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Introduction

• State-contingent Debt Instrument (SCDI) link a sovereign’s debt payments 
to a country’s GDP, to commodity prices, or to natural disasters.

• GDP-linked warrants are most prominent examples:

1. Argentina (2005)
2. Greece (2012)
3. Ukraine (2015)

• Despite the economic rationale for SCDIs (e.g. increased fiscal space), there 
has been little study to uncover empirical patterns.

I Chamon et al. (2008) documented a sizable but declining premia.
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Overview

• This paper develops a model to analyze and quantify the risk premium of a
state-contingent sovereign debt instrument.

• [Empirics] Using an extended sample, we reveal three stylized facts:

1. The premium associated with SCDIs is high and persistent.

2. The SCDI premium is less counter-cyclical than the default premium in
government bond returns.

3. Liquidity premium in SCDIs is higher and fluctuates more widely.

• [Theory] We develop a model of sovereign debt investment with robust
preferences a la Hansen and Sargent (2001) to explain the cyclical properties.
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Contribution to the Literature

• This paper contributes to the literature primarily by documenting the
empirical properties of GDP-linked bonds, extending Chamon et al. (2008).

• The theoretical literature has long predicted the benefits of these
instruments while cautioning on the practical obstacles to their issuance.

I Benefits: Borensztein and Mauro (2004), Hatchondo and Martinez
(2012), Bertinatto et al. (2017)

I Premium Size: Levy (2016), Roch and Roldan (2021)
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Outline

1. General Framework

2. Stylized Facts

3. Model

4. Conclusion
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General Framework

• We estimate the time-varying premium of a GDP-linked warrant by
comparing its value implied by a country’s fundamentals with actual price.

• The model-implied price of a GDP-linked warrant is defined as

p̂m(r scdim ) = Em

[
T∑

t>=m

ct(j)

1 + rt,m + r scdim

]

where m indexes month, t indexes year and ct(j) is annual coupon payment.

• ct(j) is a function of nominal GDP, real GDP growth, and exchange rate
between local and foreign currencies. The formula vary across countries.
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Example 1: Argentina (2005)

• Annual coupons of the Argentinian GDP warrants are determined as follows:

cARGt (j) =
γ(j)

20et(j)
(Yt − Y c

t )Dt × I{Yt>Y c
t } × I{Yt/Yt−1>Y c

t /Y
c
t−1}

where

Yt : Nominal GDP in the 1993 peso price

Y c
t : Cutoff in the contract

Dt : GDP Deflator

et(j) : Exchange rate between the peso and currency j

γ(j) : Currency adjustment coefficient

• The formula show that GDP warrants are characterized by two features (i)
payment cutoff and (ii) linear indexation to Yt − Y c

t .
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• We run a Monte Carlo simulation to simulate coupon payments. The real
GDP growth evolves according to

yt+1 − ŷm,t+1 = θy (yt − ŷm,t) + εy ,t for m ≤ t ≤ T

where yt ≡ log(Yt/Yt−1) and ŷm,t is a forecast for year t at time m.

• The log change of the GDP deflator follows

dt = d̂m,t + εd,t for m ≤ t ≤ T

where εy ,t and εd,t are error components drawn from a bi-variate normal
distribution N(0,Σy ,d).

• Finally, nominal exchange rate is assumed to follow

et = êm,t + εe,t for m ≤ t ≤ T

where εe,t is drawn from N(0, σ2
e ).
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Calibration

• GDP Growth Forecasts: market consensus of GDP growth rates published
by Consensus Economics.

• GDP Deflator Forecasts: IMF World Economic Outlook database.
Extrapolated from year 5 onwards

• Exchange Rate Forecasts: 1-year and 2-year forward exchange rates.
Extrapolated from year 3 onwards (constant)
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Discount Rates

• The discount rate consists of three components.

1. Standard discount rate: Risk-free interest rate plus CDS spread

2. Residual discount rate: r scdim (j), which equates the market price of a
security with the model-implied price estimate such that

pm(j) = p̂bidm (j , r scdim (j)) (1)

where pbidm (j) indicates the bid price and p̂m(j , r scdim (j)) the
model-implied price.

3. Liquidity premium: r liqm (j), is defined as the spread equating

paskm (j) = p̂m(j , r scdim (j) + r liqm (j)) (2)

• We interpret {r scdim (j)}m as the additional time-varying premium for buyers
who intend to hold the GDP-linked warrant until maturity.
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Algorithm

• Our final step is to run Monte-Carlo simulations to measure the discounted
value of a GDP-linked warrant and derive its premia.

1. Calibrate θ,Σ, and σe prior to running simulations.

2. For each month m in year T , extract market forecast data
{ŷm,T+t}t=0,1...,30, {d̂m,T+t}t=0,1...,30 and {êm,T+t}t=0,1,2. Draw
random numbers and compute gt , dt and et until the maturity year.

3. For each month m, compute discounted expected values of the
GDP-linked warrant.

4. Find r scdi and r liq such that the discounted values are equated to the
actual trading prices.
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Stylized Facts

• Stylized Fact 1. SCDI Premium is high, persistent and shows no sign of a
downward trend over the first five years since issuance.

Figure 1: Argentina
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Stylized Facts

• Stylized Fact 1. SCDI Premium is high, persistent and shows no sign of a
downward trend over the first five years since issuance.

Figure 2: Greece
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Stylized Facts

• Stylized Fact 1. SCDI Premium is high, persistent and shows no sign of a
downward trend over the first five years since issuance.

Figure 3: Ukraine
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• Stylized Fact 2. The SCDI premium is less counter-cyclical than the
default premium in government bond returns.
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• Stylized Fact 3. Liquidity premium in GDP-linked warrant markets is
higher and fluctuates more widely than liquidity premium in plain-vanilla
government bond markets.
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Model

• We develop a model of sovereign debt investment with robust preferences to 
account for the cyclical properties of the SCDI premium.

• Investors with robust preferences are concerned that their forecasting model is 
misspecified, exaggerating the likelihood of a bad state.

• Intuition:

1. A higher premium is required when a small deviation from the investors’ 
forecast can change the coupon size widely in the next period.

2. The payment volatility of plain-vanilla bond is maximized when the 
economy turns to recession due to the increased risk of default.

3. By contrast, the payment volatility of GDP-linked warrants rises during 
good times when the current GDP is near the payment threshold.
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(1) Setup

• There is a mass 1 of international lenders. Each lender has a utility function
of the form

(1− β)Ut = (1− β) log(Ct) +
β

1− γ
log(Et [exp{(1− β)(1− γ)Ut+1}]

• As γ → 1, the mental cost of considering model deviations becomes
prohibitively high ⇒ the rational expectations framework.

• The lenders are hand-to-mouth households. Their consumption process is
given by

ct+1 − c̄ = θc(ct − c̄) + εc,t (3)

• Next, we model the output process of a small open economy. The output
growth evolves as follows:

gt+1 − ḡ = θy (gt − ḡ) + εy ,t (4)
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• Plain-vanilla bond gives investors a fixed interest rate perpetually. The
government defaults automatically if the growth rate falls below a threshold.

rPV (gt) =

{
r̄ if gt ≥ gPV

0 Otherwise

• GDP-linked warrant provides variable coupons. The size is proportional to
the gap between realized growth rate and a threshold.

rSCDI (gt) =

{
α(gt − gSCDI ) if gt ≥ gSCDI

0 Otherwise

• We assume that gSCDI > ḡ > gPV .
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• The stochastic discount factors are used to price the two government
securities. Let st ≡ (ct , gt) denote the pair of state variables at period t.

• The market prices of PV and SCDI are determined implicitly by the following
equations

pSCDI (st) = Et

[(
β

Ct

Ct+1

)(
exp(−Ut+1/ω)

Et [exp(−Ut+1/ω)]

)
(rSCDI (st+1) + pSCDI (st+1))

]
pPV (st) = Et

[(
β

Ct

Ct+1

)(
exp(−Ut+1/ω)

Et [exp(−Ut+1/ω)]

)
(rPV (st+1) + pPV (st+1))

]
where ω = − 1

(1−β)(1−γ) .

• Note that exp(−Ut+1/ω)
Et [exp(−Ut+1/ω]

is added to the standard consumption Euler

equation because of the robust preferences of investors.
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(2) Numerical Example

• The rational expectation model is not sufficient to generate a meaningful
size of the SCDI premium.

• Under robust preferences, the premium is highest when gt is close to gSCDI

(Panel a) The demeaned premium fluctuates widely along business cycles
(Panel b)
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Conclusion

• Extending Chamon et al. (2008), this paper is one of the first attempts to 
uncover empirical properties of SCDIs.

1. The risk premium is high. Ambiguity aversion could be one explanation.
2. The issuance of GDP-linked warrants is most effective when the economy 

is at the trough of a business cycle.

• We developed a modeling framework to understand the cyclical properties of 
SCDIs.

• As more countries consider issuing GDP-linked warrants, a more fruitful 
discussion on cross-country characteristics would become feasible.

• Tentative takeaway: Choosing appropriate payment thresholds, or perhaps 
avoiding discrete payment thresholds altogether, could lower the SCDI premium. 
Also, countries may want to market SCDIs to particular classes of investors, i.e. 
those that are less averse to ambiguity (say, because they hold a well-diversified 
portfolio of SCDIs issued by heterogeneous countries).
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