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DISCLAIMER

@ The views expressed herein are those of the authors and should not
be attributed to the IMF, its Exercutive Board, or its management
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OVERVIEW OF THE PAPER

e Empirical, theoretical and quantitative analysis of sovereign debt
e Two main contributions to the literature on sovereign debt:
e New dataset on public expenditure composition and new stylized
facts on sovereign debt overhang and restructurings
e New theoretical explanations on sovereign debt overhang and delays
in debt restructurings
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MOTIVATION

-4

== Argentina 2001-2005 == =Reference Line

FIGUREI Public capital growth rate around Argentine debt restructuring 2001-05

@ Deceleration of public capital accumulation

e Lengthy debt renegotiations (3.5 years)
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NEW DATA ON PUBLIC EXPENDITURE COMPOSITION

o 179 privately-held external debt restructurings in 1978-2010
(Asonuma and Trebesch 2016)
e New dataset on public expenditure composition
o Public consumption (public sector wage bills and consumption on
final goods and service)
e Public transfers
e Public investment
o Public capital (assets)

@ Sources of our dataset

o IMF Staff Reports from the IMF archives (more than 500 reports)
o IMF FAD and WEO

o WB WDI
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STYLIZED FACTS ON RESTRUCTURINGS

o Stylized Fact 1: Public investment experiences a severe decline
and slow recovery around restructurings
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FIGURE: Around Start of Restructurings
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STYLIZED FACTS ON RESTRUCTURINGS (CONT.)

o Stylized Fact 2: Public consumption and transfers experience a
short-lived decline and quick recovery
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STYLIZED FACTS ON RESTRUCTURINGS (CONT.)

e Stylized Fact 3: Public expenditure tilts remarkably towards
consumption and transfers during debt crisis
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-
STYLIZED FACTS ON RESTRUCTURINGS (CONT.)

@ Stylized Fact 4: The sharp decline in public investment is associated
with long restructuring duration
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® Post-default Restructurings Regression Line
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MAIN QUESTIONS

e Main questions
e Why public investment experiences a severe decline and slow
recovery during debt crisis, but public consumption and transfers do
not?
o What is the role of public capital accumulation (investment) on
restructuring delays and debt settlements?
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IMPLICATIONS OF THE PAPER

o New dataset on public expenditure composition and new stylized
facts:

A severe decline in public investment

Different dynamics of public consumption and transfers
Public expenditure tilting towards consumption and transfers
Link between public investment decline and delays

o New theoretical explanations on debt overhang and restructurings:

e Two phases of sovereign debt overhang
e Role of public capital in debt renegotiations

e Quantitative analysis of model rationalizes the four stylized facts
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LITERATURE REVIEW

@ Sovereign debt overhang

o Krugman (1989), Sach (1989), Aguiar et al. (2009), Ostry et al.
(2014), Reinhart et al. (2012)
Sovereign debt and fiscal policy
o Kaminsky, Reinhart and Vegh (2005), Arellano and Bai (2017),
Cuadra et al. (2010), Hatchondo et al. (2017), Bianchi et al.
(2017), Azzimonti (2015), Mendoza et al. (2014), Pouzo and Presno
(2016), Karantounias (2018)
Sovereign defaults and renegotiations (multi-round)
o Benjamin and Wright (2013), Kovrijnykh and Szentes (2007), Bai
and Zhang (2012), Bi (2008), Asonuma and Joo (2017)
Sovereign debt and “total” capital
o Gordon and Guerron-Quantina (2018), Park (2017)
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MODEL: GENERAL FEATURES

@ Sovereign debt in a dynamic small open economy model:
Endogenous choice of default and repayment

Endogenous choice of settlement and delays conditional on default
Endogenous choice of public expenditure—public consumption,
investment, transfers and debt repayments

Endogenous production with labor and public capital
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INTUITION: KEY MECHANISM

o Prior to default: Low productivity, high debt payments, and
consumption-smoothing motive (Aguiar et al. 2009)
e On the one hand, sovereigns opt to smooth both private and public
consumption (through transfers and public consumption)
e On the other hand, sovereigns reduce public investment

e During restructurings: Deceleration of public capital
accumulation and lengthy negotiations

e Public capital accumulation is slow due to low productivity and no
external borrowing

e Sovereigns opt to delay the settlement since they prioritize
investment to public capital (high MPK)

e Sovereigns choose to settle with debt repayments after public
capital accumulation (low MPK)
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QUANTITATIVE ANALYSIS - PARAMETERS

@ TFP process -AR(1) process:
log(at) = plog(at—1) + e, (41)
@ Household utility function - GHH, CRRA:
144
(et — lltTw)l_ gl_f’g
u(et, l) = , v(ge) = — (40)
1-0o 1—o0y4
Parameter Value Source
Risk aversion for private consumption o=3 Previous studies
Risk aversion for public consumption 0y =3 Hatchondo et al. (2017)
Risk-free interest rate r* =0.01 US Treasury Bill
Labor elasticity P =0.48 Mendoza (1991)
Labor income share af =0.64 Gordon and Guerron-Quintana (2018)
Public capital income share a® =0.058 Argentine public and private capital (1993-2005)
Public capital depreciation rate §=0.04 US BEA (1999)
Effective consumption tax rate 7=10.33 Argentine tax revenues (1993-2005)
Auto-correlation of productivity shock p=0.85 Computed Argentine GDP- MECON
Standard deviation of productivity shock ¢® = 0.017 Computed Argentine GDP- MECON
Direct productivity loss Ag = 0.02 Computed
Weight on public consumption A=0.8 Computed
Public capital adjustment costs Q=10 Computed
Discount rate B =10.90 Computed
Bargaining power $»=0.9 Computed
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QUANTITATIVE ANALYSIS - ERGODIC DIST.

@ Sovereign’s choice among repayment, delay and settlement
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QUANTITATIVE ANALYSIS - ERGODIC DIST. (CONT.)

@ Sovereign’s choice among repayment, delay and settlement
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QUANTITATIVE ANALYSIS - ERGODIC DIST. (CONT.)

@ Public investment — Mean public capital
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QUANTITATIVE ANALYSIS - SIMULATION

TABLE: Non-business Cycle Statistics

Data  Model Model with Model without Separation
Fixed Public Capital ~ of Public/Private Sectors

Target statistics

Default probability (%) 3.26  3.10 2.7 3.29
Average recovery rate (%) 25.0 271 22.5 35.2
Average debtor output deviation during debt renegotiation (%)  -4.45 -3.73 -4.5 -4.23
Pre-default periods
Average debt/GDP ratio (%) 454 439 45.6 50.8
Bond spreads: average (%) 9.4 0.2 0.17 0.5
Bond spreads: std dev. (%) 7.6 0.3 0.34 0.9
Corr.(spreads, output) -0.88  -0.1 -0.30 -0.13
Corr.(debt/GDP, spreads) 092 021 0.36 0.26
Corr.(debt/GDP, output) -0.97  -0.69 -0.69 -0.65
Renegotiation periods
Average debt/GDP ratio (%) 130.5  50.6 53.6 59.8
Corr.(debt/GDP, output) -0.95  -0.99 -0.99 -0.99
Duration of renegotiation/ exclusion (quarters) 14.0 111 8.7 8.8
Corr.(cumulative change in public investment to GDP, duration) -0.12  -0.08 - -0.15Y/
Corr.(cumulative pecent change in public investment, duration) -0.16  -0.1 - -0.14Y/
Public capital (percent change from the trough to the end) 2.31 1.7 - 0.5%

Notes: 1/ “Total” investment in the model without separation of private and public sectors
2/ «Total” capital in the model without separation of private and public sectors
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QUANTITATIVE ANALYSIS - SIMULATION (CONT.)

@ Public investment around debt restructurings

= Argentina 2001-05 = =Baseline ®** Fixed Public Capital

FIGUREZ Around Start of Restructurings
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QUANTITATIVE ANALYSIS - SIMULATION (CONT.)

@ Public consumption and transfers around debt restructurings
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QUANTITATIVE ANALYSIS - SIMULATION (CONT.)

F1GURE: Public Expenditure Composition

Argentina 2001-05 Baseline Fixed Public Capital
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QUANTITATIVE ANALYSIS - SIMULATION (CONT.)

FicUrE: Public Investment Decline and Duration of Restructurings
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QUANTITATIVE ANALYSIS - SIMULATION (CONT.)

TABLE: Public Investment and Capital, and Debt Settlements

Debt settlement (binary, current)

) (1) 2 (2)
coef/ dy/dx / coef/ dy/dx /
se Delta-method se se Delta-method se
Public investment (lagged, percent of mean TFP) 3.833%** 0.471%* - -
(0.452) (0.055)
Public capital growth, annualized (lagged, percent) - - 0.055%** 0.008***
(0.019) (0.003)
External debt (lagged, percent of GDP) -0.085%** -0.010%** -0.026%** -0.004%FH**
(0.007) (0.001) (0.001) (0.0001)
Constant - - - -
Episode-specific Fixed effect No No
Number of episodes 76 76
Number of observations 831 831
Wald y? 327.9 470.8
Prob.> x? 0.000 0.000
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TESTING THE MODEL PREDICTION

TABLE: Public Investment and Capital, and Debt Settlements

Debt Settlement (binary, current)

(1) (1) (2) (27

coef/ dy/dx / coef/ dy/dx /
se Delta-method se se Delta-method se
Public investment, deviation from the trend (lagged, percent)?/ 0.347% 0.086* - -
(0.195) (0.048)
Public capital, cumulative growth rate (lagged, percent)!/ = o 0.005* 0.001%*
(0.003) (0.0007)
PPG external debt (lagged, percent of GDP)3/ -0.003%* -0.001%* -0.003* -0.0007***
(0.002) (0.0004) (0.002) (0.0004)
GDP, deviation from the trend (current, percent)?/ -0.017 -0.004 0.561 0.139
(0.951) (0.236) (0.864) (0.215)
GDP, trend growth rate (current, percent)?/ -0.045 -0.011 -0.073 -0.018
(0.042) (0.010) (0.045) (0.011)
LIBOR, 12-month average (current, percent) -0.061%%* -0.051%%% -0.058** -0.014%*
(0.023) (0.006) (0.024) (0.006)
World GDP, growth rate (current, percent) 0.207%%% 0.051%%*% 0.206*** 0.051%%*
(0.069) (0.017) (0.069) (0.017)
Constant -0.705* - -0.722% -
(0.369) (0.372)
Episode-specific Fixed effect No No
Number of episodes 90 89
Number of observations 496 492
Wald x2 21.01 20.74
Prob.> x? 0.002 0.002
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CONCLUSION

o New dataset on public expenditure composition and new stylized
facts:

A severe decline in public investment

Different dynamics of public consumption and transfers
Public expenditure tilting towards consumption and transfers
Link between public investment decline and delays

o New theoretical explanations on debt overhang and restructurings:

e Two phases of sovereign debt overhang
e Role of public capital in debt renegotiations

e Quantitative analysis of model rationalizes the four stylized facts
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OUR NEW DATASET

TABLE: Public Consumption, Investment, Transfers and Capital for
Restructurings in 1978-2010

Observation

Mean Median

Std. Dev.

Restructuring Episodes

Public Consumption, average
Public Investment, average
Public Transfers, average
Public Capital, average

Percent of GDP

124
151
124
151

Restructuring periods

12.0 10.6
3.7 3.0
3.9 2.4
74.2 56.5

7.4
3.3
4.7
50.9

Public Consumption, average
Public Investment, average
Public Transfers, average
Public Capital, average

Observation Mean Median Std Dev.

179

Pre-restructuring periods
124 13.1 11.2 9.4
151 4.7 3.4 4.3
124 5.3 3.1 6.3
151 75.0 58.6 49.3

Post-restructuring periods
124 11.7 10.1 7.5
151 4.0 3.2 3.8
124 4.6 3.0 4.8
151 74.9 61.7 48.4

Joo (IMF anp WS
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STYLIZED FACTS ON RESTRUCTURINGS (CONT.)

TABLE: Public Investment, Captal, Consumption, and Transfers around
Restructurings

Public Investment Public Capital Public Consumption Public Transfers
deviation from trend, percentage change, deviation from trend, deviation from trend,
current?/ current®/ current®/ current®/
(1) (2) 3) “)
coef/se coef/se coef/se coef/se
Restructuring period (current, dummy)/ -0.14%F* -1.26%F* 0.007 -0.02
(0.03) (0.23) (0.011) (0.03)
Post-restructuring period (current, dummy)?/ -0.07%* -0.87%%* 0.003 -0.04
(0.03) (0.24) (0.012) (0.03)
PPG external debt (lagged, percent of GDP) -0.0007*** -0.01%%* 0.00003 0.000005
(0.003) (0.002) (0.0001) (0.0002)
GDP, deviation from trend (current, percent)® 0.03%%* 0.07+%* 0.011%%* 0.012%%*
(0.003) (0.03) (0.001) (0.003)
Constant 0.10%* 4.18%F* -0.008* 0.01
(0.03) (0.21) (0.01) (0.03)
Episode-specific fixed effects Yes Yes Yes Yes
Number of restructuring episodes 97 96 92 81
Number of observations 1,043 996 949 4T
F-statistics 37.94 21.39 19.59 4.02
R? 0.139 0.087 0.084 0.024
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STYLIZED FACTS ON RESTRUCTURINGS (CONT.)

TABLE: Public Expenditure Composition around Restructurings

Public Investment Public Consumption Public Transfers Public Investment

percent of GDP, current  percent of GDP, current  percent of GDP, current percent of expenditure, current

(1) (2 (3) (4)
coef/se coef/se coef/se coef/se
Restructuring period (current, dummy)!/ -0.85%F* -0.79% 0.38%* -2.23%5%
(0.18) (0.44) (0.18) (0.80)
Restructuring period*PPG external debt -0.003%* -0.005 -0.009 -0.004
(lagged, percent of GDP)Y/ (0.001) (0.003) (0.001) (0.005)
Post-restructuring period (current, dummy)? -0.47* -1.04 0.38 -0.58
(0.27) (0.65) (0.26) (1.19)
Post-restructuring period*PPG external debt -0.006* -0.015%* -0.0006 -0.008
(lagged, percent of GDP)*/ (0.003) (0.007) (0.003) (0.013)
GDP, deviation from trend (current, percent)®/ 0.03*%* 0.02 0.03* 0.08
(0.02) (0.04) (0.02) (0.08)
Constant 4.23%%* 13.08%%* 2.99%%* 22.58%%%
(0.12) (0.31) (0.12) (0.56)
Episode-specific fixed effects Yes Yes Yes Yes
Number of restructuring episodes 95 93 93 91
Number of observations 1,028 882 882 863
F-statistics 13.47 7.46 1.89 3.79
R? 0.068 0.045 0.012 0.024
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STYLIZED FACTS ON DEBT RESTRUCTURINGS (CONT.)

TABLE: Correlation between Public Investment Declines and Duration of Restructurings

Duration of restructurings (years)

m 2 ®3) )
coef/se coef/se  cocf/se coef/se
Public investment/GDP, cumulative difference over first 2 years -0.47* - -
(percentage point) (0.25)
Public investment/GDP, difference over first 1 year (percentage point) - - 0.53* -
(0.29)
Public investment, cumulative change over first 2 years (%) - - - -0.03*
(0.01)
Public capital/GDP, pre-restructuring (%) - -0.006 - 0.005
(0.008) (0.006)
GDP, deviation from trend, end (%) - 0.11%  011F 0.2%F
0.06)  (0.06)  (0.06)
External debt, end (percent of GDP) - 0.016 0.018* 0.02*
©01)  (0.01)  (0.01)
Export-to-debt service ratio, end (%) - 0.13 0.12 0.13
009  (0.09)  (0.09)
LIBOR 12-month, end (%) - S0.69%FF - L0.67FFF 0,647
(0.16)  (0.16)  (0.16)
IMF-supported program, end (dummy)?/ - L2.64%HE 9 TpRRE 9 G1RRk
7 0.98)  (0.96)
Bond restructurings (dummy)"/ - L453FRE g 47r*
(1.64)  (164)  (1.63)
Constant 4.83%F%  10.66%FF  10.42%%*  9.55*FF
(0.535)  (191)  (1.88)  (1.91)
Number of observations 95 86 86 87
Adjusted-R? 0.027 0.36 0.35 0.35
Root MSE 4.79 4.05 4.08 4.06
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STYLIZED FACTS ON RESTRUCTURINGS (CONT.)

e Stylized Fact 1: Public investment experiences a severe decline
and slow recovery around restructurings

e Stylized Fact 2: The dynamics of public investment differs from
that of public consumption and transfers

o Stylized Fact 3: Public expenditure tilts remarkably towards
consumption and transfers during debt crisis

o Stylized Fact 4: Sharp decline in public investment is associated
with long restructuring duration
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STYLIZED FACTS ON RESTRUCTURINGS (CONT.)

e Different dynamic of private investment (capital accumulation)

with that of public investment
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MODEL: GENERAL FEATURES (CONT.)

o A risk averse sovereign debtor, a household, a private firm and
risk-neural foreign creditors

o A stochastic TFP shock a;

o Public expenditure choice: consumption, investment, transfers and
debt repayments

e Distortionary consumption tax and no lump-sum tax

@ Public capital accumulation and elastic labor supply

o Credit record h; : indicating status of market access

@ Incomplete capital market: one-period zero-coupon bonds
@ One-side commitment

e Multi-round renegotiation upon the default choice
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MoDEL: TIMING
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MoDEL: HOUSEHOLD’S PROBLEM

@ Household maximization problem

o0
IzlalJXE()ZﬁtU(Ct,lt,gt) (1)
Y =0
s.t. (1+T)Ct :wtlt +7Tf+ﬂ (2)

where Ulcy, ly, gi) = (1 — Nuley, l) + Mv(gr)
@ Optimality condition of household

ul(Ctvlt) _ Wy
uce, ly)  1+7
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MoDEL: FIRM’S PROBLEM

e Production function
yr = ag(l) ™ (k) (kP)1 o= (4)

where kP = 1
(Mendoza and Yue 2012, Azzimonti 2015)

e Private firm’s profit maximization problem:

max 7y = ay()™ (k) (KP) 1% — wyly (5)

e Optimality condition of the private firm

we = aqay(le) (k] )k (RP) o (6)
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MODEL: SOVEREIGN’S PROBLEM

o If the sovereign has saving (b > 0)

V(b k{,0,a:) = max (1 — MNu(ee, i) + Av(gr)
g,be1.k]y T
48 [ Vo b 0au)dutenale) (0
A
g g _ 9\ 1.9 Qkarl*kug
s.t. gt+kt+1+Tt+q(bt+l7 kt+1v 0, at)btJrl = TCt+(1*5 )kt — 2 (T) kt +bt
t
(8)
T. >0 9)
wnlenl) _ onau(l)™ (k) (B e w0
ue(e, lt) 147
(1+T)Ct :yt+Tt (11)
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MODEL: SOVEREIGN’S PROBLEM (CONT.)

e Case of good credit record (market access - hy = 0)
o If the sovereign has debt (b < 0)

V(be, k¢,0, ar) = max [VR(bt,kf,O,at), VP (be, k2,0, at)] (12)
@ Sovereign’s value of repayment
VE (b, k9,0, a) = max (1= Nuler, lt) + Av(ge)
gt,bet1,k{ T
+5/A V(bit1, k71,0, ar1)dp(ars1]ar) (7)

Q ki, -k
s.t. gt+ktg+1+Tt+q(bt+1, ktg+1, 07 at)bt+1 = TCt+(1—6g)kf—§(%)2kf+bt
t

(8)
T; >0 9)
ul(Ct,lt) _ alat(lt)al_l(kf)ak(l_ﬁp)l_al_ak (10)
'U,C(Ct, lt) 1 + 7
A+7)ee =y +Th (11)
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MODEL: SOVEREIGN’S PROBLEM (CONT.)

e Sovereign’s value of defaulting (restructuring)

VP (be, k9,0, a) = max (1= Nule, i) + Mo(ge)
gtbey1,kYy T
48 [ V@K Laduarala)  (13)
A
k2, — kY
st g+ ki, +Ti=71ce+ (1—06%)k{ — %(%)Qkf (8)
t

T, >0 9)
wi(ee,le)  oqdy (1) =L (k) (kP oo (107)

uelce, ly) 1+71
(I+7)ee =g + T (11°)

e Case of bad credit record (loss in access - hy = 1)

V(btaktgvlaat) = F(btaktgvat) (14)

AsoNuMA & Joo (IMF anp WSU) SOVEREIGN DEBT RESTRUCTURINGS JANUARY 5 2019 39 /51



N
MODEL: RENEGOTIATION PROBLEM

@ Strategies of the proposer ¢ and the other party j (for i, 7 = B, L) depending
on state (by, k7, he,ar) and current offer:

0; ={1 (propose)} & 0; ={1 (accept)}
0; ={0 (pass)} & 6;={0 (reject)}

@ Case when the borrower B is the proposer
@ If B proposes and the proposal is

VPRO (b, kY, ay) = B (1 Ve 4 2000 + 8 [ VK001 dnarla)
(18)
Q kK, K
st gi+ ki +Ti=re+ (1—69)kj — 5(%)%5 +6Pbe (8”)
t

Tt >0 9)
up(ee,le) gy ()™= (k)R (kP) -1k (10)

ue(et, lt) a 147
A+ =v:+T (11)
VAT (b kY ar) = =62 by (19)
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MODEL: RENEGOTIATION PROBLEM (CONT.)

o If B passes,

VPASS(bt, k) ar) = max (1 — Nu(ee,lt) + Mv(ge)

gt,kf+1,Tt

+8 / V(L4 )b ko, 1 ac)dpacla) (20)
A

g 9\ 1.9 Qkf—kl_kag )
s.t. gt—l—kH_l—l—Tt:Tct—i-(l—é)kt—E(T) k(8)
¢

T, >0 (9)
'LL[(Ct, lt) _ O‘ldf,(lt)alil(ktg)ak ('E‘.p)lialiak (10’)

UC(Ct7lt) o 1+T
(L+7)er =4 + Ty (117)

L R R AR DN ROS G

(21)
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MODEL: RENEGOTIATION PROBLEM (CONT.)

o Equilibrium
6B = argmaz VRO (b, kY, ar)

st. VPEO(b k9 a)) > VEASS (b, k9 ay)
V*ACT(bta kiqa at) > V*REJ(bt7 ki(]? a’t) (22)

@ If both parties reach an agreement,

FB(bt, ]{Ztg, CLt) = VPRO(bt, k?f, at) (23)
FB*(bt, kf, at) = V*ACT(bt, k‘g, CLt) (24)
o Otherwise,
T8 (b, kY, a) = VIS5 (b, kY, ay) (23")
8% (b, kY a) = VEET (b kY | ay) (24°)
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MODEL: CREDITOR’S PROBLEM

e Expected profit

a(bey1, k{1 1,0 a0)begr — 1437‘* bit1, if byq 120
D g9
1=p~ (byy1,ki,1,0,a¢)
7 (bet1, kfy 1, 0,a) = [ 1+T*+ +
PP b1,k 1 .0a0) fo v (bep1 kY, g 1 ap)dulaglar)
S 1(=bty1)
—q(bet1, k7, 1,0, a)(=bst1), otherwise
(34)
@ Equilibrium bond price
1 .
T if byy12>0
g _
Q(bt+17kt+1707at) = 1*PD(bt+1,ktg+1,07<lt)
b 14r*
PP (bey1,k7, 1,0,a8) [4 v(beg1,k] 1, 1at)du(arrilat) )
+ T+ otherwise
(35)
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EQUILIBRIUM

@ Default probability

PP (bes1, k1,0, a0) :/ dp(aiy]a), (36)
D(bt+1,kf+1)

o Expected recovery rates

Y(bes1, k51 ae) = /’Y(bt+1vk1€+1>1’at+1)dﬂ(at+1|at)
A

¢1at+1 GRB(bt+1ka+1)§zB* (bt"’l’ kf+1’ at+1)
_ / (= )L, yent g bty )00 (Brens ki, i)
A

+ Dlay 1 gRB (b1 kY, )
+(1 - ¢)1at+1 ERL (byy1.k7, 1)

dp(arsi]ar)
’V(bt+2, ki]+27 17 at‘f’l)

(38)
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EQUILIBRIUM

DEFINITION

A recursive equilibrium is defined as a set of functions for (a) the sovereign’s
value function, pubic consumption, transfers, capital, assets/debt, default set,
(b) the household’s consumption and labor supply, (c) the firm’s labor
demand, (d) the sovereign’s and the creditors’ decision functions, payoffs, two
sets of recovery rates, and (e) sovereign bond prices such that

[1]. the sovereign government’s value function, public consumption, capital,
transfers, assets/debt, and default set satisfy its optimization problem
(7)-(15);

[2]. the household’s consumption and labor supply satisfy his optimization
problem (1)—(3);

[3]. the firm’s labor demand satisfies its optimization problem (4)—(6);

[4]. both parties’ decisions, payoffs and recovery rates solve the multi-round
debt renegotiation problem (16)—(33);

[5]. sovereign prices satisfy the foreign creditors’ optimization problem
(34)—(35).
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QUANTITATIVE ANALYSIS - ERGODIC DIST. (CONT.)

e Public consumption/transfers — Mean public capital

PubCon/Trnasfer
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QUANTITATIVE ANALYSIS - SIMULATION (CONT.)

TABLE: Business Cycle Statistics

Data Model Model with Model without Separation
Fixed Public Capital of Public/Private Sectors

Target statistics
Pre-default periods
Average public consumption & transfers/GDP ratio (%) 20.0 23.1 22.5 -
Public investment (std dev.) /output (std dev.) (%) 5.1 5.2 - 5.1
Non-target statistics
Pre-default periods
Private sector

Private consumption (std dev.)/output (std dev.) 1.11 1.01 1.01 1.03
Trade balance/output: std dev. (%) 1.28 0.86 0.48 1.01
Corr.(trade balance, output) -0.87  -0.18 -0.07 -0.23

Public sector
Public consumption & transfers (std dev.)/output (std dev.)  1.26 1.23 1.22 -
Corr.(public consumption & transfers, output) 0.52 0.86 0.94 -
Average public investment/GDP ratio 1.31 1.60 2.01 1.58
Average public investment/public expenditure ratio 6.20 6.40 8.04
Corr.(public investment, output) 0.51 0.63 -

Renegotiation periods

Private sector

0.66

Private consumption (std dev.)/output (std dev.) 1.17 1.01 1.00 0.99
Trade balance/output: std dev. (%) 0.45 0.00 0.00 0.00
Corr.(trade balance, output) -0.97 0.00 0.00 0.00
Debtor output deviation (diff. btw start and end, %)5/ 12.6 21.2 22.58 21.47

Public sector
Public consumption & transfers (std dev.)/output (std dev.) 0.99 2.23 1.07 -
Corr.(public consumption & transfers, Output) 0.99 0.77 0.67 -
Average public consumption & transfers/GDP ratio (%) 20.23 23.3 224 -
Average public investment/GDP ratio 118 1.47 2.36 1.24
Average public investment/GDP ratio (downward trend)3/ 0.73 0.76 o 1.41
Average public investment/GDP ratio (upward trend)3/ 1.64 1.65 o 0.91
Average public investment/public expenditure ratio 5.7 5.8 9.53 =
Corr.(public investment, output) 0.99 0.84 - 0.91
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QUANTITATIVE ANALYSIS - COMPARISON WITH MODELS OF
MULTI-ROUND NEGOTIATIONS

Data Bascline Model Model with Model with Model with fixed
fixed public capital endogenous public capital public capital and
(case )Y/ (case ii)2/ no distortionary tax(case i)

With distortionary ~ With distortionary ~ No separation of ~ With distortionary
tax (case i-0)  tax and lump-sum tax  public/private  tax and lump-sum tax
on income

sectors (case ii-a) on income (case ii-b)

Target statistics

Default probability (%) 3.26 3.10 271 32 3.26 3.5 201
Average recovery rate (%) 25.0 271 224 332 39.0 54.9 32.0
Average debtor output deviation 445 373 450 46 4.62 442 5.80

during debt renegotiation (%)

Pre-default periods

Average debt/GDP ratio (%) 154 139 156 625 100 245 25
Bond spreads: average (%) 9.4 02 0.2 0.1 02 04 0.15
Bond spreads: std dev. (%) 76 03 034 0.15 02 06 0.2
Corr.(spreads, ontput) 0.8 0.1 031 018 017 005 0.32
Corr.(debt/GDP, spreads) 0.92 021 037 029 024 078 0.39
Corr.(debt/GDP, output) 097 069 0.70 0.68 0.6 0.1 .72

Renegotiation periods
Average debt/GDP ratio (%) 1305 50.6 735 171 30.0 63.7
Corr.(debt/GDP, output) 0.95 0.98 0.99 0.98 0.99 0.99
Duration of rencgotiation/ exclusion (quarters) 140 111 78 89 589 64
Debtor output deviation (diff. biw start and end, %)/ 12.6 212 221 17.1 216
Public capital (percent change from the trough to the end) 231 17 - - 0 -
Corr. (cumulative change in public investment to GDP, duration) -0.12  -0.08 - - 017 -
Corr. (cumulative pecent change in public investment, duration) -0.16 0.1 - - 015 -0.16 -
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QUANTITATIVE ANALYSIS - ROBUSTNESS

CHECK

Adjustment costs

Depreciation rate

Weight on public

ons

Risk aversion

Discount rate

5 10 15 0.025 0.04 0.075 0.7 0.8 0.9 2 3 4 0.85 0.90 0.93
Default probability (%) 422 31 1.9 52 31 49 37 31 52 57 31 49 33 31 39
Average recovery rate (%) 319 271 259 29.7 271 258 269 271 15.4 19.1 27.1 335 285 27.1 314
Public investment (std dev.)/output (std dev.) (%) 79 60 38 847 60 27 11.7 6.0 52 45 60 76 126 60 58
Non-target statistics
Pre-default periods
Public consumption & transfers (std dev.)/output (std dev.) 1.30 123 118 142 123 150 1.35 1.23 1.5 1.80 1.23 1.10 146 123 1.23
Corr.(public consumption & transfers, output ) 0.83 0.89 0.92 0.78 089 084 087 0.89 0.81 0.78 0.89 087 0.85 0.89 0.84
Average public investment /GDP ratio 16 1.6 1.6 1.18 1.60 258 139 16 1.91 1.87 1.60 140 135 1.60 1.92
Corr.(public investment, output) 0.62 0.63 0.69 061 063 042 044 063 0.76 0.62 0.63 052 035 0.63 0.61
Average debt/GDP ratio (%) 402 439 436 40.2 439 449 424 439 25.0 25.9 439 234 427 439 364
Renegotiation periods
Public consumption & transfers (std dev.) /output (std dev.) 228 2.23 2.30 230 223 220 20 223 3.54 3.85 223 130 210 223 214
Corr.(public consumption & transfers, output ) 0.77 076 0.53 087 0.76 0.86 0.80 0.76 0.88 0.88 0.76 0.86 0.72 0.76 0.80
Average public investment /GDP ratio 1.58 147 146 0.85 147 295 158 147 139 1.60 147 1.51 1.61 147 1.73
Corr.(public investment, output) 0.80 0.84 0.78 08 084 081 0.83 0.84 0.9 0.85 0.84 0.67 0.73 0.84 0.80
Duration of restructurings & exclusion (quarters) 115 111 10.6 117 111 132 127 111 9.5 940 111 176 132 111 105
Public capital (percent change from the trough to the end, %) 50 17 04 056 1.7 749 64 17 0.11 421 17 79 71 17 08
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EQUILIBRIUM

e Probability of settling the deal

PP (bt ki, 1) = duacsafa)+(1-0) | dpu(ass1]ar)
RB(byy1.k] 1) RL(bt+17kf+1)
(37)
@ Sovereign bond spreads
g ]‘ *
S(bt+17 kt+1707 at) - q( - (1 +r ) (39)

9
bt-i—la kt+17 Oa a/t)
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QUANTITATIVE ANALYSIS - ERGODIC DIST. (CONT.)

e Agreed recovery rates

“““ Low TFP to Low TFP
0.28 Mean TFP 0.28 Mean TFP
0.26 = = =High TFP 0.26 = = = High TFP
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