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Jumps in yields on bonds of GIIPS governments Greece 2011:3 peaks at 26.8% 18
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Definition We refer to a debt crisis when a government defaults because of inability to rollover debt. This paper studies optimal debt management when a country is vulnerable to a debt crisis.



Note 1: Paying high yields to place bonds is not a crisis, just that you are vulnerable to a crisis. Note 2: As of today, only Greece has suffered a crisis.
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Theory of self-fulfilling debt crises (Cole-Kehoe) Spreads reflect probabilities of crises For low enough levels of debt, no crisis is possible (you would repay even if no rollover possible) For high enough levels of debt, default (interest payments too high even if you can rollover) For intermediate levels of debt the economy is vulnerable to investors panics (crisis zone), optimal policy is to run down debt to avoid paying excessive interests
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…but GIIPS ran up debt. 180
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Our hypothesis: in response to a severe recession of uncertain recovery consumption smoothing calls for running up debt. Our model identifies when this behavior is optimal as a function of fundamentals. In contrast with arguments that this is myopic behavior (Reinhart and Rogoff "This time is different")
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Severe recession in GIIPS, still ongoing 114
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…government revenues also depressed. 115
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Basic framework of this paper Bring together Cole-Kehoe and stochastic output with incomplete markets. Model characterizes two forces in opposite directions: 1. Run down debt (avoid vulnerability, as in Cole-Kehoe) 2. Run up debt (consumption smoothing, as in Aiyagari, Huggett, Chaterjee et al, Arellano, Aguiar-Gopinath) Which one dominates depends on fundamentals. When running up debt is optimal, we call it “gambling for redemption.”
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General model



Agents: Government International bankers, continuum [0,1] Consumers, passive (no private capital)
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General model State of the economy: s = ( B, a, z−1 , ζ )



B : government debt (one-period bonds for now) a : private sector, a = 1 normal, a = 0 recession z−1 : previous default z−1 = 1 no, z−1 = 0 yes



ζ : realization of sunspot GDP: y (a, z ) = A1−a Z 1− z y



1 > A > 0 , 1 > Z > 0 parameters. 11



Model with no recovery (Cole-Kehoe) State of the economy: s = ( B,1, z−1 , ζ )



B : government debt z−1 : previous default z−1 = 1 no, z−1 = 0 yes



ζ : realization of sunspot GDP: y (1, z ) = Z 1− z y



1 > Z > 0 parameter. 12



Model without self-fulfilling crises (Arellano, AguiarGopinath, Chaterjee et al) State of the economy: = s ( B, a,1, ⋅)



B : government debt a : private sector, a = 1 normal, a = 0 recession



GDP: y (a,1) = A1−a y



1> A > 0



parameter. 13



General model Before period 0, a = 1, z = 1. In t = 0 , a0 = 0 unexpectedly, GDP drops from y to Ay < y . In t = 1, 2,..., at becomes 1 with probability p .



1 − A is severity of recession. Once at = 1, it is 1 forever. 1 − Z is default penalty. Once zt = 0 , it is 0 forever. 14



A possible time path for GDP y
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Sunspot



Coordination device for international bankers’ expectations.



ζ  U [0,1] If B outside crisis zone: ζ is irrelevant



B inside crisis zone: if ζ ≥ 1 − π bankers panic and expect a crisis (π arbitrary)
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Government’s problem



Depends on timing, equilibrium conditions, to be described. Government tax revenue is θ y (a, z ) , tax rate θ is fixed.



Choose c, g , B ', z to solve: = V ( s ) max u (c, g ) + β EV ( s ') s.t. c= (1 − θ ) y (a, z ) g += zB θ y (a, z ) + q ( B ', s ) B '



z = 0 if z−1 = 0 . 17



International bankers



Continuum [0,1] of risk-neutral agents with deep pockets



First order condition and perfect foresight condition: q( B ', s )= β × Ez ( B '( s '), s ', q( B '( s '), s ')) .



bond price = risk-free price × probability of repayment
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Timing a , ζ realized, s = ( B, a, z−1 , ζ ) ↓



government offers B ' ↓



bankers choose to buy B′ or not, q determined ↓



government chooses z , which determines y , c , and g



19



Notes



Time-consistency problem: when offering B ' for sale, government cannot commit to repay B .



Perfect foresight: bankers do not lend if they know the government will default.



Bond price depends on B '; crisis depends on B .
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Recursive equilibrium Value function for government V ( s ) and policy functions B '( s ) and z ( B ', s, q ) and g ( B ', s, q ) ,



and a bond price function q ( B ', s )



such that:
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1. Beginning of period: Given z ( B ', s, q ) , g ( B ', s, q ) , q ( B ', s ) government chooses B ' to solve: = V ( s ) max u (c, g ) + β EV ( s ') s.t. c= (1 − θ ) y (a, z ( B ', s, q ( B ', s )) g ( B ', s, q ( B ', s )) + z ( B ', s, q ( B ', s )) B =+ θ y (a, z ) q ( B ', s ) B '



2. Bond market equilibrium: q ( B '( s ), s ) = β Ez ( B '( s '), s ', q ( B '( s '), s ')) .
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3. End of period: Given V ( B ', a ', z , ζ ') and B ' = B '( s ) and q = q ( B '( s ), s ) , government chooses z and g to solve:



max u (c, g ) + β EV ( B ', a ', z , ζ ') s.t. c= (1 − θ ) y (a, z ) g += zB θ y (a, z ) + qB '



z = 0 or z = 1



z = 0 if z−1 = 0 .
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Characterization of government’s optimal debt policy Four cutoff levels of debt: b (a ) , B (a ) , a = 0,1: • If B ≤ b (a ) , repay • If b (a ) < B ≤ B (a ) , default if ζ > 1 − π • If B > B (a ) , default
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We can show: b (0) < b (1) , b (0) < B (0) , b (1) < B (1) , and B (0) < B (1) .



Most interesting case: b (0) < b (1) < B (0) < B (1) .



Other cases (catastrophic recessions that force direct default): b (0) < B (0) < b (1) < B (1) b (0) < b (1) = B (0) < B (1) .
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Characterization of equilibrium prices After default bankers do not lend: q ( B ',( B, a,0, ζ )) = 0 . During a crisis bankers do not lend: If B > b (a ) and ζ ≥ 1 − π , q ( B ',( B, a,1, ζ )) = 0



Otherwise, q depends only on B '.
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In normal times (as in Cole-Kehoe): β  q ( B ',( B,1,1, ζ ))=  β (1 − π ) 0 



if B ' ≤ b (1) if b (1) < B ' ≤ B (1) if B (1) < B '



In a recession (for the most interesting case): β   β ( p + (1 − p )(1 − π ) )  q ( B ',( B,0,1, ζ ))=  β (1 − π )  β p (1 − π )  0 



if B ' ≤ b (0) if b (0) < B ' ≤ b (1) if b (1) < B ' ≤ B (0) if B (0) < B ' ≤ B (1) if B (1) < B ' 27



Bond prices as function of debt and a



q ( B ', a )



q ( B ',1)



q ( B ', 0)



b (0)



b (1)



B (0)



B (1)



B'



28



Quantitative analysis in a numerical model Maturity structure makes a difference, not just average maturity! Build benchmark model with multi-period bonds. Later discuss role of maturity.
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Maturity of debt in 2011 Weighted average years until maturity Germany Greece Ireland Italy Portugal Spain



6.4 15.4 4.5 6.5 5.1 5.9



Percent debt with one year or less maturity at issuance 5.2 9.8 0.0 17.0 14.5 13.2



Think of results in terms of debt needing refinancing every year — say one-sixth, as in Spain. 30



The quantitative model with long-lived bonds The government’s problem is to choose c, g , B ', z to solve V ( s )  max u (c, g )   EV ( s ') s.t. c  (1  ) y (a, z )



g  z B   y (a, z )  q ( B ', s )  B ' (1  ) B .



Here   0,1 is the fraction of the stock of debt due every period. Debt is “memoryless”, as in Hatchondo-Martinez, ChaterjeeEyigungor.
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Prices are also adjusted In the benchmark case b (0)  b (1)  B (0)  B (1) :



   (1  )q '()  if B '  b (0)    p  (1 p )(1  )  (1  )q '()  if b (0)  B '  b (1)  if b (1)  B '  B (0) q ( B ', s )   (1  )  (1  )q '()    p (1  )  (1  )q '()  if B (0)  B '  B (1)  0 if B (1)  B ' 
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Functional form and parameterization u (c, g ) =log(c) + γ log( g − g )



Parameter A Z p β π



Value 0.90 0.95 0.20 0.98 0.03 γ 0.50 0.40 θ y 100 g 30 Choose   0.1667 as a benchmark 33



Results: The benchmark economy in normal times 120
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Then, a recession hits… 120
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Notice (remember output in normal times is 100): Countries with low debt (below b (0)  36 ) start accumulating debt without paying a premium In the interval b (0)  36 to b (1)  50 interest rates jump from 2% to 4.5%, and some countries (closer to 36) would lower debt while others would increase it In the interval b (1)  50 to B (0)  92 interest rates are 5.2%, and still both decreasing and increasing debt might be optimal. If your initial debt is above 67 you increase it In the interval B (0)  92 to B (1)  104 countries would default directly once the recession hits. 36



Behavior depends on all fundamentals. See policy function with larger default penalty Z  0.90 180 160 140
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Role of maturity: The case of   1 120
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With   0.5 120
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As  becomes smaller (larger maturities): The thresholds shift to the right and get closer together. Gambling for redemption also for low (but vulnerable) levels of debt. In the limit,   0 (infinitely-lived bonds) the lower and upper thresholds coincide and huge levels of debt can be sustained (larger than 700% GDP)
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Concluding remarks Model provides: • Plausible explanation for the observed behavior of GIIPS. • Reasonable quantitative predictions for longer maturities.



Why Greece and not Belgium? Why the Eurozone and not the United States? Extensions: What about bailouts and costly reforms?
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