
Sovereigns at Risk
A dynamic model of sovereign debt and banking leverage

Nuno Coimbra
Paris School of Economics

NBER ISOM, Bank of England
June, 2019



This paper

I Novel theoretical framework to analyze how banking and
government finances interact

• In particular: How bank regulation affects demand for
sovereign bonds

• The model is calibrated to Spain and used to interpret recent
bond yield movements

• Model can be used to measure the impact of recent ECB
unconventional policies on sovereign bond yields



This paper

I Novel theoretical framework to analyze how banking and
government finances interact

• In particular: How bank regulation affects demand for
sovereign bonds

• The model is calibrated to Spain and used to interpret recent
bond yield movements

• Model can be used to measure the impact of recent ECB
unconventional policies on sovereign bond yields



This paper

I Novel theoretical framework to analyze how banking and
government finances interact

• In particular: How bank regulation affects demand for
sovereign bonds

• The model is calibrated to Spain and used to interpret recent
bond yield movements

• Model can be used to measure the impact of recent ECB
unconventional policies on sovereign bond yields



This paper

I Novel theoretical framework to analyze how banking and
government finances interact

• In particular: How bank regulation affects demand for
sovereign bonds

• The model is calibrated to Spain and used to interpret recent
bond yield movements

• Model can be used to measure the impact of recent ECB
unconventional policies on sovereign bond yields



Contribution

• Dynamic macroeconomic model with sovereign default and a
banking sector facing a Value-at-Risk constraint

• Feedback between bank balance sheet risk and sovereign yields
• Flexible framework that can be used as a workhorse model

• Application: Long-Term Refinancing Operations (LTRO)
• Quantify the effect of this type of central bank intervention in

the presence of such feedback effects
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Results

I Feedback effect leads to a 72% larger yield rise when the
banking sector is not sufficiently capitalized

• Effect is larger in the presence of moral hazard
• And more likely when other bank assets are performing poorly

• Central bank intervention can help dampen the feedback
• Improve bank balance sheets
• Reduce yields by restarting bank demand
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Commenting on the ECB’s new unconventional policy

”[The LTRO] means that each state can turn to its
banks, which will have liquidity at their disposal”

- Nicolas Sarkozy, Dec 15, 2011

This is how the LTRO came to be known as the Sarko-trade...
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LTRO and bond purchases by domestic MFIs

Home Bias



Change in Spanish domestic bond holdings
% change YoY in the share of holdings by sector

Source: Bank of Spain

RoW Italy



Spanish yields - 1 year maturity

Source: Bank of Spain
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The Model
The Households

The maximization program

maxEt

[ ∞∑
t=0

βtu(Ct , Lt)

]

subject to:

Ct + qDt Dt + qBt B
H
t = wt(1− τt) + Z̃t + Dt−1 + (1−∆t)B

H
t−1 + ΠB

t

BH
t ≥ 0

Utility function FOCs



The Model
The Households

Production

Yt = At(1− Lt)

Labour productivity At follows:

logAt = ρa logAt−1 + εat

εa ∼ N(0, σ2
a)
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The Value-at-Risk constraint

• Bank cannot have a probability of default higher than α

• Links portfolio risk to adequate capitalization and leverage

How does it work? Leverage Cycle Other constraints Data

⇒ Close mapping to stress testing

• Stress test: resilience to probabilistic stress scenario

• Focuses on the lower tail of portfolio return distribution

• First EU-wide stress test of ”constrained phase”, was the first
ever to consider an ”adverse sovereign risk shock”

Adverse scenario
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The bank’s balance sheet

The bank’s balance sheet during period t:

Assets Liabilities

qBt B
B
t

Et

qDt Dt

Asset payoffs at the beginning of t + 1 :

Receive: BB
t (1−∆t+1)

Must pay: Dt
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The banking sector

Banks maximize expected profits E (ΠB
t+1), where

ΠB
t+1 = BB

t (1−∆t+1)− Dt

• Subject to the VaR constraint

Prob(Dt > (1−∆t+1)BB
t ) ≤ α

⇒ probability that bank defaults must be lower than α
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The banking sector
The Value-at-Risk constraint

When binding, the VaR constraint implies that:

Prob

(
∆t+1 > 1− Dt

BB
t

)
= α

Define leverage Λt ≡ qBt B
B
t

Et
, as market value of assets over equity.

Pr

(
∆t+1 > 1− qBt

qDt

Λt − 1

Λt

)
= α

Given qBt , q
D
t and the cdf F (∆t+1):

• LHS expression is monotonic in Λt

• Unique solution: Λt
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Maximum leverage

Maximum leverage Λt is state-dependent.

• Default expectations crucial

• Also a function of asset prices

When constraint is not binding

• Banks absorb all debt BB
t = Bt

• Leverage Λt = Bt
Et
≤ Λt

• Risk averse households only save using deposits
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The role of the marginal investor

When probability of default is low, banks are unconstrained

qB,ut = qDt Et(1−∆t+1) Moral Hazard

qB,ut = βEt

[
u′C ,t+1

u′C ,t

]
Et(1−∆t+1)

But when high, they can be constrained

qB,ct = βEt

[
u′C ,t+1

u′C ,t
(1−∆t+1)

]

⇒ Since households are risk averse, there is a risk premium

qB,ct < qB,ut
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The Model
The Government

How to model the probability of default/expected haircuts?

Desired properties:

1. Counter-cyclicality

2. Increases with Debt/GDP ratio and size of yields

3. Increases with future expenditure needs

4. Falls with ability to tax

Chosen: Similar approach to Bi and Leeper (2013) and Bi (2012).
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The Government

The Government
Government requires funding for:

• Expenditures Gt

• Transfers Zt

Expenditures are procyclical and follow:

logGt = (1− ρG ) log Ḡ + ρG logGt−1 + εGt

εG ∼ N(0, σ2
g )
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The Government
Transfers

Transfers can enter periods of unsustainable growth.
• (e.g. a delay in social security reforms)

Markov switching process with 2 regimes:

logZt ≡
{

log Z̄ + αZ logAt szt = 0
µz + logZt−1 + αz logAt szt = 1

• Regime szt evolves according to transition matrix Pz

• µz measures the explosiveness of the non-stationary regime

• αz measures (counter) cyclicality.
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The Government
Revenues

Main source of funding is a labour income tax:

TW
t = τtAt(1− Lt)

where τt is set under a feedback rule

τt − τ̄ = ξ(Bt−1 − B̄)

• τ increases when debt is high and decreases when low

• ξ is the elasticity of τ w.r.t Bt
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The Government
Laffer curve and fiscal limit distribution

Distortionary tax on labour

• Laffer curve effect: ↗ taxes ⇒ ↘ net wages ⇒ ↘ output

• ∃τmax that maximizes tax revenue

• Use this property to generate fiscal limit distribution

• For every point in the state space, find distribution of present
value of future maximal fiscal surpluses.

B∗(At ,Gt ,Zt , s
z
t ) ∼

∞∑
j=0

β
u′Cmax

t+j

u′Cmax
t

(
τmax
t At+j(1− Lmax

t+j )− Gt+j − Zt+j

)
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Default probabilities

Bt = B∗(B∗|At ,Gt ,Zt , s
z
t ) is the conditional distribution of the

present value of maximal future surpluses (B∗) across all possible
future paths

• Default probability is equal to the probability measure of
paths for which B∗ < Bt

• If 3% are lower than current debt Bt , then πdefault
t = 3%

• Default probabilities are time-varying and state-dependent

• Depend on expectations about transfer regime in the future
• Even at the stable regime, high debt levels can lead to default
• Some future paths enter the explosive regime
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Default episodes

What happens during sovereign default?

• Temporary output loss during default years

• Haircut ∆t is drawn randomly from estimated distribution

• In the event of a banking crisis, deposit guarantees are senior
to bonds.

• If banks default, the government recapitalizes them
• To fund this the government may need to reduce transfers to

households.
• Seniority structure: Deposit guarantees most senior, followed

by transfer liabilities and then sovereign bonds
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Bond yields

• Bond yields depend endogenously on
• The probability of sovereign default
• The expected size of the haircut (∆)
• The identity of the marginal buyer

• If the probability of default is zero
• Bond is risk-free and qBt = qDt
• Else qBt < qDt , so implied yield>deposit rates
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Small yield differences can be amplified:

• Rolling over debt
• Lower qBt ⇒ higher Bt ⇒ higher E(∆t+1)⇒ lower qBt

• Laffer curve effect
• Higher Bt ⇒ higher E(τt+1)⇒ lower E(Yt+1)

• Dynamic effect
• Even if no default at t + 1
• Higher Bt ⇒ higher E(Bt+1)
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Numerical analysis
Calibration

Parameter Value Description

γ 4 Standard risk aversion value

φ 1.2183 match steady-state leisure at 0.6

β 0.973 match Spain’s average deposit rate

ρa 0.817 Fitted from EU KLEMS data

σa 0.019 Fitted from EU KLEMS data

Ḡ 18.45% Government consumption spending (% of GDP)

ρG 0.952 Fitted from the data used for Ḡ

σG 0.012 Fitted from the data used for Ḡ

Z̄ 14.39% Average social security funds (% of GDP)

µz 1.02 Average growth in social security (% of GDP)

B̄/Ȳ 60% Target level of debt set to Stability and Growth Pact level

Ē/Ȳ 23% Book equity over GDP of MFIs in Spain



Sovereign default risk

What happens if default risk increases?

• Endogenous!

• Shock to government transfer policy
• Regime switches to explosive for 10 periods
• Length of regime is not known ex-ante
• Government doesn’t default during this period
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Unconstrained
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Bank holdings (% of total) Implied spread (pp change) Debt to GDP ratio (pp change)

Regime switching shock lasting 10 periods
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Fiscal regime shock

Tax Rate (pp change) Output (% change) Consumption (% change)

Bank holdings (% of total) Implied spread (pp change) Debt to GDP ratio (pp change)

Regime switching shock lasting 10 periods



Extensions

The framework is sufficiently flexible to accommodate

• Additional assets Go

• Moral Hazard Go

• Application: LTRO and Spain Go
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• New theoretical framework to study interactions between
banking and government finances

• Interdependence between banking sector capitalization and
debt sustainability

• Amplification mechanism due to insufficient capital in the
banking sector

• Short-term yield differences can generate significant and
persistent increases in Debt/GDP ratios

• Unconventional monetary policy intervention
• Helps restore bank balance sheets
• Strong impact on yields if bank demand is restarted
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Conclusion

Thank you!
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Long-Term Refinancing Operations (LTRO)

• The model’s bank balance sheet becomes

Assets Liabilities

qBt B
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qDt Dt

• If qLTROt > qDt then they can expand asset side

• Policy tool to return marginal buyer status to banks
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Long-Term Refinancing Operations

The constraint may be counterproductive in a crisis

• Governments would like to relax constraint in such times

• However, regulation is often ”sticky”...

LTRO to the rescue!

• By providing cheaper funding banks are able to lever up

• Similar to increasing α
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Long-Term Refinancing Operations

Back to extensions



Moral Hazard

• In the presence of limited liability or deposit guarantees,
unconditional expected returns are not equalized

• Return on equity is truncated at zero: option value of default
• ∆t ≡ largest haircut at t+1 that doesn’t default the bank

qB,ut = qDt Ft
(
∆t

) (
1− Et

[
∆t+1|∆t+1 < ∆t

])
where ∆t ≡ 1− qBt

qDt

Λt − 1)

Λt

Ft (∆) = 1− πDt + πDt Ω(∆)

Et

[
∆t+1|∆t+1 < ∆

]
=

∫ ∆t

0 ∆dFt(∆)

Ft(∆t)
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Moral Hazard

Regime switching shock lasting 10 periods

Back to main Back to extensions



Additional assets
The bank’s balance sheet

The bank’s balance sheet during period t:
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Regime switching shock lasting 10 periods
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Value-at-Risk

The role of default

• If return on assets is too low, the bank might not be able to
repay its liabilities.

Equity serves as a cushion. The more capitalized a bank is:

• The bigger the losses the bank can absorb

• The lower its probability of default for a given portfolio
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Value-at-Risk

A simple portfolio return distribution:

Back



Value-at-Risk

Given equity and leverage
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Value-at-Risk

What if portfolio risk goes up?
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Value-at-Risk

When the probability of default is larger than α banks must:

• Reduce portfolio risk

• Deleverage, thus reducing R
• May be required to sell assets if not sufficently capitalized

Back



Home Bias

Source: EU wide Stress Tests 2011

Back



The Model
KPR preferences

King-Plosser-Rebelo utility:

u(Ct , Lt) =

(
Ct+jL

φ
t+j

)1−γ

1− γ
(1)

(2)

• Compatible with balanced growth

• Scalable risk aversion



The Model
Households

Intratemporal optimality condition

u′L,t
u′C ,t

= ŵt

And two intertemporal ones:

qDt = βEt

[
u′C ,t+1

u′C ,t

]

qBt = βEt

[
(1−∆t+1)

u′C ,t+1

u′C ,t

]
+ λSSt
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The Model
Households

Under KPR preferences these become

ŵt =
φCt

Lt

qDt = βEt

[(
Ct+1

Ct

)−γ (Lt+1

Lt

)φ(1−γ)
]

qBt = βEt

[
(1−∆t+1)

(
Ct+1

Ct

)−γ (Lt+1

Lt

)φ(1−γ)
]

+ λSSt

Back



Other constraints

”Skin in the game” constraints
(Holstrom and Tirole 1997, Brunnermeier and Sannikov 2013, He
and Krishnamurthy 2013,...)

• Maximal outside equity is a multiple ω of net worth
• ω is state independent

• Leverage is countercyclical

• Intermediaries always marginal investor

• No default in equilibrium
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Other constraints

Debt Constraints
(Kiyotaki and Moore 1997, Bernanke and Gertler 1989, Gertler and
Kiyotaki 2010,...)

• Borrowers must provide collateral to incentivize repayment

• Constraint depends on asset values but not volatility

• Leverage is countercyclical: shocks reduce net worth more
than credit

• No default in equilibrium

Back



Other constraints

Debt Constraints
(Kiyotaki and Moore 1997, Bernanke and Gertler 1989, Gertler and
Kiyotaki 2010,...)

• Borrowers must provide collateral to incentivize repayment
• Constraint depends on asset values but not volatility

• Leverage is countercyclical: shocks reduce net worth more
than credit

• No default in equilibrium

Back



Other constraints

Debt Constraints
(Kiyotaki and Moore 1997, Bernanke and Gertler 1989, Gertler and
Kiyotaki 2010,...)

• Borrowers must provide collateral to incentivize repayment
• Constraint depends on asset values but not volatility

• Leverage is countercyclical: shocks reduce net worth more
than credit

• No default in equilibrium

Back



Other constraints

Debt Constraints
(Kiyotaki and Moore 1997, Bernanke and Gertler 1989, Gertler and
Kiyotaki 2010,...)

• Borrowers must provide collateral to incentivize repayment
• Constraint depends on asset values but not volatility

• Leverage is countercyclical: shocks reduce net worth more
than credit

• No default in equilibrium

Back



Banks and Leverage

Source: Bank of Spain

Back



Adverse scenario

Source: ECB
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Bond holdings and yields in each stage

Stage Period
Share of assets

Yields
MFI NMFI + HH ROW

Pre-crisis Up to 08Q3 22.63% 16.03% 48.79% 4.2 %
Repatriation 08Q4 to 09Q3 30.07% 13.62% 43.85% 1.9%
Constrained 09Q4 to 11Q3 28.72% 18.84% 40.01% 5.1%

LTRO 11Q4 to 12Q1 39.06% 18.50% 30.32% 2.8%

Back



Spanish and Italian bond holdings per sector

Source: Bank of Spain and Bank of Italy
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Shares of bond holdings per sector

Source: Bank of Spain
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Credit and leverage channels

The credit channel

• Most standard financial constraints do well in describing the
direction of credit levels.

• Feature procyclical credit levels, but countercyclical leverage
• Fall in asset values/net worth makes it harder to borrow, this

lowers efficiency of production, leading to a fall in asset values.
• Works even if leverage is fixed

The leverage channel

• The VaR constraint has procyclical credit and leverage
• Kalemli-Ozcan et al.(2013), Miranda-Agrippino and Rey (2013)

• Scope for a leverage amplification channel

Back



Credit and leverage channels

The credit channel

• Most standard financial constraints do well in describing the
direction of credit levels.

• Feature procyclical credit levels, but countercyclical leverage

• Fall in asset values/net worth makes it harder to borrow, this
lowers efficiency of production, leading to a fall in asset values.

• Works even if leverage is fixed

The leverage channel

• The VaR constraint has procyclical credit and leverage
• Kalemli-Ozcan et al.(2013), Miranda-Agrippino and Rey (2013)

• Scope for a leverage amplification channel

Back



Credit and leverage channels

The credit channel

• Most standard financial constraints do well in describing the
direction of credit levels.

• Feature procyclical credit levels, but countercyclical leverage
• Fall in asset values/net worth makes it harder to borrow, this

lowers efficiency of production, leading to a fall in asset values.

• Works even if leverage is fixed

The leverage channel

• The VaR constraint has procyclical credit and leverage
• Kalemli-Ozcan et al.(2013), Miranda-Agrippino and Rey (2013)

• Scope for a leverage amplification channel

Back



Credit and leverage channels

The credit channel

• Most standard financial constraints do well in describing the
direction of credit levels.

• Feature procyclical credit levels, but countercyclical leverage
• Fall in asset values/net worth makes it harder to borrow, this

lowers efficiency of production, leading to a fall in asset values.
• Works even if leverage is fixed

The leverage channel

• The VaR constraint has procyclical credit and leverage
• Kalemli-Ozcan et al.(2013), Miranda-Agrippino and Rey (2013)

• Scope for a leverage amplification channel

Back



Credit and leverage channels

The credit channel

• Most standard financial constraints do well in describing the
direction of credit levels.

• Feature procyclical credit levels, but countercyclical leverage
• Fall in asset values/net worth makes it harder to borrow, this

lowers efficiency of production, leading to a fall in asset values.
• Works even if leverage is fixed

The leverage channel

• The VaR constraint has procyclical credit and leverage
• Kalemli-Ozcan et al.(2013), Miranda-Agrippino and Rey (2013)

• Scope for a leverage amplification channel

Back



Credit and leverage channels

The credit channel

• Most standard financial constraints do well in describing the
direction of credit levels.

• Feature procyclical credit levels, but countercyclical leverage
• Fall in asset values/net worth makes it harder to borrow, this

lowers efficiency of production, leading to a fall in asset values.
• Works even if leverage is fixed

The leverage channel

• The VaR constraint has procyclical credit and leverage
• Kalemli-Ozcan et al.(2013), Miranda-Agrippino and Rey (2013)

• Scope for a leverage amplification channel

Back


	Introduction
	Literature
	The Model

