi
)θ
. (2.6)

In order to align model quantities with the empirical measures of Section 1.2, I define the interest

rate spread of issuer i relative to j as

ζi,j =
[
− ln

(
P i
0

)]
−
[
− ln

(
P j
0

)]
, (2.7)

and the sensitivity to risk, or conditional volatility, of issuer i relative to j as

βi,j =
∂ζi,j
∂π

. (2.8)

This derivative is the model equivalent of the empirical β computed in 1.2.2 (with opposite sign),

where I regressed the (opposite of the) change in spread to Germany on a change in a measure of

future expected volatility, whose natural counterpart in the model is the probability of a crisis π. To

align more closely to the holdings data in Section 1.3.3, I also define ρi as the share of outstanding

bonds issued by i held by Stable investors:

ρi =
A−BP i

0

P i
0S

. (2.9)

2.2.2 Inelastic demand increases liquidity in crises and hence prices

I show that investors with higher inelastic demand are able to issue bonds at higher prices

because the higher expected liquidity during crises is valued by Flighty investors. I start by char-

acterizing equilibrium prices, spreads and volatility with the following Proposition.

4For every match there is a surplus of 1 and I could model it as being split between seller and buyer with proportions
η and 1− η but since this does not play any role in the mechanics of the model I set η = 1.
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Proposition 1. Assume that there are n issuers of bonds that are symmetric in all respects except

for inelastic demand Γi. Then the initial price of bonds issued by i, P i
0, and the spread of issuer i

relative to issuer j, ζi,j , are a function of model parameters θ, π, λ, R, S, B, A and Γi. If θ = 1,

the analytical expressions are

P i
0 =

(1− π) + πλΓi

R
and ζi,j = ln

(
πλΓj + (1− π)

πλΓi + (1− π)

)
. (2.10)

In addition, the volatility of bonds issued by i relative to j is

βi,j =
λ(Γj − Γi)

(1− π + πλΓi)(1− π + πλΓj)
. (2.11)

Proof. See Appendix Section .1.1.

Corollary 1. The initial price for issuer i, P i
0, is increasing in inelastic demand for i, Γi. Therefore,

the spread of issuer i to any other issuer, ζi,j ∀j ̸= i, is decreasing in Γi.

This establishes that issuers with higher inelastic demand issue bonds at higher prices because

Γi increases the expected liquidity at t = 1 and hence Flighty investors are willing to pay a pre-

mium.5 This conclusion is not trivial because holding other variables constant, liquidity is a de-

creasing function of the share held by Flighty investors (see Equation 2.6) but this corollary shows

that the equilibrium effect is an increase in liquidity and price at t = 0. A direct consequence of

this diverging effect of Γi on price is that the spread of i to other issuers is unambiguously reduced.

The next result shows that issuers with higher Γi also exhibit lower volatility to bad news than

issuers with lower Γi, consistent with the evidence shown in Section 1.2.2.

Corollary 2. The volatility of issuer i to any other issuer, βi,j ∀j ̸= i, is decreasing in Γi.

Having characterized the price effect of differences in Γi, I now obtain model predictions for

the composition of the investor base across issuers. In particular, the next Proposition establishes

that investors sort across issuers according to their need for liquidity.
5Figure .2.6 shows the effect of a variation in Γ2 for a calibration with θ < 1 and 3 issuers.
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Proposition 2. Assume that there are n issuers of bonds that are symmetric in all respects except

for inelastic demand Γi. Then the market share of Flighty investors and indexers for issuer i, ρi, is

a function of model parameters θ, π, λ, R, S, B, A and Γi. If θ = 1, the analytical expression is

ρi =
RA

S(1− π + πλΓi)
− B

S
. (2.12)

The market share of Stable investors for issuer i relative to issuer j depends on the relative param-

eters of inelastic demand, Γi and Γj , in addition to common parameters. If θ = 1, the analytical

expression is

ρi − ρj =
RAπλ

A(1− π + πλΓi)(1− π + πλΓj)
(Γj − Γi) (2.13)

Proof. See Appendix Section .1.1.

Corollary 3. The market share of Stable investors, ρi, and the market share relative to another

issuer, ρi − ρj , are decreasing in inelastic demand for issuer i, Γi.

This result gives the testable implication that if spreads are driven by differences in Γi, then the

market share of Flighty investors should be higher for issuers with lower yields. This is due to the

fact that inelastic demand increases liquidity and hence the value for Flighty investors, but Stable

investors do not value this property and the resulting increase in price makes them substitute away

from bonds issued by i.

The simple patterns in holdings data described in Section 1.3.3 are consistent with the idea that

spreads are driven by differences in inelastic demand. In particular, Figure .1.12 shows that the

investor base for EU bonds is more skewed towards Stable investors than comparably safe national

governments, in line with the predictions of Corollary 3 for issuers with high spread (due to low

Γi).

2.2.3 Demand reallocation comes at the expense of other issuers

I now consider a counterfactual scenario in which there is a reallocation of inelastic demand

towards an issuer that lowers its cost of issuing debt but increases it for all other issuers. This is the
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model equivalent of an inclusion of EU bonds in European sovereign bond indices, which would

necessarily imply a reduction in inelastic demand for all other issuers that are currently included.

In particular, I assume that the total amount of inelastic demand, Ω =
∑n

j=1 Γ
j , is fixed but its

allocation across different issuers can change.

Figure 2.1 shows that an increase in inelastic demand for issuer i = 2, Γ2, increases the price

of its bonds while decreasing the price of all other bonds. This happens because there is a change

in the relative expected liquidity such that the position of all issuers worsens relative to i = 2. This

is accompanied by a reallocation of the portfolios of investors who care about liquidity toward the

bonds issued by i = 2 even as they become more expensive.

Figure 2.1: Model equilibrium for changes in the size of inelastic demand for issuer i = 2
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The figure shows the model equilibrium for a setting with 3 issuers that are symmetric in all respects except for the inelastic demand parameter Γi.
Common parameter values are as follows: θ = 0.6, π = 0.1, λ = 1, S = 1, B = 0.1, A = 0.5. The figure shows how the model equilibrium
changes as inelastic demand for the second issuer, Γ2, increases while Γ1 and Γ3 decrease since their sum remains fixed at 0.105.

My model thus provides a rationale for the refusal of fixed-income indices providers to include

EU bonds, as such a move would have potentially large effects on the cost of funding of national

governments. Section 1.4 estimates a demand system for European sovereign bonds to quantify

potential gains for EU bonds from index inclusion to be weighed against the increase in yields for

all other issuers.

I have provided a model that links demand segmentation to asset prices and is thus able to ex-

plain the cross-section of interest rates. However, the index inclusions that drive inelastic demand

are slow-moving factors that cannot explain the large cyclical variations in spread observed in Fig-
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ure 1.1. Therefore, the next Section shows how to incorporate expectations about asset purchases

in the model in order to explain the time series evidence.

2.2.4 Expectations about conditional QE drive spreads, volatility

I show how expectations about asset purchases during crises (which I call conditional QE) drive

time-series variation in spreads, relative volatility, and the composition of the investor base.6 To

do so, I introduce parameter κ that enters Equation 2.5 as a measure of the potential purchases of

bonds at time t = 1, such that liquidity for bonds issued by i becomes

E
[
P i
1

]
=
mi

mi
S

= λ

(
π
ωi

P i
0

)θ−1 (
Γi + κ

)θ
. (2.14)

I assume that asset purchases are symmetric across issuers because the ECB is legally required to

conduct purchases according to a predefined capital key that is proportional to each country’s size

within the euro area.7 Asset purchases can only deviate from the capital key “temporarily" and the

ECB perceives a clear political cost in doing so. This institutional feature is unique to the euro area

and is the reason why the sovereign bond market in euros is a unique setting to study the impact

of inelastic demand on interest rates.8 The assumption in 2.14 allows for any issuer-specific level

of support by the ECB to be absorbed into Γi, leaving only time variation that is common to all

issuers in κ. In other words, the model is consistent with a preference of the ECB for a specific

issuer (say, EU institutions) as long as this implicit commitment relative to the other issuers is fixed

over time.

I now study how changes in expectations about asset purchases during crises impact relative

6Section .1.2 in the Appendix describes the effects of a symmetric change in unconditional purchases, equivalent
to variations in A, or conventional monetary policy, meaning changes in R. The predictions are inconsistent with the
empirical evidence described in Section 2.3 so I focus here on conditional QE.

7The capital key is an average of the share of GDP and population within the euro area at the time of the last update,
see the latest values for each country in Table .1.1. There is no legally-mandated capital key for EU bonds so the ECB
set the 10% figure; this means that 10% of total asset purchases are allocated towards EU bonds and the remaining
90% is split among national issuers according to the capital key.

8In other bond markets, the central bank has an implicit mandate to preserve the liquidity of bonds issued by the
national government. Therefore, the central government earns a convenience yield relative to other issuers thanks to
the expectation of special treatment in times of crisis by its central bank.
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Figure 2.2: Model equilibrium for changes in the common part of asset purchases κ
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The figure shows the model equilibrium for a setting with 3 issuers that are symmetric in all respects except for the inelastic demand parameter Γi.
Common parameter values are as follows: θ = 0.6, π = 0.1, λ = 1, S = 1, B = 0.1, A = 0.5. The figure shows how the model equilibrium
changes as conditional QE, κ, increases from 0 to 0.3.

prices, volatilities and the investor composition. I derive analytical results for θ = 1 while Figure

2.2 shows a calibration exercise.

Proposition 3. Assume that there are n issuers of bonds that are symmetric in all respects except

for inelastic demand Γi. The spread of issuer i relative to issuer j, ζi,j , its relative volatility, βi,j ,

and the relative market share, ρi − ρj , are decreasing in the conditional QE, κ, if and only if

inelastic demand for j is larger than for i.

Proof. See Appendix Section .1.1.

This result implies that a decrease in expected purchases in times of crisis induces a reallocation

of Flighty investors from issuers with relatively low Γi to issuers with relatively high values. This

happens because a decrease in κ deteriorates expected liquidity for all issuers but more so for those

with lower Γi and hence Flighty investors want to substitute away from them. The next result shows

that the model is also able to reproduce the widening of spreads documented in Figure 1.1.

Corollary 4. Let’s assume i∗ is an issuer with Γi∗ ≥ Γi ∀i and hence P i∗
0 ≥ P i

0 ∀i. Spreads

relative to i∗, ζi,i∗ , and volatility relative to i∗, βi,i∗ , are decreasing in κ for all other issuers.
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This corollary implies that a decrease in expected purchases in times of crisis increases spreads

and relative volatility because it has a larger impact on the prices of issuers with lower Γi. This

happens because while κ varies by the same amount for all issuers, high values of Γi translate

into lower proportional decreases in expected liquidity. The left panel in Figure 2.2 illustrates this

effect by showing a widening of all spreads relative to the issuer with the largest Γi.

Corollary 5. Let’s assume i∗ is an issuer with Γi∗ ≥ Γi ∀i and hence P i∗
0 ≥ P i

0 ∀i. The derivative

with respect to κ of the spread, ζi,i∗ , and volatility, βi,i∗ , are increasing in κ.

This result shows that the effect of variations in conditional QE is larger when κ is lower, which

means that reductions in expectations about price support by the ECB can cause large sudden

increases in spreads and volatility. This comes as a cautionary tale for policymakers in the process

of winding down measures of market support, as the effect on prices may be muted in the first

stages but will increase significantly as the level of support is reduced.

I described a model with clear predictions for how expectations about state-contingent pur-

chases should affect prices, volatilities, and the investor composition. Section 2.3 shows that the

empirical evidence is consistent with a major role for conditional QE in driving the time series

variation of the spread paid by EU bonds. Section 1.4 extends the theoretical insights from the

model in order to evaluate policy counterfactuals by estimating a rich demand system with differ-

ent elasticities for each investor class.

2.3 QE expectations change the properties of EU bonds

I show that the premium required by investors to hold EU bonds relative to equally safe govern-

ment bonds is a function of expectations of state-contingent purchases. I document that the large

increase in the outstanding amount of EU bonds has been accompanied by a worsening in their

volatility properties. I attribute this deterioration to a shift in the stance of the ECB towards tighter

policy by showing that EU bonds become more volatile than even the riskiest of governments

during periods of tightening.
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2.3.1 EU bonds become risky assets without the ECB’s support

I document that expectations about the ECB’s willingness to buy assets during crises drive

spreads and relative volatility, consistent with the theoretical results shown in Section 2.2.4. I stress

the difference between state-contingent policy (conditional QE) and unconditional asset purchases

that are announced in advance and implemented over a period of time.

I use a market-based measure of conditional QE consistent with the literature to show that

it closely mirrors the evolution of the spread of EU bonds to Germany. In particular, I focus

on the implied volatility of bond prices computed from options on futures on German Bunds,

similar to what Haddad et al. (2025a) do for the US. This can be interpreted as a measure of the

ECB’s willingness to tolerate large price movements without asset purchases. Figure 2.3 shows the

very strong correlation between the two series, consistent with my mechanism of higher expected

volatility due to the ECB’s disengagement translating into investors demanding a higher premium

for securities with worse conditional properties. Quantitatively, the EU-Germany spread roughly

quadruples during 2022, rising from around 20 basis points at the start of the year to above 80 basis

points in the second half as expectations of future ECB support collapse.

Figure 2.3: 5-year spread with Germany and implied volatility from Bund futures
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The figure shows the 5-year yield spread of EU bonds with Germany (in black) and the implied volatility of Bund prices computed from options on
futures on German Bunds (in red). Yield and implied volatility data comes from Bloomberg.

52



The large spread increase in 2022 coincided with a sharp adjustment in market expectations

about the willingness of the ECB to hold assets on its balance sheet in future periods. Figure .2.1

uses a survey of professional forecasters to show how between December 2021 and March 2022

expectations about the size of the balance sheet of the ECB in future quarters were dramatically

curtailed, with the start of QT forecast to start 2 years earlier and from a lower peak than previously

thought. This sharp turn in the monetary policy stance was due to the unexpected and protracted

increase in inflation that rose significantly above the 2% target, in part due to the war in Ukraine

that started in February 2022.

What matters for stochastic properties and hence the spread is not current purchases but ex-

pectations about how the central bank will react in a future crisis. This can be seen in Figure .2.2,

where I report the EU spread together with net QE purchases to show that contemporaneous pur-

chases cannot account for the time series variation in the spread. While the correlation appears

to be negative in the earlier part of the sample, this turns sharply positive in mid-2022, with large

net selling by the ECB coinciding with a large reduction in the spread. In addition, the spread

remained subdued when the ECB initially stopped QE in 2019 while it spiked in 2022 when it was

still conducting purchases.

The spread can also not be accounted for by the absolute level of interest rates because it reflects

the relative stochastic properties of different assets. This is shown in Figure .2.3, where the spread

declined almost monotonically as the ECB raised its policy rate by 450 basis points first and then

decreased it by 200. Finally, Figures 1.1 and .1.4 show that the effect of monetary tightening was

much more pronounced on EU bonds than on lower-rated governments, consistent with the key

role of inelastic demand discussed in Section 2.2.4.

The substantial increase in the spread reflected worsening stochastic properties of EU bonds

during 2022, even as their outstanding grew quickly (see Figure 1.2). I obtain a time-varying

measure of conditional volatility by regressing excess returns on changes in VIX (Equation 1.3)

over a rolling window of 24 months and show the results in Figure .1.15. Starting in early 2022,

the estimated β for EU bonds dropped significantly below the -0.4 value estimated over the entire
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sample and is now close to the estimated value for Spain.

I show that expectations of a tight monetary policy increase volatility for all issuers but partic-

ularly so for EU bonds while actual purchases by the ECB have no effect. To prove this, I expand

Equation 1.3 by interacting the increase in expected volatility with a dummy for a period of mon-

etary tightening, defined as the months in which the spread between the 1-year Euribor interbank

rate exceeds the ECB’s deposit facility rate by at least 100 basis points. In my sample this corre-

sponds to the period between June 2022 and February 2023 but I consider alternative thresholds

for the spread that yield longer periods and the results are similar.9 Formally, I estimate:

rxi5,t = αi + βi ·∆ lnV IXt + βQT
i ·∆ lnV IXt · QT(t) + εt,i. (2.15)

Figure 2.3.1 shows that periods of QT are associated with increased exposure to volatility for all

issuers except Italy and Spain, for which β is large in absolute value regardless of the ECB’s stance.

However, the increase is particularly pronounced for EU bonds that become the asset that is most

exposed to volatility among the major issuers in euros, with the confidence interval suggesting that

a doubling of the VIX would translate into an annualized negative excess return relative to German

bonds of between 2% and 3%. The point estimate of β for EU bonds during QT periods is roughly

six times larger in absolute value than the full-sample estimate, consistent with the convexity in

the effect of conditional QE implied by Corollary 5.

I also prove that this wedge is driven by expectations about conditional policy and not by

current purchases by using an alternative definition of QT as the months in which the ECB is not

currently purchasing government bonds within either of its two programs (PSPP and PEPP). In

my sample this corresponds to the period before March 2015 and the period after December 2024

but I also consider a broader definition that includes months in which the ECB was not expanding

its holdings but still reinvesting its portfolio (Jan-Oct 2019 and after June 2022) to obtain similar

results. Figure .2.5 shows that the effect of volatility on relative asset prices is not statistically

different in periods when the ECB is actively conducting QE relative to periods in which it is

9See e.g. 50 basis points in Figure .2.4.
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Figure 2.4: Estimation of βi over the sample and during QT periods
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The figure shows estimated beta parameters from Equation 2.15, where I regress the realized excess return relative to Germany for each issuer on
the contemporaneous log change in VIX and the interaction between the contemporaneous log change in VIX and an indicator function for QT
period. I define a QT period as a month in which the spread between the 1-year Euribor interbank rate exceeds the ECB’s deposit facility rate by
at least 100 basis points. I use Newey-West standard errors with 24 lags. Yield data comes from Bloomberg, Euribor data from Refinitiv, and the
deposit facility rate from the ECB.

disinvesting its portfolio.

I conclude that among the major issuers in euros, the price of EU bonds is uniquely sensitive to

expectations about the ECB’s policy. The extension of the model described in Section 2.2.4 shows

how variations in the expected support by the ECB can translate in changes in spreads and volatility

even if asset purchases are designed to be neutral across issuers. Furthermore, Corollary 5 shows

that this effect is nonlinear, which explains why the estimated volatility of EU bonds increased so

dramatically.

2.4 Conclusion

I document a novel monetary policy channel operating through state-contingent asset pur-

chases. Expectations about the ECB’s crisis response drive spread dynamics because bonds with

smaller investor bases depend more on central bank interventions during crises. This affects partic-

ularly common EU bonds, whose lack of a sovereign status means that the ECB plays an outsized

role in the provision of liquidity during crises.

This mechanism is conceptually different from the channels of QE effectiveness commonly

discussed in the literature. It is unrelated to any potential effect on asset fundamentals, duration
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risk, and conventional risk premia. It plays a distinct role from its use as a signaling device about

the direction of the policy rate because it relates to market functioning and not to traditional mone-

tary policy. It is driven in large part by inflation, but it acts on the relative price of assets as opposed

to the absolute level of interest rates.

The potential magnitude is quantitatively large: spreads can quadruple within a year due to

shifts in expected ECB support alone. Moreover, the effect is nonlinear in the policy stance due

to the convexity in the effect of expected asset purchases on market liquidity. This explains why

moderate monetary tightening can trigger disproportionate spread widening if the perceived level

of support is already sufficiently low.

I described this mechanism in a specific setting where the institutional details allow for clear

identification, but the range of applicability is much broader and extends beyond Europe. In par-

ticular, any low-risk asset lacking a broad investor base will face large and variable spreads that

comove strongly with the willingness of the central bank to engage in market support. These as-

sets include bonds issued by any highly rated borrower, including large corporations, supranational

institutions, and state and local municipalities.
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Chapter 3: Fiscal Integration as a Pareto Improvement

3.1 Introduction

The European Union’s fiscal response to the COVID-19 pandemic marked a turning point in

its history, with the issuance of additional common debt in the order of over e1 trillion. Political

momentum has continued and the Draghi (2024) report called for a permanent common borrowing

capacity to finance shared European priorities in defense, climate, and industrial policy. How to

structure such a facility, and whether it can be made acceptable to all member states, has become

one of the central challenges in European economic governance.

The difficulty is political as much as economic. The dominant view in both academic and

policy debates treats fiscal integration as redistribution: fiscally strong core countries, such as

Germany and the Netherlands, are reluctant to subsidize fiscally weak periphery countries, such as

Italy and Greece. Under this framing, the political calculus for creditor countries is unfavorable by

construction: any program that benefits borrowers must impose costs on lenders. This view shaped

the rejection of Eurobonds after the 2010–2012 sovereign debt crisis and the insistence on strict

conditionality in the NextGenerationEU architecture. It implies that the political obstacles to fiscal

union reflect genuine economic trade-offs, not merely coordination failures.

This paper argues that this framing is incomplete. The political difficulty arises from focusing

on the wrong institutional design, not from an intrinsic incompatibility of interests. I show that

a common fiscal program, in which a supranational institution issues common bonds potentially

funded through a non-defaultable common tax, can constitute a Pareto improvement: both the fis-

cally weak and the fiscally strong country simultaneously benefit, with no side-payments required.

Non-defaultability is what makes this possible: it converts risk-sharing from a voluntary arrange-

ment into a binding commitment device, activating welfare gains for the strong country that do not
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arise under joint-liability proposals without a fiscal anchor. The mechanism is close to what the

EU has done in practice with NextGenerationEU, by issuing its own bonds on capital markets and

allocating the proceeds for spending across member countries.

I build on the sovereign-default framework of Dávila and Weymuller (2017), placing two coun-

tries, a risky periphery (R) and a safe core (S), in a currency area. A supranational institution,

which I call the European Commission (EC), issues common bonds at the risk-free rate and dis-

tributes the proceeds symmetrically so that each country receives an amount θ. After this initial

transfer, both countries borrow on their own national markets: the EC does not co-sign or guaran-

tee any individual sovereign bond. The program is funded by a proportional income tax τ levied on

both countries, and the distinguishing feature is that the tax is non-defaultable: even if R defaults

on its national bonds, the EC continues to collect the common tax. This separates the mecha-

nism from the joint-liability proposals of the existing literature, where the commitment behind the

common instrument relies on political enforcement rather than institutional design.

The non-defaultability of τ generates a commitment mechanism with a precise structure. When

the EC tax is low, the common budget can run a deficit in bad aggregate states, with tax revenues

falling short of the facility’s funding cost. A defaulting R is then shielded from its share of the EC

deficit, reinforcing default incentives in the states where they are already strongest. I characterize

the fiscal threshold τ̄(θ), the minimum tax rate above which this perverse incentive is fully elimi-

nated in every income state. Above τ̄(θ), the EC always runs a surplus and the commitment device

is fully operational: R cannot gain from defaulting by escaping an EC deficit contribution.

The welfare effects of the program decompose into transparent channels for each country.

When the transfer size θ expands, R receives a larger date-0 cash grant. Because the grant is

unrestricted, it does not mechanically retire national debt; instead, any reduction in R’s debt oc-

curs through the country’s equilibrium saving and issuance decisions. A larger program can also

reduce R’s equilibrium default probability, raising the price lenders are willing to pay on its na-

tional bonds; this commitment channel operates through endogenous bond pricing and benefits R

on its entire debt stock. These gains are partly offset by the EC interest cost shared across member
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states. S’s welfare change has an analogous structure: it receives the same upfront transfer and

bears the EC interest cost, but gains through a commitment benefit, since every reduction in R’s

default frequency spares it the direct spillover losses that arise whenever R defaults. The common

tax also functions as a risk-sharing instrument: because the EC rebates revenues equally across

members, τ channels resources toward whichever country draws the lower income realization each

period.

At the calibrated parameters, a doubling of the current size of common debt up to 20% of the

combined GDP of the EU is Pareto improving only if common taxation is large enough. R gen-

erally benefits from the program because the date-0 cash grant and commitment channel together

outweigh the EC interest cost. S’s welfare is initially negative at τ = 0 and then rises as τ in-

creases and the fiscal exposure channel closes. Quantitatively, τ̄(0.2) equals approximately 0.10%

of mean income, well below existing EU budget contribution rates of 1–2% of gross national in-

come. Member states already make non-defaultable contributions to the common EU budget at

rates broadly consistent with the Pareto improvement set.

The analysis reframes the political constraint. A national politician cannot credibly support a

program that makes their constituents worse off, regardless of aggregate European welfare gains.

The question for policymakers is therefore not whether the strong country should subsidize the

weak one, but whether the institutional parameters (θ, τ) satisfy the condition that the safe country

gains. This condition is checkable from observables: sovereign spreads, default frequencies, and

cross-country output co-movement during crises, and is satisfied at empirically plausible parameter

values. The institutional distance from the status quo to a Pareto-improving fiscal union is smaller

than commonly assumed.

Section 3.4 considers three extensions, each of which strengthens the case. If the program at-

tains sufficient scale, the common bond could develop a convenience yield, driving the EC bond

rate below the safe rate and making the program self-financing beyond a threshold capacity. Fiscal

roles are also not fixed: France, historically a core sovereign, has seen its fiscal credibility deteri-

orate sharply in recent years, illustrating that today’s safe country may be tomorrow’s risky one.
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Under ex-ante uncertainty about country types, both countries benefit from the commitment device

before fiscal positions are revealed. Finally, allocating part of the EC surplus to pan-European pub-

lic goods is Pareto-improving at any positive level, exploiting the standard underprovision result

that arises when sovereign countries provide public goods non-cooperatively.

Related literature. The paper builds directly on the sovereign-default framework of Eaton and

Gersovitz (1981), Arellano (2008), and Chatterjee and Eyigungor (2012), as extended to a two-

country setting by Dávila and Weymuller (2017). That paper studies the optimal design of joint

bonds by varying liability sharing and pooled issuance across countries of differing credit quality;

I hold those features fixed and focus instead on non-defaultable common taxation as the commit-

ment instrument. The block-recursive equilibrium structure of Dávila and Weymuller (2017), in

which the risky country’s optimization is separable from the safe country’s, is preserved under the

bivariate AR(1) log-income specification used here, since the risky country’s optimization remains

separable conditional on the income state.

The paper also speaks to the literature on joint European debt issuance. Brunnermeier et al.

(2017) analyze ESBies, a tranching mechanism that produces AAA-rated securities from a di-

versified sovereign portfolio; Favero and Missale (2012) and Beetsma and Mavromatis (2014)

examine alternative Eurobond designs; Pallara and Renne (2024) study how fiscal limits affect

Eurobond pricing. My contribution relative to this literature is to identify the institutional fea-

ture, non-defaultable common taxation, that converts joint issuance from a potential transfer into

a Pareto improvement. Tirole (2015) analyzes country solidarity in sovereign crises and the con-

ditions under which bailouts are incentive-compatible; the paper constructs an arrangement that

requires no bailout.

A separate literature studies fiscal unions and risk-sharing arrangements in currency areas.

Farhi and Werning (2017) characterize optimal fiscal unions with financial frictions; Berriel et al.

(2024) ask whether a fiscal union is optimal for a monetary union; Martinez et al. (2022) study

the interaction of capital market integration and fiscal policy; Karaivanov et al. (2024) design

incentive-compatible unemployment reinsurance for the euro area. The paper focuses on welfare
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at the country level, specifically on when the safe country gains rather than loses, rather than on a

social planner’s optimum. Individual rationality and collective benefit coincide within the Pareto

improvement set; establishing that this set is non-empty at plausible parameter values is the central

quantitative result.

Finally, the paper connects to work on safe-asset convenience yields. Krishnamurthy and

Vissing-Jorgensen (2012) measure the aggregate demand for Treasury debt; Caballero et al. (2017)

document the global safe-asset shortage; He et al. (2019) model safe-asset determination endoge-

nously, showing how coordination on a single issuer generates a self-reinforcing liquidity premium.

Jiang et al. (2026) measure convenience yields across euro-area sovereigns and document their role

in fiscal sustainability.

The rest of the paper is structured as follows. Section 3.2 develops the model and derives the

fiscal threshold. Section 3.3 derives the welfare decompositions, presents the calibration, and char-

acterizes the Pareto improvement region both analytically and quantitatively. Section 3.4 discusses

extensions. Section 3.5 concludes.

3.2 A Model of Partial Fiscal Integration

3.2.1 Environment

This section builds directly on the sovereign-default framework in Dávila and Weymuller

(2017). As in that paper, countries are small open economies borrowing from risk-neutral in-

ternational lenders, and one country is defaultable while the other is fully safe. My contribution

is to add a common fiscal institution that provides a one-time common-bond grant to both coun-

tries, funded through a non-defaultable common tax. Time is discrete and the horizon is infinite,

t = 0, 1, 2, . . ..

Two countries, labeled R (risky) and S (safe), interact within a currency area. Each country is

modeled as a small open economy governed by a benevolent planner who maximizes the welfare

of a representative consumer. Countries borrow from competitive international capital markets

populated by risk-neutral lenders. The two countries share a common fiscal institution that issues
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a stock of common debt at date t = 0, distributes the proceeds symmetrically between them,

and thereafter collects a proportional income tax to service that debt. I refer to this supranational

institution as the European Commission (EC). The distinguishing feature of the model is that the

EC tax is non-defaultable: country R may choose to default on its national debt, but it cannot

default on its contribution to the EC. Section 3.2.2 discusses the institutional foundations for this

assumption.

Each country i ∈ {R, S} receives a stochastic endowment each period. Log-income follows

an AR(1) process:

log yit = ρi log yi,t−1 + eit, (3.1)

where ρi ∈ (0, 1) is the persistence parameter and the innovations are jointly normally distributed:

eRt

eSt

 ∼ N (0, Σ) , Σ =

 σ2
R ρRS σRσS

ρRS σRσS σ2
S

 . (3.2)

The unconditional mean of yit equals exp(σ2
i /[2(1− ρ2i )]), which is close to one for the small val-

ues of σi calibrated in Section 3.3.5. The cross-country correlation ρRS generates positive income

comovement, creating scope for risk-sharing, while country-specific innovations generate disper-

sion. Denote by ymin ≡ min(yR, yS)(yR + yS) > 0 the minimum possible aggregate income over

the discretized state space.

The representative consumer in country i has constant relative risk aversion (CRRA) prefer-

ences,

ui(c) =
c1−γi

1− γi
, γi > 0, γi ̸= 1, (3.3)

and discounts future utility at rate βi ∈ (0, 1).1 Country S never defaults on its national debt;

1In the calibration of Section 3.3.5 I set βS = qS = 1/(1+rS), placing country S exactly at the knife-edge βS(1+
rS) = 1. This differs from the standard small-open-economy practice of imposing strict impatience βS(1 + rS) < 1
(e.g. Dávila and Weymuller (2017), where βS = 0.971 is chosen to target an empirical debt-to-output ratio for the
safe country). The knife-edge choice is motivated by analytical transparency: it yields exact cash-flow neutrality of
the EC program for S (Proposition 3.3.1), so that the welfare decomposition of Section 3.3.2 isolates the commitment
and fiscal-exposure channels without a residual present-value-of-fees term. A known implication is that the ergodic
debt distribution is not uniquely pinned down by household impatience and instead depends on the location of the
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country R defaults strategically.

3.2.2 The Common Fiscal Institution

At date t = 0, the EC issues 2θ > 0 units of common bonds (face value) at the rate rJ = rS , so

q̄ = 1/(1+rS) = qS . The cash proceeds 2q̄θ are distributed symmetrically as a one-time lump-sum

grant, giving each country q̄θ in date-0 cash. National debt stocks are not touched at t = 0: the EC

retains the 2θ common-bond liability on its own balance sheet and services it over time through the

per-period tax τ . After t = 0 both countries continue to borrow at their own national rates: R at

the endogenous market rate qR(b′R, y) reflecting its default risk, and S at the risk-free rate qS . The

EC does not co-sign or guarantee any individual country’s bonds; the two debt markets are fully

segmented after the initial transfer.

Each period the EC collects a proportional tax τ ≥ 0 from every member country to service

the outstanding 2θ of common bonds, and distributes the net budget position equally between the

two countries. The EC’s period-t budget surplus is:

gt = τ(yR,t + yS,t)− 2(1− q̄)θ. (3.4)

The first term is total tax revenue; the second is the total per-period debt-service cost of the common

bonds, equal to (1− q̄)θ per country. Each country receives (or contributes) one half of gt, so each

country’s net EC position is 1
2
gt = 1

2
τ(yR,t + yS,t) − (1 − q̄)θ. The EC does not consume or

invest: (3.4) is a mechanical accounting identity, and the budget position is immediately rebated to

or collected from member countries.

Cash-flow neutrality under repayment. The date-0 grant of q̄θ and the subsequent stream of

EC fees (1 − q̄)θ per period (the country’s share of −2(1 − q̄)θ in gt) offset one another exactly

in present value under the knife-edge calibration βS = qS = q̄: discounting the per-period fee at

S’s equilibrium SDF gives a present value of (1 − q̄)θ/rS = q̄θ, precisely canceling the date-0

borrowing limit bmax
S , which is calibrated directly to match the empirical debt-to-output ratio for S.
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grant. Since S borrows at the risk-free price qS = q̄ and the borrowing constraint is slack, one

natural equilibrium implementation is for S to use the unrestricted date-0 grant to reduce risk-free

borrowing by θ and keep the debt path lower by θ thereafter. Along that selected debt path, the

national-debt budget term rises by (1− qS)θ = (1− q̄)θ each period, exactly offsetting the EC fee

period by period. The model, however, does not impose this implementation: national debt stocks

are not retired by the EC, the grant is legally an unrestricted cash transfer, and under the knife-

edge Euler equation S is locally indifferent across timing choices with the same present value. The

formal neutrality result is therefore the SDF-weighted present-value identity in Proposition 3.3.1,

rather than a unique prediction for the debt path. The neutrality breaks down in default periods

because R is exempted from the EC deficit contribution, shifting the shortfall onto S, the fiscal

channel analyzed in Section 3.2.5.

The parameter θ is the per-country transfer and is the single instrument governing the extent

of fiscal integration; all other features are fixed by symmetry or are policy parameters taken as

given. In the baseline θ is exogenous and held constant; I set rJ = rS , so q̄ = qS , and relax this in

Section 3.4.

Non-defaultability of EC contributions. The tax τ is non-defaultable: even if R defaults on its

national bonds, the EC continues to collect τyR,t from countryR. Several institutional mechanisms

support this assumption. The EC collects “own resources” through channels that are legally and op-

erationally separate from national bond markets, such as customs duties, a portion of value-added

tax, and national income contributions. Default on EU treaty obligations would trigger immediate

loss of access to structural funds and the single market, penalties that far exceed any short-term

fiscal relief. Countries contribute to EU budget obligations even when not formal members of the

Union. The Greek sovereign debt crisis of 2010–2012 provides the clearest precedent: Greece

restructured approximately e200 billion in national bonds in 2012 while continuing to remit EU

budget contributions without interruption throughout the crisis. I model this by requiring R to

honor the EC tax regardless of dR. However, when the EC runs a deficit (gt < 0), a defaulting R
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cannot be compelled to cover its share of the shortfall, which instead falls entirely on S.

3.2.3 Budget Constraints and Value Functions

Let dR ∈ {0, 1} denote R’s default decision in the current period, and suppress the time sub-

script. The period budget constraints are as follows.

When R repays (dR = 0):

cR = (1− τ)yR − bR + qR(b
′
R, y) b

′
R + 1

2
g, (3.5)

cS = (1− τ)yS − bS + qSb
′
S + 1

2
g. (3.6)

When R defaults (dR = 1):

cR = (1− τ)yR − L(yR) + max
{

1
2
g, 0

}
, (3.7)

cS = (1− τ)yS − φ− bS + qSb
′
S + 1

2
g +min

{
1
2
g, 0

}
. (3.8)

Following the convention in the sovereign default literature, debt is denominated as a positive lia-

bility stock: bi ≥ 0 denotes debt due this period and b′i ≥ 0 denotes next-period debt issuance. The

budget constraints (3.5)–(3.8) govern each country’s decisions from t = 1 onwards; at t = 0, the

only modification is an additional q̄θ of cash from the EC lump-sum grant entering each country’s

period-0 resources. The two countries are treated symmetrically in the recursive program: both

face the EC tax τ and receive half of gt each period. Welfare under integration is evaluated in util-

ity units. If ci0(bi, y) denotes period-0 consumption before the EC grant and π denotes the ergodic

distribution over (bi, y) induced by the recursive equilibrium at (θ, τ), then

W joint
i = Eπ

[
V joint
i (bi, y) + ui(ci0(bi, y) + q̄θ)− ui(ci0(bi, y))

]
. (3.9)

The ergodic expectation of V joint
i embeds the ongoing EC fees through gt, while the final two terms

are the utility value of the one-time date-0 cash grant. For marginal decompositions below, this
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utility increment is reported in date-0 consumption-equivalent units by normalizing with u′i(ci0).

When R defaults, it loses access to bond markets and cannot make net contributions to the EC

when the EC runs a deficit. I model this as R receiving max{1
2
g, 0}: the EC rebate is claimed if

positive, but the deficit contribution is waived. Since the EC budget must balance, the uncovered

shortfall falls entirely on S, whose net receipt is 1
2
g +min{1

2
g, 0}. This equals 1

2
g when g ≥ 0 (S

keeps its normal share) and equals g when g < 0 (S bears the full deficit).

The safe-country constraint (3.8) includes two channels through which R’s default harms S.

The term min{1
2
g, 0} ≤ 0 is the fiscal channel: when τ(yR + yS) < 2(1 − q̄)θ, the EC runs a

deficit and S must absorb R’s share of the shortfall, bearing an additional fiscal cost (1 − q̄)θ −
1
2
τ(yR + yS) on top of its own deficit contribution. The term φ ≥ 0 is the direct spillover channel:

whenever R defaults, S suffers a fixed output loss φ regardless of the income state, capturing

financial contagion, trade credit withdrawal, and balance-sheet losses that materialize in any default

event, as in Farhi and Tirole (2018) and Bocola (2016). Modeling the spillover as a fixed cost rather

than as a fraction of R’s own output loss L(yR) ensures the channel is active across all default

states, including low-income episodes where L(yR) = 0.

Country R defaults strategically each period by choosing dR ∈ {0, 1}. Defaulting eliminates

R’s obligation to repay its national debt but imposes a direct output cost, in the tradition of Eaton

and Gersovitz (1981). Following Arellano (2008), I use a reduced-form default loss that is zero in

bad income states and positive in good ones:

L(yR) = max{0, yR − ȳR} , (3.10)

where ȳR > 0 is a threshold income level. Equivalently, income during autarky is capped at ȳR:

the defaulting country consumes yR − L(yR) = min{yR, ȳR} net of the tax and EC transfer. This

specification ensures that default is most attractive in bad income states, where the cost vanishes,

and least attractive in good states, where the output cap is binding. Since min{yR, ȳR} > 0 for

all yR > 0, default-state consumption is automatically positive. Following a default, country R is
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excluded from bond markets for a stochastic duration: each period in exclusion, R regains market

access with probability α > 0 and re-enters at zero debt, b′R = 0.

Country S never defaults on its national debt. It continues to borrow normally throughout any

period in which R is in default or exclusion, facing the constraint (3.8) and incurring the direct

spillover cost φ.

Risky country. Country R’s value function solves:

VR(bR, y) = max
dR∈{0,1}

{
(1− dR)V

c
R(bR, y) + dR V

d
R(y)

}
, (3.11)

where y ≡ (yR, yS) is the vector of current income realizations. The value of repaying is:

V c
R(bR, y) = max

b′R≥0
{uR(cR) + βR E[VR(b′R, y′)]} , (3.12)

subject to (3.5).

The value of defaulting is:

V d
R(y) = uR

(
(1− τ)yR − L(yR) + max

{
1
2
g, 0

})
+ βR

{
αE[VR(0, y′)] + (1− α)E

[
V d
R(y

′)
]}
. (3.13)

Since the income process (3.1) follows a first-order Markov chain, the expectation E[· | y] is

conditional on the current income state y. The bond price qR(b′R, y) therefore depends on both

next-period debt b′R and the current income state y through the conditional default probability, and

the value function iteration and bond pricing equation are solved on the full (bR, y) state space.

Safe country. Country S takes R’s default rule dR(bR, y) as given. Its value function is:

VS(b, y) = (1− dR(bR, y))V
c
S (b, y) + dR(bR, y)V

d
S (b, y), (3.14)
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where b ≡ (bR, bS). The value when R repays:

V c
S (b, y) = max

b′S≥0
{uS(cS) + βS E[VS(b′, y′)]} , (3.15)

subject to (3.6).

The value when R defaults:

V d
S (b, y) = max

b′S≥0

{
uS(cS)

+ βS E
[
αVS(b

′, y′) + (1− α)V d
S (b

′, y′)
]}
, (3.16)

subject to (3.8).

The continuation value in (3.16) accounts for the possibility that R remains in market exclusion

next period with probability 1−α. WhileR is excluded, S continues to borrow and save freely; the

EC program remains in place and gt is computed using R’s realized income even during exclusion.

3.2.4 Bond Pricing and Equilibrium

Risk-neutral lenders earn zero expected profits in equilibrium. The safe country’s bonds are

priced at the risk-free rate:

qS =
1

1 + rS
. (3.17)

Common bonds are priced at the same rate in the baseline:

q̄ =
1

1 + rS
. (3.18)

For the risky country, lenders price in the probability of default. With persistent income, next-

period’s default probability depends on both R’s debt choice and the current income state:

qR(b
′
R, y) =

1− E[dR(b′R, y′) | y]
1 + rR

. (3.19)
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The interest rate rR ≥ rS is the risk-free rate at which international lenders discount R’s repay-

ments. Safe-country bonds provide liquidity and store-of-value services beyond their pecuniary

return, so lenders accept a lower yield rS ≤ rR on S’s debt; this convenience yield rR − rS ≥ 0 is

the non-pecuniary premium on safe assets (He et al. (2019), Dávila and Weymuller (2017)). Cru-

cially, the convenience yield is not double-counted with the default premium: qR in (3.19) already

reflects the full compensation lenders require on R’s bonds, which carry no convenience yield.

Country S’s bonds, by contrast, are priced at qS = 1/(1+ rS) with no default adjustment precisely

because they carry the convenience premium that lowers the required pecuniary return. Since the

EC does not guarantee any individual bond after t = 0, R borrows entirely at the market price

qR(b
′
R, y), which appears directly in the budget constraint (3.5).

Definition 3.2.1 (Recursive Equilibrium). A recursive equilibrium consists of value functions

{VR, VS, V c
R, V

d
R , V

c
S , V

d
S }, policy functions {b′R(·), b′S(·), dR(·)}, and a risky bond price function

qR : R+ × Y → [0, 1] such that:

(i) VR, V c
R, V d

R satisfy (3.11)–(3.13), with b′R and dR the associated optimal policies.

(ii) VS , V c
S , V d

S satisfy (3.14)–(3.16) given dR(·), with b′S the associated optimal policy.

(iii) The bond price function satisfies qR(b′, y) = 1−E[dR(b′,y′)|y]
1+rR

for all b′ ≥ 0 and all income

states y ∈ Y .

The equilibrium has a block-recursive structure: R’s problem is solved first, extracting the

default rule dR. Country S’s problem is then solved taking dR as given. This separation is exact

because S does not hold R’s bonds, R’s bond price depends only on R’s own choices, and both

countries face the same EC program parameters (τ, θ), which are taken as fixed.

3.2.5 The Fiscal Threshold and the Commitment Channel

When τ is small, the EC may run a deficit in bad states (when τ(yR,t + yS,t) < 2(1 − q̄)θ). If

that is the case, S bears an additional fiscal cost in default periods because R’s share of the deficit
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falls entirely on S rather than being split. This is because a repaying R must contribute 1
2
|gt| to the

EC in deficit states, whereas a defaulting R is shielded from this obligation, creating a perverse

fiscal incentive for R. The following proposition identifies a threshold tax rate beyond which this

disappears.

Proposition 3.2.1 (Fiscal Threshold). Define the threshold tax rate:

τ̄(θ) ≡ 2(1− q̄) θ

ymin
, (3.20)

where ymin ≡ miny(yR + yS) is the minimum possible aggregate income. Then:

(i) For any τ ≥ τ̄(θ): gt ≥ 0 for every realization (yR, yS) and every period t; the additional

fiscal cost S bears due to R’s default is exactly zero, S’s total exposure to R’s default is

exactly φ, and the marginal fiscal incentive for R to default, the gain from escaping a deficit

contribution, is identically zero.

(ii) Any increase ∆θ > 0, accompanied by an adjustment in τ to maintain τ ≥ τ̄(θ + ∆θ),

leaves S’s fiscal exposure to R’s default unchanged at φ.

Proof. See Appendix Section .1.1.

Proposition 3.2.2 (Sufficient Conditions for θ-Monotonicity of Safe-Country Welfare). Let

WS(θ, τ) denote country S’s ex-ante welfare under the recursive equilibrium. Consider a

differentiable policy path τ = τ(θ) and assume:

(a) τ(θ) ≥ τ̄(θ) for all θ (so Proposition 3.2.1(i) applies and S’s fiscal exposure is exactly φ).

(b) The EC surplus is weakly non-decreasing in θ state-by-state along the path, i.e. dgt/dθ ≥ 0:

(yR,t + yS,t) τ
′(θ)− 2(1− q̄) ≥ 0 ∀(yR,t, yS,t) on the support. (3.21)

A sufficient condition is τ ′(θ) ≥ 2(1− q̄)/ymin.
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(c) R’s default rule takes a threshold form in income: there exists y∗(b; θ) such that, for each

(b, θ),

dR(b, y; θ) = 1{y < y∗(b; θ)} , (3.22)

and y∗(b; θ) is weakly decreasing in θ for every b on the ergodic support.

Then WS(θ, τ(θ)) is weakly increasing in θ; a fortiori, ∂ Pr(dR = 1)/∂θ ≤ 0.

Proof. See Appendix Section .1.1.

Remark 3.2.1. Proposition 3.2.1 is a direct implication of the EC budget constraint (3.4) and

requires no equilibrium argument. It holds regardless of preferences, stochastic structure, or pa-

rameter values, as long as the common fiscal institution is described by (3.4).

Remark 3.2.2. Part (i) of Proposition 3.2.1 eliminates the perverse fiscal incentive but does not

determine the net effect of the common program onR’s default probability. For τ ≥ τ̄ , the program

affects R’s default decision through offsetting forces. The income effect of taxation, (1 − τ)yR,

reduces R’s disposable income and may push it closer to default thresholds. The date-0 grant

improves resources at the start of the program; if R chooses to save part of that transfer or issue

less debt in equilibrium, its subsequent national debt can fall endogenously, lowering future debt-

service obligations. This debt reduction is an equilibrium outcome, not a mechanical feature of

the policy. The net effect depends on the induced debt policy and on equilibrium prices qR(b′R, y),

which adjust endogenously, and I characterize it numerically in Section 3.3.

Remark 3.2.3. The threshold τ̄(θ) = 2(1 − q̄)θ/ymin ensures the EC always runs a surplus,

fully eliminating both S’s additional fiscal exposure and R’s perverse incentive to default. In the

calibration of Section 3.3.5, with rJ = rS = 0.4% and θ = 0.2, τ̄(0.2) ≈ 0.10% of mean income,

well within existing EU budget contribution rates.

3.3 Welfare Decompositions and Pareto Improvements

This section derives analytical expressions for how the welfare of each country changes as the

fiscal integration parameters (θ, τ) vary. Because the goal is to identify Pareto improvements, pol-
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icy changes that raise the welfare of both R and S simultaneously, it is essential to track the two

countries separately rather than aggregating into a single social planner’s objective. Section 3.3.1

introduces the welfare measures and the stochastic discount factor notation used throughout. Sec-

tions 3.3.2 and 3.3.3 derive the marginal welfare decompositions with respect to θ and τ . Sec-

tion 3.3.4 characterizes the Pareto improvement region and links it to the fiscal threshold of Propo-

sition 3.2.1. Section 3.3.5 presents numerical results.

3.3.1 Welfare Measures and Stochastic Discount Factors

For a given pair of policy parameters (θ, τ), let the equilibrium of Section 3.2 be in place. For

a country i ∈ {R,S} starting from state (bi, y), define the value function

Vi(bi, y; θ, τ) ≡ E(bi,y)

[
∞∑
t=0

βt
i ui(cit)

]
, (3.23)

where the expectation is taken over equilibrium paths initialised at (bi, y). Let µ∗( · ; θ, τ) denote

the stationary (ergodic) distribution over states induced by the equilibrium policy functions. The

ergodic welfare of country i is:

Wi(θ, τ) ≡
∫
Vi(bi, y; θ, τ) dµ

∗(bi, y; θ, τ). (3.24)

This is the welfare measure used throughout: it averages over initial conditions drawn from the

invariant distribution, yielding a scalar summary of long-run welfare. I study dWi/dθ and dWi/dτ ,

where the total derivative accounts for changes in both Vi and µ∗. In practice I evaluate these

numerically by simulating long time series at each (θ, τ) grid point.

The derivatives dWi/dθ below include two components: (i) the date-0 cash grant: the EC

issues common bonds at t = 0, raising 2q̄θ in proceeds that are distributed symmetrically as a one-

time lump-sum grant; each country receives q̄θ in cash, entering its period-0 budget directly and

raising date-0 consumption by q̄ units per unit of θ (normalized by u′i(ci0)); and (ii) the ongoing

effects of θ operating through the EC surplus gt for t ≥ 1 (captured by the path-weighted expecta-
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tions defined below). This timing convention reflects the fact that the EC’s coupon obligations and

tax-rebate operations commence one period after bond issuance: at t = 0 the only EC transaction

is the one-time cash-grant distribution, while gt = τ(yRt + ySt) − 2(1 − q̄)θ applies from t = 1

onward. The cash grant therefore contributes a deterministic q̄ term to dWi/dθ that is separate

from the recursive path effects.

Stochastic discount factors. For each country i, define the stochastic discount factor (SDF)

along the equilibrium path:

Πit ≡ βt
i u

′
i(cit)

u′i(ci0)
. (3.25)

By definition Πi0 = 1. The SDF converts future marginal utilities into date-0 consumption equiv-

alents: a unit change in cit is worth Πit units of date-0 consumption for country i. The normalized

welfare change due to a policy shift dξ is therefore

1

u′i(ci0)

dWi

dξ
= E

[
∞∑
t=0

Πit
∂cit
∂ξ

]
, (3.26)

where the partial derivative holds the household’s debt policy functions fixed (envelope theorem;

see below), and the expectation is over the ergodic distribution of equilibrium paths.

Scope of the decomposition formulas. The expressions (3.26) and its specializations (3.29)–

(3.39) below should be read as decompositions of flow effects along the equilibrium path, aug-

mented by selected equilibrium-response terms (notably ∂qR/∂θ and the induced change in R’s

default frequency), rather than as exact total derivatives of ergodic welfare. The envelope theo-

rem eliminates first-order effects of the household’s own debt policy, but equilibrium objects that

are not the household’s choice (the bond price qR, R’s default frequency, and the measure of the

event sets N ,D+,D−) do respond to policy and are reintroduced where relevant. A fully rigorous

total derivative would additionally require a formal perturbation of the invariant distribution µ∗; I

evaluate the resulting magnitudes numerically in Section 3.3.5 rather than solving that perturbation

analytically.

73



Partition of equilibrium paths. The consumption change ∂cit/∂ξ takes different values de-

pending on whether R is repaying or in default, and, when in default, on the sign of the EC surplus

gt = τ(yRt+ ySt)− 2(1− q̄)θ. I therefore partition the set of equilibrium paths into three mutually

exclusive events:

• N : country R repays (dRt = 0).

• D+: country R defaults (dRt = 1) and gt ≥ 0.

• D−: country R defaults (dRt = 1) and gt < 0.

Write D = D+ ∪ D− for all default periods. For any adapted process Xt, define the cumulative

path-weighted expectations:

EN [Xt] ≡ E

[
∞∑
t=1

1{dRt=0}Xt

]
,

ED+

[Xt] ≡ E

[
∞∑
t=1

1{dRt=1, gt≥0}Xt

]
,

ED−
[Xt] ≡ E

[
∞∑
t=1

1{dRt=1, gt<0}Xt

]
, (3.27)

and ED[Xt] ≡ ED+
[Xt] + ED−

[Xt], Eall[Xt] ≡ EN [Xt] + ED[Xt]. All four operators sum

ongoing flow effects from t = 1 onward, consistent with the EC’s coupon and tax-rebate operations

commencing one period after bond issuance. The date-0 cash grant enters the decompositions as a

separate deterministic term; no additional
∑

t appears in the formulas below.

The sign of gt is central because it determines whether the EC is transferring resources to its

members (surplus, gt > 0) or extracting them (deficit, gt < 0). A defaulting R is shielded from

deficit contributions (it receives max{1
2
gt, 0} = 0 in D− states) while S absorbs the full shortfall.

The fiscal threshold τ̄(θ) of Proposition 3.2.1 is precisely the value of τ above which D− becomes

the empty set.
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3.3.2 Welfare Effects of Common Debt Increases

Differentiate the budget constraints with respect to θ, holding the household policy functions

fixed (envelope theorem). Recall that gt = τ(yRt + ySt)− 2(1− q̄)θ so ∂gt/∂θ = −2(1− q̄).

Risky country. At t = 0, the EC distributes the 2q̄θ bond proceeds as a symmetric lump-sum

grant, delivering q̄θ of cash to each country (Section 3.2.2). National debt stocks are untouched at

t = 0, and the EC has no coupon obligation yet (coupon payments begin at t = 1), so the only

t = 0 channel is this one-time cash grant entering the period-0 budget directly: ∂cR,0/∂θ = q̄. For

t ≥ 1 in repayment states, cRt = (1− τ)yRt− bRt+ qR(b
′
Rt, yt) b

′
Rt+

1
2
gt. Since R borrows entirely

at the market price qR (no guaranteed tranche), the envelope theorem gives:

∂cRt

∂θ

∣∣∣∣
N , t≥1

= b′Rt

∂qR
∂θ︸ ︷︷ ︸

commitment channel

−(1− q̄)︸ ︷︷ ︸
EC interest cost

, (3.28)

where b′Rt ≥ 0 is the face value of next-period debt issuance. The indirect effect of θ through the

optimal debt choice b′Rt vanishes at the optimum (envelope theorem), but ∂qR/∂θ is an equilibrium

price response that is not eliminated because qR enters the budget constraint directly.

In default states, cRt = (1−τ)yRt−L(yRt)+max{1
2
gt, 0}. In D+, ∂cRt/∂θ =

1
2
·(−2(1−q̄)) =

−(1− q̄). In D−, the max evaluates to zero and is insensitive to θ, so ∂cRt/∂θ = 0.

Collecting all terms:

1

u′R(cR0)

dWR

dθ
= q̄︸︷︷︸

date-0 cash grant

− (1− q̄)
(
EN [ΠRt] + ED+

[ΠRt]
)

︸ ︷︷ ︸
EC interest cost

+ EN
[
ΠRt b

′
Rt

∂qR
∂θ

]
︸ ︷︷ ︸

commitment channel (full debt)

. (3.29)

The date-0 cash grant equals q̄ = 1/(1+rS): at t = 0 each country receives q̄θ in cash from the
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EC bond issuance, with no accompanying modification to its national-debt stock (Section 3.2.2).

The EC interest cost is unambiguously negative: a larger program carries a higher per-period

funding cost, which R bears in all periods in which it repays or the EC runs a surplus. In D− states

the cost falls entirely on S (R’s contribution is waived), so those periods do not enter (3.29).

The combined grant-plus-EC-cost term, q̄− (1− q̄)
(
EN [ΠRt] +ED+

[ΠRt]
)
, is strictly positive

for R. The EC borrows at rate rS , so the upfront cash is q̄ = 1/(1 + rS), while R discounts the

perpetual fee (1− q̄) at a rate governed by βR ≪ q̄. Approximating EN∪D+
[ΠRt] ≤ βR/(1− βR),

the present value of EC fees is bounded by (1−q̄)βR/(1−βR), which is far smaller than q̄ whenever

R is sufficiently impatient. The gap widens further because R does not pay the fee in D− states

and loses periods to exclusion after default.

The commitment channel is positive when ∂qR/∂θ > 0: if a larger common bond program

reducesR’s equilibrium default probability, the private-market price qR rises onR’s entire national

debt (not only a residual tranche), generating an endogenous interest-rate saving proportional to

the debt level b′Rt.

Safe country. At t = 0, S also receives the date-0 cash grant: ∂cS0/∂θ = q̄. For t ≥ 1, S

borrows at the fixed rate qS , so ∂qS/∂θ = 0 and the only ongoing effect operates through gt. In

states N and D+, S’s consumption includes 1
2
gt (and the fiscal-exposure term min{1

2
gt, 0} = 0 in

D+), giving:
∂cSt
∂θ

∣∣∣∣
N ,D+, t≥1

= 1
2
· (−2(1− q̄)) = −(1− q̄). (3.30)

In D− states, cSt includes both 1
2
gt and min{1

2
gt, 0} = 1

2
gt, so the total EC term is gt. Differentiat-

ing: ∂cSt/∂θ
∣∣
D− = −2(1− q̄).

Beyond the mechanical EC cost, S is also affected by behavioral changes in R’s default proba-

bility: when θ increases and R defaults less often (Proposition 3.2.2), S avoids the spillover cost φ

and the fiscal exposure that arise in D states. To isolate this behavioral channel, let ∆t ≥ 0 denote

the induced reduction in period-t default frequency: heuristically, ∆t ≈ −∂ Prt(dR = 1)/∂θ at the

ergodic distribution, interpreted as a local comparative-static on the ergodic default rate rather than
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a pointwise derivative of the discrete default indicator. The cumulative welfare gain to S from this

commitment benefit is:

commitment benefit = Eall[ΠSt∆t

(
φ+max

{
−gt

2
, 0
})]

. (3.31)

Collecting all terms:

1

u′S(cS0)

dWS

dθ
= q̄︸︷︷︸

date-0 cash grant

− (1− q̄)Eall[ΠSt]︸ ︷︷ ︸
EC interest cost

− (1− q̄)ED−
[ΠSt]︸ ︷︷ ︸

fiscal exposure

+ Eall[ΠSt∆t

(
φ+max

{
−gt

2
, 0
})]︸ ︷︷ ︸

commitment benefit

. (3.32)

The date-0 cash grant (q̄) reflects S’s one-time cash receipt from the EC bond issuance at

t = 0. The EC interest cost is the present value of the additional per-country debt-service cost

(1− q̄) borne in every future period; S cannot waive this contribution even when R defaults.

Under the calibration of βS adopted in Section 3.3.5 (see footnote 1), these two terms cancel

exactly along any interior equilibrium path, rather than merely approximately. This is the content

of the following proposition.

Proposition 3.3.1 (Cash-flow neutrality of the EC program for S). Suppose βS = qS = 1/(1+rS),2

and assume that along the equilibrium path the borrowing constraint b′S ≤ bmax
S is slack with

2The choice βS = qS places country S exactly at the knife-edge of the Aiyagari–Bewley impatience condition
(Aiyagari (1994)) βS(1 + rS) ≤ 1. At this knife-edge, the representative household’s marginal utility is a martingale
in interior states and the stationary debt distribution is not pinned down by household impatience alone: it depends on
the location of the borrowing limit. The literature on small open economies has developed several “induction devices”
to restore stationarity without this knife-edge, debt-elastic interest rates, endogenous discount factors, convex portfolio
adjustment costs, or complete asset markets, and Schmitt-Grohé and Uribe (2003) show that these devices generate
nearly identical business-cycle dynamics at standard calibrations. I adopt the βS = qS specification rather than an
induction device because it yields exact cash-flow neutrality of the EC program for S (Proposition 3.3.1), which is
central to the welfare decomposition in this section. The ergodic debt distribution is then calibrated by choosing bmax

S

to match the empirical debt-to-output ratio.
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probability one.3 Then the date-0 cash grant and the present value of the perpetual EC fee cancel

exactly:

q̄ = (1− q̄)
∞∑
t=1

E0[ΠSt]. (3.33)

Proof. See Appendix Section .1.1.

Proposition 3.3.1 isolates the normative channels through which the EC program affects S:

absent fiscal exposure in D− states and the commitment benefit, S would be completely indifferent

to the magnitude of θ. Any net welfare gain or loss for S from enlarging the program is therefore

attributable entirely to (i) the fiscal-exposure cost borne in D− states and (ii) the commitment

benefit operating through a reduction in R’s default frequency and the associated spillover costs.

This separation is the main analytical reason for adopting the knife-edge βS = qS: it eliminates

a confounding present-value-of-fees term that would otherwise have to be netted against the cash

grant, making the welfare decomposition transparent.

The fiscal exposure channel: in D− states S absorbs the full EC deficit, so an increase in θ

enlarges this exposure by (1− q̄) per unit. This effect is non-positive.

The commitment benefit: to the extent that a larger common bond disciplines R’s default be-

havior, S benefits through avoided spillover costs φ and avoided fiscal-exposure costs in former

D− states. This term is non-negative and depends on the endogenous response of R’s default rule

to θ; it is characterized numerically in Section 3.3.5.

Remark 3.3.1 (No double-counting of commitment effects). The terms in (3.29) and (3.32) op-

erate through separate channels. The date-0 cash grant (q̄) affects both countries’ resources only

at the start of the program. The R-side price term EN [ΠRt b
′
Rt ∂qR/∂θ] is narrower: it captures

the effect of a policy-induced change in the private-market bond price on the proceeds from R’s

chosen national issuance. It does not represent a mechanically guaranteed debt reduction. Any de-
3If the borrowing constraint binds with positive probability, the Euler equation holds with weak inequality

u′
S(cSt) ≥ Et[u

′
S(cS,t+1)] and marginal utility becomes a strict supermartingale rather than a martingale. The chain

of equalities in the proof below becomes
∑∞

t=1 E0[ΠSt] ≤
∑∞

t=1 q̄
t = q̄/(1 − q̄), so (1 − q̄)

∑∞
t=1 E0[ΠSt] ≤ q̄:

the present value of EC fees is weakly below the cash grant. The residual is therefore weakly favorable to S, so
Proposition 3.3.1 holds as a weak inequality in the direction that strengthens the Pareto-improvement argument of
Section 3.3.4.
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cline in R’s national debt after the grant is an equilibrium response through saving and issuance

decisions. The commitment benefit in (3.32) affects S’s consumption through avoided spillover

and fiscal-exposure costs. The R and S commitment terms may stem from the same reduction in

R’s default frequency, but they are routed through distinct budget-constraint terms, so no term is

counted twice.

Simplification above the fiscal threshold. When τ ≥ τ̄(θ), Proposition 3.2.1 guarantees gt ≥ 0

everywhere, so D− = ∅. The fiscal exposure term in (3.32) vanishes, and the commitment benefit

reduces to the spillover saving φEall[ΠSt∆t]. The net condition for dWS/dθ ≥ 0 above the

threshold therefore simplifies to: commitment benefit ≥ EC interest cost net of the cash grant, i.e.

φEall[ΠSt∆t] ≥ (1− q̄)Eall[ΠSt]− q̄. Equation (3.29) is unchanged since D− states do not enter

R’s formula.

3.3.3 Welfare Effects of Common Taxation Increases

Differentiate the budget constraints with respect to τ . Since ∂gt/∂τ = yRt + ySt, the direct ef-

fect of τ on consumption operates through two channels: the tax on own income and the EC rebate

on aggregate income. Consistent with the timing convention in Section 3.3.2 (the EC commences

operations at t = 1), the tax-and-rebate channel applies for t ≥ 1 and the path operators defined in

(3.27) sum from t = 1.

Risky country. In repayment states, cRt = (1− τ)yRt − bRt + qR(b
′
Rt, yt) b

′
Rt +

1
2
gt, so differen-

tiating with respect to τ and applying the envelope theorem to b′Rt (while retaining the direct price

response ∂qR/∂τ that is not eliminated by envelope):

∂cRt

∂τ

∣∣∣∣
N
= −yRt +

1
2
(yRt + ySt) + b′Rt

∂qR
∂τ

=
ySt − yRt

2
+ b′Rt

∂qR
∂τ

. (3.34)

The tax rate τ acts as a risk-sharing device: R pays a tax proportional to its own income but

receives back half of the joint revenue. The net transfer is positive when ySt > yRt (good times for
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S, bad times for R) and negative otherwise. A second channel mirrors the θ-decomposition: to the

extent that τ disciplines R’s equilibrium default behavior, the private-market price qR rises on R’s

entire outstanding national debt, yielding a commitment-type gain proportional to b′Rt ∂qR/∂τ .

In D+ states the commitment term is absent (no bond issuance under default) but the risk-

sharing algebra is the same, since max{1
2
gt, 0} = 1

2
gt when gt ≥ 0. In D− states, R’s EC receipt

is fixed at zero regardless of τ , so:
∂cRt

∂τ

∣∣∣∣
D−

= −yRt. (3.35)

A higher τ reduces R’s after-tax income in default-deficit states without providing any offsetting

rebate, making default marginally more costly. Using the identity −yRt = ySt−yRt

2
− yRt+ySt

2
, I

collect:

1

u′R(cR0)

dWR

dτ
= Eall

[
ΠRt

ySt − yRt

2

]
︸ ︷︷ ︸

risk-sharing

− ED−
[
ΠRt

yRt + ySt
2

]
︸ ︷︷ ︸

default–EC tension

+ EN
[
ΠRt b

′
Rt

∂qR
∂τ

]
︸ ︷︷ ︸

commitment channel

. (3.36)

The risk-sharing channel is positive in expectation when R is poor relative to S in high-

marginal-utility states, the canonical gain from fiscal transfers. The default–EC tension term is

non-positive: in D− states a higher τ reduces R’s consumption without return, since R has waived

its EC rebate. This term captures the perverse interaction between high taxation and default docu-

mented in Section 3.2.5: increasing τ while the EC is in deficit imposes a pure cost on R precisely

when it is in financial distress. The commitment channel mirrors its analogue in (3.29): if raising

τ reduces R’s equilibrium default probability, qR rises on the entire outstanding stock, generating

an endogenous interest-rate saving proportional to b′Rt.
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Safe country. In all states:

∂cSt
∂τ

∣∣∣∣
N ,D+

= −ySt + 1
2
(yRt + ySt) =

yRt − ySt
2

. (3.37)

In D− states, cSt includes the additional EC burden min{1
2
gt, 0} = 1

2
gt, so the total EC term is

gt = τ(yRt + ySt)− 2(1− q̄)θ. Differentiating:

∂cSt
∂τ

∣∣∣∣
D−

= −ySt + 1
2
(yRt + ySt) +

1
2
(yRt + ySt) = yRt. (3.38)

Using the identity yRt =
yRt−ySt

2
+ yRt+ySt

2
:

1

u′S(cS0)

dWS

dτ
= Eall

[
ΠSt

yRt − ySt
2

]
︸ ︷︷ ︸

risk-sharing

+ ED−
[
ΠSt

yRt + ySt
2

]
︸ ︷︷ ︸

fiscal exposure reduction

. (3.39)

The risk-sharing channel for S is the mirror image of R’s: it equals Eall[ΠSt (yRt − ySt)/2].

Even though the two countries share the same unconditional income distribution, the SDF weight-

ing ΠSt can break symmetry: states in which S’s marginal utility is high need not coincide with

states in which yRt > ySt. The sign therefore depends on the joint distribution of (yRt, ySt) and the

SDFs, and I determine it numerically in Section 3.3.5.

The fiscal exposure reduction channel is non-negative: in D− states, a higher τ raises gt (more

revenues), shrinking the deficit that S must absorb alone. Importantly, this channel vanishes when

τ ≥ τ̄(θ), because D− = ∅ above the fiscal threshold, there are no deficit periods in which S bears

additional burden. Above τ̄ , the direct effect of τ on S in (3.39) reduces to the risk-sharing term

alone; whether S benefits overall depends on the behavioral channel discussed next.

Behavioral effects of τ . As with θ, changes in τ alter R’s equilibrium default probability. Below

τ̄(θ) an increase in τ may raise the default frequency (income effect) or lower it (commitment

effect from Proposition 3.2.1). These behavioral changes affect S through the spillover φ and

fiscal exposure channels; interpreting the comparative-static ∂ Pr(dR = 1)/∂τ as a local change in
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the ergodic default rate (and not as a pointwise derivative of the discrete default decision), I write:

behavioral effect on S ≈ −∂ Pr(dR = 1)

∂τ
· Eall[ΠSt

(
φ+max

{
−gt

2
, 0
})]

. (3.40)

The sign depends on whether τ increases or reduces R’s default frequency, which I characterize

numerically. Above τ̄ , D− is empty and the fiscal exposure component vanishes; the behavioral

effect simplifies to (−∂ Pr(dR = 1)/∂τ)φ · Eall[ΠSt].

3.3.4 The Pareto Improvement Region

A policy move from (θ0, τ0) to (θ1, τ1) constitutes a Pareto improvement if dWR ≥ 0 and

dWS ≥ 0 simultaneously. The decompositions (3.29)–(3.39) identify four structural conditions

that jointly determine whether such an improvement exists.

Along the θ-dimension. From (3.29), dWR/dθ > 0 whenever the date-0 cash grant (q̄) plus the

commitment channel exceeds the EC interest cost. The cash grant is always positive and determin-

istic, so R benefits from a larger program even without any endogenous improvement in default

incentives, provided the present value of EC fees is less than q̄. The commitment channel amplifies

the gain when ∂qR/∂θ > 0, i.e. when the program actually disciplines R’s default behavior. From

(3.32), dWS/dθ ≥ 0 requires the cash grant and commitment benefit together to outweigh the

EC interest cost plus fiscal exposure. Since the cash grant and EC interest cost cancel exactly by

Proposition 3.3.1, the net condition for S reduces to: commitment benefit ≥ fiscal exposure. Three

forces help satisfy this: (i) a large φ amplifies the spillover gain; (ii) operating above τ̄(θ) elim-

inates the fiscal exposure term; (iii) a sufficiently strong commitment channel ensures R actually

defaults less as θ increases.

Along the τ -dimension. From (3.36), R benefits from higher τ through risk-sharing when-

ever ySt > yRt in high-marginal-utility states, and through the commitment channel whenever

∂qR/∂τ > 0, but these gains are offset by the default–EC tension below τ̄ . From (3.39), the direct
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effect of τ on S consists of the risk-sharing channel and the fiscal-exposure-reduction channel;

the latter provides relief only in D− states and vanishes above τ̄ . Above the threshold, the direct

decomposition (3.39) reduces to the risk-sharing term alone, whose sign is ambiguous. A Pareto

improvement in τ above τ̄ is therefore possible only if the behavioral channel, the commitment

benefit from reduced default probability, is large enough to compensate any net direct cost to S

(Proposition 3.3.2).

Implication. The fiscal threshold τ̄(θ) plays a dual role in the Pareto improvement analysis. It

is simultaneously (i) the level of τ at which the perverse default incentive for R is fully elimi-

nated and (ii) the level above which S’s fiscal-exposure-reduction channel closes, so that a Pareto

improvement in τ requires the behavioral (commitment) channel to carry the entire burden of com-

pensating S. This creates a natural boundary: Pareto improvements in τ are most likely to exist in a

neighbourhood of τ̄(θ), not far above it. In contrast, Pareto improvements in θ are possible across

a wider range of τ values, provided the commitment channel is sufficiently strong.

Proposition 3.3.2 (Necessary Conditions for a Pareto Improvement in τ ). Suppose τ > τ̄(θ) so

that D− = ∅ and all behavioral effects on S operate only through φ. A marginal increase in τ is a

Pareto improvement only if both of the following hold:

Eall

[
ΠRt

ySt − yRt

2

]
+ EN

[
ΠRt b

′
Rt

∂qR
∂τ

]
≥ 0, (3.41)

Eall

[
ΠSt

yRt − ySt
2

]
+

(
−∂ Pr(dR = 1)

∂τ

)
φ · Eall[ΠSt] ≥ 0. (3.42)

The first condition requires the SDF-weighted risk-sharing term, augmented by the commitment

channel, to be non-negative for R. The risk-sharing component Eall[ΠRt (ySt − yRt)/2] ≥ 0 holds

when R’s income tends to be low in states where R’s marginal utility is high; the commitment

term is non-negative whenever ∂qR/∂τ ≥ 0, i.e. when a higher τ disciplines default and raises

R’s bond price in repayment states. The second condition requires the commitment benefit through

φ to compensate S for the direct risk-sharing term, whose sign is calibration-dependent. Both
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conditions are tight: Pareto improvements in τ exist only over a bounded interval.

Proof. See Appendix Section .1.1.

3.3.5 Calibration and Numerical Results

Parameter values. Both countries have the same constant relative risk aversion γ = 2, in line

with the sovereign default literature (Arellano (2008), Dávila and Weymuller (2017)). The risk-

free rate differential rR − rS = 0.1% captures the non-pecuniary convenience yield on safe assets:

lenders accept a lower pecuniary return on S’s bonds because they provide liquidity and store-of-

value services not offered by R’s bonds. The safe country’s discount factor is set to βS = qS =

1/(1 + rS), so that βS(1 + rS) = 1 exactly and S is at the knife-edge between net saving and

borrowing in steady state. The default cost function L(yR) = max{0, yR − ȳR} follows Arellano

(2008): income during autarky is capped at ȳR = 0.85, so the cost is zero in bad times and

proportional to the income surplus above the threshold in good times. The re-entry probability

α = 0.075 implies an expected exclusion duration of 1/α ≈ 13 periods following a default event.

The income process (3.1) is a bivariate AR(1) in logs with persistence ρR = ρS = 0.945 and

innovation standard deviation σR = σS = 0.025, following Dávila and Weymuller (2017). The

cross-country innovation correlation is ρRS = 0.50, generating substantial scope for risk-sharing

through the common tax. The EC bond rate is set to the safe country’s risk-free rate, rJ = rS =

0.4%, consistent with the baseline assumption q̄ = qS of Section 3.2. Section 3.4 relaxes this by

introducing an illiquidity premium on EC bonds. Table 3.1 summarizes all parameter values.

Welfare heatmaps. I compute WR(θ, τ) and WS(θ, τ) over a fine grid of (θ, τ) pairs, in each

case solving for the recursive equilibrium of Section 3.2 and simulating a long time series to

evaluate the welfare expectations. Welfare is measured relative to the baseline with no common

program, (θ, τ) = (0, 0).

I find that WR is increasing in θ across the entire grid (the date-0 cash grant and commitment

channel together dominate the EC interest cost), consistent with the prediction of (3.29) and the
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Table 3.1: Baseline Parameter Values
Symbol Description Value
γR = γS CRRA risk aversion 2.0
βR Discount factor, risky country (R) 0.95
βS Discount factor, safe country (S) qS ≈ 0.996
rR Lender discount rate for R (no convenience yield) 0.5%
rS Risk-free rate, S (convenience yield premium) 0.4%
rJ EC bond rate 0.4%
φ Fixed spillover cost (S incurs when R defaults) 0.1
ȳR Default cost threshold, Eq. (3.10) 0.85
α Re-entry probability (≈ 13 periods exclusion) 0.075
ρR = ρS AR(1) persistence of log income 0.945
σR = σS Innovation std. dev. (quarterly) 0.025
ρRS Cross-country innovation correlation 0.50

sufficient condition in Proposition 3.2.2, reaching welfare gains of up to roughly 2.5% at the upper

end of the θ grid. Variation in R’s welfare is driven almost entirely by θ; the tax rate τ matters only

marginally except through its effect on equilibrium default behavior.

The safe country’s welfare surface WS is more nuanced and an order of magnitude smaller

in absolute terms (confined to the range [−0.035%,+0.005%]). The issuance of large amounts

of common debt without common taxation is unambiguously negative: the program acts as an

unconditional transfer financed jointly by both countries, and the commitment benefit alone is not

enough to compensate for it. An increase in taxation above the fiscal threshold τ̄(θ) reverses the

sign, as the region where WS > 0 consists of the band to the right of τ̄(θ).

The area of potential Pareto improvements is thus characterized by common taxation sufficient

to at least cover the interest expenses of common debt. Figures .1.1 and .1.2 in the appendix show

the underlying mechanisms: for τ < τ̄(θ) the EC runs a deficit that falls on the sovereigns as

a fiscal burden, pushing R to deleverage but also raising its equilibrium default probability and

spread; above τ̄(θ) the EC surplus redistributes from high-income to low-income realizations, so

the risk-sharing channel dominates.

Pareto-improving fiscal integration. I fix the per-country transfer at θ = 0.2, so the total EC

bond issuance is 2θ = 0.4. Interpreted as a fraction of annual GDP this translates into a doubling
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Figure 3.1: Welfare changes relative to no integration
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Darker shading indicates larger welfare gains (in blue) or losses (in red). Left: risky country R. Right: safe country S. The dash-dotted curve is the
fiscal threshold τ̄(θ) from Proposition 3.2.1.

of the size of current common debt. The fiscal threshold at this transfer level is (from Eq. (3.20)):

τ̄(0.2) =
2(1− q̄) · 0.2

ymin
=

2rS · 0.2
(1 + rS) ymin

, (3.43)

which at the calibrated income process equals approximately 0.10% of mean income, well be-

low existing EU budget contribution rates of 1–2% of gross national income. This confirms the

quantitative relevance of the threshold noted in Remark 3.2.3.

I compute ∆Wi(τ) ≡ Wi(θ, τ) − Wi(0, 0) at θ = 0.2 for each country i ∈ {R, S} over a

grid τ ∈ [0, τmax] with τmax = 0.02. At each grid point I solve the full recursive equilibrium

of Section 3.2, simulate T = 200,000 periods to evaluate the ergodic welfare measure Wi(θ, τ)

defined in (3.24), and measure welfare relative to the no-integration baseline.

At τ = 0, the EC program is beneficial for R (∆WR ≈ 0.89%, the date-0 cash grant net of EC

costs) but modestly welfare-reducing for S (∆WS ≈ −0.009%): S receives the same cash grant

but, when R defaults, bears the full EC deficit with no tax revenue to offset it and no risk-sharing
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benefit. As τ rises above τ̄(θ) ≈ 0.001 (about 0.10% of mean income), the common tax generates

risk-sharing flows (1
2
τ(yR− yS) per period) that progressively raise S’s welfare. A doubling of the

stock of common debt is Pareto-improving only once τ exceeds approximately 0.004 (around 0.4%

of mean income), beyond which both countries strictly gain. For R, a minor amount of common

taxation initially reduces welfare (the tax burden exceeds the risk-sharing gain at low τ , producing

a small dip at τ ≈ τ̄ ) but welfare recovers and rises steadily as τ increases.

3.4 Extensions: Additional Sources of Welfare Gains

The analysis in Sections 3.2–3.3 establishes the welfare properties of fiscal integration under

several simplifying assumptions, so this Section relaxes some of them, deriving a central analytical

result for each. First, I relax the assumption that the interest rate paid by common bonds equals the

safe-country rate and instead allow for it to be a decreasing function of the amount issued. Second,

I introduce expenditure on public goods, whose under-provision by uncoordinated countries can

be overcome by a central spender like the EC. Finally, I consider potential long-run reversals in the

status of the two countries.

3.4.1 Convenience Yields and Multiple Equilibria

Convenience yields can drive a gap between interest rates of issuers with the same default

probability. EU common-debt instruments trade at a yield premium over comparably rated core

euro-area sovereigns, reflecting the relative illiquidity of a still-small market. The baseline sets

rJ = rS , implicitly assuming safe-asset status; this section allows rJ to depend on program scale.

I replace the constant EC bond rate rJ with a decreasing function of the per-country transfer θ,

floored at a minimum rate r̄J :

rJ(θ) = max{rS + η − νθ, r̄J} , η > 0, ν > 0, 0 < r̄J < rS, (3.44)

where η is the initial illiquidity premium, ν the market-depth elasticity, and r̄J a long-run floor. The
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condition r̄J < rS ensures that a large enough program earns a convenience yield, while r̄J > 0

rules out above-par pricing. For θ ≥ θ† ≡ (rS + η − r̄J)/ν, the floor binds.

All equations of Section 3.2 carry through with q̄(θ) replacing q̄. The EC surplus becomes

gt(θ) = τ(yR,t + yS,t)− 2
(
1− q̄(θ)

)
θ = τ(yR,t + yS,t)−

2rJ(θ)

1 + rJ(θ)
θ. (3.45)

For θ ≥ θ† the per-unit debt-service cost stabilizes at r̄J/(1 + r̄J).

Non-monotone fiscal threshold. Substituting (3.44) into Proposition 3.2.1’s formula τ̄(θ) =

2(1− q̄(θ))θ/ymin gives

τ̄(θ) =


2(rS + η − νθ)

(1 + rS + η − νθ) ymin
θ if θ < θ†,

2r̄J
(1 + r̄J) ymin

θ if θ ≥ θ†.

(3.46)

On [0, θ†), τ̄ is single-peaked with interior turning point θ∗∗ when θ∗∗ < θ†. Once the floor binds

at θ†, the threshold grows linearly at the reduced slope 2r̄J/((1 + r̄J) y
min).

Proposition 3.4.1 (Non-Monotone Fiscal Threshold). Let rJ(θ) = max{rS + η − νθ, r̄J} with

η, ν > 0 and 0 < r̄J < rS , and define

θ∗∗ =
(1 + rS + η) −

√
1 + rS + η

ν
, θ† =

rS + η − r̄J
ν

. (3.47)

To first order in rS + η, the interior peak simplifies to the approximate expression θ∗∗ ≈ (rS +

η)/(2ν), which I use below when a closed-form approximation is helpful. The fiscal threshold τ̄(θ)

in (3.46) satisfies:

(i) τ̄ ′(θ) > 0 for θ < θ∗∗: the illiquidity premium dominates.

(ii) τ̄ ′(θ) < 0 for θ ∈ (θ∗∗, θ†): the convenience yield reduces per-unit costs faster than the bond

stock grows.
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(iii) For θ ≥ θ†, the convenience-yield floor binds and τ̄(θ) grows linearly at slope 2r̄J/((1 +

r̄J)y
min). If θ∗∗ < θ†, then θ† is a local minimum.

(iv) τ̄(θ) crosses the baseline threshold 2rSθ/((1 + rS)y
min) exactly at θ = η/ν: it exceeds the

baseline on (0, η/ν), coincides with it at θ = η/ν (where rJ(θ) = rS), and lies strictly below

it for θ > η/ν.

Proof. See Appendix Section .1.1.

Figure 3.2: Variable convenience yield and the non-monotone fiscal threshold.
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Left: the EC bond rate rJ (θ) is decreasing in the per-country transfer θ; it falls below rS at θ = η/ν and reaches the floor r̄J at θ†, where the
convenience yield saturates. Right: the fiscal threshold τ̄(θ) is single-peaked on the nonbinding segment when θ∗∗ < θ†, peaking at the tipping
point θ∗∗. Once the floor binds, it grows linearly at the reduced slope 2r̄J/((1 + r̄J ) y

min); in the case θ∗∗ < θ†, θ† is a local minimum. The
dashed line shows the baseline threshold under rJ = rS .

Under (3.44), the t = 0 cash grant differs from the cash-flow-neutral baseline. For θ > η/ν

each country receives more than qSθ in cash, an augmented grant channel that widens the Pareto

region of Section 3.3.5. The grant per unit θ saturates at 1/(1 + r̄J) > qS once the floor binds. For

θ < η/ν the grant is mildly reduced; this cost is captured through S’s share of the EC surplus.

The tipping point θ∗∗ separates a phase in which expanding θ raises fiscal costs from one

in which it reduces them. Comparing τ̄ to the baseline threshold under rJ = rS gives a clean

crossing: the variable threshold lies above the baseline on (0, η/ν), where the illiquidity premium

still dominates and EC bonds are more expensive than national bonds, meets it at θ = η/ν, and

falls strictly below for θ > η/ν, once the convenience yield kicks in.
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Non-monotone safe-country welfare. The non-monotone fiscal threshold has a direct welfare

counterpart. To see this, define the per-unit EC cost as a function of θ:

h(θ) ≡
(
1− q̄(θ)

)
θ =

rJ(θ)

1 + rJ(θ)
θ. (3.48)

On [0, θ†), h inherits the hump shape of τ̄ when the interior turning point is reached before the

floor binds: it peaks near θ∗∗ and, if θ∗∗ < θ†, reaches a local minimum at θ†. Beyond θ† it grows

linearly at slope r̄J/(1 + r̄J).

Above the fiscal threshold, three forces shape dWS/dθ: (i) the marginal cash grant q̄(θ) +

q̄′(θ)θ, the date-0 cash delivered per additional face-value unit of EC common bond issued, which

rises with θ through the price appreciation q̄′(θ) on inframarginal units as the program becomes

more liquid; (ii) the marginal EC interest cost h′(θ) = (1− q̄(θ))− θ q̄′(θ), which is hump-shaped

on [0, θ†) and falls to r̄J/(1 + r̄J) for θ ≥ θ†; and (iii) the commitment benefit B(θ) ≥ 0, non-

decreasing in θ.

When η is large, the marginal EC cost rises steeply at small θ, overwhelming the commitment

benefit. But near θ† the marginal cost falls to r̄J/(1 + r̄J) and the commitment benefit dominates,

so dWS/dθ changes sign.

Proposition 3.4.2 (Non-Monotone Safe-Country Welfare). Under the variable convenience yield

(3.44) with floor r̄J ∈ (0, rS), suppose τ ≥ τ̄(θ) for all θ (so D− = ∅) and assume:

(a) B(θ) is non-decreasing, continuously differentiable, with B(0) = 0.

(b) At θ = 0+, the marginal EC cost exceeds the cash grant plus commitment benefit:

h′(0+)Eall[ΠSt] > q̄(0) +B′(0+). (3.49)

(c) At θ = θ†, the commitment benefit overcomes the residual EC cost:

B′(θ†) + q̄(θ†) >
r̄J

1 + r̄J
Eall[ΠSt]. (3.50)
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Then WS(θ, τ) is non-monotone in θ:

(i) dWS/dθ < 0 near θ = 0.

(ii) dWS/dθ > 0 near θ†.

(iii) There exists θv ∈ (0, θ†) with dWS/dθ
∣∣
θv

= 0: a welfare trough.

Proof. See Appendix Section .1.1.

Condition (3.49) holds when η is large enough that initial EC costs dominate the commitment

benefit. Condition (3.50) is mild: since r̄J < rS , the residual cost is a small fraction of Eall[ΠSt].

Remark 3.4.1 (Location of the Welfare Trough). At θ = η/ν, the EC bond rate equals the safe

rate (rJ = rS), so q̄(η/ν) = qS . Under the knife-edge calibration βS = qS of Section 3.3.5, S’s

marginal utility is a martingale (cf. the proof of Proposition 3.3.1), giving Eall[ΠSt] =
∑∞

t=1 q
t
S =

1/rS . Using q̄′(η/ν) = ν/(1 + rS)
2, the marginal cash grant is q̄(η/ν) + q̄′(η/ν)(η/ν) = 1/(1 +

rS) + η/(1 + rS)
2 and the marginal EC cost is h′(η/ν) = rS/(1 + rS)− η/(1 + rS)

2. Subtracting

h′(η/ν)/rS from the marginal grant leaves a positive residual of size η/[rS(1 + rS)], so

dWS

dθ

∣∣∣∣
η/ν

∝ η

rS(1 + rS)
+B′(η/ν) > 0. (3.51)

Consequently θv < η/ν: the welfare trough occurs strictly before the convenience yield equalises

rJ with rS . The scale-economy effect q̄′(θ)θ on inframarginal units begins recovering S’s welfare

while EC bonds are still more expensive than national bonds; the commitment benefitB′(η/ν) ≥ 0

reinforces the recovery. The convenience yield then accelerates the recovery but is not necessary

to initiate it.

Welfare valley and the coordination problem. Proposition 3.4.2 implies that S’s welfare has

a valley: it dips below the status quo for intermediate θ before rising at high θ (Figure 3.3). This

creates a coordination problem: incremental expansion passes through the valley, where S would

veto each step, yet a discrete jump beyond θv can be a Pareto improvement.
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Figure 3.3: Welfare changes under variable convenience yield (τ ≥ τ̄(θ)).
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Notes: Welfare changes relative to no integration (θ = 0), evaluated along τ = τ̄(θ). ∆WR (blue) is monotonically increasing. ∆WS (red)
exhibits the welfare valley: it dips below zero for small θ and recovers beyond θv . The trough θv occurs before η/ν (where rJ = rS ), consistent
with Remark 3.4.1: S’s welfare recovery is initiated by the commitment benefit before the convenience yield kicks in. The tick mark on the θ-axis
marks the zero-crossing of ∆WS .

The valley provides a rationale for big-bang fiscal integration, a program of sufficient scale

launched at once, consistent with the EU’s NextGenerationEU experience. It also explains why

moderate proposals face resistance from safe countries: the path to the Pareto region passes through

a zone that is strictly worse for S.

Overall, for θ > η/ν the convenience-yield channel compresses the fiscal threshold below the

baseline and expands the Pareto improvement region; for smaller programs the illiquidity premium

instead raises the threshold above the baseline, so reaching the Pareto region requires a sufficiently

ambitious initial program to clear both the welfare valley and the elevated threshold phase.

3.4.2 Common Public Goods and the Fiscal Commons

The EC fiscal program generates a budget surplus whenever the tax revenue exceeds the

common-bond interest cost. A natural extension asks whether the EC should devote part of

its budget to a jointly consumed public good, pan-European defense, cross-border energy and
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transport infrastructure, or joint R&D programs. This subsection introduces an EC public-good

expenditure ξ ≥ 0, shows that welfare is hump-shaped in ξ with a unique interior optimum, and

characterizes the optimal level analytically.

Preferences. I augment the baseline utility by a log public-good term:

Ui = E0

[
∞∑
t=0

βt
i

(
ui(cit) + χ logGt

)]
, i ∈ {R, S}, (3.52)

where ui is the CRRA felicity defined in (3.3), Gt ≥ 0 is a flow public good consumed equally by

both countries, and χ = 0.1 governs the relative weight on public consumption.4

EC public-good expenditure. The EC allocates ξ ≥ 0 units of the consumption good per period

to a common public good. This expenditure enters the EC budget as a direct cost, modifying the

surplus (3.4) to

gt(ξ) = τ(yRt + ySt)− 2(1− q̄)θ − ξ. (3.53)

Each country continues to receive 1
2
gt per period, so the effect of the public-good program is

a reduction of ξ/2 in each country’s fiscal transfer relative to the ξ = 0 baseline. The budget

constraints (3.5)–(3.8) remain unchanged in form, with gt(ξ) replacing gt.

Each country i also maintains a local public-good authority that chooses git ≥ 0 after the bond-

issuance and default decisions are made, so local provision is financed out of after-debt net income

and does not interact with default incentives directly. Let xit denote the resources implied by the

relevant budget constraint (3.5)–(3.8), with gt(ξ) replacing gt, before local public-good spending.

Local provision is financed one-for-one out of these resources:

cit + git = xit, git ≥ 0. (3.54)
4The value χ = 0.1 targets an aggregate public-good expenditure share of roughly 5–10% of GDP, consistent

with a broad interpretation of jointly consumed public goods (defense coordination, cross-border energy and transport
infrastructure, joint R&D programs).
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Thus cit = xit− git is private consumption net of local public-good expenditure. Total provision is

Gt = gRt + gSt + ξ. (3.55)

Nash equilibrium and underprovision. Taking g−i,t, ξ, and xit as given, country i chooses local

provision by solving

max
git≥0

ui(xit − git) + χ log(git + g−i,t + ξ).

The interior first-order condition is
χ

GN
t

= u′i(c
N
it ), (3.56)

so each country equates the private marginal benefit of the public good to its marginal utility of

consumption. A utilitarian social planner who internalises both countries’ benefits sets

2χ

GSP
t

= u′i(c
SP
it ), (3.57)

yielding GSP > GN : the standard fiscal-commons underprovision result (see Besley and Coate

(2003) for the canonical analysis of centralized versus decentralized public-good provision). Under

log-log preferences (γi = 1, logG), both FOCs are homogeneous and the ratio simplifies to

GSP

GN
=

2 + χ

1 + χ
≈ 1.91 (χ = 0.1), (3.58)

confirming near-doubling of the socially optimal level relative to Nash provision.

Welfare as a function of ξ. I evaluate welfare holding the recursive equilibrium (default deci-

sions, debt policy functions, bond prices) fixed at the ξ = 0 solution. This partial-equilibrium

approach is exact to first order in ξ by the envelope theorem and remains a good approximation for

the moderate values of ξ considered below.

Under this assumption, an increase in ξ has two effects on country i: (i) private consumption

falls by ξ/2 per period, because the EC surplus distributed to each country is reduced by ξ/2; and
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(ii) public-good provision rises by ξ. Country i’s welfare at ξ > 0 is therefore

Wi(ξ) =
1

1− βi
Eπ

[
ui
(
cit − ξ

2

)
+ χ log(GN

t + ξ)
]
, (3.59)

where cit and GN
t are the equilibrium consumption and Nash public-good level at ξ = 0. Differen-

tiating with respect to ξ:

dWi

dξ
=

1

1− βi
Eπ

[
−1

2
u′i
(
cit − ξ

2

)
+

χ

GN
t + ξ

]
. (3.60)

Initial gain (ξ = 0). At ξ = 0, the derivative becomes

dWi

dξ

∣∣∣∣
ξ=0

=
1

1− βi
Eπ

[
χ

GN
t

− 1

2
u′i(cit)

]
=

1

2(1− βi)
Eπ[u

′
i(cit)] > 0,

where the second equality follows from the Nash FOC (3.56): χ/GN
t = u′i(cit). The marginal

public-good benefit equals the marginal utility of consumption at the Nash equilibrium, so the net

first-order effect of a small ξ is the inframarginal gain of 1
2
u′i, country i receives a public good

worth χ/GN per unit but pays only half the cost.

Eventual decline. As ξ → 2c̄i (where c̄i is the minimum consumption across ergodic states),

u′i(cit − ξ/2) → ∞ while χ/(GN
t + ξ) remains bounded. Hence dWi/dξ → −∞.

Strict monotonicity of the marginal welfare. The derivative (3.60) is the expectation of

hi(ξ; s) =
χ

GN(s) + ξ
− 1

2
u′i
(
ci(s)− ξ

2

)
, (3.61)

where s indexes ergodic states. The first term is strictly decreasing in ξ (diminishing marginal

public-good benefit) and the second term is strictly increasing in magnitude (rising marginal cost

as private consumption is squeezed). Therefore hi(ξ; s) is strictly decreasing in ξ for every s, and

so is its expectation. Since dWi/dξ is continuous, starts positive, is strictly decreasing, and tends

to −∞, there exists a unique ξ∗i > 0 at which it equals zero.
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Figure 3.4: Welfare gain from EC public-good expenditure ξ
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Evaluated at (θ, τ) = (0.1, τ̄(0.1)) with χ = 0.1, γ = 2, c̄R = 0.95, c̄S = 1.0, GN = 0.1. Each country’s welfare is hump-shaped in
ξ (Proposition 3.4.3): the initial gain from Nash underprovision is eventually dominated by the consumption cost. The dotted verticals mark the
country-specific optima ξ∗R and ξ∗S .

Proposition 3.4.3 (Optimal EC Public-Good Provision). Holding the recursive equilibrium (de-

fault decisions, debt policy functions, bond prices) fixed at the ξ = 0 allocation, suppose τ = τ̄(θ)

so that gt ≥ 0 in all states. Then for each country i ∈ {R, S}, the welfare function Wi(ξ) is strictly

concave with a unique interior maximum ξ∗i > 0 characterized by

Eπ

[
χ

GN
t + ξ∗i

]
=

1

2
Eπ

[
u′i

(
cit −

ξ∗i
2

)]
. (3.62)

In the deterministic steady state, this reduces to

χ

GN + ξ∗i
=

1

2

(
c̄i −

ξ∗i
2

)−γ

, (3.63)

which under γ = 1 (log utility) yields the closed form ξ∗i = (2χc̄i −GN)/(1 + χ).

Proof. See Appendix Section .1.1.

Remark 3.4.2 (Utilitarian Optimum and the Samuelson Rule). The utilitarian optimum ξ∗ max-
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imises WR(ξ) +WS(ξ) and satisfies the Samuelson condition (Samuelson (1954))

Eπ

[
2χ

GN
t + ξ∗

]
=

1

2
Eπ

[
u′R

(
cRt −

ξ∗

2

)
+ u′S

(
cSt −

ξ∗

2

)]
, (3.64)

which equates the sum of marginal public-good benefits to the average marginal cost. At the base-

line calibration with (θ, τ) = (0.1, τ̄(0.1)), c̄R ≈ 0.95, c̄S ≈ 1.0, and GN ≈ 0.1, the deterministic

steady-state approximation yields ξ∗R ≈ 0.07, ξ∗S ≈ 0.08, and ξ∗ ≈ 0.076.

Remark 3.4.3 (Crowding Out and the Envelope Theorem). One might expect the EC’s provision

to crowd out local expenditure, negating any welfare gain. Under the Nash FOC (3.56), local

provision adjusts so that the private cost–benefit margin holds at the new G = GN + ξ. But by

the envelope theorem, this re-optimization is welfare-neutral to first order: the net welfare effect of

the EC’s provision equals its gross public-good value minus the direct consumption cost, with no

first-order offset from local crowding out.

Figure 3.4 illustrates the welfare change ∆Wi(ξ) ≡ Wi(ξ) − Wi(0) as a function of ξ at

(θ, τ) = (0.1, τ̄(0.1)). Both countries benefit from moderate public-good provision: at ξ = 0, the

marginal public-good benefit exceeds the marginal consumption cost (Nash underprovision), but

as ξ increases, the diminishing marginal utility of G and the rising marginal utility of foregone

consumption produce a unique interior peak. The safe country S can sustain a slightly higher ξ

because its higher average consumption makes the cost ξ/2 relatively less painful.

Expanded Pareto frontier. I re-solve the full model over the (θ, τ) policy grid with ξ = 0.05,

incorporating both the reduced EC surplus (3.53) and the endogenous local public-good allocation

described above. Each country’s value function now includes the χ logG term, so the public-good

channel feeds back into default decisions, debt policy, and bond prices.

Computational simplification for local provision. An exact implementation of (3.56) requires,

at every state in the VFI, a Nash fixed point over the pair (gR,t, gS,t): each country’s optimal git

depends on the other’s through GN
t = gRt + gSt + ξ, and both depend on the state-dependent
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resources xit. I avoid this nested fixed point by approximating the non-own component of Gt by

its ergodic mean, G−i ≈ Eπ[g−i,t], evaluated at the ξ = 0 benchmark. Country i’s local problem

then reduces to a one-dimensional choice git ≥ 0 solving χ/(git +G−i + ξ) = u′i(xit − git), which

admits a closed-form solution under CRRA and is evaluated pointwise inside the VFI. HoldingG−i

fixed introduces a level error in total provision of the same order as the dispersion of g−i,t around its

mean, but leaves the qualitative Nash underprovision result and the ξ-welfare comparative statics

unchanged. A fully-nested Nash solver is straightforward to code but costs roughly an order of

magnitude more runtime per grid point; the approximation keeps the extension tractable alongside

the baseline.

Figure 3.5: Welfare heatmaps with public-good provision (ξ = 0.05)
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Same format as Figure 3.1. Left: ∆WR(θ, τ ; ξ = 0.05). Right: ∆WS(θ, τ ; ξ = 0.05). Welfare changes are measured relative to the no-
integration point (θ, τ) = (0, 0) within the public-good model.

Figure 3.5 reveals that public-good provision fundamentally reshapes the Pareto landscape rel-

ative to the baseline heatmaps (Figure 3.1). In the baseline, the two countries’ interests are mis-

aligned along each policy margin separately. For the risky country R, increasing τ alone, without

common debt, is welfare-decreasing: the taxation cost is immediate, while the risk-sharing gains

from a larger EC surplus are too small to compensate. As a result, R benefits almost exclusively
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from the cash-grant channel θ. For the safe country S, the opposite holds: increasing θ alone, with-

out sufficient taxation, imposes a net cost on S through fiscal exposure and reduced EC transfers,

so S gains primarily from τ . This tension confines the Pareto improvement region to a narrow

band where both margins are active simultaneously.

Once the EC devotes ξ = 0.05 to a common public good, this tension is resolved. The public-

good benefit, which both countries share equally, is large enough to make the upper-right quadrant

of the (θ, τ) grid welfare-improving for both R and S. Country R now tolerates higher taxation

because the public-good return more than compensates for the fiscal cost, and country S now

tolerates larger upfront transfers because the public-good channel provides a direct welfare gain

that offsets the fiscal exposure. The Pareto improvement region expands from a narrow baseline

sliver to a broad area spanning high values of both θ and τ . Public-good provision thus serves as

the missing ingredient that aligns the two countries’ interests across the full policy space.

3.4.3 Reversal of Roles in the Long Run

The division of the euro area into a permanently risky periphery and a permanently safe core is a

modeling simplification. Historically, fiscal credibility has shifted: countries that were considered

risky in the 1990s became exemplars of fiscal rectitude, while others deteriorated. If countries may

swap fiscal reputations in the long run, the ex-ante case for fiscal integration strengthens further.

Countries that are safe today may find themselves on the risky side of the ledger in the future,

making the EC commitment device valuable for both parties and not only for the country currently

in the risky role.

Regime-switching model. I extend the baseline to allow the role assignment to evolve according

to a two-state Markov chain st ∈ {N,F}:

• Normal regime (st = N): country R is risky and S is safe, as in Section 3.2.

• Flipped regime (st = F): the roles are reversed, S is risky (impatient, strategic defaulter)

and R is safe. The preferences, default cost, and bond-pricing equations of regime F are the
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mirror image of regime N.

The transition probabilities are:

Pr(st+1 = F | st = N) = p, Pr(st+1 = N | st = F) = q, (3.65)

with p ∈ (0, 1) small (role switches are rare) and q ∈ (0, 1). The stationary distribution of the

chain assigns mass πN = q/(p+ q) to the normal regime and πF = p/(p+ q) to the flipped regime.

Figure 3.6: Two-state Markov chain governing the assignment of fiscal roles.
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In the normal regime N, country R is risky and S is safe (baseline model). In the flipped regime F, the roles are reversed. The economy switches
from N to F with probability p and returns with probability q; for p small the normal regime dominates in the long run.

In each regime the model reduces to the baseline of Section 3.2 with the risky and safe countries

relabelled. This block-recursive structure is exact when R and S are symmetric in preferences and

technology, each is capable of assuming either role, but the result below extends to the asymmetric

case under a mild condition stated in the remark. I denote the ergodic welfare of country i ∈ {R, S}

in regime s ∈ {N,F} by Ws
i (θ, τ). By the symmetric construction:

WF
R(θ, τ) = WN

S (θ, τ), WF
S(θ, τ) = WN

R(θ, τ). (3.66)

Ex-ante welfare. The ex-ante welfare of country i, before the initial regime s0 is drawn from the

stationary distribution, is:

Wea
i (θ, τ) = πN WN

i (θ, τ) + πF WF
i (θ, τ). (3.67)
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Proposition 3.4.4 (Ex-Ante Pareto Improvement under Role Uncertainty). Suppose the prefer-

ences and default technology of R and S are symmetric across regimes, so that (3.66) holds. Let

(θ, τ) be a Pareto improvement in the normal regime N: WN
R(θ, τ) > WN

R(0, 0) and WN
S (θ, τ) >

WN
S (0, 0). Then (θ, τ) is also an ex-ante Pareto improvement:

Wea
i (θ, τ) > Wea

i (0, 0) for i ∈ {R, S}. (3.68)

Proof. See Appendix Section .1.1.

Proposition 3.4.4 has two implications. First, role uncertainty strictly amplifies the incentive to

integrate: even a country that expects to remain safe for most of its history benefits from partici-

pation, knowing the EC fiscal program will discipline its own future borrowing if circumstances

reverse. Second, the transition probability p need not be large for the result to hold: any p > 0 suf-

fices, because the regime-specific welfare gains are bounded away from zero. The result extends to

asymmetric parameterisations as long as the Pareto improvement conditions of Proposition 3.2.2

hold in each regime separately, for instance, if the flipped regime has a different φ or ȳR, but the

fiscal threshold and commitment channel conditions are still satisfied.

Role uncertainty therefore strictly amplifies the political case for integration: the Pareto im-

provement set identified in Section 3.3.5 extends to an ex-ante setting in which neither country can

be certain it will remain on the safe side of the ledger.

3.5 Conclusion

Fiscal integration in a currency union need not be a one-way transfer. This paper shows that a

common fiscal program, in which a supranational institution issues common bonds funded through

a non-defaultable proportional income tax, can raise the welfare of both the fiscally weak and the

fiscally strong country simultaneously, with no side-payments required. What makes this possible

is commitment rather than redistribution: making the common tax non-defaultable converts risk-

sharing from a voluntary exchange into a binding arrangement that disciplines the risky country’s
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default incentives and insulates the safe country from the spillovers that default generates.

The analysis establishes what the institutional design must deliver. A fiscal threshold separates

the tax rates under which the program inadvertently worsens default incentives from those under

which it eliminates them. The welfare decompositions make the mutual benefit transparent: the

risky country gains through the date-0 cash grant and through an equilibrium improvement in its

borrowing cost; the safe country gains because every reduction in default frequency spares it the

losses it would otherwise absorb. The common tax adds a risk-sharing dimension, channeling re-

sources toward whichever country is temporarily poorer. These channels combine to produce a

bounded interval of tax rates at which both countries benefit simultaneously. The critical threshold

is small and the condition that the safe country gains is checkable from observables. The institu-

tional distance from the status quo is smaller than the political debate suggests.

The Pareto improvement region also widens under three natural extensions. If the program

attains sufficient scale, the common bond may develop a convenience yield which enlarges the

region of Pareto improvements. Allocating part of the EC surplus to common public goods pro-

vides an additional joint welfare gain that exploits standard underprovision under non-cooperative

provision. Fiscal roles are not static either: France, a core sovereign for decades, has recently seen

its fiscal credibility deteriorate sharply. Under uncertainty about which country will find itself in

fiscal difficulty, both have reason to want the commitment device in place before the fact.

The logic has a precedent, whose academic parallel to the euro area is developed in detail by

Sargent (2012). Hamilton’s 1790 proposal to have the federal government assume the states’ war

debts was contested on exactly the grounds familiar today: fiscally disciplined states resented what

they saw as a transfer to those that had not serviced their obligations. The settlement worked

because it was paired with a new federal revenue instrument, non-defaultable excise taxes and

customs duties, that made the program self-sustaining. Fiscally strong states gained lower long-

run borrowing costs, a stable confederation, and a federal capacity for common goods none could

supply alone. That settlement was accepted not as charity but as a credible mutual commitment.

Demonstrating the same for Europe is what this paper attempts.
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.1 Additional figures

Figure .1.1: 5-year yield spread with German government bonds net of CDS premia
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The figure shows the bond basis for the Netherlands (in blue), the European Union (black), and Spain (red). We compute the bond basis as
bbit = (yit − y

Germany
t )− (CDSi

t − CDS
Germany
t ), where yit is the 5-year yield for issuer i at time t and CDSi

t is the corresponding 5-year CDS
premium. The yield for EU bonds is computed as the arithmetic average of the yield for the European Commission, the European Investment Bank,
the European Stability Mechanism, and the European Financial Stability Facility. We use the CDS contract for European Investment Bank for the
European Union. Yield data comes from Bloomberg and CDS premia come from IHS Markit.

Figure .1.2: Yield curve (average over Jan-Dec 2024)
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The figure shows the average yield curve for each issuer over the 2024 calendar year for maturities from 1 to 30 years. Data comes from yield
curves as computed by Bloomberg.
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Figure .1.3: Bid-ask spread for 5-year benchmark
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The figure shows the bid-ask spread for the 5-year benchmark bond for selected issuers. Data comes from Bloomberg.

Figure .1.4: 5-year yield spread with German government bonds
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The figure shows the 5-year spread to Germany for EU bonds (in black) and for an average of euro area member countries using three different
weighting schemes. The yield for EU bonds is computed as the arithmetic average of the yield for the European Commission, the European
Investment Bank, the European Stability Mechanism and the European Financial Stability Facility. The red line is the average of countries’ yields
using the ECB capital key, the green line is the average using the capital share in the European Investment Bank and the yellow line is the average
using the country share of the EU budget. Yield data comes from Bloomberg, capital key data from ECB, capital share from the EIB, and the EU
budget from the European Commission. Country shares for all weighting schemes are shown in Table .1.1. For all three averages we only include
countries that are members of the euro area.
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Table .1.1: Country shares in different EU institutions
The table shows the shares corresponding to each country in three institutions related to the European Union. The capital key in the European
Central Bank reflects an equal weighting of GDP and population at the time of the last update and data comes from the ECB. The capital share in
the European Investment Bank and the share of contributions to the budget of the European Union are the result of complex political negotiations
but are broadly representative of the share of GDP, with data coming from the EIB and the European Commission, respectively.

Country ECB capital key EIB capital share EU budget share
Austria 2.9% 2.6% 2.4%
Belgium 3.6% 5.2% 3.5%
Bulgaria 0.0% 0.2% 0.6%
Cyprus 0.2% 0.1% 0.2%
Czech Republic 0.0% 0.9% 1.9%
Germany 26.1% 18.8% 23.4%
Denmark 0.0% 2.6% 2.1%
Spain 11.8% 11.3% 8.7%
Estonia 0.3% 0.1% 0.2%
Finland 1.8% 1.5% 1.7%
France 20.3% 18.8% 18.7%
Greece 2.5% 1.4% 1.3%
Croatia 0.8% 0.4% 0.5%
Hungary 0.0% 0.8% 1.4%
Ireland 1.7% 0.7% 2.5%
Italy 16.9% 18.8% 12.8%
Lithuania 0.6% 0.2% 0.5%
Luxembourg 0.3% 0.1% 0.5%
Latvia 0.4% 0.1% 0.3%
Malta 0.1% 0.0% 0.1%
Netherlands 5.8% 5.2% 4.6%
Poland 0.0% 4.6% 4.5%
Portugal 2.3% 0.9% 1.7%
Romania 0.0% 0.7% 2.0%
Slovakia 1.1% 0.3% 0.7%
Slovenia 0.5% 0.3% 0.4%
Sweden 0.0% 3.5% 2.6%
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Figure .1.5: Sum of tracking AUMs (sum over 2019m1-2025m2) by index and data availability
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The figure shows the sum of assets under management over the period 2019m1-2025m2 tracking each index. In blue are the indices for which we
have composition data and in red are those for which we do not. Data on the size of each fund and the respective index comes from Morningstar
Direct and index composition comes from Bloomberg.

Table .1.2: Regression of yield on inelastic demand and bond characteristics

The table shows estimation results from Equation 1.9, where we regress the yield to maturity of bond b issued by i, yib,t, on ϕi
t, a time fixed effect,

and bond characteristics, zb,t. We use monthly data between 2019m1 and 2024m12 with ϕi
t computed as described in Section 1.2.3 and bond

characteristics from the ECB’s CSDB. Bond characteristics are controlled in a nonparametric way as follows: issuer rating is the median rating
across Moody’s, Standard & Poor’s, Fitch, Scope and DBRS (a dummy for each level); coupon type is a dummy for fixed interest rate and a dummy
for floating (so the base is zero-coupon bonds); bond size is a dummy for each decile of the amount outstanding distribution; bond duration is seven
dummies for conventional cutoffs. Standard errors are clustered at the bond-month level and significance stars are as follows: * p<.05, ** p<.01,
*** p<.001.

(1) (2) (3) (4) (5)
Indexed demand -0.51∗∗∗ -0.51∗∗∗ -0.47∗∗∗ -0.41∗∗∗ -0.47∗∗∗

(relative to Germany) (-9) (-17) (-15) (-10) (-14)

Time FE Yes Yes Yes Yes Yes

Issuer Rating No Yes Yes Yes Yes

Coupon Type No No Yes Yes Yes

Bond Size No No No Yes Yes

Bond Duration No No No No Yes
Observations 71,027 71,027 71,027 71,027 71,027
R2 0.62 0.71 0.75 0.75 0.81
Partial R2 for ϕi

t/ϕ
G
t 0.05 0.05 0.05 0.03 0.05
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Figure .1.6: 5-year yield spread with German government bonds, basis points
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The figure shows the 5-year yield spread with German government bonds for the European Union (in blue), Kreditanstalt für Wiederaufbau (in red)
and Spain (in green). Yields are shown are 4 periods of hightened volatility in financial markets: the start of the Covid epidemic (1 January - 1 April
2020), the collapse of SVB and Credit Suisse (1 January - 1 April 2023), Macron calling a snap election following disappointing results in elections
for the European Parliament (1 April - 1 July 2024), and the announcement of tariffs by Trump (1 February - 1 May 2025). Yield data comes from
Bloomberg.

Table .1.3: Regression of portfolio weight ωb,j on bond and fund characteristics

The table shows the estimation results of Equation 1.10, where we regress the portfolio share of fund j in bond b among AAA-rated bonds in euros
on a dummy for EU bonds and bond characteristics. Data for December 2019 with 676 funds with at least one holding of AAA-rated bonds in
euros. χj is the fraction of outflows experienced by fund j during March 16-20 (as a percentage of AUM at the end of February 2020). Holding
and fund flows data comes from Morningstar while bond characteristics come from the ECB’s CSDB.

(1) (2) (3) (4)
EUi -4.33∗ -13.77∗ 1.26 -9.38

(-2.58) (-2.58) (0.27) (-1.62)

EUi × χj -100.60 -96.39 -125.89 -120.86∗

(-1.07) (-1.11) (-1.45) (-2.13)

Bond Size No Yes Yes Yes

Coupon Type No No Yes Yes

Bond Duration No No No Yes
N 5,843 5,843 5,843 5,843
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Figure .1.7: Yield to maturity for 1-, 2-, 5-, 10-year bonds, %
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The figure shows the yield to maturity for 1-, 2-, 5-, and 10-year bonds for the 4 issuers linked to the European Union between October 1, 2022
and September 1, 2023. The vertical dashed lines show dates for the announcement of the single funding strategy (19 December 2022), the
announcement of the haircut reduction (20 December 2022) and its implementation (29 June 2023).

Figure .1.8: Yield to maturity for 1-, 2-, 5-, 10-year bonds, %
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The figure shows the yield to maturity for 1-, 2-, 5-, and 10-year bonds for the 4 issuers linked to the European Union between August 1, 2024 and
December 1, 2025. The vertical dashed lines show dates for the announcement of the EC repo facility (30 September 2024), its implementation (7
October 2024), the announcement of the establishment of a futures market by Eurex (23 April 2025), and its implementation (10 September 2025).
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Figure .1.9: Estimated parameters for major issuers in the euro area
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The figure shows estimation results for Equation 1.3 but the difference relative to Table 1.2 is that here we regress the realized excess return relative
to the risk free rate as measured using the 5-year swap-implied rate on the contemporaneous log change in VIX. We use monthly data for the period
2014m1-2025m12 for a total of 137 observations for each issuer. We use Newey-West standard errors with 24 lags and 95% confidence intervals.
Yield ans swap data comes from Bloomberg and EURO STOXX 50 Volatility (VSTOXX) data from STOXX.

Figure .1.10: Average 5-year spread to Germany over Jan2014-Dec2025
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The figure shows the average 5-year spread to Germany over Jan2014-Dec2025 (on the vertical axis) and the volatility to VIX estimated over the
same period (on the horizontal axis), computed as in Equation 1.3 and reported in absolute value. 90% confidence intervals using Newey-West
standard errors with 24 lags. Yield data comes from Bloomberg and EURO STOXX 50 Volatility (VSTOXX) data from STOXX.
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Figure .1.11: Portfolio tilt for different investor sectors and countries in 2025Q1
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The figure shows the portfolio tilt (as defined in 1.11) for commercial banks (in blue) and insurance corporations (in red) located in different
countries towards EU bonds (vertical axis) and bonds issued by their own national government (horizontal axis). We use data for 2025Q1 and
consider portfolio and market shares out of total holdings and outstanding amounts of European sovereign bonds denominated in euros. Data comes
from the ECB Securities Holdings Statistics by Sector.

Figure .1.12: Investor composition for sovereign issuers in euro (excluding the ECB)
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The figure shows the investor composition (excluding the ECB) for selected issuers, where we divide all investor sectors into 2 categories. Stable
is commercial banks, insurance corporations, households, and government while refers to all other categories, mostly to mutual funds, MMMFs,
ETFs and foreign investors. We use data for 2025Q1 and consider outstanding amounts of European sovereign bonds denominated in euros. Data
comes from the ECB Securities Holdings Statistics by Sector.
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Figure .1.13: Monthly and daily total net flows into selected universe of funds
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The figure shows total net flows into the selected universe of funds at the monthly frequency (top panel) and daily frequency (bottom panel). We
include all available funds denominated in euros or with European Fixed Income as investment category. Data comes from Morningstar Direct.

Figure .1.14: Distribution of net outflows as a share of AUM in February 2020
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The figure shows the distribution of fund outflows during March 2020 (left panel) and during the week of March 16-20 (right panel). We include
all available funds denominated in euros or with European Fixed Income as investment category. Data comes from Morningstar Direct.
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Figure .1.15: Rolling estimation of βi over preceding 24 months
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The figure shows the beta parameter for Equation 1.3 estimated over a rolling window of the preceding 24 months for the four issuers. The shaded
area is the 95% confidence interval for the estimated beta parameter for the European Union, computed using Newey-West standard errors with 23
lags. Yield data comes from Bloomberg and EURO STOXX 50 Volatility (VSTOXX) data from STOXX.

Figure .1.16: Distribution of estimated parameters from GMM across investors
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The figure shows the distribution of the GMM estimation from condition 1.15. For each regressor, we report the mean (weighted by asset size)
coefficient for different investor sectors.
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Table .1.4: First-stage regression of yield yit on index inclusion and included regressors
The table shows the results of the first-stage regression of the GMM condition 1.15, where we run a linear regression of yit on the index inclusion
measure and included regressors. We report interquartile statistics for all regressors including the time fixed effects and the constant. Statistics for
the excluded regressors are shown in Table 1.6.

min p25 p50 p75 max
Index inclusion -15.74 -14.76 -14.38 -14.32 -12.74
Home-bias dummy -0.29 -0.04 0.00 0.05 0.30
Default probability 1.44 1.51 1.51 1.51 1.97
Amount outstanding -0.30 0.04 0.04 0.06 0.14
Amount outstanding (sqrt) -0.34 -0.19 -0.15 -0.12 0.23
2020Q1 0.04 0.04 0.04 0.04 0.04
2020Q2 -0.18 -0.18 -0.18 -0.18 -0.17
2020Q3 -0.29 -0.29 -0.29 -0.29 -0.28
2020Q4 -0.39 -0.39 -0.39 -0.39 -0.39
2021Q1 -0.25 -0.25 -0.25 -0.25 -0.25
2021Q2 -0.18 -0.18 -0.18 -0.18 -0.17
2021Q3 -0.18 -0.18 -0.18 -0.18 -0.18
2021Q4 -0.01 -0.01 -0.01 -0.01 -0.01
2022Q1 0.89 0.89 0.89 0.89 0.89
2022Q2 1.73 1.73 1.73 1.74 1.74
2022Q3 2.73 2.73 2.73 2.73 2.74
2022Q4 3.21 3.21 3.22 3.22 3.22
2023Q1 2.99 2.99 2.99 2.99 3.00
2023Q2 3.24 3.24 3.24 3.24 3.26
2023Q3 3.49 3.49 3.49 3.49 3.50
2023Q4 2.57 2.57 2.57 2.57 2.59
2024Q1 2.87 2.87 2.87 2.87 2.89
2024Q2 3.11 3.11 3.11 3.11 3.13
2024Q3 2.53 2.54 2.54 2.54 2.56
2024Q4 2.70 2.70 2.70 2.70 2.72
2025Q1 2.86 2.86 2.86 2.86 2.89
Constant -0.23 -0.12 -0.11 -0.10 -0.05

Table .1.5: First-stage regression of yield yit on index inclusion and included regressors
The table shows the results of the GMM estimation from condition 1.15. We report interquartile statistics for all regressors.

min p25 p50 p75 max
5-year yield (instrumented) 0.00 0.00 0.00 2.69 10.53
Home-bias dummy -2.66 0.00 0.00 2.09 5.61
Default probability -9.44 -3.85 -1.19 1.02 10.01
Amount outstanding -9.38 -3.55 -2.30 -1.36 0.22
Amount outstanding (square root) 1.45 4.52 6.61 8.95 21.56
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Figure .1.17: 5-year yield and counterfactuals under different scenarios, by issuer
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The figure shows the 5-year yield to maturity for different issuers at the end of 2025Q1 (in light blue) and counterfactual values obtained from
the computation of the price vector that would clear the system in 1.16 given the estimated elasticities for each investor. In the first counterfactual
scenario (dashed red line) we set the amount outstanding for the European Investment Bank and the European Stability Mechanism to zero and
increase the amount for the European Commission by the corresponding number. In the second counterfactual scenario we increase the amount
outstanding of the European Commission by e500 Bn and decrease the amount of national governments by the same total amount, with each
country benefiting in proportion to the ECB’s capital key shown in Table .1.1.

Figure .1.18: 5-year yield for EC bonds in counterfactuals of increased issuance, by scenario
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The figure shows the 5-year yield to maturity for EC bonds at the end of 2025Q1 for counterfactuals of increased issuance under different assump-
tions about the parameters of latent demand. For each scenario we increase the amount outstanding of the European Commission and decrease the
amount of national governments by the same total amount, with each country benefiting in proportion to the ECB’s capital key shown in Table .1.1.
The blue line uses the latent demand parameters as estimated from 1.15, while the green and red line replace the latent demand parameters for the
EC as described in 1.18 and 1.19.

121



Appendix B: Appendix to Chapter 2
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.1 Additional model results

.1.1 Model proofs

In order to study the effect of segmented demand in isolation from other factors, in the follow-

ing I assume that the n issuers are symmetric in all respects except for the inelastic demand (Γi).

All other parameters are set equal to the same value: Bi = B, Si = S, Ai = A, λi = λ ∀i.

Proof of Proposition 1. I start by obtaining an expression for the initial price P i
0 by rewriting mar-

ket clearing for bonds issued by i in Equation 2.3:

P i
0S = ωi + Γi + A−BP i

0 ⇐⇒ P i
0 =

ωi + Γi + A

S +B
. (1)

Then I note that if θ = 1 the probability of finding a buyer in 2.6 is only a function of model

parameters and by combining it with 2.6 I obtain

E[P i
1] = λΓi. (2)

By plugging this into the FOC in 2.4 and substituting the expression for P i
0 from 1 I have

(πλΓi + 1− π)
S +B

ωi + Γi + A
= R. (3)

With some rearranging, I obtain an expression for ωi that is only a function of exogenous parame-

ters:

ωi =
(S +B)(1− π)

R
+

(
(S +B)π2λ

R
− 1

)
Γi − A (4)

=
(S +B)(1− π + π2λΓi)−R(Γi + A)

R
. (5)
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The expression for P i
0 in 2.10 follows directly by combining 1 with 4:

P i
0 =

Γi + Ai + ωi

Si +Bi
=

1− π

R
+
πλ

R
Γi =

(1− π) + πλΓi

R
. (6)

The spread of issuer i relative to j is thus computed as follows

ζi,j =
[
− ln

(
P i
0

)]
− [− ln (P z

0 )] = ln

(
P j
0

P i
0

)
= ln

(
1− π + πλΓj

1− π + πλΓi

)
. (7)

Finally, by computing the derivative with respect to π I obtain the relative volatility

βi,j =
∂ζi,j
∂π

(8)

=
λΓj − 1

1− π + πλΓj
− λΓi − 1

1− π + πλΓi
(9)

=
λ(Γj − Γi)

(1− π + πλΓi)(1− π + πλΓj)
. (10)

Proof of Corollary 1. By deriving 6 and 7 with respect to Γi I immediately obtain

∂P i
0

∂Γi
=
πλ

R
> 0 and

∂ζi,j
∂Γi

= − πλ

1− π + πλΓi
< 0. (11)

Proof of Corollary 2. By deriving 10 with respect to Γi I obtain

∂βi,j
∂Γi

=
−λ(1− π + πλΓi)(1− π + πλΓj)− πλ2(Γj − Γi)(1− π + πλΓj)

(1− π + πλΓi)2(1− π + πλΓj)2
(12)

=
−λ(1− π + πλΓi)− πλ2(Γj − Γi)

(1− π + πλΓi)2(1− π + πλΓj)
(13)

= − λ(1− π + πλΓj)

(1− π + πλΓi)2(1− π + πλΓj)
(14)

= − λ

(1− π + πλΓi)2
< 0. (15)

124



Proof of Proposition 2. I obtain the market share of Stable, ρi, using its definition in 2.9 and sub-

stituting the expression for P i
0 from 6

ρi =
A−BP i

0

SP i
0

=
A

SP i
0

− B

S
=

AR

S((1− π) + πλΓi)
− B

S
. (16)

The difference between the market share for two issuers i and j is then

ρi − ρj =
RAi

S(1− π + π2λΓi)
− RAj

S(1− π + π2λΓj)
(17)

=
R

S

Aj(1− π + π2λΓj)− Ai(1− π + π2λΓj)

(1− π + π2λΓi)(1− π + π2λΓi)
(18)

=
RA

S

π2λ(Γj − Γi)

(1− π + π2λΓi)(1− π + π2λΓj)
(19)

=
RAπλ

S(1− π + πλΓi)(1− π + πλΓj)
(Γj − Γi). (20)

Proof of Corollary 3. By deriving 16 with respect to Γi I obtain the first statement

∂ρi

∂Γi
= − RAπλ

S(1− π + πλΓi)2
< 0. (21)

For the second statement I instead derive 20 to obtain

∂(ρi − ρj)

∂Γi
= − RAπλ

S(1− π + πλΓi)2
< 0. (22)

Proof of Proposition 3. I start by rewriting 7 expanding Γi and Γj as Γi + κ and Γj + κ

ζi,j = ln

(
1− π + πλ(Γj + κ)

1− π + πλ(Γi + κ)

)
. (23)
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Deriving this with respect to κ I obtain an expression whose sign depends on Γi − Γj

∂ζi,j
∂κ

=
πλ

1− π + πλ(Γj + κ)
− πλ

1− π + πλ(Γi + κ)
(24)

=
πλ

[1− π + πλ(Γj + κ)][1− π + πλ(Γi + κ)]
(Γi − Γj). (25)

With a similar rewriting of 10 I obtain

∂βi,j
∂κ

= λ(Γj − Γi)
πλ(1− π + πλ(Γj + κ))− πλ(1− π + πλ(Γi + κ))

(1− π + πλ(Γi + κ))2(1− π + πλ(Γj + κ))2
(26)

= − λ3π2(Γj − Γi)2

(1− π + πλ(Γi + κ))2(1− π + πλ(Γj + κ))2
< 0 (27)

The same procedure for 20 yields

ρi − ρj =
RAπλ

S(1− π + πλ(Γi + κ))(1− π + πλ(Γj + κ))
(Γj − Γi). (28)

Deriving this with respect to κ I obtain an expression whose sign depends on Γi − Γj

∂(ρj − ρi)

∂κ
= −RAπλ(Γ

i − Γj)

S

πλ[1− π + πλ(Γj + κ)] + πλ[1− π + πλ(Γi + κ)]

[1− π + πλ(Γi + κ)]2[1− π + πλ(Γj + κ)]2
(29)

=
RAπ2λ2[2(1− π) + πλ(Γi + Γj + 2κ

)
]

S[1− π + πλ(Γi + κ)]2[1− π + πλ(Γj + κ)]2
(Γj − Γi). (30)

Proof of Corollary 4. Since the sign of 25 depends on Γi − Γj , it’s immediate to see that

Γi∗ ≥ Γi ∀i =⇒ ∂ζi,i∗

∂κ
≤ 0 ∀i. (31)
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Proof of Corollary 5. By deriving 25 with respect to κ (following the same step as in 30) I obtain

∂2ζi,j
∂κ2

= −
RAπ2λ2[2(1− π) + πλ(Γi + Γj + 2κ

)
]

S[1− π + πλ(Γi + κ)]2[1− π + πλ(Γj + κ)]2
(Γi − Γj). (32)

Since the sign of this depends on Γj − Γi, it’s immediate to see that

Γi∗ ≥ Γi ∀i =⇒ ∂2ζi,i∗

∂κ2
≥ 0 ∀i. (33)

.1.2 Variations in unconditional QE have wrong predictions

I show that a symmetric change in unconditional purchases by the ECB generates changes

in model quantities that are inconsistent with the empirical evidence in Section 2.3. To do this, I

introduce parameter ξ as the purchases that the ECB conducts at t = 0 in common across all issuers.

This demand enters directly into the market clearing equation in 2.3 and is equivalent to common

variations in the inelastic demandA. Figure .2.7 shows the effect of variations in unconditional QE

for my baseline numerical calibration and the next proposition shows that variations in ξ generate

counterfactual changes in spreads and market shares.

Proposition 4. A change in unconditional QE, ξ, has no effect on spreads and relative volatility

while it increases the degree of investor sorting according to the need for liquidity.

Proof. The expressions for ζi,j in 7 and βi,j in 10 do not depend on A since Flighty investors are

the marginal investors and A has no effect on market liquidity in t = 1. While from 20 I obtain

∂(ρi − ρj)

∂ξ
=
R

S

πλ(Γj − Γi)

(1− π + πλΓi)(1− π + πλΓj)
. (34)

This means that announcements by the ECB that it will stop conducting unconditional pur-

chases (a reduction in ξ) should be accompanied by a partial reversal of the investor sorting. I also
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show that conventional monetary policy cannot account for the sharp increase in relative volatility

shown in Figure .2.2. To do this, it’s sufficient to note that the expressions for spreads and relative

volatility in 2.10 and 2.11 do not depend on parameter R. This is because changes in the required

rate of return do not affect relative asset prices.

.2 Additional figures

Figure .2.1: ECB QE balance sheet projection by analysts, by date of survey
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The figure shows the projection of the total holdings of securities for QE purposes by the ECB for different dates by date of the forecast. I use the
median value across the pool of survey respondents. Data comes from the ECB Survey of Monetary Analysts (SMA).
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Figure .2.2: 5-year spread with Germany and net QE purchases by the ECB
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The figure shows the 5-year yield spread of EU bonds with Germany (in black) and net QE purchases by the ECB (in red). QE purchases are the
sum of PSPP and PEPP programs as reported at the end of each month. Yield data comes from Bloomberg and QE purchases from public ECB
data.

Figure .2.3: 5-year spread with Germany and ECB deposit facility rate
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The figure shows the 5-year yield spread of EU bonds with Germany (in black) and the deposit facility rate by the ECB (in red). Yield data comes
from Bloomberg and the deposit facility rate from the ECB.
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Figure .2.4: Estimation of βi over the sample and during QT periods
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The figure shows estimated beta parameters from Equation 2.15, where I regress the realized excess return relative to Germany for each issuer on
the contemporaneous log change in VIX and the interaction between the contemporaneous log change in VIX and an indicator function for QT
period. I define a QT period as a month in which the spread between the 1-year Euribor interbank rate exceeds the ECB’s deposit facility rate by
at least 50 basis points. I use Newey-West standard errors with 24 lags. Yield data comes from Bloomberg, Euribor data from Refinitiv, and the
deposit facility rate from the ECB.

Figure .2.5: Estimated parameters for major issuers in the euro area
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The figure shows estimated beta parameters from Equation 2.15, where I regress the realized excess return relative to Germany for each issuer on the
contemporaneous log change in VIX and the interaction between the contemporaneous log change in VIX and an indicator function for QT period.
Unlike in Figure 2.3.1, here I define a QT period as a month in which the ECB is not conducting large-scale asset purchases. I use Newey-West
standard errors with 24 lags. Yield data comes from Bloomberg and asset purchase data from the ECB.
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Figure .2.6: Model equilibrium for changes in the size of inelastic demand for issuer i = 2
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The figure shows the model equilibrium for a setting with 3 issuers that are symmetric in all respects except for the inelastic demand parameter Γi.
Common parameter values are as follows: θ = 0.6, π = 0.1, λ = 1, S = 1, B = 0.1, A = 0.5. The figure shows how the model equilibrium
changes as inelastic demand for the second issuer, Γ2, increases while Γ1 and Γ3 remain fixed.

Figure .2.7: Model equilibrium for changes in unconditional QE ξt
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The figure shows the model equilibrium for a setting with 3 issuers that are symmetric in all respects except for the inelastic demand parameter Γi.
Common parameter values are as follows: θ = 0.6, π = 0.1, λ = 1, S = 1, B = 0.1, A = 0.5. The figure shows how the model equilibrium
changes as unconditional QE, ξ, increases from 0 to 0.3.
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Appendix C: Appendix to Chapter 3
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.1 Additional model results

.1.1 Model proofs

Proof of Proposition 3.2.1. (i) For any τ ≥ τ̄(θ) = 2(1− q̄)θ/ymin,

gt = τ(yR,t + yS,t)− 2(1− q̄)θ

≥ τ̄ · ymin − 2(1− q̄)θ = 0.

Since gt ≥ 0, the additional fiscal cost on S in default periods is max{−1
2
gt, 0} = 0, so S’s total

exposure to R’s default is exactly φ. Under repayment, R’s EC receipt is 1
2
gt ≥ 0; under default,

R’s EC receipt is max{1
2
gt, 0} = 1

2
gt ≥ 0. The two are identical, so the fiscal channel contributes

zero to the default incentive.

(ii) If τ ≥ τ̄(θ + ∆θ), then gt ≥ 0 holds under the expanded program by (i), and S’s fiscal

exposure remains exactly φ. □

Proof of Proposition 3.2.2. By Proposition 3.2.1(i), condition (a) implies gt ≥ 0 in all states

along the path, so D− = ∅ and S’s EC-deficit-sharing term is identically zero. Condition (b) im-

plies that the EC-transfer component 1
2
gt entering S’s budget constraint is weakly non-decreasing

in θ state-by-state, both in repayment and in default contingencies.

The threshold rule in condition (c) delivers statewise monotonicity of R’s default decision: for

any θ1 < θ2 and any state (bR, yR, yS) on the ergodic support,

dR(bR, y; θ2) = 1{y < y∗(bR; θ2)} ≤ 1{y < y∗(bR; θ1)} = dR(bR, y; θ1),

because y∗(bR; θ) is weakly decreasing in θ. Hence the default region {(bR, y) : dR = 1} shrinks

monotonically in θ along the income dimension, and the aggregate default probability satisfies

∂ Pr(dR = 1)/∂θ ≤ 0 as an immediate consequence.

S’s only default-specific flow-payoff term is the direct spillover cost −φ incurred when
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dR = 1; this term is statewise non-increasing (in absolute value) in θ by the shrinkage above.

Combining with (a)–(b), S’s flow payoff is weakly improved state-by-state by an increase in

θ. Taking expectations under the invariant distribution (or equivalently, integrating along any

realized income sample path) yields a weakly higher ergodic value Eπ[V
joint
S (bS, y; θ2, τ(θ2))] ≥

Eπ[V
joint
S (bS, y; θ1, τ(θ1))]. Adding the date-0 cash grant term q̄θ from (3.9), which is strictly

increasing in θ, reinforces the inequality: WS(θ2, τ(θ2)) ≥ WS(θ1, τ(θ1)). □

Proof of Proposition 3.3.1. Under βS(1 + rS) = 1 and a slack borrowing constraint, S’s Euler

equation for the risk-free bond holds with equality in every period:

u′S(cSt) = βS(1 + rS)Et[u
′
S(cS,t+1)] = Et[u

′
S(cS,t+1)].

Marginal utility is therefore a martingale under the household’s beliefs. Iterating the tower property

from t = 0 gives E0[u
′
S(cSt)] = u′S(cS0) for every t ≥ 0. Dividing by u′S(cS0) and multiplying by

βt
S:

E0[ΠSt] = βt
S = q̄t, t ≥ 0,

where the second equality uses βS = qS = q̄. Summing the ongoing EC fee flow from t = 1 (the

first period in which a coupon is paid, one period after issuance) and using the geometric series:

(1− q̄)
∞∑
t=1

E0[ΠSt] = (1− q̄)
∞∑
t=1

q̄t = (1− q̄) · q̄

1− q̄
= q̄,

which is (3.33). □

Proof of Proposition 3.3.2. Set D− = ∅ in (3.36)–(3.39). For dWR/dτ ≥ 0 the risk-sharing and

commitment-channel terms remain, giving the first condition directly. For dWS/dτ ≥ 0, add the

behavioral effect (−∂ Pr(dR = 1)/∂τ)φ ·Eall[ΠSt] to the risk-sharing term; rearranging yields the

second condition. □
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Proof of Proposition 3.4.1. Parts (i)–(ii): on [0, θ†), rJ(θ) = rS + η − νθ > r̄J and the floor

does not bind, so q̄(θ) = 1/(1 + rS + η − νθ). Write a ≡ rS + η and differentiate (3.46) exactly:

τ̄(θ) =
2

ymin
· (a− νθ) θ

1 + a− νθ
.

Setting τ̄ ′(θ) = 0 and clearing denominators yields the quadratic ν2θ2−2ν(1+a)θ+a(1+a) = 0,

whose roots are θ = [(1 + a)±
√
1 + a]/ν. The interior root in (0, a/ν) is

θ∗∗ =
(1 + a)−

√
1 + a

ν
=

√
1 + a

(√
1 + a− 1

)
ν

.

Expanding
√
1 + a = 1 + a/2 + O(a2) gives the first-order approximation θ∗∗ ≈ a/(2ν) =

(rS+η)/(2ν). Sign analysis of the quadratic shows τ̄ ′(θ) > 0 on the nonbinding segment below θ∗∗

and τ̄ ′(θ) < 0 on (θ∗∗, θ†) whenever this interval is nonempty (the second root [(1+a)+
√
1 + a]/ν

exceeds a/ν and hence lies outside the relevant domain). Part (iii): at θ = θ† = (a − r̄J)/ν, the

floor binds: rJ(θ) = r̄J for all θ ≥ θ†. For θ > θ†, τ̄(θ) = 2r̄Jθ/((1+ r̄J) y
min) is linear with slope

2r̄J/((1 + r̄J) y
min) < 2rS/((1 + rS) y

min) since r̄J < rS . If θ∗∗ < θ†, then the left derivative at

θ† is negative and the right derivative τ̄ ′(θ†+) = 2r̄J/((1 + r̄J) y
min) is positive, so θ† is a local

minimum. Part (iv): for θ ∈ [0, θ†), τ̄(θ) = 2rJ(θ) θ/((1+ rJ(θ)) y
min) with rJ(θ) = rS + η− νθ.

Since x 7→ x/(1+x) is strictly increasing on x > −1, τ̄(θ) ⋛ 2rSθ/((1+ rS)y
min) iff rJ(θ) ⋛ rS

iff θ ⋚ η/ν. Hence τ̄ exceeds the baseline on (0, η/ν), equals it at θ = η/ν (where rJ = rS), and

lies strictly below it on (η/ν, θ†). For θ ≥ θ†, rJ(θ) = r̄J < rS gives τ̄(θ) = 2r̄Jθ/((1+r̄J)y
min) <

2rSθ/((1 + rS)y
min) by the same monotonicity. Since θ† > η/ν, the crossing at η/ν is the unique

intersection with the baseline on θ > 0. □

Proof of Proposition 3.4.2. Above the fiscal threshold (τ ≥ τ̄ ), D− = ∅ and S’s welfare decom-

position (3.32) gives, under the variable convenience yield,

dWS/dθ ∝
[
q̄(θ) + q̄′(θ)θ

]
− h′(θ)Eall[ΠSt] +B′(θ),
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where h′(θ) = (1 − q̄(θ)) − θ q̄′(θ) is the marginal EC fee per unit of θ, q̄(θ) + q̄′(θ)θ is the

marginal cash grant (the date-0 cash distributed per additional face-value unit of EC common bond

issued, accounting for the price appreciation on inframarginal units as q̄(θ) rises with program size

under the convenience yield), and the proportionality suppresses equilibrium-response terms that

are bounded and do not affect the sign at the boundaries.

Part (i): at θ = 0+, the marginal EC cost is h′(0+) = (rS + η)/(1 + rS + η) > 0 (using

q̄(0) = 1/(1+rS+η) and θ q̄′(θ)|θ=0 = 0), and the marginal cash grant reduces to q̄(0). Condition

(3.49) ensures h′(0+)Eall[ΠSt] > q̄(0) + B′(0+), so dWS/dθ < 0. By continuity, the inequality

holds in a neighbourhood of θ = 0.

Part (ii): for θ ≥ θ† (floor binds), q̄(θ) = 1/(1 + r̄J) is constant so q̄′(θ) = 0; the marginal

cash grant equals the level q̄(θ†) and the marginal fee equals 1 − q̄(θ†) = r̄J/(1 + r̄J). The right-

derivative of welfare at θ† is therefore proportional to q̄(θ†) − (r̄J/(1 + r̄J))E
all[ΠSt] + B′(θ†),

which is strictly positive by condition (3.50). By continuity, dWS/dθ > 0 in a right-neighbourhood

of θ†.

Part (iii): since dWS/dθ < 0 near θ = 0 and dWS/dθ > 0 near θ = θ†, the intermediate value

theorem gives θv ∈ (0, θ†) with dWS/dθ
∣∣
θv

= 0. □

Proof of Proposition 3.4.4. Apply (3.66) to write the ex-ante welfare gain of R:

Wea
R (θ, τ)−Wea

R (0, 0) = πN
[
WN

R(θ, τ)−WN
R(0, 0)

]︸ ︷︷ ︸
>0

+πF
[
WF

R(θ, τ)−WF
R(0, 0)

]︸ ︷︷ ︸
= WN

S (θ,τ)−WN
S (0,0) > 0

.

Both bracketed terms are strictly positive by the Pareto improvement assumption on regime N and

the symmetry identity (3.66); their weighted sum is therefore strictly positive. The result for S

follows by relabelling R ↔ S. □

Proof of Proposition 3.4.3. From (3.60), the marginal welfare of country i at ξ is

dWi

dξ
=

1

1− βi
Eπ

[
χ

GN
t + ξ

− 1

2
u′i

(
cit −

ξ

2

)]
.
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Step 1 (positive at ξ = 0). At ξ = 0 the integrand becomes χ/GN
t − 1

2
u′i(cit) = 1

2
u′i(cit) > 0,

where the equality uses the Nash FOC (3.56). Hence dWi/dξ|ξ=0 > 0.

Step 2 (strictly decreasing). Write hi(ξ; s) = χ/(GN(s) + ξ) − 1
2
u′i(ci(s) − ξ/2) for each

ergodic state s. The first term is strictly decreasing in ξ and the second is strictly increasing in

magnitude (since u′′i < 0 implies u′i is increasing as its argument decreases). Hence hi(ξ; s) is

strictly decreasing in ξ for every s, and so is dWi/dξ = (1− βi)
−1Eπ[hi].

Step 3 (tends to −∞). As ξ → 2mins ci(s), private consumption ci − ξ/2 → 0 and u′i(ci −

ξ/2) → ∞, so dWi/dξ → −∞.

Step 4 (unique interior maximum). Since dWi/dξ is continuous, starts positive (Step 1), is

strictly decreasing (Step 2), and tends to −∞ (Step 3), by the intermediate value theorem there

exists a unique ξ∗i > 0 satisfying dWi/dξ = 0, which is the global maximum. The first-order

condition at ξ∗i gives (3.62). The deterministic steady-state reduction (3.63) follows by replacing

expectations with steady-state values. □

.1.2 Additional figures
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Figure .1.1: Changes in average debt-to-output ratios relative to no integration
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Left: change in R’s mean debt-to-output ratio E[bR/yR] (percentage points). Right: change in S’s mean debt-to-output ratio E[bS/yS ] (percentage
points). Blue indicates a reduction in debt; red indicates an increase. The dash-dotted line marks the fiscal threshold τ̄(θ).

Figure .1.2: Changes in default probability and sovereign spread
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Left: change in R’s default probability (percentage points). Right: change in R’s mean sovereign spread (percentage points). Blue indicates a
reduction; red indicates an increase. The dash-dotted line marks the fiscal threshold τ̄(θ).
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