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Abstract

This paper examines Non-Ricardian effects of government spending shocks in the Chilean
economy. We provide evidence supporting this view employing vector autoregressions. In
addition, the evidence is reconciled with predictions of a model economy that features: (i) a
sizeable share of non-Ricardian households, i.e. households which do not make use of financial
markets and just consume their current labor income; (ii) nominal price and wage rigidities;
(iii) an inflation targeting scheme and (iv) a structural balance fiscal rule that reflects the
particular Chilean fiscal rule. The model is estimated employing Bayesian techniques. Finally,
we demostrate by simulating the model countercyclical effects of the Chilean fiscal rule as
compared with a zero-deficit rule.
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1 Introduction

In this paper we examine the effects of government spending shocks in the Chilean economy. The
study of the effects of those shocks in an emerging market economy is of special interest because
of the potential importance in such an economy of non-Ricardian households, i.e. households
which do not make use of financial markets and just consume their current labor income.! The
presence of non-Ricardian households has been pointed to as a key ingredient in the transmission
mechanism of government spending shocks in some developed economies. There are several factors
that may explain non-Ricardian behavior including myopia and lack of access to capital markets.
The importance of such behavior is likely to be even greater in less developed economies.

To study the effects of government spending shocks in an economy like the Chilean one is also
interesting because of its highly open nature. The size of the fiscal multiplier will generally depend
on the response of monetary policy and the degree of flexibility of the exchange rate. In particular,
less flexible exchange rate regimes will limit the possible countervailing adjustment of interest
rates and exchange rates and will exhibit larger fiscal multipliers. Recently, Ilzetzki et al. (2009)
have pointed out that cumulative fiscal multipliers in fixed exchange rate regimes are positive and
significant, whereas in flexible exchange rate regimes are basically zero. It is important to notice
that in the period of study, the Chilean economy moved from a monetary policy regime characterized
by an exchange rate band (with significant intervention in the nineties) towards one with inflation
targeting and a flexible exchange rate since 2000.

We start our work by presenting empirical evidence on the macroeconomic effects of government
spending shocks for the Chilean economy. First, we present evidence based on vector autoregressive
models (VAR) that indicates that the fiscal multiplier is positive and large in the Chilean economy.
Moreover, the positive consumption multiplier that emerges from this VAR analysis points to the
importance of that variable in generating the large GDP multiplier, and suggests the presence of
non-Ricardian effects. Secondly, we develop a small open economy model to study the channels
through which these shocks are transmitted to the economy. The model is calibrated and estimated
for the Chilean economy. The model features Ricardian and non-Ricardian households along the
lines of Gali et al. (2007) and Coenen et al. (2008). Our results indicate that when we assume a zero
deficit fiscal rule instrumented by transfers leaving public expenditure exogenous (as in Forni et al.
(2007)) we generate positive fiscal multipliers (of consumption and GDP). On the other hand, if
the shock disturbs the government expenditure to GDP ratio, the zero deficit rule causes a negative
fiscal multiplier for consumption but a positive one for GDP. Interestingly, the implementation of
a fiscal policy rule that approximates the Chilean fiscal rule in the model leads to the finding that
both the consumption and output fiscal multipliers are positive in the short run.

The structure of the paper is as follows. Section 2 presents VAR evidence on non-Ricardian
effects of fiscal policy for the Chilean case. Section 3 introduces a dynamic stochastic general
equilibrium model for Chile. The model is calibrated and estimated and results are reported in
Section 5. Numerical simulations are presented in Section 6. Finally, Section 7 concludes. An
Appendix with main derivations is provided at the end.

1See, e.g. , Campbell & Mankiw (1991), Mankiw (2000) and Galf et al. (2007).



2 Some Evidence of the Effects of Government Spending in
Chile

In the present section we provide some evidence on the macroeconomic effects of government spend-
ing shocks, using Chilean data for the past two decades. Following much of the literature, we rely
on estimated VARs. While the literature has largely focused on the effects of government purchases
(often restricted to military ones), we also examine the impact of changes in transfers, since the
latter are perceived as an important stabilization tool in Chile and have historically displayed large
changes. In both cases, we report impulse response functions (IRFs), as well as estimates of the
size of the output and consumption multipliers.

2.1 The Effects of Government Purchases

We first consider a small VAR specification including four variables: government purchases (govern-
ment consumption plus public investment), GDP (excluding copper and other natural resources),
private consumption (of durables and nondurables), and the government deficit (excluding copper-
related revenues).? The first three variables are expressed in logs and normalized by the size of
the population. The deficit is normalized by lagged GDP. Data availability makes us restrict the
sample to the period 1990Q1-2010Q1. Our VAR includes four lags of all the variables, a constant
term and a second order polynomial in time.

Following much of the literature, identification relies on the assumption that government pur-
chases are predetermined relative to the other variables included in the VAR.? In other words, we
interpret reduced form innovations to government purchases as exogenous shocks to that variable.
This is equivalent to ordering government purchases first in a Cholesky factorization of the VAR.

Figure 1 reports the impulse responses to a one standard deviation shock to government pur-
chases, together with the corresponding 95 percent confidence intervals. Note that government
purchases increase by nearly close to two percent on impact. In response to that fiscal expansion,
both GDP and consumption rise. Both variables display a pattern that is roughly similar over time,
with the peak being attained four quarters after the shock in the case of output and three quarters
in the case of consumption. Not surprisingly, the deficit increases on impact.

Table 1 reports the corresponding multipliers for both GDP and consumption at different hori-
zons. The basic multiplier measures % for k =1,2,4,6,8, where dG; is the change in the level
of government purchases on impact, and d X is the corresponding response in the level of GDP
(when X = Y) or consumption (when X = C), k periods after the shock.* The GDP multiplier
is above one half (0.7) on impact, and reaches a peak value close to 1.3 at a four-quarter horizon,
before it goes down. Those values are similar to those obtained using U.S. data by a variety of
authors (see Hall (2009) for a survey of existing results). A look at the consumption multiplier
points to the importance of that variable in generating the GDP multiplier, suggesting the presence
of non-Ricardian effects.

In addition to the basic multiplier we also report estimates of the cumulative multiplier at dif-
ferent horizons, defined as (Z?Il dXit5)/ (2?21 dGyyj). The latter takes into account not only the
size of the initial increase in government purchases, but also its subsequent pattern of adjustment.

2We exclude copper and other natural resources activities from GDP because they are mainly affected by supply
conditions. This strategy is consistent with the way in which we model GDP in our theoretical model.

3See e.g. Blanchard & Perotti (2002), Fatas & Mihov (2001), Gali et al. (2007), and Perotti (2008).
dX iy dlog Xiir Xepk
dGy T dlog Gy Gy

1Using the IRFs for the logs we compute the multiplier as



Figure 1: Impulse response to government purchases shock (small VAR)
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As shown in Table 1, both the GDP and consumption cumulative multipliers increase in the first
year, reflecting the persistence of the GDP and consumption responses in that horizon, beyond that
of government purchases themselves.

Table 1. Effects of government purchases (Small Var)

Basic Cumulative
time/multipliers dC/dG dY/dG dC/dG dY/dG
t=1 0.585 0.674 0.585 0.674
t=2 1.026 0.727 1.466 1.274
t=4 0.941 1.274 3.528 3.462
t=6 0.372 0.219 3.168 3.062
t=8 0.563 0.496 3.010 2.786

Table 2. Effects of government purchases (Large Var)

Basic Cumulative
time/multipliers dC/dG dY/dG dC/dG dY/dG
t=1 0.743 1.103 0.743 1.103
t=2 1.300 1.202 2.049 2.313
t=4 1.193 1.429 4.181 4.450
t=6 0.721 1.000 3.888 4.341
t=8 0.639 0.496 3.719 4.079

We explore the robustness of the previous findings to the use of a larger VAR, which includes,
in addition to the four variables above, the permanent component of the copper price, total private



Figure 2: Impulse response to government purchases shock (large VAR)
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investment and the real exchange rate. Given the fiscal rule in place, whereby the government is
allowed to spend a fraction of the increase in copper revenues valued at copper’s "permanent" price,
it is natural to order that price before government purchases, which are now ordered second in the
VAR.? Figure 2 displays the estimated IRFs to a government purchases shock using the larger VAR.
The corresponding multipliers are shown in Table 2 The picture that emerges is, qualitatively and
quantitatively, very similar to that obtained using the small VAR. Note that investment also rises in
response to the increase in government purchases, suggesting a role for that variable complementary
to that of consumption in generating the large GDP multiplier. That amplification effect is likely
to be partially offset by the real exchange rate appreciation, which should dampen the growth of
aggregate demand. The pattern of the deficit response estimated using the large VAR is also very
similar, suggesting again a deficit increase on impact.

2.2 The Effects of Government Transfers

Next we report estimates of the dynamic effects of government transfers, using an approach anal-
ogous to the one in the previous subsection, with total government transfers substituting for gov-
ernment purchases in the two VARs.

Figure 3 reports the impulse responses to a transfer shock. As shown in the first box, the
increase in transfers appears to have a similar persistence than the increase in government purchases
studied above. The resulting responses of output, consumption and the deficit show a pattern not
too different from that obtained for government purchases, but with a larger size relative to the
increase in transfers. Also, the sign of the response of the deficit is less clear cut in the case of a
shock to transfers. Consideration of the estimated multipliers, shown in Table 3, pointing to a larger

5The fiscal policy rule in place in Chile establishes that government spending is linked to structural revenues (the
permanent component of effective revenues). One component of those structural revenues corresponds to copper
related revenues. Structural copper revenues correspond to the revenues that the government would collect if the
price of copper was equal to their long run price or permanent price.



Figure 3: Impulse response to government transfers shock (small VAR)
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multiplier for both GDP and consumption. Thus the GDP multiplier is close to one on impact,
and reaches a maximum of 2 after four quarters. The values for the consumption multiplier are
smaller, but well into positive territory. Not surprisingly, given the low persistence of the response
of transfers itself relative to that of GDP and consumption, the cumulative multiplier increases
monotonically with the horizon, reaching a value close to 3 after two years.

The evidence based on the large VAR, reported in Figure 4 and Table 4, provides a similar
picture. One difference relative to the corresponding findings for purchases is worth pointing out:
the real exchange depreciates in response to an increase in transfers.

Table 3. Effects of Government Transfers

(Small VAR)
Basic Cumulative
time/multipliers dC/dG dY/dG dC/dG dY/dG
t=1 0.447 0.721 0.447 0.721
t=2 1.165 1.107 1.297 1.471
t=4 0.874 1.612 2.375 2.820
t=6 0.090 0.448 1.955 3.162
t=8 0.411 0.486 2.002 2.984



Figure 4: Impulse response to government transfers shock (large VAR)

Table 4. Effects of Government Transfers

(Large VAR)

Basic Cumulative
time/multipliers dC/dG dY/dG dC/dG dY/dG
t=1 0.395 0.877 0.395 0.877
t=2 1.267 1.417 1.338 1.847
t=4 0.683 1.206 2.250 2.758
t=6 0.042 0.720 1.786 3.222
t=8 0.360 0.312 1.784 2.917

2.3 Discussion

The evidence presented on the effects of shocks to government purchases and government transfers
points towards the existence of positive multiplier effects on GDP. The sign and size of the estimated
response of consumption is suggestive of strong non-Ricardian effects, which would account for the
size of both the GDP and consumption multipliers. In the next section we present an open economy
New Keynesian model that tries to account for these regularities.

3 A Small Open Economy Model for Chile

This section presents the structure of a DSGE model along the lines of Altig et al. (2005), Adjemian
et al. (2008) and Adolfson et al. (2007), but extended to allow for a role for fiscal policy. We
build on the work by Gali et al. (2007) and Coenen et al. (2008) who develop versions of a New
Keynesian model allowing for a fraction of non-Ricardian households, but extend it to capture



particular features of the Chilean economy. Among the latter we have copper income explaining a
non-negligible share of government’s income, a fiscal rule that seeks to keep government spending
closely linked to structural (permanent) fiscal revenues, and an inflation targeting monetary policy
regime.

3.1 Consumers

There are two types of consumers: Ricardian (with weight 1—\) and non-Ricardian (with weight A),
denoted with superscript j = {R, N}. Ricardian consumers are assumed to have access to financial
markets to smooth consumption over time, whereas non-Ricardian ones do not. Implicitly, though,
we make an exception to the latter assumption in order to simplify the analysis: we assume full
insurance of the risk generated by Calvo wage setting among consumers of a given type (as in
Coenen et al. (2008)). ‘

Both consumer types are assumed to maximize an objective function of the form Y, ﬂtUtJ (h)
with period utility given by

Ly (h) 1+
1+o0r

U7 () =In (€ (h) = bCLy () ) = 6, : (1)
where C{(h) is a consumption index and L] (h) denotes hours of work. Note that b measures the
degree of internal habit formation, { is a constant, o, is the inverse of the Frisch elasticity and ¢,
is a shock to the disutility from work. The latter parameter is assumed to follow an AR(1) process
with unconditional mean of one, persistence p. and constant variance, 2.5

The consumption index takes the form (ignoring the indexes):

_n_
Cih) = [(1= )7 Ch, ()77 +ai () =07 (2)
j 1 -l T j 1 ~j Aol N\ T
where Cy; . (h) = (fo Cy o(hyi) < dz) and C%,,(h) (fo Cty(hyi) dz) are CES
indexes for domestic and imported consumption goods, respectively, with parameter o determining

the degree of openness and 1 > 1 being the constant elasticity of substitution between domestic
and imported goods.

3.1.1 Ricardian Consumers

Ricardian consumers (h = R) maximize utility subject to two constraints. First, a flow budget
constraint of the form

BT (s',h) + SeB'* (5%, 1) + (1 = Tuw,) SwrWi (h) Li*(h) + Ryui*(h)K{% , (h)
— P (ufi(h)) Ky () + Py [TrR(h) — TXR()] + (1 — 7py) Prii(h) < ,
+ Zst+1|st Q (5t+17 St) BE (3t+17 h) + S:RP, Zst+1|st Q* (3t+17 St) Bfx (3t+17 h) ( )
+ Jo Pep0)(CH (i) + IF (h,0))di + [ Prg(6)(CE,(hyi) + IE (h,1))di
The terms on the left hand side represent consumer A’s inflows, including maturing one-period

nominal discount bonds (domestic and foreign), labor income (given by after tax and subsidies wage—
Swr is a subsidy to eliminate monopolistic distortions—times the number of hours worked), income

6Notice that we abuse of notation declaring C’g (h) for j = {R, N}; however, we want to stress that the decision
maker is the individual h.



from capital leased to firms net of utilization costs’, transfers (TrF(h)) net of lump-sum taxes
(TXE(h)), transfers and profits in the form of net of tax distributed dividends, (1 — 7p, ¢)Prft(h).
Note that S; is the nominal exchange rate, which measures the number of Chilean pesos (Ch$) to
buy a US dollar (USD). Note also that the utilization rate of physical capital, uf*(h), is a choice
variable. Following Adolfson et al. (2007), the utilization cost function & (-) takes the form:

@ () = & () ~ 14 7%) () - ) @
where 6 > 0 is a parameter that directly influences the sensitivity of the cost function when uf*(h)
varies and r* is the real steady state capital rental rate. Note that capital income simplifies to
RFKFE | (h) when capital is "fully" utilized (uf*(h) = 1) because ® (1) = 0.

The right hand side of (3) includes the various purchases incurred by the Ricardian consumer:
consumption, investment, and purchases of (state-contingent) domestic and foreign assets. Note

that RP; = exp (—d)a (%) — das (Et [Sg{l} - 1) + qﬁt) is the risk premium function, a factor

J2
that adjusts the return at which domestic consumers can borrow or lend to/from the rest of the
world. It depends on the country’s aggregate net foreign asset position B}, on the expected rate
of depreciation E;[S;.1/S,], as well as an exogenous risk premium shock ¢,.” The risk premium
function can be viewed as a measure of international asset market incompleteness (asymmetric
information, entry costs to build the portfolio, etc.). If? is an investment index given by

R 1 R 1—% 1 R 1—% 77_7l_l
1 = [(- )t (1) + o (1) )

. . 1 1L .. if‘—Ll 1 1= .. T;—Ll
where, in a way analogous to consumption, Iﬁt = (fo I§7t(]) u dj) and Iﬁt = (f() Iﬁt(]) < dj)
represent indexes of domestic and imported investment goods.

A second constraint is given by the law of motion of physical capital:

R 2
I = (1= 8) KLy (h)+ o1 100) = 5 (S =) aefa(h), ©

where ¢ is the depreciation rate, €5 ; is an investment-specific technology shock, and ¥ is a positive
friction parameter that scales installation costs when there is positive net investment. The first
order conditions (FOC) are presented in the Appendix Section A.1.

"In our notation, Kg_l(h) reflects the agent h’s end of period stock of physical capital ready to be used in the
productive process in period t.
81t follows that & (.) = 0 [uft(h) — 1] 4+ r*, which at the steady state & (1) =r* and & (1) =60 > 0.

9Note that B} is the sum of the net debt position maintained by Ricardian agents, (1 —X) BtR’* =
f; BE* (st h)dh, and the government. Besides the usual mechanism stressed by Schmitt-Grohe & Uribe (2001)
(i.e., the one that involves deviations from the targeted net foreign position —in this case we assume that it is zero
for Chile), we follow Adjemian et al. (2008) and Adolfson et al. (2009), by adding a second argument which captures
the deviation of the expected exchange gross depreciation rate from one. Including the this additional explanatory
variable induces a negative correlation between the expected depreciation rate and risk premium, which is a relevant
empirical finding (Duarte & Stockman (2005)).



3.1.2 Non-Ricardian Consumers

Non-Ricardian consumers ( j = N) are assumed to have no access to financial markets. Thus, they
consume in the same period their wage income and the transfers they receive from the government.!’
Their consumption is thus given by

/1 PH7t(i)Cﬁ7t(h,i)di+/l PF,t(i)Cﬁt(hvi)di = (1= Tw¢) SwnW (R)LY (h)+P, (Triv(h) —TX}(h))
0 0

(7)

3.1.3 Wage setting

Wage setting follows closely the formalism in Erceg & Levin (2003), with indexation as in Smets &
Wouters (2007). Each consumer is specialized in a differentiated labor service, which is demanded
by all firms. The wage elasticity of the demand for each type of labor is constant. Each period, a
given consumer can reset optimally the nominal wage for his labor type with probability ¢;. Once
the new wage is set, the consumer meets fully the demand for its labor type at the quoted wage.
Between re-optimization periods we allow the nominal wage to be adjusted mechanically according
to the following indexation rule

Wi (h) = (Me—y) ()" Wi ()

which makes the rate of change of the individual wage a weighted geometric average of lagged price
inflation II;_; and steady state price inflation II, with £; representing the weight of the former.

3.2 Firms

There are two types of firms operating in the economy: intermediate goods producers and importers.
In addition there are foreign firms, but we do not model their behavior explicitly.

3.2.1 Domestic producers

We assume a continuum of monopolistically competitive firms, each of which produces a differenti-
ated good. Firm 4’s production function depends on an exogenous technology, capital and labor:

Yi(i) = Aps (ufth_l(i))W Li(i)'™" — FCp, (8)

where F'Cp is a non-negative fixed cost, measured in terms of output. The labor input bundle L;(z)
is given by the CES function

L
—1

Ly(i) = (N LN (@) 770 + (1= N7 LEGTE )T 9)

10As in Gali et al. (2007), we rule out the possibility that non-Ricardian households can smooth consumption
through money holdings in contrast with Coenen et al. (2008)).
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where 7, is the elasticity of substitution between Ricardian and non-Ricardian labor, and where

1 ﬁ 1 1 EzR;l
LEG) = l(m) [\Lf(i,h)l_ﬁdh] :

NG = l(%)ﬁ/ﬂ/\(ﬂv(i,h))l_ﬁdh]%.

The firm minimizes the nominal total cost function subject to (8) and taking as given the labor
demand structure. The resulting real marginal cost function is (note that we drop the 7 index since
firms have identical costs):

1 (rf) w

Ay (1=7)'77

MCu, = (10)

‘Each period, each domestic firm decides how much labor of each type to hire (given the wage
W/ (h)) and how much capital services to rent (given the rental rate RX). In addition, and with
probability ¢, any given firm can readjust optimally the price of its good, setting a price f’Ht(z) In
the absence of reoptimization, the firm’s price is adjusted mechanically according to the indexation
rule

Pr () = (I,_1)¢7 ()" Py 4 (3)

rGiven its price at any point in time, the firm produces a quantity in order to meet fully the
demand for its good.

3.2.2 Importers

There is a continuum of firms which import a good produced overseas at a price Sy P} ,, "repackage"
it and sell it as a differentiated good in the domestic market. Each importer reoptimiies the price of
its good with a probability ¢, setting a price }—Z’F,t(i), subject to a sequence of demand constraints.
In the absence of reoptimization, the price is adjusted according to the indexation rule:

Pra(i) = (1) (1)) Py 1 3)

Like domestic producers, importers meet the demand for their good at the prevailing price.

3.3 Fiscal Policy

The government purchases goods from both domestic firms and importers. Those purchases are
assumed not to have any effect on private utility or productivity. The government allocates its
consumption expenditures, given by fol P (1)Ghe(i)di + fol Pr4(i)Gp(i)di, among the different
goods in order maximize

-n_
1 1—L | n—1

1 1-1 1
Gi=|(1-ag)"Gy," + (ac)” Gg," (11)
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1 N1—-L .. Teci_l 1 N1--L . Tici_l .
where Gg = (fo Gpi(i) < dz) " and Gt = (fo Gr(i) <@ dz) * . The solution to that

problem yields a set of demand functions for each good, which will have to be added to the demand
for private consumption and investment purposes. The associated Lagrange multiplier is the ‘true’
price index Pg:
P =(1—ag)Py "+ agPr,". (12)
In addition to purchasing goods, the government taxes consumption, labor income, and profits,
it transfers resources to consumers, and issues debt in domestic and foreign goods markets. That
activity is summarized in the government budget constraint, which takes the following form:

1 1
PiTre + giPYs + By + S:B? + (Sp — 1) Py / Cro(h)dh + (Sp — 1) P / I8, (h)dh
0 A

Sk —1) PryGr + (Swr —1) A CWRR)LE (W) dh + (Sw — 1) /O WA () LN (hydh, =

By | SiBiyy
R, | RRP,

1 A 1
+ Tt (SWR / WER)LE(h)dh + Swr / W (h)LY (h)dh) + Tprt / Pri(h)dh
A 0 A

1
+Pt / TXt(h)dh + Pcu,t/{Xcu,tY;f + Tcu,tPcu,t (1 - K) Xcu,t}/t + Pmo,tXmo,t}/t (13)
0

The terms on the left hand side represent different government outlays, including transfers,

Try = [y Tri(h)dh = [, TrE(h)dh+ fO’\ TrY (h)dh, government consumption P,G; = g, P,Y; (where

gr = P}G;.;ty?t is the share of government consumption in GDP), repayment of maturing govern-

ment bonds (both domestic, B;, and foreign, S;B;), and subsidies on foreign goods expenditures

and employment Those outlays are funded through the issuing of new debt (domestic, B;éjl, and

. S,B} .
foreign éﬂgﬁl ), labor income taxes, taxes on profits, lump-sum taxes, and copper-related revenues.

The latter are explained briefly next.

Copper production is assumed to be stochastic and exogenous. The national company accounts
for a share « of production (all of which accrues to the government as revenue). The remaining share
corresponds to foreign companies which are taxed at a rate 7., ¢. We assume that the world copper
prices, P, ;, are exogenously given, implying a domestic copper price Py = Si Py, ;. The share
of copper production to GDP, X, +, follows an exogenous process, described below. In addition,
Xmo,t Tepresents the output of molybdenum (a byproduct of copper production) as a share of GDP.
The molybdenum world price is exogenous and given by P All revenues from molybdenum
production accrue to the government.

Following Forni et al. (2007), tax rates on wages, benefits and on copper production are allowed
to vary according to:

o,t*

Twt = (1=pr,) Tw+pr,Twio1 +Erp it (14)
TPrt — (1 - PTPI.) Tpr + PTP[.TPr,t—l + Erpr,ty (15)
Teu,t = (1 - P-rcu) Teuw + p-,—cuTcu,t—l + ETeuyty (16)

where 74, Tp, and T, are long run tax rates, p. , p, ,and p. = explain the degree of persistency,
Erw,ts Erpe,t @A €7 ; are iid shocks with zero means and constant variances.
We consider two alternative fiscal policy rules which we discuss next.

12



Rule #1: Exogenous Government Consumption, Balanced Budget, and Endogenous
Transfers Under this rule the government consumption share follows an exogenous process and
transfers adjust accordingly to close any budget gap. In particular, we assume

9t = (1= pg) 9+ pagi—1+cc,t, (17)

where p, measures the persistence of the process, g is the long run government share, %, and

£q,¢ is an exogenous a shock with mean zero and constant variance o2 .

Rule #2: Chilean fiscal rule Here we try to approximate the fiscal rule that has been followed
explicitly by the Chilean government in the last decade and implicitly since the beginnings of
the nineties.!! Roughly speaking, the Chilean fiscal policy rule links government expenditures to
structural /permanent government revenues.

We formalize the rule by assuming that total government spending (including interest payments)
plus a time varying "surplus target" (surplus) must be equal to structural revenues. Structural
revenues correspond to the revenues that the government would collect if (i) the price of copper
and molybdenum were equal to their long run or "reference" values (denoted by P;f]; and Px’of .
respectively) and (ii) the economy were producing at its steady state level (potential output). The
"surplus target"—the difference between government spending and structural revenues— is set by the
fiscal authorities. When the fiscal rule was introduced in 2001 the structural surplus target was set
at 1% of GDP. The idea was to acknowledge that public debt was at a level higher than what it
was considered appropriate for a small open economy that faced exogenous credit constraint shocks
and given potential future pension liabilities. It is worth noting that even though fiscal policy was
not conducted using an explicit rule in the nineties, the "shadow" structural surplus averaged 1%
of GDP in that decade. Again, behind this fiscal policy was the goal of reducing government debt
to some "long run" (sustainable) level. Motivated by the observed practice, we assume that the
structural surplus (surplus) is a function of the difference between current government debt and a
long term target for government debt (B = B + SB*):

surplus; = F (Ft — F) + s¢

where F’ > 0. If government debt is higher than its long run target, the structural surplus is positive
which reduces government spending given structural revenues. Additionally, we assume that the
surplus target depends on an exogenous shock s; that follows and autoregressive process of order
one. In particular, we assume that:

St = PsSt—1 1+ Es,ts

2
€s,s”

where e, ¢ follows an i.i.d. process with mean zero and constant variance o

In practice, we assume that B = 0 (Chile is today net creditor by an amount of 3% of GDP
approximately). This formulation allow us to have a well specified fiscal rule (government debt is
stationary) while capturing the most relevant aspects of the Chilean fiscal rule. A negative surplus
shock (reduction in s) makes room for a rise in total government spending, which can be allocated
to transfers or consumption.

One can show that under this formulation debt evolution follows:

HPrevious papers that have analyzed the effects of the Chilean fiscal rule in DSGE models are Garcia & Restrepo
(2007), Medina & Soto (2007) and Kumhof & Laxton (2009)
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§t+1 - Et - (P;i{ - Pcu,t) /{Xcu,t + Tcu7t <Pcr'5,]; - Pcu7t) (1 - /{) Xcu,t + (P»::o{t - Pmmt) Xm7t

1 A
ot |Swa / WE() LR (h)dh + Swa / WN (LN (h)dh
A 0
1 A
i |Swa / WA LE(h)dh + Swa / WN (WL (h)dh
A 0

1 1
+Tprt {/ PrR(h)dh — / Prf(h)dh} — surplus;
A A

Clearly, if the current price of copper is above its long term value, we have a fiscal surplus (a
reduction in government debt). The same is true for the other determinants of government revenues.

In order to complete the description of the fiscal rule we need to specify how a "surplus" shock
is separated between transfers and government expenditure. There are several simplifying choices.
To simplify the comparison with the case 1 rule, we assume that all transfers move one-to-one with
for the change in surplus.'?

3.4 Monetary policy

We assume that the Central Bank (CB) sets the (gross) nominal interest rate, R, ¢ according to
a variant of the Taylor rule with partial adjustment, given by

Ry RfflRi;zf,}f exp(em,t), (18)

T\ /Y, \ Y
Rrule,t - (%) <?’t> ) (19)

where 1 determines the degree of smoothing, and €,,, is an exogenous ii.d. monetary policy
shock. The target values are steady state GDP without the copper sector, Y;., and inflation, TI4,
assumed to be 1 for simplicity.!®> According with the Taylor principle, the reaction parameter
to annualized inflation deviations 1/, should be larger than one, where I ; = II}, while ¥, for
quarterly data should be around 0.5/4.

We have also studied an extension of the rule above that allows for a systematic interest rate
response to nominal exchange rate variations. That extension could be useful to accommodate the
policy regime from 1986:1 to 2001:2, as documented by Medina & Soto (2007). In the analysis that
follows we ignore this term since in this paper we focus on the sample period 2001:3-2010:1.

12This assumption allow us to employ the same steady state as in case 1. Other assumption may propose that
surplus is split so that the ratio between transfers and government expenditure is constant in the absence of fiscal
Ijng’i’ = %efcf , where % corresponds to the steady state value of govern-
ment expenditure w.r.t. transfers and fc; represents a fiscal composition shock. A higher fiscal space (due to a
surplus shock) translate into a proportional increase in transfers and government expenditure in the absence of fiscal
composition shocks. The fiscal composition shock can be an AR(1) process. In particular, fe; = pfcfct_l + Efeyts
2

composition shocks. In particular,

where ey, ¢ follows an ii.d. process with mean zero and constant variance o So replacing into the rule we

Efe,s”
get:Pg Gt = PtTrt%efC‘ = P;thGt =gt = %%efct. Then, P;Tr: (1 + %ef‘:‘) appears in the RHS of the

fiscal rule.
13 This is without loss of generality, since during the 2000s the inflation rate in Chile fluctuated quite closely around
the 3% inflation target. In the empirical implementation we substract this target.
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4 Equilibrium and aggregation

Beginning with the domestic input’s markets equilibrium, the rental market is assumed to be in
equilibrium and the aggregate labor supply to firm i equals its demand:

L) = [ iy

where Ly(h,7) is the demand of firm ¢ for ability supplied by household h. Given that only Ricar-
dian households engage in capital accumulation, ;7 = R, their the capital supply equals demand.
Aggregating over Ricardian agents we obtain aggregate capital and net asset position for home and
foreign assets:

Ky =(1-)\KE,

B, = (1-X)Bf,

Bf = (1-)\B® - B,
where (1 —\) K = [{ KF(h)dh and similarly for assets (notice that BZ™ is the amount of lia-
bilities so with the negative sign converts to net holdings). In the same manner, aggregate real
variables such as consumption and investment are:

C; = MON+(1-)NCE,

L = (1-NIE,
where Ct and O come from aggregators similar to (2) and (1 — ) [t = f; IE(h)dh.

Market clearing in the home produced goods implies that supply given by the aggregated version
of Eq. (8) equals demand:

YH7t = AH7t |:TH7Z (1 - Oé) (Ct + It) + TGI7-71,t (1 - ac;) Gt} + (ac + Oé]) (Rg};t) Y; . (20)

After some little algebra we can derive the gross domestic product (GDP) and GDP without

copper:

Y (Ct + It) [1 - AF’tOé (TtTH,t)l_n] + 0] (ufi) Kt—l (21)
t = )
1= RER: (9, X204 + Phno o Xoti1) = [1 = Arsaa (TTome) "] g1

(Cot 1) [1 = Apaar (TiT,)' "] + @ (uft) Koy

Yrt = 1-n
1-— |:1 — Aprag (TiTomt) :| gt

)

(22)

Notice that the CB targets Y;.; instead of Y;. From Eq. (21) we can isolate the consumption
and investment levels as follows:

Vi {1 = RER, (1 XU + o Xiti®) = [1 = Brsag (TTama)' ™| g:} = @ (uf) Kiy

Ci+1I; = 1—
(]. — AF,tO‘ (TtTHﬂg) "7)

(23)

MFor details see the derivation in Section A.2.
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The NFA under incomplete international asset markets is:!?

Si—1Bf S: 1 1 SiBfy 4
—t — + NX; = , 24
Py Siq 1 "7 RRP () PR 29
where we employed the following net exports definition:
NX; = RER, (P kX205 + DruoiXimor) Yo
Ty T
A — (1 - Cy+ 1 —(1— Y,
+Amt MCH,t( a) (Cy + t)+MCH,t( ag) gtYy
TH,t * * TI;,nt * R
MCH7t (CVC'FCY])RTW t _THFCH _AH,t (Ct+It) _gtY;f _(b(ut )Kt—(25)

where we take into account that Cy + I;, come from Eq. (23).
The model has seventeen exogenous driving forces are collected in the following vector:

* * share _ share * * *
Vi = (Um,tactaRERFﬂfa t)x/;f 7AH7t7xcu7t 7xmo7t 7Rt7(/)7t7€]7t7Tw,taTPntaTcu7tapcu,tapmo7t)
which is assumed to follow the process

Vi = p Vi1 + &,
(17x1)  (A7x17)(17x1)  (17x1)

where p is a diagonal matrix containing the corresponding autoregressive coefficients, and {e;} is the
vector of exogenous serially uncorrelated shocks with zero mean and diagonal variance-covariance
matrix X,.

5 Calibration and Estimation

In order to employ Bayesian methods to estimate the DSGE model, we should define the measure-
ment equation which links the observed variables with the model’s solution or law of motion.!¢
Then, the Kalman filter is employed to evaluate the posterior density (which is proportional to the
product of the likelihood and the assumed prior densities).!”

To be consistent with the assumptions involving technology in the model, we get rid of the trend
of non-stationary variables which grow by filtering the data with a (deterministic) quadratic trend
(in accordance with our VAR estimation). Moreover, we lower the observed inflation rate by the
target, 3 percent. Similarly, for the interest rate we subtract a neutral interest rate, 5%.

In this paper, for simplicity and to agree with previous assumptions, we restrict ourselves to the
sample period 2001Q3-2010Q1, a period characterized by a well defined monetary policy based on
an inflation target and a flexible exchange rate.

We calibrate a subset of parameters. These are, 5 = 0.9878 which is consistent with a neutral
annual interest rate of 5 %. Import shares &« = ag = 0.3 approximates the share of imports
in GDP ratio. The settings o = aj = 0.0004 are consistent with the share of Chilean GDP

15For further details on the derivation refer to the appendix Section A.3.
16 Calculations are performed with the set of routines included in DYNARE, Juillard (2005)
TFor details on these aspects see Fornero (2010).
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to world GDP (0.35%). The elasticities of substitution among varieties of intermediate and final
imported goods are ey = ep = 11, consistent with markups py = pp = Sp = 1.1. Further,
the elasticities of substitution among varieties of labor types are epgr = ey = 9 which imply
markups iy = Swr = fywy = Swa = 1.125. In addition, ( = 7.5 as in Adolfson et al. (2007),
the annual depreciation rate is assumed to be 10% (§ = 0.025), and some steady state ratios and
relative prices are X3're = (.044, Xshare = 0.01, g = 0.094, Ag = 1, 7, = 0.2, 7p, = 0.17 and
T =Ty = Tgyg = 1. We also left calibrated the Calvo price and wage probabilities because of
lack of identification under usual priors. Furthermore, the habit formation parameter affects the
steady state due to the assumption of internal habit formation; therefore we calibrate it to 0.8. For
exogenous processes of copper and molybdenum shares which are not identified, p,  and p, , we
assume persistencies of 0.1.!® Last but not least, the elasticity 7 is calibrated to 2.

The crucial parameter A is left calibrated to 0.50 due to lack of identification. There are
microdata on household balance sheets that point out the 14% of the households have absolutely
no access to any financial means, which establish a lower bound for A\ of 0.14. Some calculations
using data from the Household Financial Survey (EFH) done by the CB of Chile in 2007 suggest
a value of X equal to 0.17 and 0.29 depending on how strict or broad we interprete aggregatio of
people’s answers.!? All things considered, we calibrate A to a conservative 0.5 since retail stores
have been developing during the 2000s a credit card system that nowadays is responsible for one
half of the credit for consumption (the quality of this type of credit is lower than typical bank credit
because it tighly linked to certain items).

The prior densities are quite standard. We choose a gamma density for the friction parameter
of investment W with prior mean 50 and SD equal to 20. The prior mean for the elasticity of the RP
respect to the asset position is 0.04 with prior SD of one tenth of the mean with Beta distribution.
Similar density type is chosen for persistencies such as ¥ grandofps with mean 0.5 and variance
0.2. The priors for Taylor rule parameters are quite standard, see Smets & Wouters (2003). For
variances of standard errors and measurement errors we assume inverted gamma distributions with
20 and 1 degrees of freedom, depending on if the errors are on variables or on shares (which vary
less), respectively.

The set of observed variables has 11 time series which are gathered in the vector 0Z;=(0Y; ¢,
oY}, oCy, oly, olly, ollf, oRy, oR}, ow;, oRERy, og;)’. Since the current model version does not
have a balance growth path, the data has been filtered up employing a linear quadratic trend or
if the resulting detrended time series is not stationary we applied the Hoddrick Prescott filter,
then we scale variables with the SS values. In addition, we allow for measurement errors which
are included in the vector meZ; =(meY, ¢+, meY,*, meCy, mely, mell;, mell}, meR;, meR}, mewy,
meRER;, meg;)’. In the case of interest rates and inflation, which are not filtered, we substrate the
neutral interest rates and inflation targets (foreign inflation in demeaned). Measurement errors are
ii.d.

We estimate two versions of the model, one with the zero deficit fiscal rule (case # 1) and the
other with the Chilean fiscal rule. We report these estimates in Table 5 and 6, respectively.

18We tried also a VAR(1) for foreign variables as it is usually done in the literature; however, off diagonal elements
of the persistency matrix turned out to be not statiscatically different from zero. Thus, we specify AR (1) processes
for R*, IT* and Y'*.

19In addition, the The National Socioeconomic Characterization Survey of 2006 (CASEN) reveals that out of the
total employed women, only 72.6% have a formal employment while that figure for men is 79.6%. Thus, such lower
limit for A would be roughly 0.25. Presumably, the inference here is that informal employment leads to absence of
access to financial markets.
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Table 5. Estimation results, fiscal policy case # 1

Parameters Prior density Prior mean Prior SD Post. mean 0.05 0.95
v r 50 20 64.4134 35.6338 92.3602

ba I3 0.04 0.004 0.0386  0.0323  0.0452

0 N 1 0.1 0.9943  0.8271 1.1648

YR I} 0.5 0.2 0.9025  0.8613 0.945

U, N 1.5 0.15 1.2757  0.9952  1.5596

Yyr I3 0.125 0.05 0.1852  0.0805  0.2892

P¢ I3 0.5 0.2 0.5758  0.2396  0.9653
PRERy I3 0.5 0.2 0.9387  0.8966  0.9693
P, I} 0.5 0.2 0.6255  0.2361  0.9871
P I3 0.5 0.2 0.5695  0.3836  0.7568
Py 8 0.5 0.2 0.4794  0.1655  0.7889
PAy I3 0.5 0.2 0.7542 0.646  0.8728
ole I3 0.5 0.2 0.628  0.4252  0.8228

PR* I} 0.5 0.2 0.6652  0.4166  0.9242
Pe, I} 0.5 0.2 0.5637  0.2503  0.8945
Do, I} 0.5 0.2 0.7296  0.5209  0.9166
SD of shocks Prior density Prior mean g.l.  Post. mean 0.05 0.95
Um r-! 0.01 20 0.0038  0.0027  0.0048

¢ r-t 0.01 20 0.0188  0.0021  0.0666
€RERp r-t 0.01 20 0.0037  0.0019  0.0058
Eqx r-! 0.037 20 0.0134  0.0106  0.0164
€Ay r-t 0.01 20 0.0072  0.0046  0.0097
€¢, r-t 0.01 20 0.0096  0.0023  0.0178

€l r-t 0.01 20 0.0117  0.0028  0.0219

] r-1 0.001 1 0.0042  0.0029  0.0055

Etr r-1 0.01 20 0.0249  0.0029  0.0465

SD meas. errors Prior density Prior mean g.l.  Post. mean 0.05 0.95
mey R r-! 0.003 1 0.002  0.0006  0.0038
meg r- 0.003 1 0.0019  0.0006  0.0034
mej r-1 0.003 1 0.0726  0.0582  0.0865
me, r-1 0.003 1 0.0013  0.0006  0.0021
mep r-1 0.003 1 0.001  0.0006  0.0015
meyy r-t 0.003 1 0.0271  0.0182  0.0355
MEeRER r-t 0.003 1 0.025  0.0006  0.0537
mey r-! 0.003 1 0.0023  0.0006 0.005
me« r-! 0.003 1 0.0021  0.0006  0.0037
meg+ r-! 0.003 1 0.0014  0.0006  0.0022
me, r-t 0.0001 1 0.001  0.0001  0.0027
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Table 6. Estimation results Chilean fiscal rule

Parameters Prior density Prior mean Prior SD Post. mean 0.05 0.95
v r 50 20 64.3307 37.3497 91.4607

ba I3 0.04 0.004 0.0393  0.0326  0.0465

0 N 1 0.25 0.9359  0.5269  1.4169

YR I} 0.5 0.15 0.8441  0.6771  0.9445

U, N 1.5 0.15 1.249  0.9751 1.5452
Yyr I3 0.125 0.05 0.1729 0.067  0.2745

p¢ I3 0.5 0.2 0.7033 0.338  0.9501
PRERy I} 0.5 0.2 0.9338  0.8781 0.974
P, I} 0.5 0.2 0.5098  0.1845 0.8135
P I} 0.5 0.2 0.4853  0.3284 0.636
Py 8 0.5 0.2 0.4913 0.1717  0.8071
PAy I3 0.5 0.2 0.7555  0.4927  0.9325
ole I3 0.5 0.2 0.7138  0.5341  0.8921

PR* I} 0.5 0.2 0.4861  0.2121  0.7808
Pe, B 0.5 0.2 0.5875  0.2482  0.8941
Pu,, B 0.5 0.2 0.5565  0.2293  0.8551
SD of shocks Prior density Prior mean g.l.  Post. mean 0.05 0.95
Um r-! 0.01 20 0.0038 0.002  0.0052

¢ r-1 0.01 20 0.0424  0.0029  0.0689
€RERp r-t 0.01 20 0.0032 0.002  0.0043
Emx r-! 0.037 20 0.014  0.0111  0.0169
€Ay r-t 0.01 20 0.0054  0.0036  0.0074
€¢, r-t 0.01 20 0.0044  0.0023  0.0064

€l r-t 0.01 20 0.0122  0.0027 0.026

] r-1 0.001 1 0.0038  0.0026  0.0052

Etr r-1 0.01 20 0.0061  0.0025  0.0098

Es r-! 0.01 1 0.0085  0.0026 0.015

SD meas. errors Prior density Prior mean g.l.  Post. mean 0.05 0.95
mey R r-! 0.001 1 0.001  0.0003 0.0016
meg r- 0.001 1 0.0007  0.0003  0.0011
mej r-1 0.001 1 0.0711  0.0558  0.0847
me, r-1 0.001 1 0.0037  0.0002  0.0193
mep r-! 0.001 1 0.0006  0.0002  0.0009
meyy r-t 0.001 1 0.0256  0.0182 0.033
MEeRER r-t 0.001 1 0.0468  0.0352  0.0592
mey « r-! 0.001 1 0.0007  0.0003  0.0012
me« r-! 0.001 1 0.0006  0.0002  0.0011
meg+ r-! 0.001 1 0.0007  0.0003  0.0012
me, r-t 0.001 1 0.0021  0.0009  0.0037
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6 Simulations

All the cases analyzed in this section are valid if both the central bank and the government have
a commitment technology that is believed by the public. We illustrate how fiscal policy rules may
be responsible of non-Ricardian patterns of consumption and GDP behavior. This section, present
impulse response functions (IRF) to various shocks and we compare FP rules. The analysis focus
on determinants of a positive fiscal multiplier of consumption and it is not detailed neither complete
in other dimensions such as the expenditure switching caused by real exchange rate movements.

In Figure 5 we present the dynamic response of the economy for a government spending shock,
eq, equal to 1% of GDP. The result indicates that the impact on output is positive under both
rules, but negative for consumption under rule 1, meaning that the discipline of the zero deficit
rule is much more strict, displaying a countercyclical effect of fiscal policy. The opposite is the case
for consumption with the Chilean rule, government expenditure increases following (17) but since
transfers depend on structural or steady state variables and debt, the effect of the shock is positive
on both consumption and output. This supports the VAR evidence reported above.

Figure 6 displays a positive productivity shock to the total factor productivity. As a result
marginal costs decrease, nominal wages tend to increase but since they are sticky cannot react
immediately; however, real wages go up due to deflationary pressures caused by the shock. Also
there would be an appreciation of the real exchange rate that would mitigate the exports expansion.
Consumption of Ricardian agents reacts positively, whereas for on-Ricardian agents consumption
remains negative during 2 quarters. In contrast to Figure 5, both rules behave similarly. We
interpret the slightly higher consumption of Ricardian agents under the Chilean fiscal rule due to
the fact that agents believe that the government is going to save more than rule case # 1, so they
consume more.

Figure 5: A positive shock to g; of size 1%.

Non-Ricardian agents consumption resp to G shock x10° Ricardian agents consumption resp to G shock
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Figure 6: A positive productivity shock of 1%

Non-Ricardian agents consumption resp to productivity shock

Figure 7 illustrates a shock in the copper-to-GDP share of 1%, with persistency of 0.1. The
multiplier of GDP is positive. Consumption of Ricardian agents increase under both rules, being
under rule 2 the most expansive because the government is saving the temporary increase in rev-
enues, which is compatible with larger consumption levels for Ricardian agents. There is a larger
response of non-Ricardian agents’ consumption, indeed it is different depending on the fiscal policy
rule being applied. Under the zero deficit rule, all the temporary increase of revenues is transferred
to the public, so they consume all in the short run (as opposed to Ricardian agents who smooth out
transfer’s income). The Chilean rule would fix the expenditure to a constant, thereby government
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savings would increase and transfers would decrease in the very short run.

Figure 7: A positive shock to the copper-to-GDP share of 1%

Non-Ricardian agents consumption resp to copper endowment shock
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Aggregate consumption resp to copper endowment shock
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Figure 8 considers a shock to transfers of 1 percent with estimated persistencies. The differences
is due to the fact the persistency of the AR(1) process is higher under FP rule #1 (0.73 vs. 0.56).
Besides the persistency which account to what extent IRFs bend, we observe a typical case where
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the Ricardian equivalence is broken for aggregate consumption. Ricardian consumers save the
temporary increase in transfers under both rules, whereas the non-Ricardian agents consume all
what they receive. This positive response of consumption by non-Ricardian agents, explained
by their extreme impatience, dominates and lead to an aggregate consumption multiplier that
is positive for about one year. Further, GDP increases and display a larger multiplier than for
consumption. Here it is appreciated a fundamental shock to FP rule, which would be qualitatively
similar to a "surplus" shock.

Figure 8: A positive transfers shock of 1%.
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Figure 9 reports a positive shock of 1% on the copper price relative to the foreign price index.
The results are qualitatively similar to those observed in Figure 5. The GDP multiplier is positive
regardless of the rule as well as for Ricardian consumption. Non-Ricardian consumption increases
under a zero deficit rule but does the opposite for the Chilean FP rule. The reason being the that
in the former case the government distributed higher transfers and in the latter case it saves for a
while.

Figure 9: A positive shock to the copper price of 1%.
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In Figure 10 we report responses to an expansive monetary policy under estimated parame-
ters. They differ in the parameterization of the persistency which explains again to what extent
IRFs bend. The drop of interest rates cause a hump-shaped consumption pattern for Ricardian
agents, while for non-Ricardians responses are monotonic. Overall aggregate consumption and GDP
expands as it would be expected in any RBC model with these characteristics. Non-Ricardian con-
sumption expands due to increases in taxes and wages that are distributed through transfers which
turn out to be lower under the Chilean fiscal rule. Of course, the drop in interest rates would turn
less attractive to invest in home assets and so we would expect a depreciation of the currency.

Figure 10: An expansive monetary policy, shock size to the interest rate instrument is 1%
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7 Conclusions

This paper presents VAR evidence of fiscal multipliers that are large and robust for Chile. The
finding is consistent with aggregate real consumption and real GDP expanding when transfers and
/or government expenditure go up with rather similar developments. Results from small VARs
(four variables) suggest that basic multipliers of consumption peak at the second quarter with
values larger than one, while the peak is slightly delayed and higher in magnitude when considering
output multipliers. Accumulated multipliers grow steadily and peak between 4 and 6 quarters and
then the expansionary effect come to halt and start to fall at a lower rate. Values range from
2.4 to 3.5 for consumption and 3.16 to 3.46 for output. Moreover, large VARs take explicitly into
account the fact that Chile is a SOE in the specification by including three additional variables (the
reference copper price as exogenous, total private investment and the RER) produce consumption
and output responses that are more expansive to government shocks (larger multipliers). The large
VAR with transfers shocks gives roughly similar fiscal multipliers as the small VAR.

We confront this evidence with tthe prediction of a DSGE model for the Chilean economy.
The model features two households’ types Ricardian and non-Ricardian. The former type solve a
typical dynamic programming problem, whereas non-Ricardian households consume labor income
and transfers during the period. While MP is standard, we allow for two fiscal policies rules, one
that is zero-deficit while the other approximates the Chilean fiscal policy rule characterized by
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expenditure responding to structural revenues.

The results indicate that when a zero deficit fiscal rule instrumented by transfers (leaving public
expenditure exogenous) is assumed, we a public transfer shock yields positive fiscal multipliers of
consumption and output. On the other hand, if the shock disturbs the government expenditure to
GDP ratio, the zero deficit rule causes a negative fiscal multiplier for consumption but a positive
one for GDP. Interestingly, the implementation of a fiscal policy rule that approximates the Chilean
fiscal rule in the model leads to the finding that both the consumption and output fiscal multipliers
are positive in the short run. Finally, the Chilean FP rule seems to be doing a better job in
smoothing business cycle fluctuations.
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APPENDICES

A Derivation of particular equations of the model

A.1 First order conditions: the Ricardian consumer

The Lagrangian summarizes the (constrained) intertemporal problem that the Ricardian consumer
faces:

S8 [in (G () — bRy (1) = (o PP

a=0
BE (s h) + Sy o BE* (5779 B) + (1 — Topi4a) SWRWtIia(h)
> TPita [Trﬁl-a(h) - Tthia(h)] - Zst+tl+l|5t+u Q ( t+a+1 H‘a) B
E, + Z BtMAﬁa —Stta ZS,MHWM Q* (St+a+1 7 8t+a) BR* ( t+a+17 h

_Pt+a [Cg-a(h) + Iﬁi—a(h)]

Stta t+a u(h)
L a=0 _51,t+aItI§-a(h) I\IJ (% - 5) Kﬁi—a—l(h)

where A; and Z; = A, P,q; (¢; is the Tobin’s q) are Lagrange multipliers relative to the CBC and law
of motion of capital, 35 i+at1 g0 @ (s'Tatl ste) and D strari|gira @F (stratd s+e) are relevant
discount factors for home and foreign assets for consumer j = R.2" Perfect risk sharing implies
that:

> Qe st = R, and (26)
sttatl|gtta
-1
* t+a+1 t+a — (R;fk-i-a) 27
Z Q ( ) R]P)t-i-a(')')'), ( )

sttatl|gtta

where RP;4, (-, -,-) is defined in footnote 9.

The Ricardian consumer chooses consumption allocations, home and foreign asset holdings,
investment, capital, the utilization rate and labor hours (derived in a separated section). The
resulting FOCs can be summarized in the following.

First, the FOC w.r.t. consumption reads as:

— [CE(h) —bCE ()] " — BOE, [CE L (h) — bCE ()], (28)

where At = ]\fPt is the (real) Lagrange multiplier that equalizes the marginal utility w.r.t. con-
sumption.
Second, FOCs w.r.t. home and foreign asset holdings yield the following Euler equations:

R

RS Ay ]
Rt Aﬁ]«_—[t-l-l

20 This notation is more explicit than in Woodford (2003) Ch. 3: s**t" stands for the history of states of the world

that have taken place untill £ + h, thus @ (st+h+1,st+h) indicates the value of the discount factor in a particular
state at t + h + 1 (among all possible states).

_ 6B, [ (29)

27

+(1— 7'Pr,t+a) Prﬁ_a(h) + Rt+aut+a(h)Kf|-a—1(h) — P ® (ut+a( )) Kﬁ-a—l




1 Afy Seq
- - I
RiRP, (-,-,-) 8 t[Aﬁ S, Tt (30)
Py

respectively, where II; = 5 =" stands for gross aggregate inflation.

Combining (29) with (30) allow us to derive the uncovered interest rate parity (UIP) reads as:

E, [Aﬁ-lst/st-i-lnt_-i-ll] _ R,
Et [Ag_ll_[;_ll] R?R]P)t ('7'7')
Third, FOCs w.r.t. investment, capital and the utilization rate are:
I{*(h)
AR =g, [Et R (5”7'5 - 5)] : (31)
' Kt (h)
AR
=, = BE ﬁ [Rz]t€+1uﬁ1(h) - P ® (“ﬁl(h))]
= = R 2 R R ,
(32)
Rf = P,®' (uf'(h)). (33)

A.2 Derivation of the GDP identity

In this subsection we derive the gross domestic product (GDP) identity Eq. (21) in the main text.
Begin with GDP definition: the sum of consumption, investment, government spending and net
exports (minus resources lost due to adjustment of capital utilization):

Pg .G * share * share
Y, = Ci+L+ Gt + RER; (pcu,tXcht +pmo,tXn‘ilo7t ) Yy
t
' Pr, P,
—Ap | TiTH (CF,t + Iﬁt) + —;7t —PG7t Gpi| +@ (ufi) K 4,
L y Pay
. PG,th * share * share
}/t - Ct + It + PY, Y;f + RERt (pcu,tXcu,t +pmo,tXmo,t ) Y;f
tlt
[ _ Pr: P _ Y;
~Apy [T (C+ 1) + =22 =2 ag (TTam,) " G —t] + @ (uff) K-y,
I : P, Pg. Y:

. _ PGy Prgy Pau -n Y; _ Prut —n Pg+Giy/ .,
notice that g, = 755, 5 porac (Tilcns) " Giyr=pac (Tilon) " —pv -

t

Yy = Cit L+ g YA RERy (i Xon % + Do Xomat ) = Apa T " [T}{;f’a (Ce+ L) + aGTcl;}ftgtK} +® (uff) Kooy,

Yi [L= RERy (X257 + Phaoy Xilsi®) = 90+ Arsa (TTomn)' "
= |:1 — AF)tOé (TtTHyt)l_n] (Ct + It) + 0] (U?) Kt—l;

and reorganizing we get Eq. (21).
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A.3 Derivation of the net foreign asset (NFA) position

This section derives the NFA under incomplete international asset markets.
First, notice that domestic nominal aggregated benefits that accrue to Ricardian households
are:

Pro, = P8, =P (Bu:+DBry),
T
= P2y, —wl (=N LE—wNALY — Pl K, — Ty FCy
MCH7t ’
S, P
+ P, |:([LF — 1) TF’t (CF,t + Ip + GF,t) R (34)
t

where By, = (1-N)BE, = [[BE (h)dh and B, = (1-N)BE, = [} BE (h)dh are real
benefits of domestic intermediate producers and final goods importers, respectively. Notice that Eq.
(34) assumes complete home bias in stocks property holdings. Once the subsidy to the importer, Sg,
is considered the price turns out to be g—iPp,t = Ppy (recall that Pp; = p FStPj;t) and the LOOP
is restored if and only if Sp = px.2! In other words, thanks to the subsidy the consumer effectively
pays a price which is identical to the marginal cost (as in a perfectly competitive environment).

Furthermore, recall that StPF L= S}ii "PPL;” = RERpTu,T;,. Aggregate profits from private

copper firms are:
Preuy = PLRERp:, (1 — Teuy) (1 — k) X229V (35)

Second, for convenience rewrite the CBCs for Ricardian and non-Ricardian households, Egs. (3)
and (7), respectively:?2

B (st,h) + S:B{"* (h) + (1 — Twt) SwrWHLE + P, [Trf(h) — TXF(h)]
=D gtti|e @ (s, 5", h) BE (s'T1 h) — S, Dostrigst @F (st s h) Bgflk(h) + (1 — 7pys) Prfi(n)
+R{uf(h)KE (h) — P,® (uf'(h)) KE (k) — P, [CtR(h) + ItR(h)] =0,

(1= Twe) SwWN(R)LY (h) + P, [Tr}Y (h) = TX [N (h)] — B.CN(h) =0.

Integrating first over goods and then over agents, we obtain:
(1 =X B+ (1= X 8:B{"* + (1 — Twu) Swr D WELE + P, (1 - N Trf

(1-NBf, (1-N8:B;

R, Ry exp(—(ﬁa (S’T?rl) ¢AS(E,[ ]—1)+(f>t

+R{uf Ky — P® (uft) Ki—y — P, (1= ) [ApTu, (CH, +If,) + ApTu Ti (CE, + IF,)] =0,

P (1-NTX] -~

) + (1 — TPnt) Prt

2INotice that MC = pp at the steady state.
22Recall  that due to the demand aggregation (i.e., integration across goods) CFE(h) + IF(h)

= AuTu [CR, W+ I8 ()] +ApTu Ty [CR (W) + IR, and  CN() = ApTu.Cf (k)
+AF7tTH7tTtC’}Vt(h), for any household h.
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(1= Twe) SwnWNLY + PA(TrY —TXY) — PA [Apg Ty CF , + Ap T, IO, =0,

where we replaced CF and I' by their equivalents taking into account demands’ structure. To
simplify the algebra we assume that Ay = Ap,; and combine both restrictions to obtain:

(1 =N BE+(1—=)) 8B + (1 - Twy) [SwrDE, WELE + Swa DY, WNLY]

-\)BE, 1-\)S¢B;%
+PTr, — BTX, — a }%t - (R;fR])P’t(wiT)l + (1 - TPr,t) Prt (36)

—l—R,’fu?Ktq —P® (Uf) Ki 1 — AH,tPtCt - AH,tPt (1 - )\) ItR =0.

Third, taking into account the GBC (13) and assuming that period-to-period outflows are equal
to sources of income, we can calculate lump-sum transfers consistent with a zero-deficit rule:

G,

PTry = —gPY,+ (BE:I - Bt) + (ﬁ - StBtG’*>
S Py i[5 4 Teut (1= K)] XET Yy + Se P Dl 1 Xinai Vi
+Twt [SwrD WELE + Swn Dy W LY ]
+7petPre + BTXy — (Sp — 1) Ap Pr (Crt + Irt + Grt)
- (SWR - 1) D{;tWtRLf - (SWN - 1) D{/VMtWtNLiV'

Combine transfers from the previous equation with Eq. (36) and cancel out common terms:?3

(1= X)BE + (1= )) 8:B{Y* + (1 — 7o) [SwrDE, WELE + Sy DY W LY]
a,x
—g P+ (Bt - B.) + <RS%(+) = &Bf"’*)
+S Prphy i [+ Teus (1 — K)] X3097Y, + Sy Pfph,, (X oheteY,
FTw,t [SWRD%,tWtRLF + SWND{/VV,tWtNLiv]
+7py Pry + PTX, — (Sp — 1) Ap Pr (Cpy + Ipy + Gry)
— (Swr — 1) Dif, WELE — (Swn — 1) Dfy, WNLY.

_ R Y St R, *
~PTX, - LR Lo 4 (1= rpy ) Pry

+R?U?Kt_1 — qu) (’LL?) Kt—l — AH,tBCt — AH,tB (]. — )\) ItR = 0
S, {(1 —\) Bf* - BS’*] — g PY,
S BtG’*_ 1-X BtR’* K ok share * ok share
+ [ IJ%gR]PEz(.y.}) +1] + St}Dt Peust ["{ + Teu,t (1 - "{)] Xcit Y+ St}Dt pmoJX'm{lo,t Y
— (SF — 1) AF,tPF (CF,t + I + GF,t) + VVtRL,f2 + WtNL,{V.
—|—Prt + R,’fuf’Kt_l - Ptq) (Uﬁ) Kt—l - AH,tPt (Ct + It) =0.
and taking into account the equation for benefits, Eq. (34):

" " 1-N)Br B
St (1_)‘)BtR7 _Bta _(R;)R]p% — 9 PYs

S P PE [+ Teut (L= K)] XERTYy + S P Dy XY

+P; (F85 Yiae = T FCr ) = Pi® (uft) K1 = A Py (Co+ 1) = 0,

. St P
23Notice that P; |:(,uF —-1) 1PtF’t

Sp+1=pp—Sp=0.

(Cre+ I+ GF,t)] —(8r —1)Pr (Cri+1Ir +Gry) =0, since pp — 1 —
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recall that By = (1 — \) B*"* — B®* where it is understood that B** are net holdings of private

agents, while —BtG ™ are net holdings of the government, which explains the negative sign; so
replacing;:

SB; + SiPy D 15+ et (L= )] XSG + Pl X557} PYs + P (58 Yir = Ta FCrr )

S.B;
—W —AH,th(Ct"‘It)—Rg( th—|—(I)(ut )Kt 1) :0

Replacing Yz ¢ by its equal from the equilibrium conditions (20), the previous equation in real
terms becomes:

SiBf Si—1 P

Py S P

+ RERt {[K + Teu,t (1 — /z;/)] p:u tXSha""e + pfno thhare} Y;

cu,t mo,t

\ Tyt
+ (ag +a7) —

’ ) Po, Y
e {AH,t l(l ~ )T} (Co+ 1) + (L - ag) Tof Gt o

MCp, NN Po. Y RER; "'

(37)

SiBf 1
T FCx — Mgy (Co + 1) —g, Yy — @ (ulf) Koy = Wmﬁ
where TGt ?Gi v = %%Yt = Teu,19:Y:. We can rewritte the previous equation as follow-
ing: ’
Si1Bf S: 1 h 1 Sy BEy
— + NXy — RERyp;, + (1 — Teue) (1 — k) X254°Y; = , (38
Pt_l St ) Ht + t tpcu,t ( T ,t) ( K) t t R?R]P)t (.’ y ) Pt ( )
where we employed the following definition for net exports (strickly speaking, we should add Eq.

(35) and deduce this amount to get the true measure of net exports including copper and molyb-
denum):

1—77 1—n
NXt = RERt (p* Xshare Xshare) th 4 AHt (1 _ CY) (Ct + It) + TGH,t (1 N aG)gt}/t
cu,t“*cu,t mo t“*mo,t 5 MCH . MCH,t
THt * * TI;Z ® R
+MCHt(a o +aj) RTP;;"Y; —THFCH_AH,t(Ct‘FIt)_gtY;f—q)(Ut)Kt—la

where Eq. (35) provides the clue to gauge the net rents balance of the balance of payments, i.e.
benefits of foreign mining companies:

NR; = —RERp}, (1 — Teuy) (1 — K) X3M9eY,. (40)

cu,t

Thus, it is required in equilibrium that NX + NR = 0 to avoid debt accumulation. In the case of
Chile, it is the case that long run data supports a ratio N X-to-GDP of 2% while the rents balance
is a deficit of the approximately the same magnitude. Besides, recall that terms signaled with
in (37) come from Equation (23).

Alternatively, we may rewrite Eq. (24) in terms of Y;:

)

S Bf Si 1 NX,  NR 1 Yie1 S Bi

+ + = ,
P Y, S, Y, Y, RRP(,) Y DY

By NX,  NR, =l By,

(41)
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and

1-n —n
NX, h h Ty (Cy + L) Tom:
= RER *  yrshare * X share)y, A ) 1— > 1—
Y;g t (pcu,t cu,t +pmo,t mo,t ) ¢+ H,t MCH,t ( CY) th + MCH7t ( OéG) gt
TH " " TI;Z Y Tu:FCu Ap:(Ci+Ip) m Ki—1
+ — (ay + a — — — ’ — ’ —qg— P (u , 42
MOy TV RERTY, T Y, Y, 9~ ()7, ()
NR * snare
Y, i = _RERtpcu,t (1 - TCU,t) (1 - ’%) Xcs,t . (43)
t

Either we can employ (24) and (25) or (41) and (42).

A.4 Derivation of Ty
Begin with the definition of T x

Py
T = :
GH,t PG,t )
where Pg, comes from Eq. (12). Besides, observe that Tz ¢ relates statically with T} = %:
1 1 1
T B Pyy Py B (1_a)PH,tn+aPF,tn o
Gt P Pg P Paoy H’ (1-ag) P}{;" + aGPfl,;" ’
1— 1— 1— _
i~ i (L— o) Py, +aPp" Py" 71 1—a+al, ™" '
’ " (1—ag) Pg"+ ac Py, Py " l—ag+acT, ™"
Thus,
1
l—a+aoT}™ |77
Tou: =ThHy — (44)
1—ag+ ath

B Steady State (complete asset markets)

T = 1 —E
B
I = Hg=IHp=II"=1.

For home producers it follows from optimality conditions that at the SS Ty = f—jgi = pugMChy,
which implies that the real marginal cost is (MCy = ﬁgﬂ)

T
MCy =2, (45)
129:4
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and similarly for home importers:

Pr="Epopm = PP spy,
F

- Sr S
which yields the marginal cost in terms of imported good prices:
SP;. S
1=LE2F  ppRy =L (46)
Sr Prp HE

where we employed the definition RERp = ST};E. In terms of the GDP deflator:

PuPr _ g SPiPuPr
Py P Sy P Py Pr’
———
represents MCp
PuPr _ prSPiPuPr
P Py Sy Pr P Py’
pr SPg
T = —/ TyT
H SF PF HL,
=MCp
THTﬁ = MCFp.
HE
so it follows that the real marginal cost of the imported good is:
Sp
MCp = THTM_ = RERpTHT. (47)
F

Next, we seek to pin down SS inputs’ prices. First, consider the FOC w.r.t. capital (32) at the
SS (the assumption is that u =1, ® (1) =0, ey = 1):

(1—5)—%W<é—i—5>2+‘1’<é—i—5> é—i”

taking into account (31) at the SS, At = = — ZW¥ (II{—}; — 5), to express the previous equation in

terms of one multiplier:
1_ (IR 2 IR IR

IR
B [E—EW(E—é)]rk—i—E

IR ) 1 (IR 2 IR IR
and finally at the SS materialized investment level is identical to the desired level, just to replace

the capital that is depreciated, é—i = ¢ (this result comes from the law of motion of capital (6) at
the SS, It = §K1?). Thus,

- RF
H—/B{A?ju

—_
—
—

1 = ﬁ[rk+(1—5)],

- %—( — ). (48)
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Second, to obtain w, recall that from Eq. (10) the real marginal cost at the SS is:

1 (rk)vwl“*

MCy=———"+——
T Any (1-)
B\Y, 11—y
which equalized to (45), i.e. %f; = ﬁ y:(1—;u)1*7’ leads to:
1
1—v
Ty

w=|Agy" (1-7)"7" ; (49)

5
i (- (1-9))
where r* comes from (48).

From the production function optimality condition (marginal rate of transformation is equal to
relative input price) we get:

1—7 wlL K vy ow
v rkK = L (1—~)rk (50)

Total nominal domestic profits are Pr=Pry+Prr. Home traders’ nominal profits are Pry =
P¥By = JXJH—gI’; —WL—RFK — Py FCy and real profits (here real means in terms of the consumption
bundle C) are given by:

TuYny
MCy

Under perfect competition and constant returns to scale, the no entry condition guarantees that
real benefits are zero at the steady state (B : = 0). Thus, the Euler theorem states that the
value of the production equals the value added from inputs, or f(inputs)=> (price inputs*inputs’
quantities):

By =

—wL —r*"K — Ty FCy. (51)

TyYy = wL + P K. (52)

We rewrite Eq. (51) taking into account Eq. (45) and Eq. (52) we may find out the value of
FCp such that By,; = 0 holds:

(b —TH)

%H:/J.HYH—THYH—THFCH:0:>FCH: T
H

and taking into account that Yy includes F'Cp, it is straightforward that:

FCH — (:uH - TH) (AHK’YLI—’Y _ FCH) )
Ty
pg —Th _ (pu —Th) K\’
<1—|— T )FCH = T Ag T L,
_ vy
FCy = MAH <E> L, (54)
122z4 L

where %is given by Eq. (50). Thus, to check that benefits B are zero just substitute FCp into
Eq. (53):

By = (py —Tu)Ye —Tu [(M%HTH)AH <%)7L] ,
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and taking into account that Yy = Ay (%)7 L— (—MI%H)AH (%)ﬂY L= %AH (%)7 L:

By = (ny — Tt [%AH <%)7 L] - TH(”HM—fH)AH <%)7 L=0. (55)

Similarly, real benefits for home importers are:

Br=—

(CF + Ip +GF) — RERFTHT(CF + Ip +GF),
MC
—MCp

Multiply the first term on the RHS by g?} ﬁ—i, and arrange properly (recall RERp = SP—? = I‘j—i
F

and L& = Ty T):

Pr SP;? &
SP;; Pr P
—_ =~

:MF/SFZRE'RF:THT

_ (g_F _ ) RERyTyT (Cr + Iy +Gr) = 0. (56)
F

Br =

(CF+IF+GF) —RERFTHT(CF+IF +GF),

The marginal utility of consumption from equation (28) at the SS, both for {R, N} are:

o (1=5b)

- ooy (57)

As the real wage is divided by the markup in the SS, the wage equation evaluated at the SS
simplifies to:

e N 4
—C (LJ) + —SijJ =0,
Hw 5

4 A] ' 1/0’L
L= | =—— Swjuw’ :
CNWj

and taking into account the real wage at the SS, Eq. (49):

which implies that:

1 1/op,

A o
EHWJ‘

Ty
pa (5 - (1-0))

L = Swj [Any" (1=

The market clearance condition for home produced goods, Eq. (20), at the SS can be written
as (recall that Ag = Ap = uft =1):
1— —n -n * * Tr, - *
AHK’YL v —FCH = (1 —a)TH (C+I)+(1 —ag)TGHG+(aC+aI) ﬁ Y™ (58)
t

home absorption

exports
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We assume that at the SS the nominal trade balance is zero, i.e., the value of total exports
(LHS) equals the value of imports (RHS):

Py (Cy + Iy + Gy) + P RER (pf, X3P + pl, X3ta€) Y = Pp (Cp + Ir + GF), (nominal)

or in real terms, i.e., w.r.t. bundle C good price deflator, P:

Ty \ 7" _ _
Tr (o + af) <R—5R> Y*+RER (pf, X1 4 pl, X3hore) Y = THT[a (TyT)™" (C + 1) + ag (TeaT) " G] :

intermediate Xs (Q)

copper & molybdenum Xs (Q) intermediate Ms (Q)
(59)
The intermediate export level that is consistent with the zero trade balance (expressed in terms
of the home intermediate good) is:

b

(o + at) ( 2 >_ny* =T [a (TyT)™" (C + 1) + ag (TepT) ™" G] >

RER [RER (p;, X5 + Do Xua ™) Y.
(60)
We seek to introduce the information of the zero trade balance into the SS solution, so we
replace Eq. (60) into the equilibrium condition of home (intermediate) produced goods, i.e. into
(58): Yy =Cy + Iy + Gu + Cf; + Ij; (in real terms w.r.t. Py). Further, we substitute the fixed

cost F'Cpy, from Eq. (54). The equilibrium condition becomes:

A (%)WL_ (T, (%)L — (- @)T(C+ D)+ (- ag) ToG

RER (pt, Xoh™® + Py Xoh™) Y
Ty ’

+T [aTy" (C + 1) + agTg G —

. v

RER (p2, X5 + P X ot ™) Y
Ty ’

+ (1 — g+ ang_") TC:IZG —
notice that in the LHS 1 — &=t — fu—butfh — I and in the RHS f¢G = 258y = gV =
1

P [ (—a)ter'—" ]TW o
G= I;I,ZQY &G = [J—?(l_ag)iz(ﬂq,n] ' gY, so replacing yields:

2
&AH <£> L = (1—a+al™"MTy"(C+1)
FH L

(=) +oT'™0 177 RER (e, X2 + 0o Xois™)
(1—-ag)+agTt— T ~-

+

(1 —ag + aGTl—ﬂ) TC?I?I [

and recall that the term is the real GDP:
—~
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P
Y = C+I+ ?GG + RER (p3, X231 + pt, , X31o™) Y — TyT (Cp + Ir + Gr) + 0K,

G

1—-ag)+ acT!—" =
(1—a)+aTt=m

FRER (P X" + i Xt ™) Y = TuT [a(TuT) " (C+ 1) + ag (TanT) "G .

~ crr+|

- [1 —a (THT)l_"] (C+T)

1
— _ 1—a)+aTtn 10 . §
e Tel T [(1(— azi T ZGTl—n] gY + RER (P2, X20"" + PruoXons ™) Y,
1
but since Ty [%} = _ B#PLG = % = Tan, it simplifies to:
Y = [1 -« (THT)l—n] (C + I) + { |:1 —ag (TGHT)l_n:| g+ RER (p:uXcsta're +p:‘LO‘X’fViLOaTe)}Y7

where we defined the constant:

[1 —a (THT)l_"]

Fl = — . (62)
1- { [1 —ac (TeuT) "} 9+ RER (pz, Xelre +p%oXSi‘o“Te)}
Taking into account the latter relationship we get:
- 1-
THA <K>7L (1—oz+laT1 TIEHnRER( X! Xshare) C+ 1
— - = _ - —a)faT! =" T cu X AP X
pn H\T + [(1 —ag + T ") Tgh [—(l(ia(jiaZTH,} e Fi =
(63)
or in a more compact form:
Th K\" K
—Apg | =) —F20—|L=F:C
[HH H(L> Fa L] F2C,
where
(1—a+aTt) Ty
Fo= 1—n\ =1 [_(1—a)+aT'~" = RER(p5, X0 4ph o X ™)
+ (1 — g + OéGT )TGH |:(1—0¢(;)+Oé(;T17":| - T Fl
(64)

First, begin with non-Ricardian consumers’ SS, whose consumption is deduced from the aggre-
gated version of Eq. (7):

A
)\CN = (1 - Tw) SWN/ U/N(h)LN(h)dh + )\T,I,N,net7
0
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N —€LN A N l-ern
where fo’\ w™ (k) LN (h)dh = fo’\ wN(h))\—l (uwzvm) LNdh — wNLN/ P! (w (h)) dh,
0

S0:
ACN = (1 —7y) Swnw™ LN + XTrimet,

where we define 7V = TrN — T X" as the amount of net of lump-sum taxes transfers received
from the government. We assume that TrN:net = Trltnet — Tpnet and it comes from the real
aggregated GBC Eq. (13) evaluated at the SS:?*

II II
Tr’net — <1_% _ 1) b + (E _ 1) RERbG,* + Tw [SWRwRLR -+ SWNIUNLN] + Tpy (1 - )\) PrR
+RER (prhiX20" + ProXoms ™) Y + Tew RERPY, (1 - £) X5,*7°Y (65)

—(Swr — D) wBLE — (Swn — 1) wV LN — gY,

where R = i, b= (1)) %R, be* = % and Prf = 0 due to results from Eqs. (51) and (56)
(the latter result is due to the fact that we purposely set FCp so that Eq. (55) holds, while for
B = 0 to be true, subsidies given to importers should not be taken into account again, i.e. positive
benefits from importers vanish with subsidies — (Sp — 1) £& (Cp + Ir + Gr) which explains why
we omit them). Thus, CV can be written as:

(B-1)b+( }{ — 1) RERbS* + 14 [SwrwBLE + Syynw™ LV ]
ACN = (1 —71,) SwywV LN +X | +RER (p w X217 + pt, X 3hae) Y + 7, RERp, (1 — k) Xshorey ||

u

— (Swr — ) wELE — (Syy — 1) wNLY — gy

Grouping LY and L% yield:

ACN = [(1 = Tw)Swn — A(Swy — 1) + MuSwn] wN LY + X <% — 1) b+ A <R£ — 1) RERbKS*

FARER (ph kX5 + plho Xoma™) Y + AT RERpY, (1 — k) X30°7°Y
A [TwSwr = (Swr — )] wi L = AgY,
= [(1 — Tw) Swn — A (SWN — 1) + )\TwSWN] wNLN + A [TwSWR — (SWR — 1)] wRLR

II b II be
A E * Xshare * Xsha're wRE * o Xsha're o —_1)1= - _1 ER-—
+ |:R R(pcuK cu + PmoXmo )+T R Rpcu( K) cu g+ R Y+ R* RER Y
substitute Y by its equal from Eq. (61):
ACY = [(1=7w)Swn = A(Swn — 1) + MuSwn]wV LY + A[rwSwr — (Swr — 1)]w'L?
RER (pt kX zhare 4 pr Xshare) 47, RERpY, (1 — k) Xshore
+)\ |: (p Hp ’ )H p b(:<* ) :| ,_—1 (C+I) .
—9+ (g -1 v+ (7 — 1) RER;
24Notice that we employ similar relationships when evaluating the integral at the SS, i.e., T, Swr f; wi(h)LE(h)dh
e 1 R l-err
= ruSwr [{wf(r) (1 - N7 (2) T LRan = wRLR/ (1-N"1 (—wwl(f)) dh.
A

=1
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Further, substitute I by 5%L, where L comes from the labor aggregator Eq. (9):

ACN = [(1=7w)Swn = A(Swn — 1) + MuSwn]wN LY + A[rwSwr — (Swr — 1)]wfL?
RER (p* Xshare * Xsha're cuRER * (1 — Xshare K
g+ (5—1) v+ (5 — 1) RER'; L

define the constant

I bo*
+<§—1)RER % ]Fl,

II b
o= A [RER [P el + o, X+ ety (=0 X2L7) =+ (1) 3

R
where F; is defined in Eq. (62) and reorganize:
ACY =[(1 = 70) Swx — A(Swy — 1) + AruSwa] wV LY

K
+ A [TwSwr — (Swr — 1) wiLE + F3 <C + 5fL> ,

define the constants F4 = X, F5 = (1 — 7o) Swn—A (Swn — D)+ AT7wSwN, Fo = AMTwSwr — (Swr — 1)]
and F 7 = F 3 and rewrite:

K
FaCY = Fsw™ LY 4+ Few™ L + 1 (C - 53L> . (66)

Plugging CV from (66) into the aggregation condition, (recall that f4 = \) C = OV +
(1—\) CE, yields:

K
C = FswVLN + FewL? + F7C + FropL+(1-X) CH,
Fs  NyN Fo  ryr, F10% (- g
C = L™ + L™+ L+ c™. 67
1—Fq" 1—Fq7" 1-F+ 1-F+ (67)

Next, continue with Ricardian consumers’ SS. Begin with the aggregated real version of the
CBC (3) evaluated at the SS:2°

(1=XNCEB=(1-XNbt+RER(1 - A\)b" + (1 —7y) SwrwfLE
+ (1= X) Trfmet — (1 — )R
L RER(1— M\ b + (1 —7p,) (1= N Prf ok (1 - N) KR — (1-N) IF

recall that in equilibrium b8* = (1 — ) 225 K = (1 = A\) KB, T = (1 — \) IE, Pr= (1 — A\)Prf =
1-X0=0:

1-NCE=(1-%)b+(1- }%) RERV™* + (1 — 7y,) Swrwf LE
+ (1= N)Trinet 4 kK — T

where bellow we hint on how the domestic debt level and the NFA behave in the SS. The latter
should be consistent with the calibration of the NX (see bellow). We replace Trfnet = Tynet,

258ee footnote 24.
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take into account that Tr™* comes from Eq. (65), recall that I = 5%L and considera debt ratios
to GDP:

R,*
1-xnCcht = <1—E b <—H>RERb Y 4 (1 —74) SwrwLE

?
o 1 (
+RER pcu Xghare + pmoX'rSriloaTe + Tcup:u (1 - K) ngare) Y

L 1) RERY" + 7, [SwrwB LR + SyywN LV]
(SWR - 1) RLR - (SWN - 1) wNLN - gY

L 7
substitute Y by its equal from Eq. (61):

yer — [ =Bk (- ) RERES + (-3 (f — 1) RERLS
(1 /\) C = |: ( ) (};%ER (pcuHXsl};iare _’_pmo}/(’r's'izare + Tcupci (1 _ H) Xcsqi}aﬁ) o g) C+6—

+[1=70)Swr+ (1 =N TwSwr — (1 = X) (Swr — 1)]wBLE
+ [TwSWN — (SWN - 1)] (1 — )\) wN LN + (T’k - 5) EL
Define,

L) REREE + (1 - 3) (&

_ (1) X+ ( ) RERYSE
Fg—{ oy [?%ER (prusXchare - pe Xshare 4o ptt(1 gy Xshare) — g [0

simplify: (1 —74)Swr+ (1 —A)7wSwr — (1 —X) (Swr—1) to (1 —7w) ASwr +1— ) and re-
organize:

(1- )CR FsC
+[(1 = 7w) ASwr + 1 — N w?LE
+ [TwSwy — (Swy — )] w™ (1= X)LV

rk -8 K
+[F8+ ; ]5IL,

define further constants: Fg = Fg, F10 = [(1 = Tw) ASwr+1 -], F11 = [TwSwn — (Swn — 1)]
and F12 = [Fg + ’”ké_‘g} 6%, so we finally get:

Combining (67) with (68) yields:
K
C = (1— F )w L + 43_(1 T )wRLR (qiii)L—F (11 F)\))CR and CR _ %C—F E&wRLR+
FruwNLN 4 L=p,
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Fo Fs5 NN Fs RpR | Fr0% (1-X)) r Fi0o r:/r Nyn, F12
ch = LN + —>whL L C L INy—=1L
1—)\<1—F7w e ey et Rt

Fo R Fo Fs NN Fs RIR | F75 Fio Rr.+r N, Fa12
_ ok = —w"'L ——w"L L L
1—F7] 1—)\<1—F7w M pea e pe et B e L S

[1-F7—Fo| \r 1 FoFs rRrr, 1 FoFs Non 1 /_—9,_—75%
i |9 T Li'+— 1— A L
| 1-F7 ] 1—)\<1—F7+F10>w Tl P Jut L= Ty i

1—-Fr 1
cft =
[1—/-_7—/:9] I=A

FoFs RIR FoFs NN FoF 76%
+F LRy (L2855 - nF A patlin o L|.
<1—F7 10)w <I—F7 ( ) 11>w T +Fi2

(69)
now plug (69) into Eq. ( )

oF 784
+((11 ?7) {[1—1F7F—7F9_ ﬁ [(f—gg{; +F10) wiLf 4 (1F—9_,€3 +@ _)‘)Fll) wN LY + (F1F7F - +F12) ]}
grouplng
(1 ) 1— of 5 .
C= { ey B G [1—F7F—7F9] ey (1F_‘—§7 + (1 )‘)Fll)}wNLN
(1— )\) [ 1—
+{ = Tl 1—F7F—7F9] ﬁ <1F—9,€§ +F10>}wRLR
Fré 1-N [ - FoF 764
+{ 17F7)+(( 1—F7F—7F9]1Tl>\(T:7f7L+F12)}L
symplifying:
C= {F5+ [%ﬁ] (%?3+(1—/\)F11)}(1—F7)_1wNLN
#{ro ] (R + ro) - ro wie
et [ (B ) fa oL
now plug the latter equation into \CV = f 5wV LY + FgwfLE + [+ (C + o0& L)

(ot [2es] (B a-nm)fa- ) wvzs

. K
ACN = FsuwV IV 4 PR LRerg S+ {re+ [T}—] Laba o) b (1— Fo) 7 wPLR +F 0L,
+ {F75f + [1—1F7F—7F9 (F;F?f + F12)} (1—Fo)7'L

70)
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and grouping:

1—-F 7 Fole
FrF¢ Fr [ﬁ] (1—F7 +F10) RLR

PYORE
Por—F, © T—F~ “
1—f 7 Fols 1— )/_—
F7Fs F7[1—F7—F9](1 et 11) NN
L
+ F5+1—F7+ 1= F, w

1- Fol 785
i F sE F70% [1—F7F—7Fg] ( = +F12) I
NL 11y 1—F7 '
—— —

L A il A e
1—F 7

the terms signaled with reduce, so we get:
~—

1 1-Fr Fole
eV = r —i—F[ ]( L )} R[R
1—F7{ R R AN RS

1—F7 F9F5 NN
+ +(1—X\ L
1—F7{F5 F7[1—F7—F9] (1—F7 ( )FH)}w

ro [ K L—r7 | (FoFm0%
e L. 71
+1—F7{ L+[1—F7—F9]<1—F7 e )

If we have had only one labor supply as in Forni et al. (2007), the labor supply for the Ricardian
agent coupled with C = f(L) from the previous expression gives a solution for L and C. In our
case, we would have three unknowns but just two equations (Cf = f(L%, LV) and CF = f(L%)
from labor supply). Therefore, we are compelled to find the solution for a system of equations
comprising the variables: CN, C®, LN, L% L, AN and A" and the following equations:

(= raaCN = {Fo+ e [ ] (B2 + o) fuliL?

H{Fs o+ re e ] (B + - ) o z?

+F7{5%+ T FTF?SL +F12>}L Eq. (71)

CR — [i 1 (Fqﬂ +F 0) whLE 4 (';i’—';z—k(l—)\)Fll) wN LN + (M+F12) L],Eq- (69)
Yo

+

1—F7—F9o| 1=X

L= [)\1/’“ (LN)l_% + (1= N (LR) ”L} (=) aggreg. labor demand
1/0’L

LN = { N , labor supply N
= {(HWR WRW }UUL , labor supply R
= (1 -y [N (L -p) U
=1-pp)[CRa-b)] " UE

Notice that ﬁf{LAH (f) — F25%] L = Fso [AC’N +(1=X CR] , is redundant since we em-
ployed both CBCs.
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Next, with the solution of L evaluate the domestic production function at the SS value of L

yields:
gl _ v
Yy = Ay <E) L—MAH (5) I
L 5% L
it (5)
— AL (2 1, 72
FH "\L 72
and from (54) FCpg turns out to be:
-T K\"
Foy = Wr=Th) 4 (—) L. (73)
HE L

Next, employ the relationship (60) implying balanced trade in order to isolate Y*:
(of +07) () Y = T [a(TuT) ™" (C+ 1)+ ac (TanT) " G| 7 RER (p5, X0 + i Xit™) Y,
(af +0f) (fg) 'Y =Ta(TaT) " (C+1) 1
+|T (TeuT) " ac {‘(122)122;__1”—77] Ty 7 RER (p2, X2, +pjwa7sriloare)] Y,
Eq. (61)
(of +af) (gEr) 'Y =T(TuT) " a(C+1) 1
+|T(TyT) " ag [ (1—a)taT'™" :|sz g— RER(pZuX;’f“”+p;oX;lhom)] F1(C+1)

(1—aqg)+acTt—n Tu

T(THT)—n 1—a)4+aT!l ™" =7

-n

OZG|: — 1—n g

(1-ec)tacT Fip(C+1),
RER(pe, X 4000 Xul"

Ty

(g +ap) () " Y* = ol T, +

isolating Y* and assuming that RER equals 1:

1
K _ _ 1—n =
g (Cxo%D) [ | T@T) ae [ T
. ra— 0 gt « wshare | % yrshare Fig,
(et +af) Ty RER(pl, X0 +0p0 Xols
_ -
C+6&L
Y* = (7L*)F13, (74)
(a5 +a7)

where C and I = § %L were calculated above and we defined:

(1—a)+aTl=1 77

=Tl
Fiz=o * (1 —ag) +agTt—n

9= Tf 'RER (5, X" + phoXois™) | F1.

Tl—ﬁaG |:

Further SS substitutions are straightforward to calculate given previous relationships.

C Steady State (incomplete asset markets)
Recall that the wedge in interest rates is one at the SS, i.e.,

exp (=¢q (0) = das(0) +1In(1)) = exp(0) = 1.
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This means that the relationships described in the previous section still hold.
Consider the real net exports, equation (25), evaluated at the steady state:

NX = RER (p* Xshare+p* Xshare)+ (l_aG) TCIJ;{ng Y
= cu‘tcu mo<*mo MCy
1 1 (a* + a*)Tl—"?
T " (1 — L)+ —<__LH y*} TyFCy — I) —gv,
+MCH{ =) (€ 1)+ ST uFCy — (C+1) = gV,

Since (45), then:

— 1—n
NX = {RER (2, X207 + i, gty + L2 00) L ’“‘Hg}Y
H

(af +ap) Ty"

tug R Tp" (1 —a) (Cy + 1) + H_y* % —TyFCy — (C+1) —gv,

RER—M ——
Tu(Cu+Iu) T (O3 415, Tu(Cu+Iu)+TuT(Cr+Ir)
dividing by Y:
— * share * share - (C + I) 1-n 9 (a* + a*) Ty"Y*
NX = RER(po X" +PhoXns™") + {TH77 (1-a) vy " (1-aq) TGHnE + —CRERI—W = v

TyFCy (C+1)
% % gy,

summing and substracting in the RHS by Ty [(1 —a) T;’ﬁ%l +(1-ag) Tcl,;{"% + %JQY*%]

to cancel out the fix cost:

NX
~ = RER(pLXL" +ph,X0")
- N (CHD) 1y g (g +ap)Ty" Y| TpFCy
Hug —Tn) |Ty" (L - o) —— + (1 —ac) oy Tw = RER— Y Y
=0
o CHD g 9 (o) T YT (O D)
+Ty |T5" (1 — a) v +(1 aG)TGHTH+ RER-" Y Y gv,

NX * share * share (1 —CYG) Tl—TI
7 = RER (pcuXcZLl +pmoX'rrflo ) + TGH -1 g
LT 1 B C+1
T (0 +0f) A=Y 5 + [(1—Q)T}{ " 1] ( = ),
Ch+Iy
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At the steady state, Ty =T = RER =1, so the net exports simplify to:

NX * * ar * * Y* C+I
T = RER (pcuXcsgare +pmonrfo e) + (O‘C+a1)? _O‘Gg_a( Y )

=Xs =Ms

Now, consider Y* from Eq. (74). Assuming Ty = T = RER = 1 implies that f3 =
o+ (agg — RER (pi, X2 + pl, Xohe™)) F1 and Fi = s—smyrrmmme e o)
so Eq. (74) becomes:

* (C + 5%1’) [aGg — RER (p:qugare +p:<nonriloare)] (1 — CY) (75)
(e +ap) |* 1= (= ac) g+ RER(pE Xe + pin X3t |
< a—al(l—-ag)g+ RER (ph, X + ph, Xohere)| )
pe _ €rn |\t ooy RER (X2 i, Xole ) (1 o)
(@ +ap) | 1-11-aa)g+ RERGEXL" + o Xt [
a—[a(l—ag)g+aRER (p5, X507 + P Xis™)] + aayg
_ @+ —RER (p5, X0 + phy Xoti™) — a [agg — RER (pi, X507 + pho X" |
- (ap+a) 1—[(1-ag)g+ RER(pz, X35 + pho X))
a—ag+ aagg — aRER (pZqufj”e + pj‘noXﬂloa’”e)
+acg — RER (p}, X0 + Pl X oneme)
_ (C+1) —aagg + aRER (05, X307 + Do Xos"™)
(g +a) | 1-[1-aa)g+ RERGEXL™ +pp Xy )] [

* share * share
cuXcu + pmoXmo
* share * share
cuXcu + pmoXmo

. (C+I) a—ag+agg— RER
- (ab+ay) |1-[1—ag)g+ RER
~ (C+I) Ja+(ag—a)g— RER
(e +ay) |1-[1-ag)g+RER

~— |—

i
i

* share * share
pcuXcu + pmoXmo
h h
X+ Do X

~—

~—_ =
~—
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and Y = — e Ty (C' +I), from (61), so we get:

{(I—aa)g+RER(p;, X140 X5y
NX * * ar * * Y* (C + I)
T = RER (pcuXcsi}fare + pmoX';:tho e) + (aC + al) 7 —agg — & Y )
=Xs =Ms

(©+1) [ ot(ea—a)g—RER(pr, Xin"  +py, X oht™)
(o ta;) | T10—ac) 9T RER(pz, X 0o 5o Xoreo)]

mo

= RER (ph, X + phoXam™) + (af + af)

11—«
T aa)g T RERG:, Xaee T xama) (€ + 1)

mo

(C+1)
—acg o 11—«
1—{(1—Oéc)g+RER(p;‘uXgﬁ"”"’+pfn0X;{’g”"‘

= RER (p, Xl + p, X 3hore)

{1-[(—ac)g+ RER (p, Xeu" + o Xing™ )]} [ @+ (ag — ) g — RER (p2, X2 + pp Xots™) |

(1—-a) 1~ (1 ac)g + RER (2, Xebom™ + pip, X5l |

a—a[(l—ag)g+ RER (pt, Xz + ph, X3hore)]
l1-«o

)}(C+I)’

—agg —

)

NX * snare * snare « + (aG - a) g - RER pquCs'l}}are + p:;LOX'fI’iIOaTe
T = RER (pcuXcZ + pmoX'nflo ) + 1 (_ o )
a—a(l-ag)g+RER (prXI" + pho X" )]

—agg —

1—a ’

(1= ) RER (pz, X2 + proXos"®) + o+ (ag — a) g — RER (p2, X2, + pr, X1")
—agg(1—a) —a+a{(l—ag) g+ RER (pi, X2 + ProXis™®) }

1-« ’
RER (pqugﬁare + p:‘noX'gthoare) — aRER (pZquﬁaTe + p:‘noX'ithoare) +a+agg—ag
B —RER (pZuX;’}”e + p;OXﬁoa’”e) —agg(l—a)—a+ag — acgg + aRER (p:uX,fZ”e + pfnoXﬂlO”e)
B 1-« ’
0
= =0.
1—-«

D Calvo wage and price setting

D.1 Wage Equation
D.1.1 Normal model

First, we derive the wage equation for Ricardian households. Restrictions are the relevant labor
demand faced by them is a slightly modified version of the labor demand that results from the
firm’s problem and the CBC Eq. (3). We write the Lagrangian in real terms as follows (only terms
that matter are displayed):
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o _ 140y,
7 Crytta -1 (WEM\ R | p, P i €L — a(l—¢,) ELR Wi\ LR

2 @GP | =G [“—A) (*5*) [— (L) ()| () LR
a=0

l—erLr

a h - WtRh TELR t Pi_1ta S a(l1-¢;) WtRa eLR -
+Z(¢Lﬂ) Aﬁa( + Swap (1 - 37" (Hpt) [iju (L) (1) ] ()" 18
a=0

Eq

We differentiate it w.r.t. (h

, so that we get the following FOC:

(e e} _ gy,
Z((/) B)az (_C ) (1 _ )\)—1 (WtR(h))_ELR P (Pf,—1+a)EL (ﬁ)a(l_EL) L (Wfiu)ELR LR %
. . L L L,t+a P, Piia P Piia t+a .
t| o=
_1 [ WE(h err—1 Pyria &, _ a(1—€,) —eL wit ELR
(enm) (1= 27 (SR | () | (5 2,
[ ~ l—eLr
1 (WE(h —€LR Pt &L a(1—£;) WtRa €LR
E, Z (prB) A, (1 —err) Swr(1—N) (—’—Pf )) [% ( it ) (IT) L ] (Pf:() Lfia] =
0,

taking invariant elements outside the summation:

©© — 140
5 R —enr(l4+or)—1 (¢ 5)a€ P, (Pf,_lia)gL (ﬁ)a(l—SL) cen(ltor)
Cpepph~(For) (M) E, Z—o: L Lita | Pra \ P

R )ELR(1+UL) (LR

X (wt+a t+a)1+UL

A S % —1ta [ a(1-¢,) l—erLr
(1~ erm) Swr (1 - X (L) ", > (6u8)" AL, [P_Pl_(PPi) (1) ] .
a=0

g R \€LE IR a
X (wiia) " L,

0,
= gL — 04(1—5 ) _ELR(1+UL)
_ s R —epr(l+on)—1 a Py (Pt—l-%—a) 1 L
CLELR)\_(1+UL) (Wt;t(h)) LR L Et (;)(d)Lﬁ) CL,t—i—a [Pt+a P ( ) _
(140 140
% (wﬁi—a)ELH( L) (Lﬁi-a) L

i S f t—14a S = a(1-€,) e
(ELR - 1)SWR (1 - >\)_1 (m)_sLR Et Z QSLﬁ Afi_a |:Pf+(, (PP1—1 ) (H) e :|
a=0 )

" R \¢LE TR
x(wt-i-a) Ly,

oo val1— —e (1+0 ) . - >
Z (1 )\)_UL E; ’VZ(¢LB)GCL,t+a [p—ii: (pr—z'iilﬁ)gld (1'[) (1 SL)] o - (thra) LR(1+ L)(Lﬁra)lJr L“
rLerrl— a=0 —

(eLr—1)Swr > . =
S T Y S

Prig
a=0

(W};(h))—ELR (Wnl;(h))z—:LR(l—l-UL)—i-l
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~ l+eLroL
WE(h) _
P,

) - » £, (1-¢,) —eLr(l40r) con(l4or) 1+ .
i —1+4a mye(l— Lr(l+oL oL
: [ 038" G [ () 070 (wfi) 7 (2,
LELR a=0

l—erLr

C (ezr— 1) Swr(1—=XN)"" > €L —la(l— .
[Z (0 A |7 (B2e)™ (| i) 28
a=0

HR7w = Ryern(ltor) LR o E IS cen(itor) ELR 1+0’L)L1+0'L
1= ¢ (wff) (Lf) +¢LBE: A=) Crpa it oy L
M
R,w r\err(l+orn) (- py1+or M., err(ltor) -
Hiy =G (wt ) (Lt ) + ¢ BE: Tt Hivey ¢ s
R I eLr—1HR,w
w g X
HE = (wR)™" ARLE + ¢, BE, { [W] Hy t+1}
rearranging yields,
~ 1+ o 3
WtR(h) ELROL _ - CL Hﬁtw
F (cor— 1) Swr (1= N7 1w
1
WtR(h) _ ILLWR EL Hﬁ;ﬁw l+epror (76)
P, Swr (1 — )\)UL Hg,tw .

where pyp = (a_zﬁiT) is the markup associated.
The aggregate wage dynamics are given by:

n err—1
(Ht—l)gL (ﬁ)(l—&L)] .
(77)

R\l=eLr _ o Hwr ZL Hiu,t s R \l—¢eLr
(wt ) - (1 (/)L) (SWR (1 — )\)UL H%’f,g) +¢L (wt—l)

The wage dispersion is defined as:

1 R —err(1+or)
Dff, = / (1= )~ Hee) (WW%}L)> dh,
A

3 —erLr(l40or)
Df, (11— )\)_(H”) fA (M) e dh, which under Calvo wages is equivalent to:

0\ Wf/P
D%,t =(1- )\)_(H‘UL) (_VYJ;)ELR(1+UL) y
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err(l4o0r)

r\ —eLr(140r) R —err(l40r)
Wi Wi, -
(1 B d)L) ( ) (1 B d)L) (/)L ( Pt ) |:(Ht—1)€L (ﬁ)(l_ﬁL)

—e 140 err(l4o0r) err(l+or) ’
+(1-61) 61 (B22) S N S o
L L\'P_, (Ht_l)ﬁL(ﬁ)(l—EL) (Ht_z)EL(ﬁ)(l_gL)

so the indexing term can be written as:

erLr(l+oyr)
@R — Ht
tt—1 = _ _ )
(I,_y)¢ ()%
err(l+or) err(l+or)
of | _ I, ] e, ]
t,it—2 — _ _ _ _ )
(Ht—l)EL (H)(l &) (Ht—2)€L (H)(l £r)
oo n erLr(1+or)
@R_, — 1—[ t— jj‘l
S| T

Df, = (1) ) (WR

err(l40r) | oo
")

W —err(l+or)
Z(l—mmi( P) O al . (19

a=0 t—a

~ — (1401)
- WR err(l4o0r) WR ELR
DR - (1—) (14or) (_t> 1— 2t
Wit ( ) Pt ( d)L) Pt
R ELR(l-‘rO'L) oo 'R _ELR(l“FU'L)
—(140yp) [ Wi o [ Wila R
(1 n)~ < o ) (1 —qsL);qsL <Pt—_> or,_,.
r \erLr(ltor)
Multiplying and dividing by (Vz‘:'/, - ) in the infinite summation in the RHS yields:
~ — (1+0’L)
WR err(l4o0r) WR €LR
DE - (1= (1+01) 1— t
B = (=x7 (8 (1-00) | 2
1
- con(iion) (‘;/t—Fil)ELH( +or,) - ern(ldor)
+(1— )\)—(1+0L) e ‘ Z a+1 i—a—1 OF
P, (W )ELR(1+0'L) L P u t,t—as
P
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= (1- )\)_(1+0L) W_tR e (1-¢p) E e + ¢ e R
- Rﬁ L H L (Ht—l)EL (f[)(l_EL)
<%E>£LR(1+UL) a ) Wi_1 err(l+oyr) | oo Wt 1 Ternliren)
t — (140, — a —a— R
X (Wﬁl)fm(l""”) (1-2) <—Pt—1 ) azzo(l —¢1) b1, (Pt—a—l ) O 1 t—a1]>
Py
D\ﬁ’,z—1 by Eq. (78)
RN €Lr(1+oL) TR —ern(ltor) wy cer(ltor)
Di, = (1—x"Urw) (W—t> (1—¢p) (W—t) +br | : L 1=t )] Di,
P, P; 7 (—q)™r () "
- - —enr(1+0L) (1+0L)
= (170 (WtR> (BT s g
= (1- — — o) | - L - Wit—1-
P, P, ()% ()¢ o

Second, we derive the wage equation for non-Ricardian households. Operating restrictions are
the labor demand faced by Non-Ricardian agents (that results from the firm’s problem) and the

CBC Eq. (7). We write the Lagrangian in real terms as follows (only terms that matter are
displayed):

(') _ 140y,
a = G | =1 (WEW\ TN [ b, (Paia \E ppya—e] T w L\
Do |-G (55 o () o] ()

Et a=0

oo o N WN(R) \—1 (WX (h) —E€LN P Py & _ a(1—€,) l—erLr W,A_(_ eLN N
FD0 008" M o S HEEAT (HHE) T | gf (B ) (1) (B2) "™ Lt
a=0
Proceeding in a similar way as before, we get the FOCs and after some manipulations we obtain:
~ 1+4e€ o —
WtN(h) LNOL B CLELN _|i\7/£w
P, (ELN — 1) SwnAE _@féw7
1
5 = Now\ Trernor
WtN(h) _ pwy S Hii LN (79)
Py Swn A7 HY Y ’

where pyny = (e_LEfV'N—T) is the markup associated and

Nuw N\eLn(140or) LN 140y, E 1 P con(lter) N,w
Hii =G (w) (L) + LBE: (I,)erm0—¢1) Hyiiva (o

ELN—l
N, 1, N,
Hy = ()N AVLY + 6,8, { [m] HQ,tZU-l} )
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The aggregate wage dynamics are given by:

(wN)l—ELN o (1 . ¢ ) ,UfWN CL 1 ,t TreLNTL + ¢ (U}N )1—ELN 11, e
t L )\UL H2t L t—1 (Ht_l)gl’ 1:_[(1_§L) )
(80)
and wage dispersion is:
DN _ (o) Wi ern(l+oy) a—6)) WN _‘ELN(l"“’L)—’_(Z5 Tyys ern(1+or) o
Wit — Pt L B L (Ht_l)EL f[(l_gL) Wit—1-

D.1.2 Wage inflation model

First, we obtain the wage equation for Ricardian households. Beginning with Equation (76), mul-

. P l+error W2 (h) l+eLror P l+error
tiply both members of by (ﬁ) , so the LHS becomes (—#) (W%)
t 4 t
R l+eLror l+eLroL R l+erLror iR l4+eprorL .
= (ngh % _ (WWL g‘a)) _ (WWI Eah)) = WtR(h)1+ELRUL. On
t

the other hand, the RHS of (76) becomes:

w —err(1+or) fwh err(14or) .
_PL)ELR(”L+1 B, ’VZ(QI’LB) Chra [ﬁ(%)%( )(1 sL)] rr(ttor (P:;r:) (Lﬁra)H L}

= 13
KPwr ¢r ( Wi a=0

Swr (1-X\)L o )ELR—1 — -
L o T b (Fiteaer pye(ogn)] bR (Wi ) ER
(s o [ ot () ) ()

a=0
1
Pt srr(ltor) wh crLr(1+or)
() (L
B-l—a )

Pioita )EL () (=¢1)

—epr(1tor)
t
B-l—a ( Fioa ]
~——

a=0
Pwr ¢
Swr (1-A)7L oo LR err—1 R \ ¢Lr—1
Pt P, I3 Pt L Wt wk
E Atsa t—lta L II a(lfgL) . —+a tta LE
¢ |:;(¢LB) t+ Pt-i—a( — ) ( ) W, Pria Prig Vita
N~

E, ’Vi(‘f)LB)aCL,wra [(%)5[1 (ﬁ)"(l £L)} —err(1+oy,) (%)ELR(1+UL)(L§+G)1+”L“

a=0

l—e R eLR—1 wR
9 Pt Pi1ta a(1-¢ LR (Wi, Wita
E, |: g (PLB) Atta [ P ) ( ) ( L)] Wy Ptia Liia

EPwr ZL
Swr (1-X)7L

)

. P, L - a(l1—¢;,) —err(l+on) 1 140
: E; [Z (prB) CLt+a [(—}tlf) (H) g ] H%’:j_;r”) (Lﬁ_a) L]
K a=0
SZ}; (1 — i\)UL o P £ a(l—¢,) l—erLr LW ’
a t—1+a I - tt+a
[z 00 v [ (B ) (o] g L]
a=0

which has the following recursive representation (applying symmetry):
— R,
(WR)HELR"L _bwr_ Cr My
t Swn (1= N7 L
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where:

B err(l+0or)
R,w 1+ II ot 1+
Hiy =Cry (Lf) oL + ¢LBE: [Cp iy lm] (LEH) oL
Py
co err(l+or)
1L 140
Z ¢Lﬁ CL,t-i—a [(pf e SV,1L+1=["(1—EL)‘| (Lﬁi-a) L
updating one period we get:
oo n err(1+or)
R, _ 1+o |1 R 140
Hita = Coapn (L) " z_:l $1B)" CLita [(Paia ;‘/&1+ﬁa(1sL)] (Lifa) 7
Thus:
) R err(l+or)
Rw +o W,t+1
Hiy =Cry (L) " + ¢, B, m] HY 41
t
Similarly, for Hg A
HR ELR—l
R, W,t+1 R,
Hyp = A —— t LR + ¢ BE; m} 211
t
The aggregate wage dynamics are given by:
_ =R _ 1
1 = (I-9¢) pwr_ Sr Hﬁ’tw R + ¢ (w£1)1 o 11 o
= L SWR (1 — )\)UL Héi:,,tw L ( tFi)l—ELH (Ht I)EL ma-¢.) s

1 = 1— WR L 5
(1=¢2) (SWR (11— N7 Hff’f“) o

l-erp
KFwr ZL Hﬁw oL
1 = (1- 2
( ¢L) SWR (1 _ )\)O'L H?%w + ¢L

err—1
(I, )% ﬁ(l—&)] '

3 —err(l40r)
The wage dispersion is defined as: D{;t = f; 1- )\)_(H”) (%) e dh, which is
equal to:

i\ —eLr(ltor) Wi —err(140r) . err(1+or)
(1=9r) (ﬁ) +(1=¢)or ( WtRl (I, )SL 0 <L)

R __
DW,t -
I, 1
(I _p)se (1=¢r)

:|5LR(1+C"L) |: :|€LR(1+O’L)

e ()
L L WtR (Ht,l)EL(l:I)(ligL)
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so the indexing term can be written as:

err(l+or)
or = 1
tt—1 — (Ht—l)EL 1:_[(1—§L) )
err(l+or) err(l+or)
on | _ m, m,_
PR ()8 IO (I,_p)¢x TI(1—€1) ’
oo I err(l+or)
ok . = Ly
B jl;lo (I, ;) TO—6.)
o TR —eLr(1+0y)
D%,t :Z(l_¢L)¢aL (ﬁ) Gft—zm
a=0 t
~ —err(1+0r) ~ —err(1+0r)
WE - W,
Dit,=(1—¢p) (W—tR> +(1—or) Z(ﬁaL (ﬁ) (CHA
t a=1 t

into the infinite sum-

C s . . whk \ —err(l+or)
Multiplying and dividing the previous expression by (W £+ )

mation in the RHS yields: i=a

wk —erLr(1+0or) N 3 .
<Wé ) - a+1 thza—l Frniton) R
—err(l+oyp) Z (1 - ¢L) L WtR @t,t—aa
a=0

t—a

Wi
R
t—a

~ —ELR(1+0'L)
WR
D%ﬂt =(1—-¢) (W_zR> +

S

I1;
(Ht—l)gL (ﬁ)(l—gL)

_ ~ —err(l+oyp)
WR err(l4or) oo . lea_ LR
><< : ) Z(l—¢L)¢L - ! @F—Lt—a—u

R
a=0 Wt—a—l

< p —erLr(l+0r)
Df, = (-0, (i +o
Wit AN L

‘| err(l+or)

R
Dy i1

HtH{?V)t
(Ht—l)gL (ﬁ) (1-¢,)

Second, we obtain similar relationships for non-Ricardian households. Beginning with Equation

WtR —err(1+0or) R
+9r Dyyy_q-

err(l+or)
WE 1

Dtl}/,t = (1 - (/)L) (

) IS l+erLnor WX (k) l+ernor p l+epnor
(79), multiply both members of by (W"N) , so the LHS becomes (#) (Wﬁv )
t g t
_ WN(h) 1+eLnoL P, l1+ernoL _ WN(h) l+eLnoL _ WN(h) l+eLnorL _ WN A Itepnor o
WN P, WN WwnN - t ( ) : n
t t t

the other hand, the RHS of (79) becomes:
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Py )ELN(UL+1) Ef, |:Z(¢LB)GCLJ+G |:PtP+a (P;’Iila )SLﬁa(ligL)] _ELN(1+0L) (VVtN " )ELN(1+UL)(L£\{I»L1)1+”L:|

_ Piya
Pwn Sr (WtN a—0
Swn AL P eLN—1 o | - ’
t P Py £, - _ —€LN WN LN
(WtN) E, E (61.B8)* Atsa |:Pt+ta ( fptij:lu ) me(1-¢r) —PZ:: Li\f‘_a
a=0

and after analogous manipulations we obtain:

- N
(VT/N)HELNUL pwy S Hii"
t = e )
Swn A7 Y

N, N,
where H;';" and Hy ;" are:

N . r H%H_l qenn(l4or) N
H Y = LNy T 4 E _— Hi Y
1,4 Cre (LY) oyel on _HELH(l—ﬁL)_ Li+1
r Senn—1
Wy Ty o
N,w __ t N W,t+1 N,w
Hy: = At—Pt L' + ¢ BE: 71_[?1:[(1_&) Ho i1

The aggregate wage dynamics for non-Ricardian households are given by:

< N\ TR ern—1
1=(1-¢,) 2w Cp M) +¢ Mt
F\ Sww A7 Héviw - (Ht—l)gL ma—¢.) '

—ern(1401)
The wage dispersion is defined as: D{X,)t = fO’\ A~ (At (%) e dh, which under
Calvo wage setting is equal to:

1T,
(1, )¢em(t—<2)

>—€LN(1+UL) WX,
~

(1—¢r) (g—f; +(1_¢L)¢L(Wt

N \ —ern(14+oL)
Wi,
+(1— o) 91, (W—JV> [ -

>—5LN(1+0'L) |: ern(140yL)

N
Dy, =
I,

ern(l+or)
L
(Ht—l)gLﬁ(lgL)] |:

:|5LN(1+UL) ’

after some manipulations we get:

WN —eLn(1+or)
Dy, =(1—¢p) <—WtN> + oL
t

(140or)
I I, N
; D{/VV7t—1'

(Ht—l)gL [a=¢.)

D.2 Home intermediate producers’ price setting

If ¢y — 0O, the relative price Ty ¢ is a markup over the M Chy ¢:

P,
TH = ?H :[LHMCH.
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The domestic intermediate producers’ price results from the following problem:

Prro(i)Yr1.410(3) [(P’EH**)€ () (HH)]

max E; Z (puB)" Qi t4n

P, (2) h=0 —Pyyn MCriain Y40 (2)
1 () w,

Ay (1—7)'77"
~ . —EH —€H
Prr(3) Py (PH7t—1+h>EH (ﬁ)h(l—ﬁH) Yo ren
Py Pr i4n Pr 1 o

where € 41p = Aien P apnd Y H,t+h 1 the domestic demand of home intermediates (do not confuse
S+ A, Pon i+

with production) defined as Yg 141 = Crt4n + L trn + G en. Write the corresponding nominal
Lagrangean as:

s.t. MCH,t =

Y7, 140 (%)

> ~ . 3 . —€H EH — —EH €H —
> ()" QusanPoai) (22) ™" (s (Spmse) " 06} g | () 0|
£ — Et h=0

s D i\ TEH € — —EH
> " (¢uB)" Qusin PrynMCrrypn (P;};,(f,)> (% (%) Hh(l_EH)) Yo, e4n
h=0

The resulting FOC w.r.t. Py (i) is
Pua()\ " Puy (Pui—iin M Fh(-
{ (018)" Qe (1~ ) (P22) (PHfj; - (B ) e sm)

—eH

€ —
Y4+ [(P;};,tih) " Hh(l_EH)] }

OO N ) —ep—1 P P €H — —E€H
E Y (¢uB)" QuiinPrynMCriin (<) (PH7t(Z)) Py <pri’lh (%) I (1_5H)) Yren p =0,
h=0

- [e'e] . —en . € A1 l—en
(em — 1) Py ( {Z ¢uB) Qt,t-i-hpl?ﬁ (Piiﬁ) ((——PgH,tih> (H) ( EH)) Y ivn
h=

~ —eg— 1 0 £ — h(1— —&H
=¢€q (PH,t( ) Z duB) Qt,t+hR:+hMCH,t+hP1Tt (% (%) ! (1) ( gH)) Y iih ¢ s

ﬁMg

/—’H

. A P, . . .- _
= Dign P = _€eu .
replacing € 1yp = P and taking into account the markup definition p; = ok
Prro— 3 - — ~fH
%Et{ E (buB)"Aitn ptih Posn MCueyn Pl L, ((%) " (H)h(l €H)) YH,t+h}
PH,t(i) — h=0 ,

K >
—e P o n(1— 1=epn
%Et{z(¢H6)hAt+h Pti_h’ (PH},,_'_,,,) " (( gHt ,lth) (H) @ EH)) YH,t+h}

h=0

E; {Z(d)Hﬁ)hAH»hJUCH t4n P A+h (( Pg;;ith )gH (ﬁ)h(ligH)) 7EHYH,t+h }
Pr (i) = py {

)

B,

MB

Pri—14n \$H (7\h(1-¢ L=cH
(BuB)" Nvnp= Z}hn((_’—p;ti ) (H)( H)) Y, e4n

h=0
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dividing both sides by Pp,; yields:

oo
- Py € s =\h(1— TFH
i Et{E (¢H[‘3)hA‘+hAICH*""”"PHIiJrh((' g}; tiﬁl—h,) H(H)}z(l £H)) YH,t+h,}
P (1) M h=0 '
P — MH = ’
o pl=cupei RA L_pcH PH.t=1th m)-em) )y
ot w1t (PuB) t+h Py P en ( Pri—1 ) ( ) Ht+h
h—0
N h ) Prasn\H ( (Pui—14n S\h(1—eg)) T TH
~ E, (puB) AHhJ\,ICHYHh( it ) ( o ) (1n) Yo e
PHJ,(Z') . h=0

)

Pa,e i . P Pritn (Prasn \H [ Pri—14n \$H ey h(1—€5)\ ' 7°H
E, (¢Hﬁ) "Atpn Pron Pil f+h( Pt ) ( o ) (H) Yu,ttn

o e €a o negy\ H
_ 12 {ZWHﬁ)h ApynMCrrpin (Pg};,th) ((Pg'};;‘lth) (m"t EH)) YH,t+h}
PH,t(Z)_/L h=0
Py 7 s en—1 €1 o h(1— l—en
E, {Z(¢Hﬂ)h AeinTrin (%) <<%) " (IT) @ EH)) Y ttn
h=0
H E —\h(1— —€H
ZH141 = AtMCHtYHH'Z (Pub) At+hMCHt+h< ;;;h) <(%) " (IT) (1 5H)> Y t4h,

h=1
Ziip41 = M MCYf, H_1YH t+1 + -

it follows that:

el €u ,— (1— en
Zm = MMCryi (Crp + Tae + Gug)+ 6o BE: {(Pg;jl) <(%ﬁ> " (" EH)) ZHl,t+1} ,

EH—l 5 _ _ 1—8H
Zuot = MTu (Cue+ Iy + Gup)+ o BE: {(%) ((Pii”’l) " (H)(l EH)) ZH27t+1} .

Prr4(i) _ (ZHl,t>
=Hg |\ =7 |-
Py ¢ ZHat

so that the price dynamics are given by:

Zma\\ !
1= (1-¢py) (MH (%)) + by

Thus, we obtain:

EH—l
11,
(HH7t—1)£H (ﬁ)l_EH] ’
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D.3 Home importers Calvo pricing

The domestic importer solves the following problem:

oo . )
Z brB) Qt t+hSFPFt( VY piin (i) [(%) (H)h(l SF)]

—Stn Pry ()Y gy (4)

~ —ER —ER
) SrPr, (1) Pri (Pri—i+4h S _ R(1—£,)
t. Y = —= d d 1I " Y
s Fro+h (1) ( Prs Proen \ Proy (IT) Fyt+hs

SiPpi

where we employ the definitions of RERp; = P and the fact that Yp 1 p, = Crogn +Irepn +
Gripn. The FOC w.r.t. Pp(i):

5oy (i)) ~EF , . €r — h(1—£.)
{ (00)" O (1= ) (S2F) ™ (o (B} ()"0
h=

— * D A\ et ¢ L= N 1-¢ o
{Z 068)" QS Phron (o) (SePra®) " P (i (Saizs) " @0"7) i p =
h=0

max F,
P (4)

—epr

Prpi—1

YF,t-l—h |:(PF,t1+h )EF (ﬁ)h(l_EF).

—€Fr > —ep B _ 1—¢
(er —1) (SFPF7t(i)) Ey {Z (¢pB)" Qt, 140 Pty (Piiih) ((P;’;;T}L)EF (H)h(l EF)) F YF,t+h}

h=0

- o\ —er—1 °© Ep  h(1_ —er
=EF (SFPF7t(Z)> Et {Z ((ZSFﬁ)h Qt7t+hSt+hP;‘7t+hP; th ((P}};;;i-;-h> r (H) (1 EF)) YF7t+h} ,

h=0

- —e ° €p _ _ —ep
(e = 1) (SrPr) F<i>Et{Z<¢Fﬁ>hﬂm+hPéﬁ+h((P—%;,%f) (") Y}
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replacing £ ;4p = Aj\th ﬁpl_h’ and taking into account the markup definition pp = (E—;f—l):
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dividing both sides by Pp; yields:
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Solving the FOC, yields:
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so that the price dynamics are given by (recall the normalization w.r.t. Pp.):
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