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Appendix A: Static model (for online publication)

7.1 Financial autarky case

Consider a static model with a stochastic endowment and consumption tax. Output (en-

dowment) can take two different values with probability p and 1 — p:

yg = ¥y + 7, with probability p,
. | N (33)
yr, =y — 7, with probability 1 — p.

For simplicity, p is assumed to be equal to 1/2. It can be easily checked that

Preferences are given by
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We can solve this problem as a social planner because the consumption tax does not
distort intertemporally (i.e., the model is static) or intratemporally (i.e., there is no la-

bor/leisure choice). The economy’s resource constraints take the form

The planner’s choice variables are {cy, g, cr,gr}. The Lagrangian is given by

1—-L 1—-L 1—-L 1—-L
cy ¢ —1
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+Aa(ye —co — gu) + Ao(yw — ca — gu)-

Once we have solved the planner’s problem, the government constraint in each state of nature

can be used to find out the corresponding tax rates:

g; = T;C;, 7= L, H. (36)

The first-order conditions for{cy, gu, cr, g1} are given by, respectively,

acy™ = Am, (37)
1-a)gn" = Am (38)
acﬁ = AL (39)
(1-a)g™ = A (10)



These first-order conditions imply that the marginal utilities of private and public consump-
tion are equalized in each state of nature (i.e., U.n = U,r and U, = U,r) but not across
states of nature (because there is no full insurance).

Specifically, combining first-order conditions (37) and (38), we obtain:

ac a Oc
CH =9y (1—a> ‘ (41)

By the same token, from (39) and (40):

e Qa Oc
cL =91’ < ) 2 (42)
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Combining (35), (41), and (42), it follows that

e a \”
ya = 9 (m) + 9,

= a \”
o = 90 \ 14, + 9L

Define
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i = 5 1= L, 11,
g g; 1 —a g
, % g, -1
¢ (9:) = 1+( a ) U—ggfg > 0. i=1L,H.
11—« o
Then,
Yi = ¢(gz); 1= La H?
F,(yz) > O’ 1= La H7

2To show that the relative size of 0. and o, captures preferences for ¢/g, divide equation (41) by equation
(42) and rewrite this equation as log(cy/cr) = (0c/04)log(9,/9,). Then, o. = o4 implies (cg/gn) =
(cr/gr); oc > o4 implies (cu/gm) > (cr/gr), and o < o4 implies (cu/gr) < (cr/9L)-



where I' = ¢! and
da:
g9 _ 1
dyi ¢

Define the cyclicality of government spending as

0, i=1L, H

0, = log (‘Z—IZ) = log(gm) — log(gz)-

Using (43), this expression can be rewritten as

0y = log(T'(yn)) — log(I'(yz)) > 0,

because I"(y;) > 0 and yy > yr, which shows that government spending is procyclical
regardless of the values of o, and o, (Proposition 1 in the text).
Taking into account the binomial distribution, given by (1), we now show that 6, is

increasing in  (Proposition 3 in the text):

&, 1 1
_:—F’ +
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F/(yL) > 0.

To obtain a reduced form for 7;, combine (36) with (41) and (42) to obtain

Now define the cyclicality of the tax rate as

0, = log (T—H)
TL

which, using (44), can be rewritten as

gHiog Oc g Oc
0, =1 - =11-——1 —|l=(1——)6,=0. 4
o5 oy < Ug) Og<gL> < Ug) 920 (43)




As stated in Proposition 2, it follows that

+ (countercyclical), o, < oy,
0

0, =

(acyclical), 0. =0y,

—  (procyclical), a. > 0.

What happens in response to a mean-preserving spread in output? Differentiating

deT_ 1_2 d_9g
dy o,) dy’

(45) with respect to T,

where (df,/dvy) > 0. Hence,

+ 0. <oy,
db. B
W = O. = 0y,
— 0. > 0.

As stated in Proposition 3 in the text, if 6, is countercyclical (i.e., positive), it will become
more countercyclical. If it is zero, it remains zero of course. If it is negative (procyclical),
it becomes more negative (i.e., more procyclical). In other words, a mean-preserving spread

always amplifies the cyclicality of tax rates.

7.2 Complete markets

While the model is static, we assume that households have access to contingent claims that
can insure them against the outcomes in each state of nature (i.e., high and low output).
The state-contingent bonds are intra-period; that is, they are purchased at the beginning of
the period (i.e., before the shock materializes), and the households receive the pay-off at the
end of the period (i.e., after the shock takes place).

As in the case of financial autarky, we can solve the planner’s problem (with the
planner having access to complete markets abroad) since, in the absence of any distortions,
the government will be able to implement the first-best policy.

The planner chooses {cy, gm, ¢r, g1} to maximize

pU(cu, gu) + (1 —p)U(cr, g1),



subject to

quym + qryr = qu(cy + gu) + qr(cn + g1),

where U(c¢;, g;) is given by (34).
The Lagrangian is given by

= pU(cn,gm) + (1 —p)U(cL, g1)

+ A quyn + quyr — qu(cu + gu) — qr(cr +g1)] -

The first-order conditions are given by

PUecy (cr,gm) = Aqm, (46)
pUgy (e gn) = Aqu, (47)
(1=p)Ue,(cL,90) = Aqr, (48)
(1 =p)Uy,(cL,gr) = Aqr. (49)

Notice that, as in the financial autarky case, the marginal utilities of private and public
consumption are equalized in each state of the world; that is, U.,, = U, and U,, = U,, .
Combining first-order conditions across states of the world (i.e., (46) and (47) on the

one hand, and (48) and (49) on the other), we obtain

pUCH(CHagH) _ (1 _p)UCL(CngL)
4H qr ’

pUgH(CvaH) _ (1 _p)UgL(ClngL)
qH qr .

Assuming actuarially fair insurance (i.e., gy /qr, = p/(1—p)), we can rewrite these optimality

conditions as

UCH(CH79H) = UcL<CLagL)a (50)

UQH(CH79H) = UgL(cbgL)- (51)



Marginal utilities of private and public consumption are equalized across states of nature
(implying full risk sharing). Since the utility function, given by (34), is separable, conditions
(50) and (51) imply, respectively, that ¢y = ¢, and gy = gr. The latter implies that
government spending is acyclical (Proposition 1). In other words, under complete markets,
government spending is acyclical regardless of the relation between o, and o,. Further,
given (36), cy = ¢f and gy = g1, imply that 74 = 7. Hence, tax policy is also acyclical for
any values of o, and o, (Proposition 2). In either case (spending or tax rates), fiscal policy

is acyclical regardless of the variance of the distribution (Proposition 3).

7.3 Income tax

Suppose that we have an income tax in the form of an endowment tax (to keep it symmetrical
with the consumption tax case). In other words, the consumer’s budget constraints are given
by:

¢ = (1-&)yi i=1L,H,

where &; is the endowment tax.

Other than this, the model is exactly the same as in the case analyzed above. As in the
consumption tax case, this endowment tax is non-distortionary. We can thus solve the plan-
ner’s problem as we did for the consumption tax case. All results for both financial autarky
and complete markets go through since they do not depend on what is the government’s
source of tax income as long as it is non-distortionary.

Given the planner’s optimal choices (which will be the same as in the consumption tax

case), the income tax will follow from the government budget constraint:

gi:(l—&)yi, i=1L,H.

We conclude that Propositions 1-3 would also hold for the case of an income (i.e.,

endowment) tax.



8 Appendix B: DSGE model (for online publication)

This appendix formally sets up and solves the four variations of the main DSGE model used
in the text. First, we consider a small open economy operating under financial autarky
(i.e., no borrowing from/lending to the rest of the world). Second, we deal with a standard
small open economy that has access to a world risk-free bond (i.e., incomplete asset markets).
Third, we consider a small open economy that is operating under complete markets. Finally,

we present a variation of the incomplete asset markets case with a labor tax.

8.1 Financial autarky model
8.1.1 Households’ problem

The household’s problem is given by:

max Fy Z ﬁtU(Ct, gt lt),

t=0

subject to

dt = (1 + thl) dt,1 — Yt + (1 + Tt> Ct + ) (dt) — Ht7 (52)
e = Ay,
In (4;/A) = paln(A_1/A) +¢e!', & ~NIID(0,0%),

and a no-Ponzi condition.

We assume households face convex portfolio transactions costs, ®(d;). These adminis-
trative services (for either assets or liabilities) are provided by a government agency at zero
cost. Profits (IT) are transferred to households in a lump-sum way so as to get rid of any
wealth effects associated with these portfolio adjustment /transaction costs.

Notice also that here the portfolio costs are internalized by both the household and the
Ramsey planner. In the SOE case (see below), only the Ramsey planner internalizes the

upward sloping supply of funds.



8.1.2 Lagrangian

The Lagrangian is given by

L =Ey {Z BtU(Cth, l;) + BN [di — (L4 ri—1)dir + Ay — (L + 1) cp — O (dy) + T1]

t=0

The first-order conditions are given by

[Ct] . ﬁtUc(Ct, gz, lt) — ﬁt)\t (1 + Tt) = 0,
] = BUi(cr ge, 1) + B'XA = 0,
4] BN = (d)] — (14 70) B E A = 0.

Simplifying the first-order conditions, we obtain:

U, go,le) = M(147),
Ul(chgt»lt) = —NA,

ML= @(d)] = (1+7)BEN s

8.1.3 Government’s flow budget constraint

The government’s flow budget constraint is given by
d? = (1 + thl) df—l — T4Ct + gr — d (dt) + Ht-

8.1.4 Aggregate constraints

Financial autarky implies:

} |

(53)



Combining the household’s and government’s flow budget constraints, given by (52) and

(53), respectively, with the restriction above (in ¢ and ¢ — 1) yields:

Ct + g = Yi-

8.1.5 Implementability conditions

The implementability conditions follow from the first-order conditions and are given by:

Ui(ct, 7l
At — _l<t—gtt) (1 —+ Tt) =1, = F(Ct,gta ltyTt)7

Uc(ctagtalt)
Uc(ce, gis 1) 1+

117 = M=o, gl 1) = TWBEt/\(Ct—i—l;gt—i—lvlt+1a7—t+1)'

8.1.6 Ramsey problem

The Lagrangian for the Ramsey problem is given by

4 )

> im0 BU (et 9oy le)
+8% (U — Ay)
= Ey +8't0 [ Mo — T BB
+0%us [di — (L4 1—1) diy + Aly — (L4 71) ¢4
+B pra i (Aele — ¢ — 1)

10



The first-order conditions are given by

1+7
e+ U + gL, + M2t Ae, — MQ’t_IT(tdtil))\ct — pt3 (1 4+ 7¢) — pag =0,
1+r
L]+ U 4 paals, + pogh, — piog— ,—tl)\lt + ps Ar + pa Ay =0,
1— &(dyy)
1+7r_
l9:] : Ug, + p14lg, + plogAg, — ,MQ,t—l—l — @'(thil) Age — Hay =0,
1+r._
[Tt] : Ml,trn + ,u2,t>\n - MQJ_IT(tdtil))\Tt — M3tCt = 0,
1 -+ T ’
[dt] B OR —m‘b (dt) BEN 41| + M3t — B (1 + Tt) Etﬂ3,t+1 =0,
- t
1
[re] _Wﬂztﬁﬂ)\tﬂ — BdiEypz e =0,
- t
[Ml,t] Iy — Ay =0,
1 -+ Tt

[od] + A — TWBEV\HI =0,
lae] © dy— (T4 1) dey + Ay — (14 7) ¢, = 0,

[/M,t] D Ady—c— g =0.

8.1.7 Parameterization

The portfolio transactions costs take the following quadratic form (see, for example, Schmitt-

Grohe and M. Uribe, 2003):

®(d) = = (d—d)°,
CI),(dt) = ¢ (dt - E) , @7 (dt) = 9.

where ¢ and d are parameters.

szl/ae 1 gl—l/ag B

Uler, g, ly) = — 1o + tl—l/a +In(1-1),
c 9

1
1-1

—1/0¢ —1/c
Up = ¢ Ug, = gy /75, U, = —

11



The derivatives of I'; and ); are given by, respectively,

Ul(ct, g, 1 147
Ft _ l( ty gt t) (1 +Tt) _ jl/o— :
Ue(ct, g, 1) (1—1)e, '7¢
1 + Tt . ]_ ‘I— T+ . ) 1
o = i D= il =0 T = ——
O'C(l — lt)ct (1 — lt) Cy (1 — lt)ct
P Ue(ct, 91, 1t) _ Ct_l/ac
t 1 + Tt 1 + th
Cfl/a'cfl 671/0'c
t o.(l+m) " 8 T (1+m)

8.1.8 Dynamic system

We have a system of 12 endogenous and 1 exogenous variables:

{Cta Tt, lta Gt dta Tty Ut ,ul,b ,u2,ta ,u?),t? ﬂ4,t7 )\t} and{At}7 respectively,.

that are determined by 13 equations:

1+r
UCt + ,u/l,tFCt + ,LLQ,t)\Ct - /~L2,t*1T<dt,1>)\Ct

— a3y (L4+7) — pay
14+7 Ct_l/ac_l
1—¢ (dt—l —8) oc (14 7)

—ptay (L4+7) — pay

C—l/ac—l

“1/o, 147
[1] C Y + M1t : ) + H2t—1

t
— 7 — Hat
oo(1 = 1) o oo (147

1+ r_
Ui, + paly, 4 proghi, — pot—1 ,—tlAlt + ps Ay + pa A = 0,
1—®(dsq)
1 1 + T¢
2] — + g + A+ paiAe = 0,
1—1 (1= 1)2¢ 7

12



L+ri
Ug, + p1,4lg, + o Ng, — pos—1 T(dt—l))\gt —pag = 0,

B g =y = 0,

1+r._
Ml,trn + /~L27t)‘7't - MQ,t—IT(tdtil)/\n — M3,tCt
1 ¢ Ve 1471 c;l/ac
[4] Mg — MZ,tt— + p2t-1 = — M3,tCt
(1= l)e; /o (14 7)? [1— ¢ (diey —d)] (1+7)°
1+7r

ot [—m@” (dy) BEt)\t+1:| +psy— B (14 1) Eyprs g 0,

— t

1+r
5] M2t [— [1 5 (d ‘ a)}2¢5Et/\ + pse — B(1+ 1) Erpig i 0,
_ L —

1
—mﬂz,tﬁﬂt}\tﬂ — BdiEypsepn = 0,
1
[6] - m#z,tﬁﬂt}\tﬂ - 5thtM3,t+1 = 0,
ri,—A = 0,
147
[7] il/cfc - 4 07
(1 - lt)ct
]_ + Tt
N — ——BEMy =
t 1 B (p/(dt)/g tN\t+1 07
1 + Tt
8] M————t BEMNag = O,
[] t 1_¢(dt_d)5tt+l

9] di— (1+r)dia + Ay — (1+7) ¢ =0,
[10] Atlt — Ct — gt = 07

1]y = Ady,

13



~1
¢ foe

- 1+Tt’
[13] In (4;/A) = paln (A1 /A) + ¢!, &' ~NIID (0;07%),

12 A

with associated 8 parameters

{Uc> Og, B, PA, 0-1247 ‘ZL ¢78}

8.1.9 Steady state

The steady state is a system of 13 equations with 21 unknowns, comprised of 13 steady-state

variables given by

{C, T, l7 g, d; Yy, )\7 K1, 2, 135 Ly, A}7
and 8 parameters {0, 0,, 3, pa, 0%, A, ¢,d}:
1+ Tt—1 Ct_l/oc_l
(b (dt,1 - E) Oc (1 + Tt)
—pze (1+7) — pag = 0,
147 g ] ¢ Yoe—l
r] ————
(1 —)cl- 1o H2 oo (14 7)
—p3(L+7)—ps = 0,

~1/oc 1+ 7 o ot

¢ + 1, -
t “oo(1— 1y)ek

i + _
Hat ) Hat 11 —

¢
o. (147

] Ve tm
g,

1 1+7-t
— B N e ps Ay + pa Ay = 0,
1—-1 (1—1)% 1/oc
1 1+7
2 - — —_— A A =0

g " =y = 0,

14



L+
M2t [— t_ 2¢5Et>\t+1 +#3’t_6(1+7“t)EtM3,t+1 = 0,
[1—¢(d —d)]
1+r
[5] H2 [_ — 2¢BA +,LL3 —6(1+T) 3 = 07
1 o(d-1)
1
_m“%ﬁ&/\tﬂ — PdiEpz i = 0,
1
6 T ——— )\—d — 07
14
—Tfl/a— i = 0,
(1_lt>Ct ¢
1+71
T e A =
7] = 0,
1+Tt
— . = E)\ — O,
t 1_¢(dt_d)ﬁtt+1
1+r
8 — . =< = O,
8] 1—¢(d—dy3

9] d—(14+r)d+Al—(1+71)c=0,

[11] y=Al,
c—l/UC
12 =
12 =N
[13] A=A

15



After calibrating some of these parameters (see text for details), we solve this system

numerically.

8.2 Small open economy with incomplete asset markets
8.2.1 Households’ problem
The household’s problem is given by:

max F Z BU (ct, gi, 1),

t=0

subject to

di = (14+r)diqy—ye+ 1+ 1),
yr = Ay,
re = rf+pldy),
In (4;/A) = paln(A,_1/A) +&, &' ~ NIID(0,0%),
In (R;; /E*) — ppeln (R:g_l /Tz*) LR RO NTID(0,02.).

and a no-Ponzi condition.

Note that, in equilibrium, d; = d;. This is not internalized by the household, but is

internalized by the Ramsey planner (see below).

8.2.2 Lagrangian

The Lagrangian is given by

=k {Z BU (e, g le) + BN [de — (L4 re1) dioy + Agly — (14 7) Ct]} :

t=0

16



The first-order conditions are given by

]+ BUAc, g0, 1) — BXN (1 +7) =0,
] - ﬁtUl(Ct, ge, ly) + BN A =0,
[di] :© BN — (L+71) BT EXg = 0.

The first-order conditions reduce to

UC(Ctagt7lt) - At (]- +Tt> 9
Ul(Ct7gt7lt> = —AA,

A = (L+1)BEN.

8.2.3 Government’s flow budget constraint

The government’s flow budget constraint is given by

d? = (1 + 7“;?_1) d?—l — TiCt + [

r{ = r;+pld).

8.2.4 Implementability conditions

The implementability conditions are given by

U Ct, 7l
At — _M(1+Tt>:FtEF(Ct,gt,lt,Tt)7

Uc(ct)gtylt)
U.ce, g, 1
% = A= )\(Ct,gt,lt,Tt) = (1 + Tt) 5Et)\(0t+1,gt+1a lt+177't+1)-
t

17



8.2.5 Ramsey problem

The Ramsey problem takes the form:

( )

> o BU(ct, g, ly)
+8% (L — Ay)
= Ey +B%a,e [Ae — (1417 + p(dr)) BEA+1]
+B%us [de — (L4717 + p(de—1)) diy + Ay — (L4 71) ¢4
+Bpay [d] — (1 + iy + p(d]_y)) di_y + Tcy — g4

The first-order conditions are given by

[cr] = Uey 4 paale, + praghe, — pzar (14771 + pldi1)) Aey — pae (14 70) + pragme = 0,
(L] 0 Ui+ paele + pogh, — pog— (L+ 7 + p(dim1)) My + pseAs = 0,
9]+ Uy, + 14Dy, + pophg, — pop—1 (14171 4+ pldiz1)) Agy — pae = 0,
(7] ¢ pnelr + poe s, — pog (1 +ri +p(dt—1)) Ary — H3,:Ct + pagcy = 0,
[di] = —poud(d) BE N1 + pse — B (' (di)dy + 1+ 7} + p(dy)) Eyprs e = 0,
[df] = pae = B(P(d])d] + 1+ 7¢ +p(d)) Evpragr =0,
(e = v — A =0,
(o] A= (L4717 4+ p(di)) BEA41 = 0,
(s @ di— (1 +ry o+ p(dt_l)) di1+ Ady — (1+ 1) =0,

[N4,t] odf — (1 +rig + p(dtgfl)) dfﬂ + 7 —9:=0.

8.2.6 Parameterization

Preferences are given by:

Ule, g, 1) = c — + — +1In(1-1),

—1/0¢ —1/o0
UCt = Ct/ ) Ugt:gt /g; Ult:_

18



The derivatives of I'; and ); are given by, respectively,

U l 1
Iy = _Ue gu k) (1+7)= ;T—tl/a
Uec(ct, g, 1) (1 —le)e, 77
1 1 b
L, = . Tt1 /oo Iy, = %Tm =0; I'y, = 1o
oe(1—1y)e; /7 (1 —1;)%¢, /7 (L—=le)ey 7
\ _ Uc(ctagta lt) — Ct_l/o—c
! 1+ I
e loet c; e
Ao = i Ay =02, =0 Ay =
O‘C(l—l—’Tt) (1+Tt)

Following Uribe and Schmitt-Grohé (2003), the debt-elastic specification for the house-
hold is given by:

p(d)) = [exp (dt d) - 1}

pd) = v exp(di—d),

and for the government:

p(df) = ¢ [exp (df —d?) —1],
p(d]) = ¢exp (df —d?).

8.2.7 Dynamic system

The dynamic system consists of 13 endogenous and 2 exogenous variables, respectively:

{Ct7 Tt, lt7 gt, dt7 dgv Tty Yty K1ty H2t5 13,8, Hat, )\t} and{At? T:}7

19



that are determined by 15 equations:

Ue, + 1L, + [,Uz,t — U2t—1 (1 +ri o+ p(dt—l))] Aeo — s (L+7) + pagm =

1/, 1+Tt
[1] ¢ Hoe + pag
t 01— l)e; 7
—1/0.—1

= [poe = poa (L4 iy + 0 [exp (diy — d) = 1])] Oit(l + )

—s (L4+7) + paeme =

Ui, + pnaly, + [pog — pog—1 (177 +p(dec1)) ] Ny + psede = 0,
—1 1 + Tt

2] + 7

L—1, " g)ee e

+M3¢At = 0,

Ug, + p1140g, + [pt20 — pog—1 (L + 77y +p(dio1))] Age — pay = 0,

B8] ¢ 7" —pay = 0,

prel's, + [,UQ,t — H2,t—1 (1 +riq+ p(dt—l))] Ar, — M3,4Ct + [atCt
1 71/013

* (& C -
(4 e = e s (Ui 4 o (s =) = 1))

—H3,4Ct T+ b4 tCt

—,u2,tp/(dt)5Et)\t+1 + pse — B (p'(de)dy + 1+ 1} + p(dy)) Eipgin = 0,
[5]  — p2ubexp (dt — CD BE 11+ p3
-0 (77/1 exp (dt - J) di+1+4+7r+79¢ [exp (dt — d) — 1]) Eipgin = 0,

pag — B @ (d))d] + 1+ 77 +p(d])) Erpagn =

6] par—pB (wg exp (df - dg) Al + 1471+, [exp (df = Jg) — 1]) Ejgs =

20

0,

0,



Ft - At - 07
1+ Tt
(1—l)e Vo

[7] A =0,

[8] )\t — (1 + 7“: + w [exp (dt — d) — 1}) 5Et)\t+1 = O,
[9] dt — (]_ + 7“:_1 + ¢ [eXp (dt—l — d) — 1]) dt—l + Atlt — (]_ + Tt) Ct = 0,

[10] df — (1 + 1+ Y, [exp (de1 — Jg) — 1}) d} |+ ey — gy =0,

[11] yt:Atlt7
—1/oc
C

12] N =t

[ ] ¢ 1+Tt7

[13] 7y =71} 4+ [exp (d; — d) — 1],
[14] In (4;/A) = paln (A1 /A) + ¢!, &' ~NIID (0;0%),
[15)  In(R;/R*) = pp-In(R;_,/R*) +&/", &f ~NIID (0;0%.),

with associated 13 parameters

7 N7 2 2 A =
{Ucv Uga 67 1/}7 d; wgv dg7 PA,O 4, p:7 O s A7 T*}'

8.2.8 Steady state

The steady state is a system of 15 equations with 28 unknowns, comprised of 15 steady-state

variables

{C, T, l7 g, da dga Yy, )\7 M1, 2, 13, [, A7 7"*},

and 13 parameters {0, 0,, 3,0, d, 0y, d?, pa, 0%, pre, 02, A, 7 }:

r*

—1/oc.—1

&
(1 -0
o (1 n T) ps (1 + T)+M47’ ,

—1/0 1+ * c
[1] ¢V o _l);l/%ﬂ@ [r* + ¢ [exp (d — d) —1]]
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1 1+7

S T e TA=0

8] g7 — =0,

C—l/aC

4] m +piz [17+ ¢ [exp (d — d) — 1]] 5 — Hsc+ pac =0,

(1+7)
5] —mzﬁexp(d—d)ﬂ)\+u3—ﬁ(@bexp(d—d)d+1+r*+@/)[exp(d—d)—1}),u3:0,

b
(1 —1)c Ve

[6] pa— B (Vgexp (@ — d?) d? + 1+ 71"+ 4 [exp (df — &%) — 1]) pa = 0,

1+71
(1 —1)coe

8] A= (1+7r"+ ¢ [exp(d—d) —1]) BA=0,

[7] A=0,

9] d— (1+r"+¢[exp(d—d) —1])d+ Al — (1+7)c=0,
[10] dg—(l—i-r*—l—% [exp(dg—czg)—1})d9+7'c—g:0,
[11] y = Al
[12] r=7*+¢ [exp (d —d) — 1],

1/

13 =\
13 S =,

[14] In (A/A) = paln (A/A)

[15] In (R*/R*) = pg-In (R*/R")
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This system may be reduced to the following 8 equations:

L+7 o ¢/l
rfe—
N P G )
1 147 -

8] g7 —py = 0,

1] c_l/”c—l—,ulg —p3(1+7)+ppur = 0,

1 . ¢ Voe
[4] Hlm + por m — p3C+ puc = 0,
C—l/oc _ i}
[5] —H2¢51+T+M3—5(¢d+1+7>ﬂ3 = 0,
1+7 -
_-TT 4 =
S P .

7 d—(1+r)d+Al—(1+71)c = 0,

B & —1+r)d’+1c—9g = 0,
with the following 9 unknowns

{C7 T,l,g,J, M17M27M37M4}

and the following equation added to close the system
(d + d%)/ Al = DtoY,

where DtoY is calibrated to 1.34 (see Table 1).
Note that this system can be further simplified by setting d? = 0. To see this, start

from equation [6], repeated here for convenience,

6] pa— B (Ygexp (d2 —d?) d* + 1+ 1"+, [exp (& — d?) —1]) pa =0,
Assume that d9 = d in the steady state. So, this is reduced to

pa— B (Wgd’ +14+1" s = 0
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Since the government’s budget constraint is binding (satisfied with equality), it must be that

1g # 0 in the steady state. Therefore,

B(Yyd? +1+1") = 1

bt = 5= (1+r)

Ut = 5= (1+r)

L1+

9 = L -7
7,

In the incomplete asset market model, this result implies:

since we use the standard assumption that % = (1+7%).
After introducing this further simplification and calibrating some of the parameters in

this model (see text for details), we solve this system numerically.

8.3 Small open economy with complete asset markets
8.3.1 Households’ problem

The household’s problem is given by:

max Fy Z ﬁtU(Cu gi: lh),

t=0

subject to:

Ediarisn = di+ Ady — (1 + 1)y,
Yy = Atlt,
In(A;/A) = paln(Ai/A) +¢l', & ~NIID(0,0%),
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and a no-Ponzi condition.
8.3.2 Lagrangian
The Lagrangian is given by

= Ey Z@tU(Ct,Qt, lt) + BtAt[dt + Ay — (1 + Tt)Ct - dt+17"t+1]-

t=1

The first-order conditions are given by

lc] - BtUct(Cm ge, ly) — 5t>\t(1 +7) =0,
L) B'UL(ct, g6, 1) + BANA = 0,
[dis1] © —B'NEre + 87 B = 0. (54)

These first-order conditions can be simplified to

Ug(ct,g, 1) = M1+7),
Ult (Ct7 ¢, lt) = _)\tAtv

)\tEtTtH = BEt)\tH.

8.3.3 Governments’ flow budget constraint

The government’s flow budget constraint is given by
Eyd] 1 = d] — g + 1y

8.3.4 Implementability conditions

Following Schmitt-Grohé and Uribe (2003),

U,
1+ Tt

- >\t — \IJCAM (55)
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Thus, the implementability conditions are given by

At = —M = Ft = F<Ct7gt7lt)7

Veam
Uct(Cm gt lt)

147 t (Cngt, taTt) CAM

From conditions (54) and (55), it follows that
Eiren =8

Multiplying on both sides by debt:

EtTt+1dt+1 = ﬂEtdt—&-l?

Etrt+1df+1 = 5Etdtg+1.

Then, following Schmitt-Grohé and Uribe (2003) we can define,

St+1 = Etrt+1dt+1,
g — g
Sip1 = Ereadiy.

8.3.5 Ramsey problem

The Ramsey problem’s Lagrangian takes the form:

( )

Yooy BU (cr, gi, 1t)
+B% [T — Ay
L = Ey + 6 ot [Ar — Yeoanm] ’
B s [dy + Agly — (1 4+ 7)er — s4]

+ 5 pay[d] — g0 + Tcy — s
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The first-order conditions are given by:

[er] o Uy + paple, + poghe — pis (1 + 1) 4 pagm = 0,
L] U+ paaly, + poeh + ps Ay = 0,
lg:] © Uy, + 4Ly, + oAy — pay = 0,
(7] © poiNr — psice + pagc =0,
[diy1] © —pse + Btz pen = 0,
(1] —pay + Eipragr =0,
e = T — A =0,
[,UQ,t] A — \I’CAM7
se o di+ Ay — (1 +7)er — se41 =0,

[nad] = df = ge 4 Tece — sf, = 0.

8.3.6 Parameterization
Preferences are given by

Cifl/gc 1 g171/ag

U(Ctagtalt> = 1_1/0_ + tl— 1/0_ +lOg(1 _lt);
c g

—1/0¢ —1/o0
UCt = Ct/ ;Ugt:gt /g; Ult:_

1—1
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The derivatives of A; are given by

A = Ue, (¢t g1, 1t) _ Ct_l/gc
! 1+7 1+7’
1 4
c °°
Act = _t—a At _07
(14 1) :
1
c ’°
A, = 0; A, L
gt ’ t (1+7—t>2
The derivatives of I'; are given by
F o Ult(ct7gt7lt) . ]‘
t — - )
Veoam (1 —=1)Voam
1
FCt - 07 Ft - I
: (1—1)2Veam
r, = 0.

8.3.7 Dynamic system

The dynamic system consists of 13 endogenous and 1 exogenous variable, given by

g g :
{Ct7 lta Gt Tt, dt7 dt y Sty Sty U1ty M2ty U3ty M4t yt} and At7 reSpeCt1V81Y‘

that are determined by 14 equations:

Ue, + paile, + poihe — p3(1 + 1) + prage = 0,

-1 9
1 —1/oc Ct— . 1 — 0
1] < M’tac(l ) pa (14 7)) + paym ;
U, + D, + poaNyp + 3 Ay = 0,
1
2] —— A = 0
[2] -1, + 'ul’t(l ) Venn + 3 Ay ;
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Ug, + p1,lg, + pogAg — pay = 0,

3] 9 e —pay = 0,

poi Ny — pig i + pagee = 0,
cfl/a'C
L 5 — M34C + pagcy = 0,

[4] - M2,tm

5] — pst + Eypig 1 =0,

6] — par+ Epprarer =0,

Ft — At - O,
1
N ———+ A = 0,
7 (1—=1)Vcam '
A —Yoanr = 0,
C;I/UC
8 — v = 0,
[ ] (1“‘7}) cAM

9] di + Aly — (L + 7)ce — sp41 =0,
[10] df — g+ + e — s74 =0,
(1] st11 = BEwdita,
[12] sf,, = BEd],,
[13] y: — Ay = 0,
[14] In(4;/A) = paln (A/A) +&l', &' ~ NIID(0,0%),

with associated 6 parameters

{0-07 Og, Bv PA, 0,247 Av \IICAM}-
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8.3.8 Steady state

The steady state is a system of 15 equations with 20 unknowns, comprised of 15 steady-state

variables

{C7 l7 9,7, da dga M1, K2, 13, Ha, A7 Y, s, 597 qjC’AM}

and 5 parameters {o,,0,, 3, pa, A}:

c_é_l
H2 o.(1+7)
1 1

2 _
S e AR Sy T

[1] ¢ e - — p3(1+7) + par =0,

+M3A = 07

8] g7/ — =0,
C—l/UC
(1+ 7')2
1
(1—D)%cam
—1/0¢
[6] c

(1+7)
7] d+Al—(1+7)c—fpd=0,

[4] —pe — pac + pac = 0,

—Veoanm =0,

8] &’ —g+7c—pd’ =0,

o & At 4 pioy o,
[10] s = pd,
1] 9 = pu
[12] y = Al
13 A= 4,
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14] do =0,
[15] ps = Veam,

where we have added equations [9] and [14] so as to make the steady state consistent with
that of the incomplete asset markets case: d9 = 0 and DtoY = 1.34. We also add equation
[15], which is derived following the same procedure that supports condition (55). After

calibrating the remaining parameters (see text for details), we solve this system numerically.
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8.4 Small open economy with incomplete asset markets and labor

tax
8.4.1 Households’ problem
The household’s problem is given by:

max Fj Z BU (ct, 9o, 1),

t=0

subject to

di = (T4+riq)di1— Ady (1 —71) + ¢4,
Y = Ay,
re = 17 +pldy),
In (4;/A) = paln(A,_1/A) +&l, &' ~ NIID(0,0%),
In (R;; /E*) — ppeln (R:g_l /Tz*) LR RO NTID(0,02.).

and a no-Ponzi condition.

Note that, in equilibrium, d; = d;. This is not internalized by the household, but is

internalized by the Ramsey planner (see below).

8.4.2 Lagrangian

The Lagrangian is given by

L = FE {Z 5tU(Ct,gt, l:) + BN [di — (L4 rq)dpy + Ay (1 — 7)) — Ct]} .
t=0
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The first-order conditions are given by

[Ct] : ﬂtUc(ctagta lt) - Bt/\t =0,
L] = BUilcr, g, b)) + BNA (1 — 1) =0,
[dt] . ﬂt)\t — (1 -+ Tt) ﬁtJrlEt)\tJrl =0.

The first-order conditions reduce to

UC(Ctagt7lt) - At7
Ules g, le) = —MNA(1—1),

A = (L+1)BEN.

8.4.3 Government’s flow budget constraint

The government’s flow budget constraint is given by

dg = (1 + Ttg_l) d?—l — TtAtlt + gt

ri = i +pld)).

8.4.4 Implementability conditions

The implementability conditions are given by

U Ct, 7l 1
A, = — (s, G- 1) =T =T(e g by ),

Uc(cr, g ly) (1 — 1)
Uc(ctvgtvlt) = M= )\(Chgtalt) = (1 + T't) BEt>\<Ct+lagt+17lt+1)-
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8.4.5 Ramsey problem

The Ramsey problem takes the form:

( )

Do BU (et g1: 1)
+B' 1, (Ty — Ay)
= Ey +Buas [N — (1477 + p(dy)) BEN11]
+B%a 4 [dy — (L4 77y + p(dia1)) dit + Ay (1 — 1) — ]
8%y [d] — (L7 +p(d)y)) dly + 1AL — gi]

The first-order conditions are given by

[ct]
[l
[9:]
(7]
[di]
(7]
[1,4]
[112,4]
[113.4]

[M4,t]

Ue, + pigle, + paiAe, — p2-1 (1 +7r +p(dt—1)) Aoy — M3 =0,

U, + gL + pogh, — pog—1 (1+ 77y +p(dicr)) My + papAe (1 — 72) + pag Ay = 0,
Ug, + p11,40g, + paghg, — poe1 (L4771 + p(diz1)) Agy — pay =0,

pe e — p3 e Agly + pra Agly = 0,

— oD (di) BE N1 + pise — B (P (de)dy + 14 1] + p(dy)) Eeptzge1 = 0,

pag — B (p'(d})d} + 1+ 17 + p(d])) Erpiazir =0,

Ir,—A, =0,

A — (L+7f +p(di)) BE A1 =0,

di — (L4717 +p(dim1)) dioy + Ale (1 — 1) — ¢ = 0,

df — (1 + 1 +p<dff1)) dj 4 + 1Al — g = 0.

8.4.6 Parameterization

Preferences are given by:

Ctl—l/ac _q gtlfl/ag
U l;) = In(1—1
(€t 90, ) =i i, Tnioh),
—1/0¢ —1/o0 1
Uct = G / ) Ugt:gt /g; Ult:_l—lt.
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The derivatives of I'; and ); are given by, respectively,

o Ul(ctagta lt) 1 o 1

Iy = — = Y

Ulet, g l) L =70 (1 — 7)1 = 1) i
1 1

Lo, = 1—1/0. ;L = 5 —1/o. ;

(1 — lt) (1 — Tt) (1 — lt) Cy (1 — Tt)
1
ry, = 0, I'y = ;

(1 —l)e; 7o (1 — )2

)\t = Uc(ct7gt7 lt) = Ct_l/ac,
C—l/aC—l

/\c = - ; >\lt = 0;/\gt = 0; /\7'

o, k

=0.

Following Uribe and Schmitt-Grohé (2003), the debt-elastic specification for the house-

hold is given by:
plde) = ¢ [exp (d; —d) — 1],

p(d) = vexp (d;—d),

and for the government:

p(d}) = 7 [exp (df —d%) — 1],
pd]) = ¢exp (df —d?).

8.4.7 Dynamic system

The dynamic system consists of 13 endogenous and 2 exogenous variables, respectively:

{Ct7 Tt, lt7 gt, dt7 dtg7 Tty Yt M17t7 M?,h :u3,t7 ,u4,t7 >\t} and{At7 T;k},
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that are determined by 15 equations:

Ue, + 1L, + [#2,t — Mot (1 +r +p(dt—1))] Aey — M3t =0,

1
1 —1/0¢ +
e e a1 )
Cfl/acfl
— [poy — pog1 (L+ 7 + ¢ [exp (dy — d) — 1])] = ~
— M3t = 07

Ui, + pa Iy, + [#2,t — M2i—1 (1 +r +p(dt—1)):| A, + s Al — 1) + pa Ay

2] -1 + L
1, —
1-1 lt(l —1;)?%¢, 1/00(1 —7)

+ pg Ar(1 — 1) + pa Ay

Ug + p140g, + [p2g — p2g1 (14771 +0(di1)) ] Agy — pag = 0,

[3] 951/09 —pag = 0,

paly, — ps e Ay + pa Ay =0,
1

(1 —l)e, V7o (1 — )2

[4] gy — p3 Ay + pa Ay = 0,

—po4P (d) BEN 41 + pse — B (0 (de)dy + 1+ 17 + p(dy)) Erpiz 41 = 0,
[5]  — po)exp (dt — CD BEN 1+ p3e —
15} (wexp (dt — d) di +1+7r; +79 [exp (dt — d) — 1}) Bz =0,

pray — B (' (d])d] + 1+ 1) + p(d])) Eypragsa

(6] pae— B (gexp (df —d°) d] + 1+ 1] + g [exp (df — d°) — 1]) Eypragsn
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Ft - At == O,
1
(1 —l)e, (1 —7)

[7] -4 =0,

8] M= (1+7+ ¢ [exp (dy — d) — 1]) BEN41 =0,

9] di— (L+7; +1 [exp (dims —d) —1]) dyy + Ay (1 — 1) — ¢, = 0,
[10] df — (1 +7r; ¢ [exp (df_; —d%) —1]) d}_, + 7 Ay — g. = O,
[11] ye = Ay,

[12] A=,

[13] 7y =71+ [exp (dy — d) — 1],

[14] I (AJA) =paln(Aii/A) +¢, & ~ NIID (0;0%),
[15)  In(R;/R*) = pp-In(R;_,/R*) +&/", & ~NIID (0;0%.),

with associated 13 parameters

7 ¢ 2 2 Q1 =
{067 Og, B? 7% da ¢g> dga PA, O 4, p:7 Oy Aa T*}~

8.4.8 Steady state

The steady state is a system of 15 equations with 28 unknowns, comprised of 15 steady-state

variables

1 C—l/ac—l

A= pa g et few (d=d) —1])]

— M3 = 07

1] ¢ Mo 4 11
o o

S R v

+ usA(l = 7) + At = 0,
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B] g7V —ps = 0,

1

[4] (=) Voe(1—7)

5 ,ugAl + M4Al = 0,

5] —potbexp (d—d) BA+ ps — B (Vexp (d—d)d+1+ 71"+ ¢ [exp (d — d) — 1]) pus = 0,

6] u4—B(zbgexp(dg—Jg)d9+1+r*+¢g[exp(dg—Jg)—1])u4 = 0,

1
" apemaoy 4 = 0

8] A= (1+7* + 1 [exp(d—d) —1]) A =0,

9] d— (147, +¢[exp(dr —d) — 1)) dir + AL(1—7) —c =0,
[10] @9 — (1477, + by [exp (df_, — d9) —1]) d?_, + Alr — g =0,
[11] y = Al
[12] A = ¢ Voe,

[13] r=r"+4¢ [exp (d—d) — 1],

14]  In(AJA) = psln (A/A)

[15]  In(R*/R*) = pg-In (R*/R")
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This system may be reduced to the following 8 equations:

1 * C_I/Uc—l
0‘0(1 _ l)cl—l/ac(l . 7_) + |:,u2 (T —+ 77DC [eXp (d — CZ) — 1})} o R T——

Sy R sy

[1] V7t

+LL3A(1—T)+M4AT =

B] g7V —py =
1 _ _
[4] (=D Ve(l—17 psAl 4+ pg Al =
5] — #2¢50_1/Uc +us— 0 (wci—i— 14 r*) r—
1 _

O e
7 d—(1+r)d+Al(1—7)—c =

8] d9— (14+7")d’ +7Al—g =
with the following 9 unknowns

{C7 Tvlagacza ,u171u27,u37,u/4}

and the following equation added to close the system
(d+ d?)/ Al = DtoY,

where DtoY is calibrated to 1.34 (see Table 1).

As explained for the Incomplete Asset Markets with consumption tax case, note that
this system can be further simplified by setting d? = 0. After introducing this further
simplification and calibrating some of the parameters in this model (see text for details), we

solve this system numerically.

9 Adding Keynesian Ingredients

This section reports the details of extending our framework to incorporate downward wage
rigidities, following the work by Bianchi et. al (2023) and Schmitt-Grohé and Uribe (2016).

For tractability, we do so in a simple two period version of the dynamic model considered
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above, expanded to include nontradable goods.?> This allows us to strike a balance between
the simplicity of the static model presented first and the dynamic features of the DSGE
model presented in previous sections, obtaining closed form solutions. As in the baseline
model, we study the equilibrium dynamics in the model under various degrees of asset
market incompleteness and intensity in financial frictions.

Results indicate that, under some circumstances, adding such new ingredients to the
model allow it to generate countercyclicality in government expenditures akin to the empirical
evidence presented in the Introduction. Crucially, our main findings are consistent with these
new results, in that the cyclicality in government expenditure continues to be determined by
the degree of asset market incompleteness and the strength of financial frictions. In the new
expanded framework that we consider, while countercyclicality in government expenditure
is now optimal in equilibrium in the wake of negative shocks, such result hinges on assuming
relatively low levels of financial frictions and market incompleteness. In the presence of
stronger financial frictions or the extreme case of financial autarky, public expenditures
turn procyclical. Like the previous cases studied, acyclicality in government expenditure is

obtained under complete markets.

9.1 Two-period Model with Wage Rigidities

Households. The representative household has preferences over private and public con-

sumption in the two periods:

2
> BT U (e g1), (56)
t=1

where, as before, U(c,g) = (c!=Y7 —1)/(1 — 1/o.) + (¢ — 1)/(1 — 1/05,). Private
consumption is now assumed to be a composite of tradable (c¢!) and nontradable (¢V) goods,
with a Cobb-Douglas aggregation technology ¢ = (c¢T)7(cV)177.

Following Schmitt-Grohé and Uribe (2016), we assume that the representative house-

3The presence of T-NT goods is required for countercyclicality to be an equilibrium feature. In the
presence of negative domestic shocks (e.g. TFP) under a one good model, government expenditure would
simply increase the trade deficit.
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hold supplies inelastically & hours to the labor market in each period. Because of the presence
of downward nominal wage rigidity —to be explained below— households may not be able to
sell all the hours they supply. As a result, they take employment, h;, < h, as exogenously
given.

Our baseline scenario features incomplete asset markets where, as before, the repre-
sentative household has access to a one-period, internationally traded, state-noncontingent
bond denominated in tradables. We let d; denote the level of debt assumed in period ¢ and
due in period t+ 1, and 7, the interest rate on debt held between ¢ and ¢t 4+ 1. The sequential

budget constraint of the household in each period is given by

Prel + PNeN + Prd,_ (1 +7) = (1 —7)PTQF + W,h, + 11, + Pld,. (57)

where PT denotes the nominal price of tradable goods, P¥ the nominal price of nontradable
goods, QT the endowment of tradable goods, 7 the predetermined tax rate on tradable
income, W the nominal wage rate, h hours worked, and II nominal profits from the ownership
of firms that produce nontradable goods. Households are assumed to begin their life without
assets or debt (dy = 0), and satisfy their lifetime budget constraint without engaging in
Ponzi schemes or leaving assets at the end of their life (dy = 0). We assume that the law of
one price holds for tradables. Specifically, letting PT* denote the foreign currency price of
tradables, the law of one price implies that PT = EPT* where E is the nominal exchange
rate defined as the domestic currency price of one unit of foreign currency. Furthermore, we
assume for simplicity that the foreign currency price of tradables is constant and normalized
to unity, P7* = 1. Thus, we have that the nominal price of tradables equals the nominal
exchange rate, PT = FE.

Households choose plans for consumption in both periods to maximize (56) subject to
(57) for each period. Letting p = PT/PY denote the relative price of nontradables in terms
of tradables, using the fact that PT = E, and assuming that 3(1 + r) = 1, the optimality

conditions associated with this problem are
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YOG
S — 58
1_70tT Y43 ( )
o =cj, (59)

Firms. Nontraded output (Q%) is produced by perfectly competitive firms. Each firm
operates a production technology that uses labor services as the sole input and is given by

QN = h*, 0 < a < 1. Profits of firms each period are given by

I, = PN b — Wiy, (60)

The optimal choice of employment for a firm is pinned down when the value of the
marginal product of labor equates the wage rate, PYah~ = W. Dividing both sides by P7,
and using the fact that P = E, yields a supply schedule of nontradable goods

phyt = Wi/ Ey, (61)

Wage Rigidity. The central new friction that we add to the analysis is downward
nominal wage rigidity (DNWR). As in the seminal contribution of Barro and Grossman
(1971) and, more recently, in Schmitt-Grohé and Uribe (2016) and Bianchi et. al (2023), we

assume that there exists a minimum wage in nominal terms (V) such that

W, >W. (62)

The existence of a minimum wage gives rise to a non-Walrasian labor market where
aggregate hours worked are the minimum of labor demand and labor supply, h; = min(h, h?),
and hence the labor market will in general not clear. Involuntary unemployment, given by

h — h, will thus be a regular feature of this economy. Because actual employment must
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satisfy h, < h at all times, at any point in time, wages and employment must satisfy the

slackness condition

(W, —W)(h —h;) = 0. (63)

This condition states that periods of unemployment (h; < h) must be accompanied
by a binding wage constraint. It also states that when the wage constraint is not binding

(W, > W), the economy must be in full employment (h; = h).

Government. The government sets public spending, which we assume is only in non-
tradable goods, and receives the tax revenue on the endowment of tradable goods (7Q7). The
government also has access to the one-period, internationally traded, state-non-contingent
bond denominated in tradables. We let dJ denote the level of debt assumed by the govern-

ment in period ¢ and due in period ¢ + 1. Its sequential budget constraint is given by

PMg+ Prdl_(1+r)=7PIQ] + Pd. (64)

The government is also assumed to begin without assets or debt (df = 0), and satisfy
its lifetime budget constraint without engaging in Ponzi schemes or leaving assets at the end
of the second period (d5 = 0). In terms of monetary policy, we assume that the government
follows a fixed exchange rate policy, ¢, = E;/F; 1 = 1. In an extension, we will nonetheless
also consider the case where some flexibility in the exchange rate is allowed, but not enough
as to fully eliminate the slack in the labor market. This leaves fiscal policy as the central

instrument of macroeconomic stabilization.

Equilibrium. In equilibrium, the market for nontradable goods must clear at all

times:
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N 4 g=h" (65)

Combining this condition, the production technology for nontradables, the budget con-
straint of households, profits of firms, and the intertemporal F.O.C of households, we obtain
the equilibrium condition for tradable goods as a function of the stream of tradable endow-

ment and the exogenous interest rate

1
= cf = 5ot [QF + QF /(14 1)) (66)

Combining the intratemporal F.O.C of the household with the equilibrium conditions

in the traded and nontradable goods yields a demand schedule of nontradable goods:

1—7 ctT

voohe— g

= D¢, (67)

For a given level of the endowment stream of T-goods and fiscal policy (g1, g2), the
supply and demand schedules in (61) and (67) determine the equilibrium in the labor mar-
ket. This is illustrated in Figure Al, for the simpler case of & = 1 where the intersection
between the supply schedule of N-goods, defined as a horizontal line along p = W/E, and
the negatively sloped demand schedule determine the equilibrium level of employment h;.

The figure illustrates the case where the equilibrium A is achieved at full employment and

hi = h.

Negative Shocks and Fiscal Policy. For a given level of public expenditure, nega-
tive shocks to the endowment process of tradable goods will raise equilibrium unemployment.
This is illustrated in Figure A1 by considering a fall in QT. This lowers lifetime income in
T-goods which, because of the imperfect substitutability between T" and N goods, lowers
the demand for N goods through the intratemporal F.O.C (58). In the presence of DNWR,
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the fall in demand will translate into a fall of equilibrium employment from A to h; in point
B of the Figure. In the absence of DNWR, wages would fall to the point of restoring full
employment.

The fall in employment can be fully or partially offset by countercyclical fiscal policy
through an increase in g;. The transmission of fiscal policy is the one highlighted in Bianchi
et. al (2023). Because public and private consumption goods are imperfect substitutes, the
increase in public spending counteracts the fall in demand for nontradables from households
thereby reducing the downward pressure on prices. This, in turn, reduces the pressure on
firms to lay off labor. This is illustrated in Figure A1l in equilibrium point C, where ¢;
increases to partially offset the impact of the fall in QT on unemployment. The extent
to which fiscal policy can act countercyclically in the presence of adverse shocks may be
partially or fully constrained by financial frictions and asset market incompleteness. We will

quantitatively study this in the next subsections.

Market Incompleteness and Financial Frictions. As in the baseline model, we
study also deviations from the incomplete assets market case. In particular we study again
the polar cases of financial autarky and complete markets. Under financial autarky, house-
holds and the government cannot trade the one-period bond with the rest of the world and
can only do so among themselves, implying that d; = —d{ is a new equilibrium condi-
tion and the interest rate is now endogenous. Also the modified F.O.C of households (59),
' = B(1/1 + r)ck, no longer implies a constant path of consumption. Under complete
markets, we modify the model so that the endowment of tradable goods in the first period is
stochastic and follows a binomial distribution for the two states of nature, H and L, where

T — QP with probability p, and QT = Q7" with probability 1 — p, with Q1'% < QT
and E[QT] = 1. We denote by b¥ and b} the number of claims purchased by households in
period 1 that promise to pay one unit of the good in the second period in state of nature
H and L, respectively. The price of such claims is ¢ and ¢, respectively. Crucially, we
continue to assume that the prices of such state contingent claims are actuarially fair such
that ¢" /¢* = p/(1 - p).

Within the incomplete markets case that features a one period, non-state contingent
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bond, we also document the role of financial frictions akin to those in the DSGE model.
Concretely, we consider two dimensions. First, we postulate a debt-elastic interest rate
whereby the interest rates that households and the government face includes a spread over
the world rate that is determined by W[exp(d?— D) —1]. Second, we consider a more extreme

case where the government cannot issue external debt (d? < 0). In the paper we only discuss

the more extreme case.

Alternative Policies. This section describes the full array of policies studied. We
consider three types of fiscal policies in the presence of negative shocks. A first type of
policy does not react to adverse shocks, the level of expenditure in the first period (g;)
is exogenously given, and expenditure in the second period (gz) is pinned down by the
lifetime budget constraint of the government. A second policy sets ¢g; in order to minimize
unemployment in period 1, in a similar vein to Schmitt-Grohé and Uribe (2016).? Lastly,
we consider a Ramsey planner that sets g; and g» to maximize the utility of households
(56) subject to (57)-(65). The combination of these policies with various degrees of financial

frictions determine the seven cases studied next.

9.1.1 Results

Table A1 summarizes the results of the full set of cases that we consider. This set includes the
ones presented in the main paper as well as additional ones that were excluded for brevity.
Throughout the analysis we focus on the following simple calibration. We set o, = 0, = 1,
and normalize h = 1. The world interest rate is set to r = 0.01, implying 3 = 0.99. We set
7 and ¢ equal to 3. As in Bianchi et al. (2023), we consider the linear case where o = 1.
The gross devaluation rate (€) is set to 1 consistent with a pegged regime, except for Case 3.
Lastly, we consider W = 0 except in case 5 where we set it to 1.0 in line with the estimated
value by Garcia-Cicco et al. (2010) and set D = 0. The remaining parameters will be

described in the cases explained below.

4Schmitt-Grohé and Uribe (2016) studied an optimal exchange rate policy where the devaluation is set
at every period such that unemployment is null. In our case, we deviate from their work by considering a
government that uses fiscal expenditure instead, and is concerned only about period 1 unemployment.
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Case 0. No shock. This case serves as our baseline and assumes no shocks to the
endowment of tradables such that QT = Q7 = 1, and no DNWR exists (W = 0). Full
employment in equilibrium (h; = 1) is consistent with flexible wages. Fiscal policy is set
exogenously in the first period and is calibrated so that g;/QT = 0.25 while g, is pinned
down so that the lifetime budget constraint of the government is satisfied. Given this,
at the (exogenous) level of interest rate, households find it optimal to borrow in the first
period in order to smooth out tradable consumption and the government is a net creditor

5 Because of full

abroad which allows it to increase its second period public consumption.
employment, higher public expenditure in the second period increases the relative price of

N goods, which depresses private consumption of N relative to the previous period.

Case 0. Shock. A large negative shock of -80% is assumed to the first period
endowment of T' (Q = 0.2) while the second period remains constant (QF = 1). Crucially,
fiscal policy in the first period is assumed to stay constant at the same level as in the previous
case in the absence of shocks (g = 1/4). This shock implies that the government runs a
fiscal deficit that needs to be financed with external debt issuance. Households also need
to increase their external borrowing to smooth out the shock. Since no DNWR is assumed,
equilibrium is reached via a large fall (40%) in real wages and the relative price of N-goods.
In turn, this allows to preserve full employment. The shock and the fall in relative prices
bring about a fall in GDP, defined as pQ” + Q7 together with a fall in welfare. The latter

is accounted entirely by the fall in T-consumption of households.

Case 1. DNWR and Constant Public Expenditure. The same shock to Q7 is
assumed but now DNWR is in place, together with a still constant fiscal policy (g1 = 1/4).
Wages are assumed downward rigid at the same level as the no-shock equilibrium. Given
this, equilibrium is restored via a large increase in unemployment of 30% (h; = 0.7). This
depresses GDP too, which nonetheless falls less than in the previous no-DNWR case, because
it is measured in terms of N goods and p; is supported by the DNWR, it falls relatively
less than in the previous no-DNWR case. The relatively higher relative price of N-goods

(compared to the previous case) generates less need to issue debt abroad by households.

5The fact that net private debt equals the public assets is a coincidence.
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In contrast, this calls for the government to issue more debt to support its consumption of
NT goods. DNWR also affects the equilibrium in the second period, where unemployment
raises even more to 35%. This is entirely driven by the fact that g, needs to fall to satisfy
the government “s lifetime budget constraint. With wages in the IV sector not being able
to further adjust, equilibrium needs to be restored via further increases in unemployment.
Welfare falls more relative to the previous case and the (Lucas) cost of the business cycle

nearly quadruples via a vis that with no DNWR.6

Case 2. U; Optimal Policy. In this case, g; is set so as to minimize unemployment
in period 1. This amounts to a strongly countercyclical policy, nearly doubling the flow of
period-one public consumption relative to the previous cases considered (g; = 0.45), reducing
unemployment from 30% observed with a constant fiscal policy to 11%. To a large extent,
this is enabled via the much higher external debt issuance by the government. The trade off
of conducting fiscal policy in this manner is that government consumption collapses in the
second period to repay the debt incurred in period 1.7 This, in turn, largely depresses the
N sector in the second period and, in the presence of DNWR, unemployment skyrockets to
55%. Welfare is also greatly reduced, largely driven by the non-linearity driven by the log

function and the low levels of gs.

Case 3. U; Optimal Policy and Max. Devaluation. As in the previous case,
g1 is set to minimize unemployment in period 1. The additional policy lever considered is
that fiscal policy is complemented with a devaluation. We assume that there is a maximum
devaluation rate of 10% that the central bank can engineer and that, due to non-modelled
elements like dollar liabilities, etc. the devaluation cannot surpass that threshold. While the
DNWR friction continues to make wages rigid in the same levels as in the previous cases,

the devaluation allows relative prices to decouple from wages and drop more. This produces

6The Lucas-type cost is computed as in Schmitt-Grohé et.al (2022), by solving for A in the compensation
equation:

In[(1+ )\)cfX] + Bin[(1 + )\)ch] = lncfo + Blncgo, (68)

where c“X is consumption under case X and ¢ is that related to the case without shocks in QT

"We assume g must be strictly positive.
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two effects that reinforce one another. First, there is a direct effect in the supply of N goods
which provides incentives for firms to employ more labor reducing unemployment. Second,
the lower relative price of N goods allows for a stronger countercyclical fiscal response which
further reduces unemployment. Both forces combined reduce unemployment to only 2% in
the first period. It also allows for unemployment to slightly fall in period 2 relative to the

previous case.

Case 4. Ramsey Policy. This case considers setting ¢g; in order to maximize lifetime
welfare of households (56), subject to the additional constraints and F.O.C. The key consid-
eration here is that, because g; and g, enter into the computation of welfare, the Ramsey
planner will try to smooth the path of public expenditures, moving away from the previous
cases where g; was considerably increased, to the detriment of go. Now the Ramsey planner
actually decides to act procyclically by lowering g, relative to the case of a constant g;, and
setting it equal to g, at 0.22. This smooths out unemployment to 33% in both periods. This,

in turn, marginally improves welfare relative to Case 1.

Case 5. U; Optimal Policy with Financial Frictions. This case explores the
extent to which the countercyclicality of public expenditure when trying to minimize un-
employment in the first period is affected by the presence of financial frictions. In the first
case considered through a debt elastic interest rate, the fact that households save while the
government borrows implies a considerable spread in the rates associated to the two assets
with government debt being considerably more expensive than the return that households
get for their savings. This somehow limits the ability of government expenditure to act coun-
tercyclically to g1 = 0.4, thus unemployment increases to 27% relative to the case without
this feature (11%). Still, the countercyclical response continues to be large despite the strong
increase in interest rates for public external debt. In contrast, the second more extreme case
does deliver a procyclical response as government cannot issue debt and, confronted with the
large shock in its revenue, needs to cut its expenditure. This impacts unemployment which
increases to 48%. The inability to issue debt, on the other hand, implies that government

expenditure can rise in the second period which helps to dampen unemployment to 18%.
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This case echoes more closely the result in Bianchi et.al (2023) which delivers a procyclical

fiscal response in the presence of sovereign default risk.

Case 6. Financial Autarky. Since both households and the government want
to issue debt, much pressure is added onto the (now endogenous) rates, reaching 400%.
With such tight constraint, g; falls thereby behaving in a procyclical manner. It is, however,
slightly less procyclical than in the previous case with no public debt because the government
does borrow a minor share from households. This case is most traumatic for unemployment,
which reaches 72%, mainly because T' consumption falls forcing a drop in N consumption
that brings about a big fall in employment amid DNWR, and procyclical fiscal policies. In
the second period, when the shock dissipates, unemployment recedes to 15%, without the

need for fiscal stimulus as the main driver is the strong recovery in T' consumption.

Case 7. Completes Markets. This case recovers the same result than in the DSGE:

fiscal policy is acyclical.
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Figure A1l: Nontradable Goods Market with Downward Wage Rigidities
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Notes: The plot illustrates the equilibrium in the nontrabable goods market in the presence
of wage rigidities and a nominal exchange rate peg. Point A is the initial equilibrium.
Following a negative income shock in the tradable endowment and no policy reaction, the
new equilibrium becomes point B with an increase in unemployment. Point C captures the
case where government expenditure reacts in a countercyclical manner in response to the

shock.
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Table Al: Equilibrium Allocations in the Expanded Model with Downward Wage Rigidities

Incomplete Asset Markets

¢S

Baseline Case 0 Case 1 Case 2 Case 3 Case 4 Case 5 C'?ase 6. Case 7
- Financial - Complete
i Autark Markets
Shock DNWR U1 ut WigllFOirI:,thH;?itS)ns ’
No Shock 4+ No DNWR . - Optimal G =~ Ramsey G
- Constant G - Optimal G
+ Constant G + Deval. DEIR No Pub. Debt
Q1 1.00 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20
G1 0.25 0.25 0.25 0.45 0.49 0.22 0.40 0.08 0.13 0.25
hl 1.00 1.00 0.70 0.89 0.98 0.67 0.73 0.52 0.28 1.00
W1 1.33 0.80 1.33 1.33 1.33 1.33 1.33 1.33 1.33 1.33
Whar 0.00 0.00 1.33 1.33 1.33 1.33 1.33 1.33 1.33 0.00
pl 1.33 0.80 1.33 1.33 1.21 1.33 1.33 1.33 1.33 1.33
1st Period GDP1 2.33 1.00 1.13 1.39 1.39 1.10 1.17 0.90 0.57 1.53
Devl 0.00 0.00 0.00 0.00 10.00 0.00 0.00 0.00 0.00 0.00
C1T 1.00 0.60 0.60 0.60 0.60 0.60 0.53 0.60 0.20 1.00
CIN 0.75 0.75 0.45 0.45 0.49 0.45 0.39 0.45 0.15 0.75
D1 / GDP1 0.07 0.30 0.15 -0.07 -0.07 0.18 -0.02 0.44 -0.13 0.57
Dlg / GDP1 -0.07 0.10 0.21 0.35 0.35 0.18 0.30 0.00 0.13 0.23
R1 1.01 1.01 1.01 1.01 1.01 1.01 0.98/1.43 1.01 5.05 1.01
Q2 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
G2 0.40 0.40 0.20 0.00 0.00 0.22 0.00 0.37 0.10 0.40
h2 1.00 1.00 0.65 0.45 0.49 0.67 0.40 0.82 0.85 1.00
9nd Period w2 1.67 1.00 1.33 1.33 1.33 1.33 1.33 1.33 1.33 1.67
p2 1.67 1.00 1.33 1.33 1.21 1.33 1.33 1.33 1.33 1.67
GDP2 2.67 2.00 1.86 1.60 1.60 1.90 1.53 2.10 2.13 2.67
c2T 1.00 0.60 0.60 0.60 0.60 0.60 0.53 0.60 1.00 1.00
C2N 0.60 0.60 0.45 0.45 0.49 0.45 0.39 0.45 0.75 0.60
Welfare -2.69 -3.20 -4.30 -8.70 -8.84 -4.28 -8.20 -4.87 -6.24 -2.69
Lambda (Lucas) 0.00 0.26 0.81 3.02 3.09 0.80 2.77 1.10 1.79 0.00

Note: The Table reproduces the equilibrium allocation for the two period economy with downward wage rigidities. The first (second) panel contains results for the first
(second) period. The last two rows present the result in terms of welfare and the Lucas cost of business cycle. Each column represents one of the cases considered. See the
main text for further details.



