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A Theory

A.1 Derivations
In order to characterize the solution to the household’s problem, let ¥ and y denote the
Lagrange multipliers associated with constraints (7) and (2), respectively. The necessary first-

order conditions with respect to (cN ,cT',h,m") for an interior solution are

uv—p (x+y) = 0 (33)

ur—ey = 0, (34)

—v+x(1—tw = 0, (35)
BE[V,|B,.7 5] —x(1+u) = 0, (36)

where V), denotes the partial derivative of V with respect to the individual state variable, m. The
corresponding envelope condition implies that V,, = ¥ + y. From (33) and (34) we can solve

for the Lagrange multipliers,

xr = = (37)
e
un ur
= =1 38
v i (38)

Replacing these expressions in (35) and (36) yields (8). Using (6) to replace e in (38) and
imposing y > 0 yields (12).

The government budget constraint

Take the government budget constraint (5), multiply both sides by Fyc”, use the market

clearing for labor, h = F(yV,y"), and conditions (9), (10) and (11) to obtain

tF (YN 31+ Fy(uc" —g—y) — (Fr/p")(p"y" = ") > 0.

Next, replace the tax rate, 7, using (13) and the money growth rate, u, using (14) to obtain the

government budget constraint in a competitive equilibrium,
(1= (Fr/p")(ve/ur)]F (N +g.y") — Fn(cN +g+7) + B(Fr /p")E [une'|B, .7 5] Jur
—(Fr/p")(p"y" =c") > 0.
Since F(y¥,yT) = FyyN + Fry" = Fy(cV +g) + Fry” we obtain
(Fr/p"){c" = (ve/ur)F(c" +g.y") + BE [upc"'|B, .7 5] fur } — yFy > 0,

which after multiplying both sides by uz (p” /Fr) implies (15).



A.2 Value Functions and Extreme Value Shocks

Given the policy functions, we can define the value functions V(B s), VP (s) as follows:

VP(B,s) = u(€"(B,s), €T (B,s)) +v(1 —F(€N(B,s) +9(B,s), %" (B,s))) + %(¥(B,s))
+BE[V (%#(B,s).5)ls],
VP(s) = u(€"(s), " (5)) +v(1 = F(€" (s) + 9 (5), 77 (5))) + H(Z(5))
+BE[SY (BY,s') + (1-8)VP(s)s],

for all (B,s).
As described in the main text, the utility shocks £” and €P affect the government’s deci-
sion to repay or default. The assumptions on the distribution of these shocks imply that their

difference has mean zero and is distributed logistic; i.e., € = ef — €P follows

o exple/K]
(&)= 1 +exple/k]’

where k > 0 is the scale parameter of the distribution, which will be useful to control the vari-
ance of the € shocks.

Recall that the repayment probability &?(B,s) can be expressed as
P(B,s) =Pr(VF(B,s) —VP(s) > el — ).

Following McFadden (1973), this expectation has the following closed-form expression:

> _expl(VF(B,s) — VP (s)) /x]
FVEB5) =VI0)) = o [(VP(B,5) —VD(5))/

and so,
a (vP §) — D ) = exp[VP(B,s)/K]
FVEBS)=VIS) = OB, 5) /] 1 expVD () /]
Therefore,
B exp[VF(B,s)/x]
P = olVP(Bos) K]+ explVP )/ &)
which, in turn, implies
0P (B,s) _ oVF(B,s) 2(B,s)(1 fgz(B,s))' 40)

JdB JdB K
Next, we can derive a closed-form expression for the expectation of the value function with

respect to the utility shocks:

¥ (B,s) = E¢[V (B,s,e’ eP)] = kIn {exp[V"(B,s)/x]+exp[V"(s)/k]}. 41)



Using this expression, we can easily see that

9V (B,s)

dB

vl (B,s)

= Z(B,s) 3B

: (42)

We use (39) and (41) in the formulation of the government’s problem. We use (40) and (42)

when characterizing the choice of debt.

A.3 Full characterization of the government’s problem

We characterize the problem of the government allowing for transfers to be positive, i.e., Y >
0, and the non-negativity constraint (19) to be potentially bind. These more general assumptions
do not alter the characterization of debt choice, (29). To simplify some of the notation below,
let (N, cT,yT, g;5) = ur p” (Fy/Fr), which is an expression that shows up in the government
budget and non-negativity constraints. Note that ' = dT'/dc! =T x (urr/ur) < 0, while the
convexity of F implies that I'y =T’y =T x (Fyn/Fy — Fyr/Fr) >0 and T’y =T x (Fy7 /Fy —
Frr/Fr) < 0. Recall that ® = vy — vy F(cV +g,y7) > 0.

Since the problems in repayment and default are functionally identical with respect to (¢, c”,y", g),
we focus on (PP)—(19). Let £, A and { be the Lagrange multipliers associated with the con-

straints (17), (18) and (19), respectively. The necessary first-order conditions with respect to

(CN7CT7yT7g) are

uy —veFy —A(Fn®+yTy) + C(uvy —Ty) = 0, (43)
ur —E+ AMur +urrc! —yIr)—¢{Tr = 0, (44)
—viFr +&p" —A(Fr®+19T,) = (T, = 0, (45)
—vpFy 4 O — A(Fy®+9T,) — (T, = 0. (46)

Since Iy = Iy, (43) and (46) imply

(uy — ﬁg)
UNN

C=- (47)

Suppose § = 0. Then, (47) implies uy = ¥, and (43) and (45) solve for the remaining

Lagrange multipliers

A uy —voFy
Fy®+ '}’FN7
é unyFr® + ’}’[WFT I'y+ (MN — VgFN)Fy]
pT (Fy®+1Tw) ’

Hence, (44) implies

FT(I)(MN — F) —-Y [(MTpT — V[FT)FN — (uN — V/FN)I_‘y] = pT (MN — V[FN)(MT + uTTcT — ’)/1—‘]")7
(48)

where we used the definition of I to simplify the expression.



When ¢ > 0, (47) implies uy > ¥,. Conditions (43) and (45) solve for the remaining La-

grange multipliers

ﬁg —veFy + (MN — ﬁg)(l"N/uNN)
Fy®+ 9Ty

A

1
& = ST (Fy® 4 7Tn) [ﬁg(FTCPJrVFr) —ye(FNTy = FrIy) + (

Hence, (44) implies

MN—‘ﬁg

) (FrTy — FyT))®
UNN

ur (Fy®+yT'n) + (8 — veFw) (ur + urrc’ —yTr)

— U,
+ <MA;ANN) [T (ur +urrc” — 7)) — (FrTy — FIy) (@/p") + (Fy® + YTw)I'7]

1
=T [0 (Fr®+Ty) — yve(FnTy — Frly)] (49)

A4 Proofs
Proof of Proposition 1. (i) Consider the case in which y = 0. Note that (19) implies uy —I" > 0.
Since @ > 0, the left-hand side of (27) is non-negative. Next, A > 0 implies uy — v¢Fy > 0.
Hence, uy —I' > 0 if and only if ur + urrel >0, while uy —I' = 0 if and only if ur + urrel =0.
If preferences are such that ur + urrc? < 0, then (27) cannot be satisfied—a contradiction. In
this case, { > 0 and therefore, (19) binds.

(ii) Consider the case in which y > 0 suppose { = 0. From (24) we can write & = ur +

A(ur +urrc’ —yT'r) and then rearrange (25) as follows
Fr(ve+A®) — pTur = p" Aur +urrc” —y(T'r +Ty)]. (50)
From (23) Fr(v¢ +A®) = (uy — AYL'y)(Fr/Fy). Thus, (50) implies
un(Fr/Fy) — pTur = p" Xur +urrc” +y[Tn(Fr/Fy) —Tr —T)). (€]

Recall that I'y > 0, I'r < 0 and Iy, < 0. Hence, if %;CT < 1, then uy + upre’ > 0 and so, the
right hand-side of (51) is strictly positive. Then, uy(Fr/Fy) — pTur > 0 and (19) is satisfied
with strict inequality.

Now suppose (19) is satisfied with equality while { = 0. Then (51) implies ur + urrc! =
—Y[I'n(Fr/Fy) —T'r —Ty] <0 and so, %]TCT > 1. Therefore, it follows by continuity that there
exists some 67 > 1 such that (19) is satisfied with equality for all %TTCT < 67, In this case,

.. . oyl .
policy is away from the Friedman rule if =L < &7, O
T

P .
Proof of Proposition 2. The envelope condition of problem (PP) implies i a(lf’j) = —&. The

s}. (52)

derivative of (16) with respect to B’ is:

2[Q(B',s)B'] P(B,s") oVFP(B',s") (1-2(B',s')) (B — Q" (s')BP)
OB _E{ 1+ {H OB’ K }




Using (40)—(42) and (52), we obtain the following expressions for the first and second terms of
(28)

IRV (B 5] _ o
CE = CEPE.SE

QB DB _ o { 2(B.) [1 _ (1—9(3’»/))(3’—QD<s’>BD>€’] ’S}.

dB’ 147 K
The last term in (28) requires additional work. Given that Z2(B’,s') is the probability of

transitioning from .# = P to . = P for all (B',s'), we can write
E [uf\,cN’|P,s} =FE [Q(B/,s/)ufv‘fm +(1- t@(B/,s/))ﬁf\,%;N/M ,

where uj &' corresponds to the repayment state tomorrow, .#' = P, and ity 6™’ corresponds
to the default state tomorrow, .#' = D. Note that the expectation on the right-hand side (only
conditional on s) is taken with respect to s’. We can take the derivative of the expression above
with respect to B to obtain
IE [upcV'|P;s] NN NI _ o1 pN
35 =E[2(B,s)(uy +uyye" ) 65" + (uy€" — iye"") Pg|s] ,
where €5 and &), denote the derivatives of €V (B',s') and &(B',s’) with respect to B'. Recall

that, when in default, allocations are not a function of B, i.e., CN (s) and so C’g "= 0. From (40),

P
we have an analytical expression for &7, and from the envelope condition, v Bgs,s) = —&. Thus,
we obtain
OE [ulycV'|P,s LEN — i ENY (1 — 2 (B, s))E

[ g/B, ‘ ] :E{@(B/’S/) |:(M;V+M;VN%N/)<€II;V/_ (MN Uy ’)(_( ( 7s))§ :| ‘S}
We now have all the elements to write the equation characterizing debt choice. O

Proof of Proposition 3. Consider the EG real allocation (B,éV,éT,$7, §) that solves the prob-
lem (PPEP) where lump-sum, unconstrained taxes .7 make the government budget constraint
becomes (31). In order to prove this result, we first solve the problem (PPEP) and then we
construct the monetary policy and taxes ({1,%) as well as the prices (p",é,) that support this
allocation as an equilibrium in our setting.

The necessary first-order conditions characterizing the EG real allocation are

iy = ¥y, (53)
bFr = plar, (54)
S = DFw, (55)

which imply ”z fT = firFy; i.e., the non-negative constraint (19), which we ignore to derive the



EG real allocation, is satisfied with equality. The balance of payment implies

N

pIsT —e" + QB s)B'—B = 0. (56)

We now construct the policies and prices that support the EG real allocation, we have that the

price of non-tradable goods and wages are determined by

o=

=
I
|

while the exchange rate is determined by

[a\9Y

I
hS] ‘“%
N =z

The monetary policy has to be tailored so that

L BE[BeVIB.s s
=i L,
aréNpT (Fy/Fr)

as it has to decentralize money holdings such that m’ = m = 1. Since ﬁ% fT = firEy, we obtain

E [ayeN'|B,.#
p = PRl 15 Sy (57)
UNC

On the other hand, taxes are given by
N o F,
T=1-— A—/ —; =0.
ur p
Finally, lump-sum transfers are designed to make the budget constraint of the government

(31) hold so that

O

Proof of Proposition 4. As shown in Proposition 3, the real EG allocation implies zero labor
taxes when monetary policy is given by (32). Thus, combining the balance of payments with

the government budget constraint when lump-sum taxes are not available implies

A

e[Q(B,s)B'—B]=p"(g+7)- R, (58)

i.e., a non-linear first-order difference equation in domestic debt, B.

First, consider a steady state in an environment with no aggregate shocks s. Since §+7y >0
and {1 <0 (see (57) above), imply é > 0 and Q(I?’ ,8) < 1, it follows that any steady state would
require B < 0; i.e., the government must accumulate a sufficiently large amount of assets to

finance its expenditures. This asset position would never be reached, as (58) implies that the



amount of B is strictly increasing and positive when the initial stock of debt is positive.

Consider now the general case in a stochastic environment. Observe that since p" (g +7y) —

A

[l >0, then B > 0 implies that B' > 0 as

B o o )
T 2 0B B =B @4y

(h)‘.:)

(39)

and so B' > (1+r)B+ (1+7) ( &+y— 7) Therefore, as r > 0, the sequence of debt for
this allocation is strictly increasing and unbounded as long as By > 0. We argue that this cannot
be an equilibrium path. To see this, define 7 as the unique solution to F(0,57) = 1, i.e., the
highest level of the tradable good that can be produced as 4= 1 and ¥ = ¥ + ¢ = 0.

Let p” = max p” and conjecture that Q(B',s) = 0 for all B’ > (Hr) pTy" and all 5. From the
balance of payments, non-default tradable consumption can be written as

A " A A A« 1 (1
= OB B + "5 B < man (OB 9B} + 5 < D

5T 4 57T _ g
=11 p'y +p°y .

(60)
Therefore, if B = “H) 77, then (60) implies that non-default tradable consumption cannot be
positive and leads to a contradiction, as the EG allocation is interior and consequently the

outcome must be default; i.e., Q ( () g7

y, ) = 0 for all s. Therefore, since Q is decreasing,
Q(B',s)=0forall B’ > “H) 7/ and all s and validates the conjecture.

To conclude the proof, observe that as the sequence of debt would be strictly increasing
and unbounded, it would be larger than <1+r) 37 in finite time and thus contradicts (59) since

Q(B,s) =0 forall B' > 5T and all s . O

A.5 General cash-in-advance constraint

In this section we consider a version of our model with a more general cash-in-advance
constraint. Following the rationale provided by Lucas (1980) one could think of an agent in our
economy as being split in three: a shopper for non-tradable goods, an importer and a worker.
Shopper and worker set off at the same time, which means that the shopper cannot use money
acquired in the period to make purchases, i.e., needs to use money acquired in previous periods
as rationalized by constraint (2). In our benchmark model, the importer is assumed to trade on
credit, so money is not necessary to purchase imported goods. Alternatively, if the importer sets
out after the worker comes back or if imports are purchased on credit but required to be settled in
domestic money by the end of the period, then a cash-in-advance constraint on the purchase of
imported goods would not bind, as some money would still need to be carried over to purchase
non-tradable goods at the beginning of the following period. The budget constraint would thus
be sufficient to guarantee that the household has enough money to purchase and settle imports.

Hence, for a cash-in-advance constraint to also be relevant for imported goods, we must assume



that the importer sets out at the same time as the shopper and is required to settle purchases in
domestic currency immediately and not on credit.>*

In the analysis that follows, we assume that proportions 8" and 87 of expenditures on non-
tradable and imported goods, respectively, must be supported by previously accumulated money
balances. These proportions could be lower, equal or greater than one. One important caveat
is that 8N and 07 must be different since, otherwise, the problem is not well defined. For the
symmetric case when 8" = 07, we study the limiting case as 87 — 6" = 6. We find that this
case implies that monetary policy follows the Friedman rule, which would be inconsistent with
the data on monetary policy and inflation in emerging markets.

Consider then a general version of the cash-in-advance constraint:
OV pNeN + 0T ect <m. 61)

where 8 >0, 67 > 0and 6V # 07.

The solution to the representative household’s problem must necessarily satisfy

(1—7)w (ur®  uy6’

o _eT \ o N = (62)
ov oT h(1—8T L(1—eN

() (w0 gl 28D U0 ol @)
e )% 1% e

plus constraints (61) and the budget constraint (7).

In equilibrium, we obtain:

F;
N N
= . 64
p ONNFy + 07T Fr [ pT (64)
- 1 (65)
= ONNFy+0TcTFr /pT”
F T
T/P (66)

e= .
ONCcNEy + 0T T Fr / pT
Finally, the Lagrange multiplier associated with the cash-in-advance constraint must be non-

negative, which implies the following equilibrium condition:
1 un ur
— | | = - >0. 67
(ovar) (52 -7 ) 2 <>

Note that this condition would not be well-defined if 67 = 6V = 6.

34Note that the argument still applies if imports are purchased with foreign currency but currency exchange markets
are subject to similar timing and settlement assumptions we described.



The expressions for the tax rate and the money growth rate are, respectively,
N (6" —6")v
ONpT (ur /Fr) — 0T (uy/Fy)’
. BE{[6NNFy + 6" (Fr/p™)] [(1 - 67)(up/Fy) — (1 - 6M)p"' (uy /F7)] B, I s}
(6NN Fy + 6T cT (Fr /pT)][0Np” (ur /Fr) — 67 (un /Fy)]

Finally, following the steps described in Section A.1 for the benchmark case, we obtain the

T=1

(68)

1. (69)

government budget constraint in a monetary equilibrium:

[0V (ur /Fr) = 07 (un/F) | [ (1= 0")Eye" + (1 = 07) (i /p)e" — Fyy| = (8" = 07 )P (" y7)

+/31E{ [eNcN’F/V n eTcT’(F;/pT’)} [(1 —0T)(uy/FL) — (1— GN)pT/(u'T/F})] |B,y7s} >0, (70)

To summarize, policy rates T and u are given by (68) and (69), respectively. Implementability
is restricted by the non-negativity constraint, (67), the government budget constraint (70) and
the balance of payment (4).

We now consider the limiting case, 87 — 6V = 0. The inequality condition (67) implies

that

. Uun ur
lim —_— — =0. 71
0T N (FN FT/pT) b

If this were not the case, the limiting Lagrange multiplier on the cash-in-advance constraint
would not a finite number. We can now derive expressions for taxes and money growth. Starting

with (68), we rewrite it as

ov
T=1- o (gr — e . 72)
er " (ur /Fr) — (un/Fy)

When g—: = 1, the equation above is not well-defined as (71) leads to 0/0 when Z—: =1. To

analyze the case with g# =1, we apply the L’Hopital’s rule, which implies that
F F
=1L N (73)
p-ur UN

as 87 — 6N = 6. Note that this expression is the same as the one in the benchmark case,

veby
uy
As with the tax rate, we can rewrite the expression for the money growth rate using (69) as

equation (13). Also, given (71), the tax rate may also be expressed as 7 =1 —

follows,

_a{ e BT ™ [ - /B~ G — /) 8.5}
g [%CNFN+CT(FT/PT)] [%PT(MT/FT) - (”N/FN)} |

10



When 67 = 6N = 6, it follows that

- BE{ [V F + T (Ff/p™)] (5 — 1) [(uy /FR) — pT' (ulp /Fy)] B, 7 s} 1
[NFy 4T (Fr /pT)] [pT (ur /Fr) — (un/Fy)] '

which by (71) would not be well-defined. Hence, apply the L’'Hopital’s rule for 87 — 6V = 0

and obtain
_ BE [cN’Fj(,pT’(u/T/Ff) B,f,s] 0
cNFNpT(uT/FT)
which, given (71), simplifies to
BE [¢Vuy|B,.7 5]
u= N —1.
c'un

As mentioned above, we find that monetary policy implements the Friedman rule when 6V =
or.
As a final note, we made the derivations above using 87 — 8" = . The same results apply

when instead using 6V — 67 = 0.

11



B Quantitative Results

B.1

Note that inflation and currency depreciation are corrected by the money growth rate, since

Definition of macroeconomic aggregates

Nominal GDP (in pesos, normalized by the money stock),
Yi=ep v +py-
GDP in foreign currency (USD),
YU = piyl + eltpﬁv .

The GDP deflator (in pesos, normalized by the money stock)

T.T N
ep’y pNyN
By( - >ezp,T+<Y )pﬁv

yr— 2o
t I)ty'

Real GDP,

Consumption expenditures (in pesos, normalized by the money stock),

T, NN
C =ec; +pyc.

Consumption price index (in pesos, normalized by the money stock),

€CT NCN
7= () (P )

Inflation, measured as the change in the consumption price index,

C

b
o= (I+t—1) = 1.
e,
Currency depreciation
e
A=—"0+p_1)—1
€r—1

prices are normalized by the money stock.

B.2

To provide a heuristic proof of identification, we compute how each parameter would change
if we change one target at a time by 10 percent. The results, presented in Table 8, justify the link
between parameters and targets mentioned in the calibration section. The first column shows
how each parameter changes when we target a default rate 10 percent larger, i.e., 1.1 percent

instead of 1 percent. Note that the more significant change is for k. By increasing x 9.70 percent

Identification

12



Table 8: Percent change in each parameter when a target is increased by 10 percent (p” shock)

Target increased by 10 percent
Default Debt Haircut G Hours Exports Inflation Transfers Real GDP

K 9.70 9.03 6.09 -11.61  54.59 6.22 7.09 -22.02 4.88
BP 0.00 10.00  -4.39 0.00 0.00 -4.13 0.00 0.00 10.00
o] 3.35 9.34 5.84 -4.83 9.88 4.72 2.61 -9.39 10.00
al 0.02 0.24 0.01 11.79 431 -71.97 -0.28 3.30 4.88
al 0.01 0.07 0.00 -1.81  -27.33 -6.86 0.33 -1.52 4.88
aV 0.02 0.23 0.01 0.59 -4.31 -9.38 -0.28 3.30 0.00
B -0.01 -0.09 0.00 -1.60 4.50 1.31 0.66 -3.20 0.00
Y 0.00 0.00 0.00 0.00 0.00 -0.15 0.00 10.00 10.00
A 0.00 0.00 0.00 0.00 -9.09 -1.03 0.00 0.00 10.00

Note: Each number represents the percentage change in the parameter when the target is increased by 10 percent.

and adjusting all the parameters (except ®;) very slightly, the model can replicate all the targets
perfectly. Thus, we selected x as the critical parameter to obtain the default rate.

In the second column of Table 8, we present the percent change in each parameter that would
allow the model to replicate a debt to GDP ratio 10 percent larger. In addition to the change in
K, which we already show is key to replicating the default rate, the most substantial change is
in BP followed by @;. Clearly, these parameters are important to determine debt because they
determine the benefits and costs of default. We pick B” for debt because its adjustment is larger
and highlights @, for matching haircuts because it is the larger adjustment to match the haircut
among the remaining parameters.

Continuing with the same logic, we connect each parameter in Table 8 with a moment.

B.3 Calibration

When we calibrated the models with aggregate shocks we only targeted debt over GDP, the
default probability, and the debt haircut when defaulting. As shown in Table 9, other moments
are all very close to the data, except for inflation that it is equal to 4.425% for the model with

TFP shocks, while it is 3.835% in the data.

B.4 Computational procedure

The equilibrium is solved globally, using the equations derived above. The algorithm uses
21 equally spaced gridpoints for debt, between 0 and 1.5, and 21 gridpoints for p” or TFP es-
timated with the Tauchen method with a bandwidth of 2 (i.e., a multiple 2 of the unconditional
standard deviation). To compute expectations we interpolate policy functions with a modified
Akima piecewise cubic Hermite interpolation in a dense grid of 20001 equally spaced points

in debt and 501 equally spaced points in p” or TFP for which we estimate its corresponding

13



Table 9: Averages of simulated data in economies with aggregate shocks

Data Shocks to p” Shocks to TFP
Benchmark Low default Benchmark Low default
Real GDP 1.000 0.996 0.998 0.992 0.995
Inflation, % 3.835 4.180 3.950 4.425 4.185
Transfers / GDP 0.117 0.118 0.117 0.118 0.118
Exports / GDP 0.209 0.208 0.207 0.209 0.209
Employment / Population  0.581 0.580 0.581 0.580 0.580
Gov Consumption / GDP  0.134 0.134 0.134 0.135 0.135
Debt / GDP 0.187 0.173 0.173 0.169 0.173
Default probability 0.020 0.022 0.008 0.021 0.008
Haircut, Share of Debt 0.305 0.257 0.259 0.231 0.259

transition matrix with the Tauchen method.>> We experimented with different grid sizes, differ-
ent interpolations schemes (e.g., linear), and different ways of computing the expectations (e.g.,
computing its corresponding integral). The final choice of grid points and methods is the most
efficient allocation of computing time. For example, either computing the integral, or increasing

the size of the grids, deliver the same solution but require more computing time.

B.5 The choice of p, o, 6y, and 67

This section discusses the choice of ¢V = ¢T = 0.5, p=15, 60y =1, and 67 =0 by
comparing the results for alternative parameters. In particular, we consider three alternatives: (i)
oV =oT = 1.5; (i) p = 2; and (iii) Oy = 0.95 and O7 = 0.40. Recall that we set 6"V = 67 =0.5
because o7 < 1 is sufficient for the non-negativity constraint in the government’s problem to
be satisfied with strict inequality (it is also necessary when transfers y are zero). The value of
p determines the elasticity of substitution between y" and y in the cost function and is set to
1.5. A number larger than 1 ensures that the production possibilities frontier is concave. The
cash-in-advance constraint in our benchmark model assumes money is only used to finance the
purchases of non-tradable goods. In Section A.5 we presented a generalized version of this
constraint. Using the notation from the general version, our benchmark case sets Oy = 1 and
0r =0.

We re-calibrate the model with p” shocks to ensure that each alternative calibration fits the
targeted moments well. Next, we evaluate the non-targeted statistics in Tables 4, 6 and 7. We
present all the moments in Table 10, where we added at the bottom the average for all moments
of the absolute percentage distance between data and model. This last statistic is revealing of
how better our preferred calibration fits these moments. This measure of the fit of non-targeted

moments in twice as large for the economy with p = 2 and a bit more in the economy with

35The interpolated value at a query point is based on a piecewise function of polynomials with degree at most three
evaluated using the values of neighboring grid points in each respective dimension. The Akima formula is modified to
avoid overshoots.
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o = 1.5. It is only slightly higher for the economy with 8y = 0.95 an 87 = 0.40.

We find that the economy with ¢ = 1.5 does the worse job a fitting data moments because
it generates a positive correlation of trade balance/Y with output, a negative correlation of real
expenditure with output, no correlation of real consumption and real output, and almost acyclical

inflation. In the case of the economy with p = 2, the poorest fit is due to the fact that it generates

a positive correlation of exports/Y with output and pro-cyclical tax rates.

Table 10: Business Cycles and Policy Statistics for Alternative Parameters (p! model)

Data Benchmark p=20 oc=15 6y=0.95

6r =0.40

Std. Dev. (y) 0.038 0.016 0.006 0.008 0.016
Std. Deyv. (trade balance/Y) 0.035 0.017 0.008 0.007 0.018
Std. Dev. (c) / Std. Dev. (y) 1.130 2.502 3.947 1.776 2.321
Std. Dev. (spreads) 3.923 3.167 2.189 1.428 4.356
Std. Dev. (exports/Y) 0.052 0.021 0.014 0.013 0.023
Std. Dev. (depreciaton) 0.196 0.103 0.086 0.104 0.113
Correlation(trade balance/Y, y) -0.358 -0.180 -0.288 0.289 0.064
Correlation(c,y) 0.844 0.589 0.728 -0.080 0.366
Correlation(spreads,y) -0.358 -0.075 -0.129 0.239 0.033
Correlation(exports/Y,y) -0.189 -0.143 0.107 0.317 -0.055
Correlation(depreciation,y) -0.256 -0.230  -0.322 0.289 -0.005
Correlation(depreciation,spreads) 0.430 0.196 0.260 0.267 0.168
Corr. (inflation tax, y) -0.214 -0.533  -0.674 0.113 -0.255
Corr. (real expenditure, y) 0.260 0.470 0.714 -0.287 0.285
Corr. (personal income tax, y) -0.153 -0.123 0.263 0.381 -0.241
Average of absolute percentage distance to data - 0.570 1.043 1.393 0.614

Note: Data is the average of the numbers Argentina, Brazil, Chile, Colombia, Mexico, Peru and Uruguay. The variable
y is the cycle of GDP. The inflation tax is defined as in Vegh and Vuletin (2015): inflation/ ( 1 + inflation).

For the economy with Oy = 0.95 an 6r = 0.40, we find that the volatilities of the trade

balance-to-GDP ratio, interest rate spreads and exports-to-GDP ratio are similar to the bench-
mark calibration. However, the alternative economy has counterfactual cyclicality of the trade
balance, spreads and exports (i.e., the correlations of these variables with GDP have the opposite

sign in the data).

B.6 The role of fiscal and monetary policy distortions

Consider a version of our model in which we remove the monetary policy distortion. Specif-
ically, we modify the problem of the government by imposing that the non-negativity constraint
(12) be satisfied with equality. This assumption eliminates the monetary policy distortion as it
forces the government to always implement a slack cash-in-advance constraint (i.e., households
are satiated with money balances). Analytically, this situation corresponds to the case { > 0,
derived in Appendix A.3.

We computed the deterministic steady state of the economy without monetary policy distor-
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tions and compared it to our benchmark case. The results displayed in Table 11 show the effect
of monetary policy distortions for some key macroeconomic variables. Notably, inflation would
be 17 percentage points lower if we remove monetary distortions. Consequently, the tax rate
would be significantly higher (12.6 percentage points) in the economy without monetary distor-
tions. Other variables also change as a consequence of the change in the mix of monetary and
fiscal financing of government expenditures. The clearest example is that real GDP would be
more than 3 percent lower in the economy without monetary distortions. This is a consequence
of relying too heavily on taxation to finance government expenditures, i.e., of implementing a

suboptimal policy mix.

Table 11: Steady-state statistics

Benchmark No monetary Lump-sum

distortions taxes
Real GDP 1.000 0.966 1.121
Inflation, % 3.835 -13.751 -13.755
Revenue / GDP 0.232 0.358 0.336
Exports / GDP 0.209 0.168 0.169
Gov. Consumption / GDP 0.134 0.136 0.130
Debt / GDP 0.187 0.176 0.165
Haircut, share of debt 0.305 0.304 0.358
Default probability, % 0.700 0.688 1.029

The last column in Table 11 presents steady-state moments for the economy with lump-sum
taxes. As we show in Section 4.4.2, this economy has no fiscal or monetary policy distor-
tions. Inflation and tax revenue are similar to those in the economy with no monetary policy
distortions. The absence of any policy distortions implies the economy is significantly larger:
real GDP is about 12% higher than in the benchmark economy. Interestingly, the economy with
lump-sum taxes displays the lowest debt-over-GDP ratio and the highest debt haircut and default
probability.

B.7 Seigniorage in emerging countries

The most consistent reference for seigniorage in emerging markets is the IMF. Following
Aisen and Veiga (2008), seigniorage is measured as the change in reserve money (line 14a IFS)
over nominal GDP (line 99a IFS). The first column in the following table provides the values for
the countries for which we calibrated the model, taken directly from Aisen and Veiga (2008).
On average, the measure they consider for seigniorage is 4.1 percent for the countries in our
sample. There are important differences across countries, ranging from 1.9% in Colombia to
over 6.9% in Chile.

The second column in Table 12 presents our replication and extension of the measure pro-
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Table 12: Seigniorage in Emerging Markets

Aisen and Veiga (2008) Aisen and Veiga (2008) Kehoe et al. (2020)
(original) (updated) (original)
Argentina 0.060 0.045 0.022
Brazil 0.036 0.033 0.019
Chile 0.069 0.029 0.021
Colombia 0.019 0.016 0.010
Mexico 0.022 0.018 0.017
Peru 0.034 0.032 0.021
Uruguay 0.049 0.029 0.026
Average 0.041 0.029 0.019

vided by Aisen and Veiga (2008). We extended the sample period from their last observation,
1999, to the more recent observation for each country in the IFS data set. The average measure
of seigniorage is now significantly lower, 2.9 percent, indicating that the use of seigniorage has
declined over time for these countries. This is to be expected as these countries continue to
develop and the quality/independence of their central banks improves. The last measure that

we consider is from Kehoe, Nicolini, and Sargent (2020), whose average for the countries we

consider is a bit lower than our updated number for Aisen and Veiga (2008).
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C Data

C.1 Data Sources
This section lists the sources for all the variables used in the main body of the paper.

Variables in Table 2 and 3:

* “Inflation” is Inflation, consumer prices (annual %) from the World Bank. Indicator Code

FP.CPL.TOTL.ZG.

* “Transfers/GDP” constructed as the product of two series from the World Bank. Subsidies
and other transfers (% of expense) with indicator code GC.XPN.TRFT.ZS and Expense
(% of GDP) with indicator code GC.XPN.TOTL.GD.ZS.

» “Exports/GDP” is Exports of goods and services (% of GDP) from the World Bank. In-
dicator code NE.EXP.GNFS.ZS.

* “Employment/Population” is Employment to population ratio, 15+, total (%) (modeled

ILO estimate). Indicator code SL.LEMP.TOTL.SP.ZS.

e “Gov. Consumption/GDP” is General government final consumption expenditure (% of

GDP) from the World Bank. Indicator code NE.CON.GOVT.ZS.

¢ “Debt/GDP” is Public External Debt (%GDP) computed using the ratio of the following
two variables from the World Bank. External debt stocks, public and publicly guaranteed
(PPG) (DOD, current US$) with indicator code DT.DOD.DPPG.CD and GDP (current
US$) with indicator code NY.GDP.MKTP.CD.

¢ “Haircut, Share of Debt” is the median “SZ haircut, HSZ” in Table 1 of Dvorkin et al.
(2021).

e “Default rate” is obtained from Tomz and Wright (2013). They construct a database of
176 sovereign entities spanning 1820 to 2012. The frequency of default is sensitive to the
sample being analyzed. They mention that their findings are “similar to the 2% default
probability that is a target for many calibrated versions of the standard model,” which
is the number we use as well. The unconditional probability of a country with positive
debt (a borrower) defaulting on debts owed to commercial creditors is 1.7% per year.
Nevertheless, this probability is higher in developing countries. Note also in Figure 2 of
Tomz and Wright (2013) that in a typical year, there are no defaults or there is one country
in default. We considered this fact when calibrating a significantly lower default rate in

the model with only € shocks.
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The sources for variables used in Table 4 and 7 are:

» “Real GDP growth” is GDP per capita (constant LCU) from the World Bank. Indicator
Code NY.GDP.PCAP.KN.

* “Trade balance” is Trade balance (% GDP) computed using two variables from the World
Bank. Trade (% of GDP) with indicator code NE.TRD.GNFS.ZS and the variable Exports

of goods and services (% of GDP) mentioned above.

* “Spreads” is the J.P. Morgan Emerging Markets Bond Spread (EMBI+) obtained from the
World Bank. Indicator Id: EMBIG.

The additional sources for Table 7 is Vegh and Vuletin (2015). For taxes, we use the file they
made available, “data_AEJEP.dta”, and using the variable “individual_tr,” we follow the same
detrending procedure to make the correlation more comparable. For this variable, Vegh and
Vuletin (2015) present in Figure 11 the correlation in growth rates; i.e., the correlation between
the change in the personal income tax rate and GDP growth. If we follow that procedure, our
results confirm the similarity of the model and the data—we obtain —0.2319 in the model and

—0.1009 in the data.

C.2 Estimation of a stochastic process for terms of trade and productivity

We use data on terms of trade from ECLAC - CEPALSTAT, Economic Indicators and statis-
tics, External sector. The index is called “terms of trade and purchasing power of exports”. We
also use the time series of commodity prices used by Drechsel and Tenreyro (2017). Before
estimating the autoregressive process, we take logs of the series and subtract the mean. Table
13 presents the results. The time period is 1980 to 2019. The coefficients p, and 6, are both
similar for all the seven countries, so we use the average in our benchmark calibration. It is
reassuring that the estimation results for the commodity price index presented at the bottom of
Table 13 are also quite similar to the average. We did not de-trend the series before estimating
the stochastic process so as to include long-duration cycles in the terms of trade (often referred
to as “super-cycles”) in our quantitative exercises and keep the model and the data more com-
parable. We have also estimated these stochastic processes after de-trending the time series for
terms of trade. The main difference is that the resulting value of p, is smaller, which implies
that shocks are less persistent.

For productivity we use the Penn World Table version 10.0, variable rtfpna (TFP at constant
national prices). Before estimating the autoregressive process, we take logs of the series and

subtract the linear trend. Table 13 presents the results. The time period is the same as for terms
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of trade, 1980 to 2019. The coefficients p; s, and 0; ¢, are both similar for all the seven countries,

so we use the average in our benchmark calibration.

Table 13: Estimation of process for shocks: p’ and ¢fp

p’ TFP
Number of years Pp Op Pifp Cifp
Argentina 40 0.9303 0.0608 0.7759 0.0433
(0.0568) (0.0064) (0.1072) (0.0062)
Brazil 40 0.8746 0.0657 0.8158 0.0270
(0.0760)  (0.0072)  (0.0575) (0.0027)
Colombia 40 0.9187 0.0847 0.8796 0.0139
(0.0585) (0.0095) (0.0905) (0.0015)
Mexico 40 0.8216 0.0702  0.8765 0.0251
(0.1339) (0.0036) (0.0556) (0.0023)
Chile 40 0.9139 0.1021 0.9066 0.0289
(0.0871) (0.0106) (0.0906) (0.0024)
Peru 40 0.9329 0.0733 09171 0.0444
(0.0729)  (0.0063) (0.0533) (0.0040)
Uruguay 40 0.7706 0.0717 0.8712 0.0369
(0.0926) (0.0072) (0.0432) (0.0031)
Average 0.8804 0.0755 0.8632 0.0314
Commodity 36 0.8757 0.0910
price index (0.0965) (0.0134)

Note: Standard errors in parenthesis.

C.3 Event Study Selection

We use quarterly data on EMBI+ Sovereign Spread data from Bloomberg to select the
episodes of debt crisis. The series are in basis points and cover 13 emerging market coun-
tries and extend from 1997Q1 to 2021Q4, depending on the country. The countries are Ar-
gentina, Brazil, Colombia, Croatia, Hungary, Indonesia, Mexico, Peru, Philippines, Russia,
South Africa, Turkey, and Ukraine.

Following Calvo et al. (2006), episodes are initially flagged if the EMBI+ spread is larger
than the sample mean plus 2 standard deviations. The sample mean and standard deviation
are calculated without spread observations above the 95th percentile to avoid increasing these
values with extreme observations. Episodes are dropped if the EMBI spread never reaches
500 basis points or if the peak is small relative to previous country events (e.g. Ukraine in
2020). Additionally, episodes are dropped if the spread is within 100 basis points in the prior
year without continual increases (up-down scenario). This is done to limit volatile events. For
example, assume 2007Q3 is flagged as an event start for a country with a spread of 750 basis
points. If the spread in 2007Q1 is 700 basis points and then drops to 600 basis points in 2007Q2

and then increases to 750 basis points in 2007Q3 then we remove the flag. Given the flag is
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time t=0, this procedure is applied to t=-4, t=-3, and t=-2, i.e., the quarters in the year prior
to the event flag, except the one directly before. We do not include the quarter directly before
the flag in question (t=-1) since it cannot be determined if the spread declined between the two
values. To these episodes we added others for which four conditions are satisfied: the spreads
increase to over 500 basis points, there are no “up-down” patterns, the peak is not small relative
to previous country events, and there is a known event that occured (the 2007-09 GFC shock).
This adds events in 2008 for Peru, Phillipines, and Russia. Once we have an episode, quarters
leading to that episode are flagged as part of the event if spreads are significantly increasing at
that point. This is measured by if the change in spread from previous quarter is greater than 90
basis points or the year-over-year growth rate is greater than 75 basis points. This is done to
better capture the beginnings of some crises. If there are only 1 to 3 unflagged quarters between
flagged quarters for a country, we count those two flags as the same event. After we have the
episodes selected, the event start (t=0) is marked as the first quarter flagged. For example, if an
episode has flags from 2005Q1 to 2007Q2 then t=0 would be 2005Q]1.

The inflation series are end-of-quarter consumer price index values retreived from either
IMF International Financial Statistics (IFS) or the country’s statistical agency via Haver Analyt-
ics, depending on availability. The indices are used to calculate year-over-year percent inflation.
Croatia, Mexico, and Ukraine inflation data are from IFS. Argentina inflation data are from Cav-
allo and Bertolotto (2016). All others are from the Emerge database in Haver Analytics. The
measure of inflation is truncated at +/- 50 percentage points to reduce the weight of extreme
events.

For the table, we presented the difference in inflation (and depreciation) between one period
before the shock (t=-1) and the period of the shock (t=0). Since the model is yearly and the data
is quarterly, we take end-of-period inflation values over 4 quarters in the data. We take the 4
quarters preceding the event to be period -1, so the end-of period value is inflation in the quarter
prior to the event start. Likewise, we take the 4 quarters including and directly after the event as
period 0, so the end-of-period inflation is the value in the third quarter after the event. The same
process is implemented to obtain end-of-period depreciation.

For the model, we need to adjust the criteria that the spread must be at least 500 basis points
because the period is year. We take the average spread in selected events in the data from
the quarter of the event (t=0) to the third quarter after the event (t=3). The minimum of these

averages is 379 basis points, which we use for the model’s lower threshold for event selection.

C.4 Local projections
We consider four alternative left-hand-side variables: inflation, currency depreciation, EMBI

spreads, and GDP growth (i.e., In(GDP,) — In(GDP,_1)). We refer to these variables as y!, where
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i refers to the country and # to the year. The right-hand-side variable of interest is the log(terms
of trade), or productivity, and we refer to this variable as /p!.

The difference of a variable  periods ahead with the same variable one period ago is
Ayi Vo1 yf s ¥'_;. The panel regression we run to obtain the response to terms of trade

shocks is
Ay§+5 1= al + ﬁSAlpfﬁt_l + controls.

We run this regression 32 times: for each of the four alternative left-hand-side variables, for each
of the two alternative right-hand-side variables, and for § = {0, 1,2,3}. The controls consist of
two lags of Ay! L5410 tWo lags of Al p!,_,, and country fixed effects.

In Figure 5 and 6, we plot the coefficients B5 multiplied by —10 to represent a 10 percent
decline in the terms of trade or productivity. The standard errors showed by the shaded area in
the figure are robust standard errors.

The time period for the regressions in 1980 to 2019 or the latest available observation. The
most important exception is the regression for the EMBI spread, which starts in 1997 due to
data availability of this variable.

We also conduct this comparison using contemporaneous regressions between these four
variables and the terms of trade. The estimated semi-elasticities, similar to those in Drechsel
and Tenreyro (2017), are quite similar in the model and the data and resemble the effect at time

zero in the analysis presented here.
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