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RECENT INCREASE IN DEFAULT RISK

@ Higher debt and lower growth = increase in sovereign spread yield.

Figure ES.b. Sovereign Spreads, by Income Group, 2020-22
(Basis points)
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Source: JPMorgan Emerging Market Bond Index.

Note: Lines are median and shaded areas are interquartile ranges for a sample of
49 emerging market economies and 9 low-income developing countries.

Prompting discussions about how to lower debt in coming years.



SUCESS OF FISCAL CONSOLIDATIONS

@ Sovereign yield spread declines
after announcements of fiscal

consolidation.

@ Larger decline when

accompanied by IMF programs.

Stronger commitment to debt

stabilization?
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FISCAL RULES LOWER THE SPREAD

@ National governments: Thornton and Vasilakis (EI, 2017), Iara and

Wolf (EJPE, 2014).

e US states: Eichengreen and Bayoumi (EER, 1994), Poterba and
Rueben (1999, JUE 2001), Meng and Liu (2022).

e Evidence suggests that fiscal rules enhance commitment to lower

future borrowing.



WHAT DO WE DO?

e Compute allocation with commitment to future borrowing paths

(contingent on income paths).
@ Quantify effects of commitment.

o Compare against simpler commitment devices: fiscal rules, IMF

programs, fiscal consolidations.



FINDINGS I

@ Commitment to future borrowing:

e reduces average sovereign spread by almost 80%.

e can be enforced by reversal to equilibrium without commitment.



FINDINGS I

@ Commitment to future borrowing:

e reduces average sovereign spread by almost 80%.

e can be enforced by reversal to equilibrium without commitment.

Optimal to curb borrowing more in periods
@ when the spread is more sensitive to borrowing,
@ after recessions, and

@ after significant debt expansions.

“Escape clauses”: more borrowing when close to defaulting.



FINDINGS II

e Optimal debt reduction:
e moderate fiscal adjustments early on,
e rapid decrease in consumption in later periods,
o Commitment to future borrowing generates welfare gains of
0.45% (in consumption equivalent) vs. welfare gains of 0.25% with

simple debt limit rules.



ENVIRONMENT

Based on Aguiar, Amador, Hopenhayn, and Werning (Ecta, 2019).

But with stochastic income: y; € {y1,...,yn}, withy; < y» < ... <y, and
Pr(yi1 =y |yt =yi) = m;j > 0.
Government issues long-term debt. A bond issued at t pays
{6,6(1—-96),6(1—06)% .., }att+1,t+2,t+3,... Sum of all debt
payments =1 Vt. J is exogenous.
Government can default on its debt. Zero recovery.

o If the government defaults, it receives a continuation value U.

o Uhas pdffand cdf F, and f > 0 VU.

Lenders are foreign, atomistic, risk-neutral, and have a discount factor

=1/R.



TWO COMMITMENT ASSUMPTIONS

Q@ Without commitment to future borrowing or defaults. Each
period, a “Markov” government maximizes expected utility,

taking as given policy rules of future (Markov) governments.

@ With commitment to future borrowing (but without
commitment to future defaults). Constrained efficient borrowing.

“Ramsey planner” chooses income-path-contingent borrowing

until it defaults.



MARKOV EQUILIBRIUM

@ Government decides each period whether to repay and how much to

borrow (if it repays).
@ The government defaults (d; = 1) whenever U > Value of repaying.

@ Budget constraint:

ct = Yr — Oby + qyiy.

by = Bonds outstanding.

iy = New bonds issued.



EQUILIBRIUM BOND PRICE

0= REL0—dir) (0 (1= 0)ai11)]

gi+1 depends on future equilibrium (Markov) borrowing and defaulting
policy rules.
Current Markov government can only manipulate future borrowing through

the choice of by 1.



CONSTRAINED EFFICIENT BORROWING

@ Decided by a“Ramsey planner” that chooses borrowing path at
t = 0, taking as given future (ex-post optimal) default decisions.
@ Can be interpreted as the most sophisticated “debt stabilization
plan” or fiscal rule.
o Best case scenario for policy proposals aiming at disciplining
sovereign borrowing.

@ Assumption: Ramsey planner can condition its future borrowing
ony' = {y1, ..., y:}, not on U; realizations.
o Tractability.
o Can interpret U; as “policy noise” that cannot be used to condition

fiscal policy.



RAMSEY PLANNER’S OBJECTIVE

Need to solve for history dependent sequence b = {b;;1(y/) b WY

Max < u(co) +E i gt ﬁ(l —d;) [(1—di)u(cr) + dily]
=1 =2

b
—_——

Pr. arriving at ¢

without defaults




OPTIMALITY CONDITION FOR RAMSEY PLANNER

@ Takes into account how changes in by (i) affects ¢;_1 (7' 1),

ci—2(771),.... and default incentives at t — 1, t — 2,....
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OPTIMALITY CONDITION FOR RAMSEY PLANNER

@ Takes into account how changes in by (i) affects ¢;_1 (7' 1),

ci—2(771),.... and default incentives at t — 1, t — 2,....

Pr arriving at
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TRACTABLE OPTIMALITY CONDITION FOR A

RAMSEY GOVERNMENT

Proposition: the optimal borrowing plan for the Ramsey government satisfies

e

hy = cumulative effects of Ag; on welfareatf — 1, —2, ...

gt aq;
ob > ﬁE [(1 - dt+l)u,(ct+l)(5 + (1 - 5)qt+l)] +ht abq =0
t+1 t+1

=0 in Markov equilibrium

When h; > 0, Ramsey plan prescribes lower debt (b; 1) than Markov

equilibrium.



OPTIMALITY CONDITION FOR A RAMSEY

GOVERNMENT

hy has a recursive structure. Makes problem tractable.

(1 — 5)P (Vt) hi_q
f(Ve) (6 + (1 —6)gt) hi—1 + BRBF (V)

@ Iy increases with u/(c;—_1)i;_1. Ramsey government reduces

hy = +u'(c—1)ir—1

borrowing more after a period with more debt issuance (i;_1) or
with low consumption.

@ i; decreases with f(V};). Ramsey government borrows more when
the repayment probability is sensitive to borrowing. Averting

defaults at t improve g;_j.



QUATITATIVE EVALUATION

@ Preferences
Cl —0

u(e) = 1-0

@ Value of defaulting U;: autarky and income drop for 3 years on

average + &



CALIBRATION

1 period =1 quarter.

B 0.97 Standard

R 1.01 Standard

0 0.94 Mexico GDP

Oe 1.5% Mexico GDP

6 0.035 Avg. debt duration = 4.8 years

P 0.083 E(exclusion duration) = 3 years

o 42 o(c)/o(y) =11

oyp 0.1  Avgdebt, avg. spread and spread volatility in Mexico
do 0.17 Avg debt, avg. spread and spread volatility in Mexico
dq 12 Avgdebt, avg. spread and spread volatility in Mexico




SIMULATIONS

Mexico Markov Ramsey One-period

bonds
Mean debt ratio ~ 44.2 443 39.5 26.6
Average spread 3.3 3.3 0.5 0.2
Std spread 2.4 2.4 0.4 0.7
o(c)/o(y) 1.1 11 1.4 1.4

@ No borrowing inefficiency when the government only issues short-term

debt.

@ But government cannot borrow as much as needed.



ENFORCEMENT OF RAMSEY DEBT PLAN

@ Assumption: government loses “reputation” after one deviation =

economy switches to Markov equilibrium forever.

@ Government never wants to deviate from Ramsey plan.

Welfare gain from deviations from Ramsey plan

0
-0.7 -06 -05 -04 -03 -02 -0.1
% consumption



OPTIMAL DEBT REDUCTION PATH

o Start from initial state with “high” debt.

e Compute path chosen by a Ramsey planner with no prior

commitments (h = 0).

e Finding: Ramsey planner reduces the debt faster in later periods

but barely reduces it in the initial periods.
e Milder early sacrifices in consumption.

@ Markov government defaults (within 10 years) in 41% of the

transition paths. Ramsey planner defaults in 24% of the paths.



DEBT REDUCTION IMPLEMENTED WITH A SIMPLE
FISCAL RULE (DEBT CEILING)

@ Solve Markov problem with time-varying restriction b’ < b(t).
@ Time-varying debt limit depends on three parameters: transition length,

long-run debt limit, and adjustment “speed”.

@ Examples:




DEBT REDUCTION PATHS

@ Ramsey planner moderates debt reduction in early periods and adds

more dispersion in later periods.

@ Deleveraging with simple debt limits entail faster initial debt reduction.
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FISCAL CONSOLIDATION PATHS

y — ¢ = net transfer to lenders.
Ramsey planner lowers debt with milder initial consumption sacrifice. But

increases consumption dispersion over time.

E(y — ¢) oyt — ¢r)
S5t 2
™ ——Ramsey
S = =Markov
4+ V. « Debt limit path




SPREAD PATHS

@ Immediate reduction in the spread when future fiscal discipline is

imposed (Ramsey and Markov with debt limits).

@ Ramsey government achieves larger spread reduction with milder initial

consumption sacrifices.

E(Spread,)

=——Ramsey
N = =Markov
6 N *  Debt limit path

=L 4 . e




WELFARE

@ A deleveraging process with an optimal sequence of debt limits achieve

60% of the welfare gains (0.44% of permanent consumption increase)



EX-ANTE OPTIMAL DEBT DURATION

@ Government chooses ¢ at t = 0 before issuing any debt.

@ In Markov: 2.3 years

@ With commitment to borrowing paths: more than 30 years.



COMPARATIVE STATIC W.R.T. SHOCK TO VP

@ More noise in continuation value under default:
o reduces the debt, increases the spread and spread volatility.

e reduces extra procyclicality of fiscal policy.

Std. dev. Debt Spread Stddev o(c)/c(y) Welfare
shock to VP spread gain (%)
Markov

0.07 44.3 3.0 22 1.1

0.10 44.3 3.3 24 1.1

0.25 40.7 39 2.8 1.1

0.75 26.4 8.9 4.7 1.0

1.00 22.5 12.1 52 1.0

Ramsey

0.075 40.4 0.5 0.4 0.43
0.10 39.5 0.5 0.4 0.45
0.25 34.5 0.9 0.6 0.41
0.75 17.8 44 2.1 0.17
1.00 13.8 8.4 3.5 0.13




CONCLUSIONS

@ We show a way to compute the allocation with efficient borrowing in an

Eaton-Gersovitz sovereign default model with long-term debt.

@ Allocation with efficient borrowing;:

e reduces average sovereign spread and spread volatility by almost

80%.

o Fiscal consolidations bundled with long-term commitments are
more efficient in reducing debt with milder early sacrifices in

consumption.

e Simple debt limit rules attain 60% of the potential welfare gains.



Thanks!



MARKOV EQUILIBRIUM

@ Government decides each period whether to repay and how much to

borrow (if it repays).
@ The government defaults (d; = 1) whenever U > Value of repaying.

@ Budget constraint:

V(b,y) = Max {u(e) + BEy,ujy [(1 =40y, UNVE.Y) +A0,y, uHu'|}
Ct =Yt — oby + qtit.

by = Bonds outstanding.

ir = New bonds issued.



PROFILE OF COUPON PAYMENTS

t+1




BOND PRICE DEPENDS ON FUTURE BORROWING

g1 = g L Pr(ye |y 1) F(VE) 6+ (1— 8)a)

Effect of changing g on g;_¢

8‘1t—1(5 9 Lo o
) Pr(ge | §r-1)F (Vi) < R > b y1(7")

\/Ql

+Pr(#: | §r—1)f (V Ve <5+(1_5)qt)-
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Effect of changing the repayment probability in ¢ on g;_1




Change of g, with 1 b,

aqt_l _ f Vt) th (5 + (1 — (S)qt) + F(Vt)(l — (S) aqt
ob; 1 ob; 1 R R ob 1
———

Change in repay-
ment prob. at ¢

dq

dv U

» Optimality condition



OPTIMALITY CONDITION FOR MARKOV BORROWER

99 V(v.y)
w© (1+551) +DPW 1) Fv@y) S —o
4 Repayment prob.
Mg revenue from AV atyp=y/

v 1+ 51) - TP DRV )6+ (1= ) =0
3 [u(e) + By, [FOV)u() (6 + (1= 8)q')] } =0

q/ = equilibrium bond price next period when v/;,1 = y’ .

No gain from deviating from optimal debt path: gain from 1 b’ =

expected loss from winding down 1 b’ at t 4 1.



RECURSIVE FORMULATION OF RAMSEY PLANER’S

PROBLEM

@ Uses history variable & as an additional state.
@ For a given state (b, ,y): find V' that satisfies Ramsey planner’s foc.
@ Continuation history /' depends on (b,h,y,b").

Vo) =u(e + LAY 1 PV [, U

st. c=y;—6b+qi withi=0b —(1-10)b

W ()7 — W Eyf (V' () o (c]) (5 +(1- 5)6/;)2/1{ — BEy,F (V' () ' (c) ((5 +(1- (s)q;) =0

, F(V)(1-6)/R ) o
W= — h+u'(c)i
(f(V)(éJ;{(l ‘5)‘7)h+‘31:(v)




RECURSIVE FORMULATION

V(b ) = ule) + By, [F (V) V) + [, R
st. c=y;—6b+qi withi="b' —(1-10)b
2
W (€)q — W Eyf (V'(y)) ' (c]) (64 (1= 8)q]) /R = BEy,F (V'(y)) /() (6 + (1= 6)gj) =

\_(__F)( o)/ .
H = 3

qg=q@" K, y;) = ZPry |YF (V') (64+ (1 —=6)7 ("))

V'(y') = V(b’,h’,y’)f g =q@W,n,y)0,y), J)=el, 1y



COMPUTING THE RAMSEY PLANNERS’ PROBLEM

@ We can compute the derivative of the Ramsey planner’s objective 0% /b1

after arriving at ¢ with (b, hy, y¢).
@ Approximate shape of % (byy1) using 0% /b1

@ Solve for 0% /0b; 1 = 0 around the maximum of the approximated function.

/

/

F(Vi)=0 /
-

(1) be1



SOURCES OF WELFARE GAINS

Starting from yy = E(y), b = 0, and no prior commitments.

Total gain 0.47

From lowering deadweight cost of defaults  0.33
From tilting consumption 0.25

From lowering consumption volatility -0.11




SOURCES OF WELFARE GAINS

@ Ramsey planner can increase initial consumption and reduce initial

consumption volatility.

@ One-period debt magnifies exposure to rollover risk = less

front-loading and at higher consumption volatility.

—e—Markov
107, ——Ramsey
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Run the following regression using a panel of cross-country data:

log (Spread);, = & + BXit + 0; + 17it, i=1,.,N, t=1,..,T,

where
@ « is a constant,

@ X vector of control variables for country specific and global

macroeconomic factors,
@ §; country fixed effects,

e 7;; disturbances that are independent across countries and time.



@ Spread increases with debt and decreases with income growth.

@ Spread increases more with debt when income is low (significance of 17%).

@ Spread increases more with debt when spread is high.

Regression Markov ~ Data Markov  Data
Model Model

Public debt to GDP 0.167 0.020 *** | 0.106 0.019 ***

Real GDP growth -0.045 -0.042 *** | -0.025 -0.034 ***

Debt;; x I (Ay;; < mean;(Ay)) 0.011 0.002

Debt;; x I (spread;; > mean;(spread)) 0.014 0.013 ***

Observations 523 523

R-squared 0.77 0.77

Number of countries 33 33

Table: The dummy variables I(x) = 1 when condition x is met and 0

otherwise.



Density of by, h; in the simulations of the economy with efficient borrowing.
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