DOCUMENTOS DE TRABAJO

Non - Ricardian Aspects of Fiscal Policy
in Chile
Luis Felipe Céspedes

Jorge Fornero
Jordi Gali

N.° 663 Febrero 2012

BANCO CENTRAL DE CHILE




DOCUMENTOS DE TRABAJO

Non - Ricardian Aspects of Fiscal Policy
in Chile
Luis Felipe Céspedes

Jorge Fornero
Jordi Gali

N.° 663 Febrero 2012

BANCO CENTRAL DE CHILE




BANCO CENTRAL DE CHILE

CENTRAL BANK OF CHILE

La serie Documentos de Trabajo es una publicacion del Banco Central de Chile que divulga
los trabajos de investigacion econdmica realizados por profesionales de esta institucion o
encargados por ella a terceros. El objetivo de la serie es aportar al debate temas relevantes y
presentar nuevos enfoques en el analisis de los mismos. La difusion de los Documentos de
Trabajo solo intenta facilitar el intercambio de ideas y dar a conocer investigaciones, con
caracter preliminar, para su discusion y comentarios.

La publicacion de los Documentos de Trabajo no esta sujeta a la aprobacion previa de los
miembros del Consejo del Banco Central de Chile. Tanto el contenido de los Documentos
de Trabajo como también los andlisis y conclusiones que de ellos se deriven, son de
exclusiva responsabilidad de su o sus autores y no reflejan necesariamente la opinién del
Banco Central de Chile o de sus Consejeros.

The Working Papers series of the Central Bank of Chile disseminates economic research
conducted by Central Bank staff or third parties under the sponsorship of the Bank. The
purpose of the series is to contribute to the discussion of relevant issues and develop new
analytical or empirical approaches in their analyses. The only aim of the Working Papers is
to disseminate preliminary research for its discussion and comments.

Publication of Working Papers is not subject to previous approval by the members of the
Board of the Central Bank. The views and conclusions presented in the papers are
exclusively those of the author(s) and do not necessarily reflect the position of the Central
Bank of Chile or of the Board members.

Documentos de Trabajo del Banco Central de Chile
Working Papers of the Central Bank of Chile
Agustinas 1180, Santiago, Chile
Telefono: (56-2) 3882475; Fax: (56-2) 3882231



Documento de Trabajo Working Paper

N° 663 N° 663
NON - RICARDIAN ASPECTS OF FISCAL POLICY IN
CHILE
Luis Felipe Céspedes Jorge Fornero Jordi Gali
Universidad Adolfo Ibafiez Banco Central de Chile CREI, Universitat Pompeu Fabra
y Barcelona GSE

Abstract

This paper examines non-Ricardian effects of government spending shocks in the Chilean
economy. We first provide evidence on those effects based on vector autoregressions. We
then show that such evidence can be accounted for by a model 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
represents the particular Chilean fiscal rule. The model is estimated employing Bayesian
techniques. Finally, we use model simulations to demonstrate the countercyclical effects of
the Chilean fiscal rule as compared with a zero-deficit rule.

Resumen

Este documento examina los efectos no ricardianos de shocks de gasto del gobierno en la
economia chilena. En primer lugar, proporciona evidencia basada en vectores
autorregresivos. Luego, muestra que esos efectos pueden ser explicados por un modelo que
incorpora: (i) una proporcién considerable de hogares no ricardianos, es decir, hogares que
no hacen uso de los mercados financieros y apenas consumen sus ingresos de trabajo
actual, (ii) rigideces nominales de precios y salarios, (iii) un esquema de metas de inflacion,
y (iv) una regla fiscal de balance estructural que refleja particularmente la regla fiscal
chilena. El modelo se estima utilizando técnicas bayesianas. Por ultimo, se utilizan modelos
de simulacion para demostrar los efectos contraciclicos de la regla fiscal chilena, en
comparacion con una regla de déficit cero.
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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 own any assets nor have any liabilities and just consume their current labor income.! The
existence 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 significant financial and trade openness. The size of the fiscal multiplier
generally depends on the response of monetary policy and the degree of flexibility of the exchange
rate. In particular, economies with less flexible exchange rate regimes are likely to exhibit larger
fiscal multipliers, as the exchange rate regime limits the potential offsetting effects due to the
response of the interest rate and the exchange rate to a government spending shock. Recently,
Tlzetzki et al. (2011) 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. In
the period of study, monetary policy was characterized by the existence of an explicit commitment
to an inflation target. In terms of the exchange rate regime, the Chilean economy moved from an
exchange rate band in the nineties towards 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
(VAR) models 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 features Ricardian and
non-Ricardian households along the lines of Gali et al. (2007) and Coenen et al. (2008). The
model is calibrated and estimated for the Chilean economy. For this purpose we model explicitly
the fiscal framework under which fiscal policy has been conducted in Chile known as the structural
balance rule.

The Chilean fiscal rule ties total government spending to structural revenues. Structural rev-
enues correspond to the sum of cycle-adjusted tax revenues and copper-related fiscal revenues
evaluated at what could be considered a long-term copper price. Under this fiscal rule, government
spending plus a structural fiscal surplus target must be equal to permanent (structural) revenues.
Shocks to GDP (deviations from potential output) and to copper prices that affect transitorily
fiscal revenues do not alter the path for government spending (path that is only affected by changes
in potential output and the long-term price of copper). For example, the rule implies that if ef-
fective copper prices are transitorily above the estimated long-term copper price, the government
saves the amount of copper-related fiscal revenues associated to this transitory copper price shock.?
When officially implemented in 2001, the government announced a structural fiscal surplus target
equivalent to one percent of GDP (i.e., structural revenues minus government expenditure equals

1See, e.g. , Campbell & Mankiw (1991), Mankiw (2000) and Galf et al. (2007).
2Potential output and long-term copper price are determined by two committees of experts independent of the
government. See Frankel (2011) for a description of the Chilean fiscal rule.



one percent of GDP). We show that the specification of a fiscal policy rule that approximates the
Chilean rule leads to consumption and output fiscal multipliers that are positive in the short run,
in a way consistent with the evidence.?

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 of the estimated model are presented in Section 6. Therein we
examine impulse response functions and dynamic fiscal multipliers. Finally, Section 7 concludes.

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 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 restricts 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,

3The exercise of implementing a zero deficit rule provides a good benchmark; however, results are not reported.
Briefly, a zero-deficit fiscal rule instrumented by transfers leaving public expenditure exogenous (as in Forni et al.
(2009)) yields positive fiscal multipliers (of consumption and GDP). On the other hand, if the shock is on the
government expenditures we find a negative fiscal multiplier for consumption but a positive one for GDP.

1 An appendix with full derivations is available in the working paper version of the paper or available upon request.

5We 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.

6See e.g. Blanchard & Perotti (2002), Fatas & Mihov (2001), Galf et al. (2007), and Perotti (2008).



Figure 1: Impulse response to government purchases shock (small VAR)
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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 dX”’“ for k =1,2,4,6,8, where dG, is the change in the level
of government purchases on impact, and dX iy 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. The previous 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 large 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 (Zle dXit5)/ (Z?zl dGi4j). The latter takes into account not only the
size of the initial increase in government purchases, but also its subsequent pattern of adjustment.
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.

AXyik _ dlog Xyip Xiyp
dGy T dlog Gy Gy

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



Table 1. Effects of government purchases (Small Var)

Basic Cumulative
time/multipliers dC/dG dY/dG dC/dG dY/dG
t=1 0.59 0.67 0.595 0.67

1.03 0.73 1.47 1.27
0.94 1.27 3.53 3.46
0.37 0.22 3.17 3.06
0.56 0.5 3.01 2.79
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Table 2. Effects of government purchases (Large Var)

Basic Cumulative
time/multipliers dC/dG dY/dG dC/dG dY/dG
t=1 0.74 1.10 0.74 1.10

1.30 1.20 2.05 2.31
1.19 1.43 4.18 4.45
0.72 1.00 3.89 4.34
0.64 0.50 3.72 4.08

[T
o O = N

We explore the robustness of the previous findings to the use of a larger VAR, which includes,
in addition to the four variables above, real copper price, total private investment and the real
exchange rate. Given the fiscal rule in place, whereby the government is allowed to spend only
the fraction of the increase in copper revenues considered to be permanent, it is natural to order
that price before government purchases, which is now appearing in second place 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. Also, the sign of the response of the

8The 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 2: Impulse response to government purchases shock (large VAR)

deficit is less clear cut in the case of a shock to transfers. The estimated multipliers shown in Table
3 point to similar orders of magnitude for both GDP and consumption.

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 0.45 0.72 0.45 0.72
t=2 1.17 1.11 1.30 1.47
t=4 0.87 1.61 2.38 2.82
t=6 0.09 0.45 1.96 3.16
=8 0.41 0.49 2.00 2.98

Table 4. Effects of Government Transfers
(Large VAR)

Basic Cumulative
time/multipliers dC/dG dY/dG dC/dG dY/dG
t=1 0.40 0.88 0.40 0.88
t=2 1.27 1.42 1.34 1.85
t=4 0.68 1.21 2.25 2.76
t=6 0.04 0.72 1.79 3.22
t=8 0.36 0.31 1.78 2.92



Figure

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

Impulse response to government transfers shock (large VAR)
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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 develop 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), Ad-
jemian et al. (2008) and Adolfson et al. (2007), but extended to incorporate 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 modified in order
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 govern-
ment spending closely linked to structural (permanent) fiscal revenues, and an inflation targeting
monetary policy regime. A complementary appendix with main model’s derivations is available
upon request from the authors.

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

Li()' 7

e M

U7 () =10 (CJ () = bCE_, (1)) = &€,
where €7 (h) is a consumption index and L7 (h) denotes hours of work. Note that b measures the
degree of internal habit formation, ¢ is a constant, oy, 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, 03.9

The consumption index takes the form:

7

; 1 1—1 1 11 T_IT
C(h) = [(1 = )T Clp ()77 + ¥ C ()7 @)

j 1 ~j A1—L N\ TT j 1 ~j Ao\ TT
where Cy; ,(h) = (fo Cpy(hyi) < dz) and Cy,(h) = (fo Coy(hyi) o dz) are CES
indexes for domestic and imported consumption goods, respectively, with parameter o determining

9Notice 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.



the degree of openness and 7 > 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

BE (st h) 4+ S, B (s, h) + (1 — Tyt) SwrW{E (R)LE(R) + REul(R) K] | (h)
—P® (uf () K2y (h) + Py [Trf(h) = TXF(R)] + (1= 7pr) Pr{'(h) < ;
+Zsf+1|sf Q (St-i-l) st) BE (8t+1, h) + S,RP, Zsf+1|st Q* (8t+1, St) BR=* (8t+1, h) ( )
+ Jo Pra()(CE (hyi) + I (h,i))di + [y Ppy(i)(CE,(h,i) + IF,(h,i))di

The terms on the left hand side represent consumer h’s cash inflows, including maturing one-
period nominal discount bonds (domestic and foreign), labor income (given by after tax and sub-
sidies wage-Sw g is a subsidy to eliminate monopolistic distortions—times the number of hours
worked), income from capital leased to firms net of utilization costs!?, transfers (Trf'(h)) net of
lump-sum taxes (T X[ (h)), transfers and profits in the form of net of tax distributed dividends,
(1 — 7py)Prfi(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: 9

® (ui(h) = 5 (ui'(h) = 14 77) (ufi(h) = 1) 4)
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
REK] | (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 (%) — Pag (Et |:S:591t~1:| - 1) —+ d)t) is the risk premium function, a factor

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;[Siy1/S;], as well as an exogenous risk premium shock ¢,.!2 The risk premium
function can be viewed as a measure of international asset market incompleteness (asymmetric
information, entry costs to build the portfolio, etc.). I is an investment index given by

R _ R 1, pa1-t77T
= 0t )" e 15 .

10Ty our notation, Kf_l(h) reflects the agent h’s end of period stock of physical capital ready to be used in the
productive process in period ¢.

UTt follows that & (.) = 0 [uff(h) — 1] 4+ r*, which at the steady state & (1) = r* and & (1) =60 > 0.

12Note that B} is the sum of the net debt position maintained by Ricardian agents, (1 —X) Bf’* =
f; BP:* (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 cap-
tures the deviation of the expected exchange gross depreciation rate from one. Including 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)).



1N 1N
where, in a way analogous to consumption, Iff , = (fol I;%t(j)1 i dj) 7 and If, = (fol I}ffft(j)1 o dj) m
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) o 100) = 5 (S =) Kela(h), ©

where § is the depreciation rate, e7; is an investment-specific technology shock, and ¥ > 0 is a
parameter that scales the quadratic installation costs associated with any positive net investment.
The first order conditions (FOC) are presented in the Appendix Section A.1.

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.!3
Their consumption is thus given by

/1 Py (i)CH 4 (h, i)di+/1 Ppy(0)CR (hyi)di = (1 — Towt) Swn W (R)LY (R)+P, (Tr (h) — TX}Y ()
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) = () (@) Wi, (h)

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.
Presumably, non-Ricardian agents will react more to wages in comparison with Ricardian agents.
Thus, contrary to Medina & Soto (2007), we allow for each agent type to supply different number
of hours.!?

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.

13 As in Galf 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)).
1 See appendix for details.



3.2.1 Domestic Producers

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

V(i) = Ay (ulKi—1(7))" Ly(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

n

1 _ 1 1 N1— L EET
Li(i) = (WL,{V(i)l L4 (1= N7z LEG)! ) , )

where 7; is the elasticity of substitution between Ricardian and non-Ricardian labor, and where

—_— : e
[(—1;) " LF(i,hf‘ﬁdh] ,

Vi) = [(%)ﬁ/OA(Lfv(i,h))l_ﬁdhlﬁv—N_l.

Firms minimize costs subject to (8) and conditional on any given output level. The resulting
real marginal cost function is (note that we drop the ¢ index since firms have identical costs):

k\Y , 1=
MCpy = =2 (rf) w7 (10)

Ly (i)

‘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 R). 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

. =\ (1— )
Pir(i) = (M=) (1)) Py (3)
Given 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 reoptimiées the price of
its good with a probability ¢, setting a price Pp,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.
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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 Py (0)G e (t)di + fol Pr(i)Gp(i)di, among the different
goods in order to maximize

_n_

11—+ 11—t |-t
G = [ﬁ —ag) Gy, + (ag)™ Gm"] (11)

G G

where Gg i = (fol GHyt(i)l_f_t:di) ““7" and Gpt = (fﬂl GF,t(i)l_‘_i:di) ““"" 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 FPg ;:
1— 1— 1—
Poi" =1 —ag)Py,"+acPy,". (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
PTry + g:P,Y; + B + S:Bf + (Sp — 1) PF,t/ Cri(h)dh+ (Sp—1) Pp,t/ Iﬁt(h)dh
0 A

+(Sp — 1) PrsGrt + (Swr — 1) /; WEh)LE(R)dh 4 (Swx — 1) /0A W (h)LY (h)dh, =

By SiBiy
R, | RIRP,

1 A 1
+ Tt (SWR / WEh)LE(h)dh + Swr / whN(h)LY (h)dh) + TPrt / Pr2(h)dh
A 0 A

1
+P / TX(h)dh + Pey b Xeu,tYe + TewtPeut (1 — £) XewtYe + Prot Xmo,t Y (13)
0

The terms on the left hand side represent different government outlays, including transfers,
Tr, = fol Try(h)dh = f: TrE(h)dh + fOA TrN(h)dh, government consumption PGy = g, PY;

(where g, = P}G;.;ft is the share of government consumption in GDP), repayment of maturing gov-

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

and employment Those outlays are funded through the issuing of new debt (domestic, Bior and

Rt )
. S,B} .
foreign é*ﬂéﬁl ), labor income taxes, taxes on profits, lump-sum taxes, and copper-related revenues.
TRP;

The latter are explained briefly next.

Copper production is assumed to be stochastic and exogenous. Consistent with the market
structure of copper production in Chile, the state-own company accounts for a share x of produc-
tion (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, P7, ;, are ex-
ogenously given, implying a domestic copper price P+ = St P, ;. The share of copper production
to GDP, X, ;, follows an exogenous process, described below. In addition, X,,,; represents the
output of molybdenum (a byproduct of copper production) as a share of GDP. The molybdenum
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world price is exogenous and given by P
the government.

Following Forni et al. (2009), tax rates on wages, benefits and on copper production are allowed
to vary according to:

0.t~ All revenues from molybdenum production accrue to

Twt = (1 - prm) Tw + Pr,Twt—1 T Eryts (14)
Tt = (1= pr ) TPr 4 Prp TPri—1 + Erpts (15)
Teut = (1 - PTW) Teu + ProyTeut—1 + €1t (16)

where 74, Tp, and T, are long run tax rates, p. , p,. ,and p._ explain the degree of persistency,
Erw,ts Erpe,t a0 7, are iid shocks with zero means and constant variances.

Fiscal policy in Chile is conducted within the framework of a structural balance rule. Specifically,
the rule is called the Chilean structural balance fiscal rule.!® As discussed in the introduction, the
Chilean fiscal rule ties government spending to structural/permanent government revenues. Such
a rule has been followed explicitly by the Chilean government since 2001 and implicitly since the
beginnings of the nineties.! We formalize that 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.e J,: and P;if . 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 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, the goal behind the structural balance rule
was to reduce 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 — P) + 54 17

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:

S; = PgSt—1 + E€s,ts (18)

2
€s,s”

In practice, we assume that B = 0 (Chile exhibited by the end of the last decade a net creditor
position of around 3% of GDP). This formulation allow us to have a well specified fiscal rule

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

15Previous 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)

16By "implicitly" we mean that even though there was no explicitly commitment to any fiscal policy rule in that
period, fiscal policy outcomes in the nineties resemble the ones that could have been obtained by the implementation
of the Chilean fiscal rule of the 2000.
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(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 the
dynamics of debt are described by:

Et+1 - Et = (Pcrf]; Pcu,t) KXcu,t + Teupt (P;i]; - Pcu7t) (1 - ’5) Xcu,t + (P;eoft Pmmt) Xm7t

+7-w,t

1 A
Swr / WE(R)LE(h)dh + Swr / WN(h)LN(h)dh]
A 0
1 A
Tt lsWR / WER)LE(h)dh + Swr / W (h)LY (h)dh]
A 0

1 1
+Tprt {/ Pr(h)dh — / Pr?(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.

From this particular specification of the Chilean fiscal rule we can derive a more traditional
fiscal policy representation for the Bayesian estimation of the structural model, along the lines of
our empirical strategy. We assume a specification for government consumption and transfers con-
sistent with the representation of the Chilean fiscal rule just described. In particular, we represent
government consumption by the next process

9t = (1= pg) 9+ pagi—1+cc,t, (19)

. . PoG
where p, measures the persistence of the process, g is the long run government share, <5, and

€a,t 1s an exogenous a shock with mean zero and constant variance 0‘ . Under this specification,
shocks to government consumption imply an increase in government debt in the current period and
an adjustment in the structural surplus target (surplus) from next period. Given our specification,
the adjustment in the surplus target translates into an adjustment in government transfers. Con-
sistently, shocks to the surplus target (s) are translated into one-to-one movements in transfers. In
particular, a negative shock to the surplus target, increases government transfers. The evolution
of transfers mimics the evolution of the surplus target (surplus) determined by equations (17) and

(18).

3.4 Monetary Policy

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

R = R/%R, 0% explem), (20)

I ~ (Y, Yy
Rrule,t = ( ]_:Itt> < Y7t> 5 (21)

where ¢, determines the degree of smoothing, and ¢, is an exogenous i.i.d. monetary policy
shock. The target values are steady state GDP without the copper sector, Y;., and inflation, IT4,
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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 I14; = II}, while Y, 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.

4 Equilibrium and Aggregation

We first state clearing conditions in the markets for domestic inputs. Thus, for labor services of
household h the market clearing condition is given by

Ly(h) = /O Lu(h,i)di,

where Li(h,) is firm ¢’s demand for labor services from household h. A similar condition must
hold for all h € [0, 1].

Given that only Ricardian households engage in capital accumulation, the market clearing con-
dition in the market for that input is given by

Ki=(1-2) KtR
where (1 — ) K = [y Kf(h)dh . Similarly, for other asset holdings we have
B, = (1-1) BtR
Bf = (1-NB" -B/"

(notice that BtG "™ is the amount of liabilities so with the negative sign converts to net holdings). In
the same manner, aggregate real variables such as consumption and investment are:

C; = XON+(1-)NCE,
L = (1-NIf,

where Cft and C}¥ come from aggregators similar to (2) and (1 — \) I/t = [ /\1 IE(h)dh.
Market clearing in the home produced goods implies that supply given by the aggregated version
of equation (8) equals demand:

— — * * T -1 *
YH7t:AH7t{THZ(l—a)(Ct+It)+TG}},t(1—aG)Gt+(ac+a1)<Rg};t) Yr (22)

After some little algebra we can derive the following expression for aggregate output, Y;, and

17 This is without loss of generality, since during the 2000s the inflation rate in Chile fluctuated quite closely around
the three percent inflation target. In the empirical implementation we subtract this target.
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aggregate output without copper, Y. ;:®

(Cy + 1) [1 ~ Apsa (TtTH,t)l—"] + B (uft) Ky

}/t = - — ) (23)
L= RER: (9l X203 4 Do Xipti?) = [1 = Arcac (TTons) ™) g
(Ct + It) [1 - AF’tOé (TtTH,t)l_n} + 0] (uf) Kt—l
Y, = . (24)

1- [1 — Apag (TtTGH7t)1_n] gt

Notice that the central bank targets Y, ; instead of Y;. From equation (23) we can isolate the
consumption and investment levels as follows:

Vi {1 = RER, (1 X047 + ot Xiti®) — [1 = Arsaa (TTar)' ") g0 b — @ (uf) Kia

Ct+It - 1
(1 — AFthY (TtTHﬂg) _"7>
(25)
The evolution of net foreign assets under incomplete international asset markets is:!”
Si1By S¢ 1 1 S¢Bfy
s — +NX; = , 26
Py S 1L ! RZKR]P)t (',',') P ( )
where we employed the following net exports definition:
NXi = RER: (Pl kX0 + ProiXmoi ) Ve
Ty T
A L (1-a) (Cr + 1) + —== (1 — ag) 9.V,
+Am[ MCr (1—-a)(Cy+ 1) + MC, (1-ag)gYs

THt
Lt at) — Y —TyFCy — Ayt (Cr + 1) — ¢:Y: — ® (ul?) K, {27
MCH7t(C I)RERt_nt HI'CH et (Ce+ L) — gYs (uf') K—{27)

where we take into account that Cy + I;, come from Eq. (25).
The model has seventeen exogenous driving forces which are collected in the following vector:

_ * * share ,.share * * *
Vi = (Um,tactaRERF,th)}/; 7AH,t7xcu7t 7xmo’t 7Rt7(/)7t7517t7Tw,taTPr,hTcu7t7pcu,t7pmo,t)
and it is assumed to follow the process

Vi = p Vi1 + &,
(A7x1)  (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

We estimate the model above using Bayesian methods. First, we define the measurement equation
which links the observed variables with the model’s solution or law of motion.2? Then, the Kalman

18 For details see the derivation in Section A.2, see appendix (available upon request).
9For further details on the derivation refer to the appendix Section A.3.
20 Calculations are performed with the set of routines included in DYNARE, Juillard (2005)
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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 by filtering the data with a (deterministic) quadratic trend (in
accordance with our VAR estimation). Moreover, we lower the observed inflation rate by the
inflation target, i.e. three percent annually. Similarly, for the interest rate we subtract a neutral
interest rate of 5 percent (the inflation target plus an assumed steady state real rate of 2 percent).

We restrict estimation 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, 8 = 0.9878 which is consistent with a neutral
annual interest rate of 5 %. Import shares & = a = 0.3 approximate the import/GDP ratio. The
settings of, = aj = 0.0004 are consistent with the share of Chilean GDP to world GDP (0.35%).
The elasticities of substitution among varieties of intermediate and final imported goods are ey =
ep = 11, consistent with markups p; = up = Sp = 1.1. Further, the elasticities of substitution
among varieties of labor types are e g = ery = 9 which imply markups pyr = Swr = tywy =
Swx = 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 X3hare = (.044,
Xshare — 001, g = 0.094, Ag =1, 7, = 0.2, 7p, = 0.17and T = Ty = Tgy = 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 an autoregressive coefficient
of 0.1.22 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. Data from the
Household Financial Survey (EFH) implemented by the Central Bank of Chile in 2007 suggest a A
value of 0.29. This value is computed by adding the fraction of households that requested a financial
credit and were rejected one or more times, the fraction that did not apply to any financial credit
because they expected to be rejected and the fraction that considered themselves unable to afford
the credit payments. All things considered, we calibrate A to a conservative 0.5 since the data
from the EFH corresponds to a period in which credit expanded rapidly towards first time credit
holders.?3

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 persistence parameters )such as 1 gandthep’s) 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 whether the errors refer variables or on shares
(which vary less), respectively.

The set of observed variables includes 11 time series which are gathered in the vector 0Z;=(0Y, ;,

21 For details on these aspects see Fornero (2010).

22We 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 statistically different from zero. Thus, we specify AR (1) processes for
R*, II* and Y™*.

23 Defining credit-constrained households as those who cannot access to low-cost credit and hence end up using
high-cost credit (credit cards), Ruiz-Tagle (2009) finds that at least 41% of Chilean households were credit constrained
in 2004.
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oYy, 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 Hodrick-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, mel;, mell;, mellf, meR:, meR;, mew;,
meRER;, meg:)’. In the case of interest rates and inflation, which are not filtered, we subtract the
neutral interest rates and inflation targets (foreign inflation in demeaned). Measurement errors are
assumed to be i.i.d.
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Table 5. 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, I} 0.5 0.2 0.5875  0.2482  0.8941
Pu,, 8 0.5 0.2 0.5565  0.2293  0.8551
SD of shocks Prior density Prior mean gl.  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
Emr r-1 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

e} 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-t 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-1 0.001 1 0.0007  0.0003  0.0012
me;« r-1 0.001 1 0.0006  0.0002  0.0011
meg+ r-1 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

In this section we present impulse response functions (IRF) to various shocks under the structural
balance fiscal rule introduced above. Then, we calculate the estimated model’s fiscal multipliers.

6.1 Impulse response functions

This section reports the IRFs. The analysis focuses on the implied size of the consumption and
output fiscal multipliers. In Figure 5 we present the dynamic response of the economy for a govern-
ment spending (consumption) shock, ¢, equal to 1% of GDP. Note that the impact on output and
consumption is positive. Government expenditure increases following (19). Since transfers only
respond gradually to offset the increase in spending, through changes in the surplus target, the
shock is more expansionary and stimulates consumption and output. This is a critical difference
to the case in which the government follows a structural balance rule. Under this formulation, the
transfers will have to adjust to fully offset the increase in government consumption. This impulse
response is consistent with the VAR evidence reported in a previous section.

Figure 6 displays the IRF's to a positive shock to the total factor productivity. As a result of
that shock 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 expansion
of exports. Consumption of Ricardian agents reacts positively, whereas for non-Ricardian agents
consumption remains negative during 2 quarters. The higher consumption of Ricardian agents
under the Chilean fiscal rule can be associated to the fact that under this specification of fiscal
policy, agents understand that the government is going to save, so they consume more.

Figure 5: A positive shock to g; of size 1%.
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Figure 6: A positive productivity shock of 1%
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Figure 7 illustrates a shock in the copper-to-GDP share of 1 percentage point. The multiplier of
GDP is positive. Consumption of Ricardian agents increases. A fraction of this increase is explained
by the fact that under the Chilean fiscal rule the government is saving the temporary increase in
revenues, which is compatible with larger consumption levels for Ricardian agents. The response
of non-Ricardian agents’ consumption is interesting to analyze. Under a balanced budget rule, all
the temporary increase in revenues would be transferred to the public, leading to a large increase
in consumption of non-Ricardian households in the short run (as opposed to Ricardian agents, who
smooth consumption and hence save much of the transfer). By contrast, the Chilean rule would fix
the expenditure to a constant, thereby government savings would increase.

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

Non-Ricardian agents consumption resp to copper endowment shock Ricardian agents consumption resp to copper endowment shock

—6&— Chilean rule —6&— Chilean nile
g ° 3
° Lo
£ 005 2
E k|
3 01 g
£ 015 £
5 s
& o2 &
. . . . . . 005l . . , . . .
H 4 6 s 10 12 14 16 2 4 6 10 12 14 s

8
Quarters. Quarters

GDP resp to copper endowment shock

2 —&— Chilean e

Percentage deviation from SS
°
Percentage deviation from SS

oo e o o o
2 4 6 8 10 12 14 16 2 4 6 8 10 12 1 16
Quarters. Quarters

Figure 8 considers a shock to transfers of 1 percent. Note that the estimated persistence of the
AR(1) process for the transfers process is 0.56. Ricardian consumers save the temporary increase
in transfers, whereas non-Ricardian agents consume all. The positive response of consumption by
non-Ricardian agents leads to an aggregate consumption multiplier that is positive for about one
year. GDP increases as well, the response path suggests a larger multiplier than consumption.
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Figure 8: A positive transfers shock of 1%.
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Figure 9 reports a positive shock of 1 percent in the price of copper relative to the foreign price
index. The results are qualitatively similar to those observed in Figure 5. The GDP multiplier is
positive as well as Ricardian consumption. Non-Ricardian consumption decreases under the Chilean
rule. The reason being that the government saves for a while by buying public debt.?*

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 parameters.
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 expand as
it would be expected in any New Keynesian model like ours. Non-Ricardian consumption expands
due to increases in wages and tax revenues (that are distributed through transfers, which turn
out to be mitigated by the Chilean fiscal rule). Of course, the drop in interest rates makes it less

24The GDP multiplier remains also positive in the case of a zero-deficit rule, results not shown. Non-Ricardian
consumption increases under a zero deficit rule because the government distributes higher transfers.
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attractive to invest in domestic fixed income assets in comparison with foreign assets, leading to a
depreciation of the domestic currency.

Figure 10: An expansive monetary policy: shock to interest rate instrument of 1%
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6.2 Model’s fiscal multipliers

Consistent with the impulse response functions just shown, this section calculates fiscal multipliers
for an expansionary fiscal policy with the estimated model. Table 6 illustrates both dynamic as
well as dynamic cumulated multipliers, therefore these figures are comparable with those reported
in Tables 1 and 2.

We saw in Section 2 that fiscal multipliers were over 1 when implementing a variety of structural
VARs. Overall, we confirm these findings with our estimated model; the results resemble those of
the open economy or "large" VAR. In particular, we observe in Table 6 important non-Ricardian
effects in aggregate output and consumption of an expansionary fiscal policy (hours worked also
increase).

What do the consumption multipliers look like for each of the two agent types? To address this,
we further calculate dC®/dG and dCY /dG (and their cumulant versions). Aggregate consumption
increases for a while because consumption of constrained agents goes up and compensates the
drop in consumption by agents that are Ricardian. Cumulated multipliers suggest that aggregate
consumption is 0.24 of the initial fiscal impulse by the end of the year. At the same horizon, this
is explained because there is a positive effect in consumption of non-Ricardian agents (2.39) that
outweighs the negative effect of the Ricardian ones (-1.92).

Table 6. Model’s fiscal multipliers (increase in public spending)

Multipliers Cumulated Multipliers
time/multipliers | dY/dG dC/dG dC®/dG dCY /dG | dY/dG dC/dG dC®/dG dC™ /dG
t=1 1.74 0.49 -0.27 1.25 1.74 0.49 -0.27 1.25
t=2 1.01 0.11 -0.45 0.67 2.75 0.60 -0.72 1.92
t=4 0.25 -0.25 -0.63 0.14 3.54 0.24 -1.92 2.39
t=6 -0.03 -0.32 -0.63 -0.02 3.58 -0.39 -3.19 2.41
t=8 -0.12 -0.30 -0.55 -0.06 3.37 -1.02 -4.33 2.30
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7 Conclusions

This paper presents VAR evidence on fiscal multipliers that are large and robust for Chile. The
evidence we present indicates that aggregate real consumption and real GDP expand significantly
when transfers and /or government expenditure go up. 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 larger 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 level. Values range from 2.4 to 3.5 for consumption
and 3.2 to 3.5 for output. Large VARs take explicitly into account the fact that Chile is a small open
economy in the specification by including three additional variables (copper price as exogenous, total
private investment and the RER) produce consumption and output responses that are stronger in
the face of a shock to government purchases. The large VAR with transfers shocks exhibits fiscal
multipliers similar to the ones obtained from the small VAR.

We confront this evidence with the prediction of a DSGE model for the Chilean economy.
The model features two household types: Ricardian and non-Ricardian. The former solve a typi-
cal dynamic programming problem, whereas non-Ricardian households consume labor income and
transfers within the period. We assume a standard specification for monetary policy but allow for
a fiscal policy that approximates the Chilean fiscal policy rule characterized by expenditure flows
responding to structural or long run revenues.

The results indicate that when a balanced budget rule is instrumented by transfers (leaving pub-
lic expenditure exogenous) a public transfer shock yields positive fiscal multipliers of consumption
and output. On the other hand, if government purchases are shocked instead, the balanced budget
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.
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Appendix to "Non-Ricardian Aspects of Fiscal Policy in
Chile" by Céspedes, Fornero and Gali (2011)

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:

- ) . B LE (R Hon
Z 6t+ |:ln (Cg—a(h) - bctl?l-a—l(h’)) - CCtﬁ-a%}
a=0

BR (s h) + Si1 o B (s h) + (1 = Tw,t1a) SwrW /i, (h)LE , (R)

)
E, + Z/BH_GAE‘,-O, _St-l-a Zs‘+<b+1|s‘+“ Q* (8t+a+1, St+a) BR:* (St+a+1, h)
a=0

—Prya [CE L (R) + I ,(h)]
Kfio(h) = (1-8) Kf, (k)

. IR (h)+ 10 M_(S?KR (h)
Livallts Y TREL ™) fra—l

oo
Z t+am
+ 6 a\:t+a

a=0

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, ZS,,JNH'S,M Q (St-l-a-i-l’ 5t+a) and zs"+<l+1|5t+a Q* (3t+a+1’ 5t+a) are relevant
discount factors for home and foreign assets for consumer j = R.?% Perfect risk sharing implies
that:

> QG s = Ry, and (28)
st+atl|stta
1
* (ttatl _t+a _ (R;fk‘l‘a)
Z Q (8 ) S ) - R]P)t-l-a (.7.).)? (29)

sttatl|gtta

where RP;, (-, -, -) is defined in footnote 12.

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:

AR = [CF(h) —bCE ()] " = BbE: [CEL (k) —bCEM)] ", (30)

where AF = ]\ﬁPt is the (real) Lagrange multiplier that equalizes the marginal utility w.r.t. con-
sumption.

25 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 until ¢ + 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).
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Second, FOCs w.r.t. home and foreign asset holdings yield the following Euler equations:

i AR,
— =(3FE 1
Rt ﬁ t |:A£%Ht+1:| ) (3 )
1 B Af Seir o
RfR]P)t (.’ ., ) - 6 t |: AF St Ht+1:| ’ (32)

respectively, where II; = _,Pi_l stands for gross aggregate inflation.
Combining (31) with (32) allow us to derive the uncovered interest rate parity (UIP) reads as:

By [Af1Se/ STl ] _ Ry
E, [Aﬁ_lﬂt_ﬁl] R?R]P)t (',',').

Third, FOCs w.r.t. investment, capital and the utilization rate are:

- = er IR (h
A= [:t e ( RF ((h)) - 5)] ! (33)
t—1
AL
Et = BE Py [Biuiha (h) —2Pt+1q> (uifa (h)]
o = t — €It 1ItR 1 (h e 1ItR,1 h s 1ItR (h ,
e [(1_5)_%‘1’(?@—@)() —0) (St o) W)H]

(34)
R = @' (ui'(h) . (35)

A.2 Derivation of the GDP identity

In this subsection we derive the gross domestic product (GDP) identity Eq. (23) 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
Y, = Ci+Li+ % + RER; (pIu,tXcsﬁfire "‘P:w,tXﬁLo?:e) Yy
t
[ Pr; P,
—Ap¢ |TiTuy (Cre + IF,) + RER Gri| + @ (uft) Ki-1,
I P, Poy
_ PG7th * share * share
th - CVt + It + WY; + RERt (pcu,tXcu,t +pmo7tXmo7t ) Y;f
t Yt
[ 1o Pr,; P _ Y;
—Apy | T Ty 0 (Cy+ 1) + 2222 ag (TTan) ™" Gy —t] +@ (uf) K1,
_ : P, Po, Y,

. _ Pg,:G: Pri Pou -n Y, _ Pru -1 Pg,Giy, .
notice that g, = Pf,fo,f’ Pf,f P : ag (TiTou:) "Gy v _Pc;aG (T Tcm.t) Ptg/f, LY}:
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Y;f [1 - RERt (p:u tXcSq};iTe +p Pmo tX'fnhoa:e) — gt + AFJQG (ETGHyt)l_n gt:l

= [1 - Apa (ETH7t)1—77] (Ci+ L)+ @ (ut )Kt 1,
and reorganizing we get Eq. (23).

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:

Prp = PB =P (Bus+Bry),

T
- P, ( Lt Vi —wl (1= A LE —wN ALY — rFul K, —THtFCH)
MCly

SiPry
+P | (pp —1) 2 (Cri+1Ipt +Gre)l, (36)
t
where By, = (1-V)BF, = f; B (h)dh and Bp, = (1-\)BE, = f; B, (h)dh are real
benefits of domestic intermediate producers and final goods importers, respectively. Notice that Eq.

(36) assumes complete home bias in stocks property holdings. Once the subsidy to the importer, Sg,
is considered the price turns out to be F L Ppy = Pry (recall that Pp, = p FStPFt) and the LOOP

is restored if and only if Sp = .20 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 %ﬁ*t = SPryPry _ = RERp;Tu+T;. Aggregate profits from private

“Pp. P
copper firms are:
Preus = PLRERpS, , (1 — Teuy) (1 — &) X209 (37)

cu,t

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

B (st h) + $iB"* (h) + (1 = 7o) SwgWHELE + P, [Trf(h) — TXE(h)]
— Y @ (s, 8 h) BR (s B) — Sy 3 vin 0 Q (8741, 8, 1) B (R) + (1= 7pr) Pr{i(h)
+R{uf (W) KLy (h) — P® (uff(h)) K1 (h) — P, [CF(h) + If(R)] = 0,

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

26Notice that MC = pp at the steady state.

2TRecall that due to the demand aggregation (i.e., integration across goods) CPE(h) + IF(h)
= Ap.Tu. [cgt(h)Jrzgt(h)] +Ap T Th [cﬁt(h)uﬁt(h)] and  ON(h) = A Tu.CN,(h)
+AF7tTH7tTtC’}V’t(h), for any household h.
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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

(1-1)BE A-XS. B
~P(1-NTX[~ Ry - . StBiia e St
() e (o T O

) + (1 — Tprﬂg) Prt

+R{uff K1 — B® (uft) Kio1 — P (1= X) [AgTa. (CH, +If,) + ApiTu Ti (CE, + IF,)] =0,

(1= 7Tw) SwnWNLY + PA(Tr) —TXYN) — PA [Ap Ty CF , + Apy T, T,CR,] =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 =X BE+ (1= S:B"" + (1 - Twy) [SwrDE, WELE + Swa DY, WNLYN]

—\)BE, 1-N)S. BYS
+PTr — RTX, — S0 — il 4 (1= 7p,) Pry (38)

+R{uf K1 — P® (uf') Ki—1 — A PiCy — A P (1= N) I = 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:
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Combine transfers from the previous equation with Eq. (38) and cancel out common terms:?®
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and taking into account the equation for benefits, Eq. (36):
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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;:
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Replacing Yz ¢ by its equal from the equilibrium conditions (22), the previous equation in real
terms becomes:
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where Ty Gt Pg: % = Pg : cht’th LY, = Tau,.9:Y:. We can rewritte the previous equation as follow-
ing:
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where we employed the following definition for net exports (strickly speaking, we should add Eq.
(37) and deduce this amount to get the true measure of net exports including copper and molyb-
denum):

1—n 1-n

NX; = RER; (P s X7 + Doon Xond7€) Yy + Ay T (1—a)(Cy+ 1) +—TGH”5 (1—ag)aY:
e, mo,tTIme, ’ MCHyt —— MCHyt
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where Eq. (37) provides the clue to gauge the net rents balance of the balance of payments, i.e.
benefits of foreign mining companies:

NR; = —RERyp}, , (1 — Tcuy) (1 — K) XM7Y, (42)

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 (39) come from Equation (25).

Alternatively, we may rewrite Eq. (26) in terms of Y;:

)

S Bf S 1 NX, n NR; _ 1 Y &B?+1 (43)
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Either we can employ (26) and (27) or (43) and (44).
A.4 Derivation of Tgy
Begin with the definition of T 4:
Py
T =,
GH,t PG7t
where Pg ; comes from Eq. (12). Besides, observe that Ty ; relates statically with T; = %:
1
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B Steady State (complete asset markets)

T = 1

I

For home producers it follows from optimality conditions that at the SS Ty =

My =lp=0I"=1.

P_}f = pyMCl,

cmom )

which implies that the real marginal cost is (MCy = M 7

MCH =

and similarly for home importers:

Pr =
FSF

L pcpen -

L (47)

12374

/J‘F *
= —=SP,
Sp

which yields the marginal cost in terms of imported good prices:

1=
Sr Pr

where we employed the definition RERp = -

Pu Pr
Py P

Py Pr
P Py
TyT

THT&
K

_ ke SPp

= RERp = ﬁ,
K

(48)

S—};;. In terms of the GDP deflator:

15 SP; PH PF

Sy P Py Pr’
————
represents MCp

e SP: Py Pr
Sr Pr P Py’
up SP;
——=THyT
SF PF HL,

=MCp

MCp.

so it follows that the real marginal cost of the imported good is:

MCp = THTi—F = RERpFTHT.
F

(49)

Next, we seek to pin down SS inputs’ prices. First, consider the FOC w.r.t. capital (34) at the
SS (the assumption is that u =1, ® (1) =0, e; = 1):

Rk

E:ﬂ{AFJrE (1-0)—

1
o — —
2 <KR

IR

IRICEOES)
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taking into account (33) at the SS, A = = — =0 (II{—}; — 6), to express the previous equation in

-0 o (o) v (o) 2]

IR . 1 (IR 2 IR IR
T | R A ) R C R F Y
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, I® = §K ). Thus,

terms of one multiplier:

—_

I
=
—N—
[1]
|
[1]
VR

~
g
|
[«
N———
=
E
_|_
[1]

[—
I

1 = ﬁ[rk+(1—5)],
—(1-19). (50)

—~ =

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

ey, — () e
T g (1)

E\Y, 11—y
which equalized to (47), i.e. 12 = L%, leads to:
K A y7(1=y)' 77

w=|Auy"(1-7)"""

7 ; (51)
pi (- (1-9))
where 7% comes from (50).
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 (52)
Total nominal domestic profits are Pr=Prg+Prr. Home traders’ nominal profits are Prg =
PBy = %5 —~WL—RFK — Py FCy and real profits (here real means in terms of the consumption
bundle C) are given by:
TyYy
By =——
1= Mcy

Under perfect competition and constant returns to scale, the no entry condition guarantees that
real benefits are zero at the steady state (By, = 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):

—wL —r*K — Ty FCy. (53)

TyYy = wL +rF K. (54)
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We rewrite Eq. (53) taking into account Eq. (47) and Eq. (54) we may find out the value of
FCp such that By, = 0 holds:

- T
By =puyYy —TgYy —TuFCx=0= FCx = (MHT—H)YH7 (55)
H

and taking into account that Yz includes F'Cpy, it is straightforward that:

FCy = ('LLHT;TH) (AHK‘YLl—‘Y _ FC’H) 7
H
pg —Tn _ (pg —Tn) K\
<1 + T ) FCyg = T Ag T L,
_ ¥
FCyq = MAH <£> L, (56)
HH L

where %is given by Eq. (52). Thus, to check that benefits B are zero just substitute FCp into
Eq. (55):

r _ 2l
By = (uy —Th) Y — Th MAH <£) L],
L 2224 L
and taking into account that Yy = Ay (%)7 L— (—HI%MAH (%)7 L= %AH (%)7 L:
T K\ ] - T K\"
By = (uy — Tr) [—HAH <—) | -, =T <—) L=0. (57)
FH L ] 4 L

Similarly, real benefits for home importers are:

Pr

Br=—

(CF + I —I—Gp) — RERFTHT(CF +IF+GF),
C
=MCpg

Multiply the first term on the RHS by SPe P and arrange properly (recall RERp = %ﬁ =Sk

SP; Pr> e
and L& = Ty T):
P, SP: P,
Br = S}f* P—F ?F (CF+IF+GF)—RERFTHT(CF+IF+GF),
13 \\iz ~~—

——
=11/ Sy=RERy=TuT

(gl - 1) RERpTyT (Cp + Ip + Gp) = 0. (58)
F
The marginal utility of consumption from equation (30) at the SS, both for {R, N} are:
_ (1—pb)
i
A “oa—n (59)

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

o i ,
()™ + A—Sw—jwﬂ =0,
Hw 5
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which implies that:
AJ l/O'L
Lj == ——Swj wj 5
CMWj
and taking into account the real wage at the SS, Eq. (51):

1 1/op,
-y

AJ
ZNWj

Ty

" war (5~ 1-0)

Swi Ay (1 -

The market clearance condition for home produced goods, Eq. (22), at the SS can be written
as (recall that Ay = Ap = uff = 1):

T n
AHKVLl—V—FCHz(1—a)T,;”(C+I)+(1—aG)Tg,ZG+(a*‘C+a?)( ’“) Y*. (60)

RER,

home absorption
exports

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 +1Ij;+Gy) + P.RER (pi, X2 + pl,, Xinam) Y = Pp (Cp + Ir + Gp), (nominal)

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

T - B _
T (s + of) <R—§R> Y*+RER (pf, X217 + ply, X5hom) Y = Ty T [a (TuT)™" (C + 1) + ag (TeuT) ™" G] :
intermediate Xs (Q) copper & molybdenum Xs (Q) intermediate Ms (Q)

(61)
The intermediate export level that is consistent with the zero trade balance (expressed in terms
of the home intermediate good) is:

Ty

(o + at) (m> Uyl [a (TuT)™"(C + I) + ag (TeuT) ™" G] L

— [RER (e X2u™" + oo X0us™) Y] -
(62)
We seek to introduce the information of the zero trade balance into the SS solution, so we
replace Eq. (62) into the equilibrium condition of home (intermediate) produced goods, i.e. into
(60): Yu = Cx + Iy + Gu + Cjy + I} (in real terms w.r.t. Py). Further, we substitute the fixed

cost FCy, from Eq. (56). The equilibrium condition becomes:

Ay (%)E- %AH <%>7L L~ T (C D)+ (- ag) TG

RER (p3, 20" + g Xaha™®) Y

U

+T " [aTy" (C+ 1) + acTo Gl - 7 ,
H
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- T K\"
(-E=) A (T) L= Gearar T4
RER (p5, X0 + ProXoms ") Y
Ty ’

. : _ by=Tu _ py—py+Te _ Ty : Pory _ PGy _
notice that in the LHS 1 = Py = and in the RHS -8 G = &Y = gY =

+ (1 —ag + ang_") TC;IZG —

1
1—r T
G= P—PGgY & G = {%] o gY, so replacing yields:

2
&AH <£> L = (1—-a+al'""")T;"(C+1I)
321 L

(- )saTin 1™ RER(pX | piXohar)
(1—-ag)+acgTt— g Ty ~

+|(1—ag+acT"""NTsh [

and recall that the term is the real GDP:
—~

P
Y = C+I+ ?GG + RER (p2, X2home 4 pt, X 3ham) Y — Ty T (Cp + Ir + Gp) + 0K,
1
(1-ag)+agT'—]T7
— I
It [ (1—a)+aTt—

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

- [1 —a (THT)l_"] (C+1)

1
1- - 1T
+ L_a)ra ] gY + RER (p1, X207 + pi, X3ha7) Y,

1—acT5T T
“Gian H [(1 —ag) +agTt=n

1
but since Ty [%} = _ PTHP_PG = 1}3_2 = Tam, it simplifies to:
v o= [1-a@D) 7)€+ 1)+ {[1 - ac TanT)' "] g + RER (b, X207 + o Xita™) LV,
= F1(C+1I), (63)

where we defined the constant:

[1 —a (THT)l_"]

Fl = — . (64)
1- { [1 —ag (TeuT) "} g+ RER (pt, Xgi*re +p%oXSi‘o“Te)}
Taking into account the latter relationship we get:
_ 1—
THA <K>7L (1—oz+laT1 WEHnRER( Xz Xshare) C+ 1
— - = _ - —a)+aT! " T euXew " APrmoXimo
(65)
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or in a more compact form:

where

(1 —a+ aTl_") T}{_"
F2 = p:uxs::are_'_p* Xshare)

1
— —a)+aT! ™" T-n RER mo<* mo
+1(1-ag +agT") T [%] T, BER( r

(1—ac)+acTt— Tu

(66)
First, begin with non-Ricardian consumers’ SS, whose consumption is deduced from the aggre-
gated version of Eq. (7):

A
ACN = (1 - Tw) SWN/ ’LUN(h)LN(h)dh + )\'1“,,‘]\/'7'rzet7
0

N —€ A N 1—ELN
where [3 w® () IN ()dh = [ wN (A" (4582) " INdh = wN LY /O A <w (h)) dh,

S0:
ACN = (1 —7y) Swnw™ LN + XTrmet,

where we define Tr¥-n¢t = TrN — T XN as the amount of net of lump-sum taxes transfers received
from the government. We assume that Tr™N:net = Tpltnet — Tpnet and it comes from the real
aggregated GBC Eq. (13) evaluated at the SS:?*

II IT
Tyret  — <E _ 1) b+ (E _ 1) RERbG’* +Tw [SWRU/RLR + SWNwNLN] + Tpr (1 — )\) PrR
+RER (p:uKXcssare + p:tersr?oare) Y + TcuREszu (1 - K) Xcsq};arey (67)

— (Swr — D) wBLE — (Syyy — 1) wV LY — gY,
where R = 5, b= (1)) BE pOr = % and Prf = 0 due to results from Eqgs. (53) and (58)
(the latter result is due to the fact that we purposely set FCp so that Eq. (57) 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 + GF) which explains why
we omit them). Thus, CV can be written as:

(B-1)b+ ( g — 1) RERVS* + 7, [SwrwR L + SwywV LV ]
ACY = (1 - 74) SwnwNLN+X | +RER (pl kXt + p , X5hare) Y + 7., RERp:, (1 — k) X2oreY |,
- (SWR - 1) wlLE — (SWN — 1) wNIN — gY

29 Notice that we employ similar relationships when evaluating the integral at the SS, i.e., T Swr f; wB(h)LE(h)dh

- 1 R l—erLr
= ruSwa [LwR () (1= 07 (22) T ran = wrre [T ()
¢ A w

=1
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Grouping LY and L* yield:
I I
ACN = [(1=7Tw)Swn — A(Swn — 1) + MuSwn] wVN LY + X (E - 1) b+ A (E — 1) RERbS*
FARER (p3, s X5 4 Do Xom™) Y + Aoy RERpY, (1 — k) XHY
A TwSwr — (Swr — D] wBLE — \gY,
= [(1 - Tw) SwNn — A (SWN - 1) + )\TwSWN] wN LN + A [TwSWR - (SWR - 1)] witL?

IT b IT be
+A [RER (pr e Xshore 4+ ph X5nare) + 7., RERp:, (1 — k) X5/ — g + <E — 1) v+ <ﬁ - 1) RER—;

substitute Y by its equal from Eq. (63):

)\CN == [(l—Tw)SWN—)\(SWN—1)+)\TwSWN]wNLN—|—)\[TwSWR—(SWR—1)]wRLR
RER (p* Xshare+ * Xshare 4 cuRER * (1 — Xgiw,re
o REROLE™ 47X 4 o REREL Q-0 XA 0y
g+ (5 —1) v+ (5 —1) RER*;

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

)\CN = [(1 — Tw) SWN - A (SWN - 1) + )\TwSWN] U/NLN + A [TwSWR - (SWR - 1)] wRLR
RER (p* Xshare * Xshare + cuRER * (1 — Xshare K

T [ (PEuR X2 + Do Xaid™) e RERPL, (1= 1) X ] L <C+5_L>
9+ (51 v+ (5 — 1) RER; L

define the constant

1 bo
+<§—1)RER = ]Fl,

> share > snare > snare H b
Fs= A |:RER |:pcu"{‘Xc£Ll +pmoX'nilo + TeuPeu (1 - K) Xcg ] —g+ <_ - 1) ?

R
where F1 is defined in Eq. (64) and reorganize:
)‘CN = [(1 - Tw) SWN - A (SWN — 1) -+ )\TwSWN] ’LUNLN

K
+ A rwSwr — (Swr — )] wfLA 4+ F3 (C + 6IL> ,

define the constants F4 =\, F5 = (1 — 7o) Swn—A (Swn — D+HANwSwh, F6 = A [TwSwr — (Swr — 1)]
and F7 = F 3 and rewrite:

K
FaCN = Fsw™ LN + Few® LT + Fy (C + 5IL> : (68)

Plugging CV from (68) into the aggregation condition, (recall that f4 = \) C = OV +
(1—X\) CE, yields:

K
C = rswVLN + Few L+ F7C + Frop Lt (1)) CcHk,
Fs  NrN F6  rrr, F107 (L-X) g
= 5 NN ¢ S8 R R L+ Ch. 69
1—Fq" 1—Fqr" 1—F7 1-fq (69)
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Next, continue with Ricardian consumers’ SS. Begin with the aggregated real version of the
CBC (3) evaluated at the SS:3°
(1-X)CE=(1-XNb"+RER(1—- )b + (1 RLRE
+ (1= A) Trfemet — L1 — \) bR
~ILRER(1 - MN)b™* + (1 —7p) (1 = NP4k (1 - N KR — (1 -\ IF
R* T

— Tw)SWR’w

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

(1-NCER=(1- )b+( }%)RERbR* + (1 = 7o) SwrwRLE
+ (1= \)Triret k| — 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,
take into account that Tr"* comes from Eq. (67), recall that I = 5%L and considera debt ratios
to GDP:

H b i bR
a1-xcht = <1— —= ? <1—§> RERY Y+(1—Tw)SWRw RpR
O_1)Ly+ (& 1) RERY" + 1, [SwrwPLE + SwywV LV]
+RER pcu Xcshare + pmoX'riiloare =+ TCupZu (1 - K:) Xcsliz,a're) Y
—(Swr - 1) wRLE — (Swy — 1) wN LN - gY
L 7

substitute Y by its equal from Eq. (63):

e — [ (=B (1 ) RERYE 4 (1 X) (f 1) RERES
(1 )\)C = ( )(};%ER (pcuKXsﬁare +Pmo§(fnhme+TcuP§ (1_1{) Xsha're) N ) C+6—
——
=Y

+1(1 = 7w) Swr + (1 =N TwSwr — (1 = A) (Swr — 1)] wLE

K
+ [TwSWN — (SWN — 1)] (1 _ )\) ’LUNLN + (Tk - 6) TL
Define,
- n) L) RERY + (1)) (# — 1) RER'S }
Fs= Y R~ r ’
8 { ) [RER pcu Xgﬁame _’_pmoX;srilare + Tcupcu (1 _ H) Xshare) _ ] 1

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

30See footnote 29.
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organize:

(1-XNCF =rgC

+[(1 = 7w) ASwr + 1 — N w?LE

+[TwSwy — (Swy — D]w™ (1 =) LY
rk -6 K

define further constants: Fg = Fsg, F10 = [(1 = Tw) ASwr+1 -1, F11 = [TwSwny — (Swn — 1)]

”k{‘s} 5%, so we finally get:

andFuE[Fg—i—

R _ FlO WwRLR nyn P12
C 1_ )\ L™+ Fiw™ L +1_)\L (70)
Combining (69) with (70) yields:
( F(SK 1_>\ J— 9 0]
C = ghmuwVIN + ghswlLR + 5L+ $250R and OF = £5C + L3wRLR +
F11IUNLN+—_]"L
Fo Fs  Nyn Fe  RLR Frok% (1-X) r ERLEUIW 3 Nyn_ b2
ch = — NIV + —2wfL L C L L L
1—)\<1—F7w Ry TRt ) T Fhuwt AT
Fo R Fo Fs NN Fe g R, F75 Fio r.r N Fi2
— = ———w"' L ——w™L LT, L L L
1—5]0 1—)\<1—F7w Ry Rl R R
[1—F7—Fol .n_ 1 [(Fols rrr, L ([ FoFs Non, 1 [ FoFr6%
= Lt —— 1—A L
T r; ]C 1—)\<1—F7+F10>w T 1_,__7—1-( JF11 ) w T )

+F12)

1—Fq 1 FoFe FoFs F9F75—
Cf = +F RLR 4 ([ —=4+(1-NF NN + | ——L
[1—F7—F9]1—)\ <1—F7 w0)® 1—F, (AN 1—Fr
(71)
now plug (71) into Eq. (69):
_ wN LN r RpR I o
C= = E) L —1—(1_,?7)111 L (17FL7)L
+((1—F7)) {[1—1;7F—7F9] = [(FGFG +F 0) wi LR + (5—9—534'(1_)‘) FU) wN LN (FiHFéL +F12) L]}
grouping:

— I (a=x 1—f
C_{(l ;7)+(1 Fr) [1 I 7Fq]
(1=X) 1—f
+{( i s 7){1 r]

F 8% (1=X) 1-r FqF76
+{1F7)+(1 F) [1 F77Ft)] 1F7L
symplifying:
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C={rs+ [ ] (B + 0= N )} - ) wV N

+{F6+ {%ﬁf@] (f—q—ii +F10)}(1—F7)_11URLR
K —
e {reok o+ 2] (B +re) fa—ro 'L

now plug the latter equation into ACY = Fsw™N LY + FewRLE + 7 (C + 6% L):

— of 5 -1
{Fo+ [ (B a-Nra)fa-ro wNoy .
ACY = FswN LN tFqutLfarrd +{Fo+ [2rm] (R +Fuo)f A= F) T wRLR brre L

_ of 76L& _
+{Frf + [ | (B + o) -7 L

(72)
and grouping:

1—f 7 [ol e
Fore Fr ] (2 o)
oV = +
Fe 1, [gyas b

RLR

T FrFs /_—7[%&)] (1F—9_,€i+(1—)\)F11)

NLN
1 f- 1 Fq b
_ FofF 764
s 55+F76% +|:1—1F7F—7F9:|( (1]—:7(7L +F12) I
N 1= 1—Fr '
N————
L A il A e
1—F 7
the terms signaled with reduce, so we get:
1 1-F7 Fole
eV = Fo+ F [ ]( L )} R[R
1—F7{ AR Py Y A
1 1—F7 F9F5 NN
+ + +(1—=A L
1—F7{F5 F7[1—F7—F9] (1—F7 ( )FH)}w
Fr K 1-F~ F9F75%
0— L. 7
+1—F7{ L+[1—F7—F9]<1—F7 e (%)

If we have had only one labor supply as in Forni et al. (2009), 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%, L") and CF = f(L%)
from labor supply). Therefore, we are compelled to find the solution for a system of equations
comprising the variables: CN, CE, LN, L% L, AN and A" and the following equations:
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(= PN = {Fo+ Fr i | (1252 + o) puwiiee
+{F5+F7 1—1F_7F—7F9 5957 +(1_>\) Fll)}wNLN
o {4+ [Pl | (2R re) L Eao (73)

1-F7—Fo
0% = [2rEr] x [ (B + ro) b+ (25 00 ) w2+ (S5 4 ) 2] Ba (71
nrL
L= [Al/"L (LN)l_# (1= N (LR)I_#} (= agereg. labor demand
1/o
= { SwywV " , labor supply N
Hw N
l/UL

, labor supply R

- g [CN (=), O
— b) [CR(l—b)] , U
Notice that [gﬁAH (f) — F25%] L = Fy [)\C'N +(1-

ployed both CBCs.
Next, with the solution of L evaluate the domestic production function at the SS value of L

{ CHWR WRw
= (
= (

A) C’R] , iIs redundant since we em-

yields:
gl _ v
Yy = Ay <5) L—MAH (5) I
()
— a2 L 74

4 "L (")

and from (56) FCg turns out to be:
- T K\"
Foy = W =T (—) L. (75)
HH L

Next, employ the relationship (62) implying balanced trade in order to isolate Y*:
oz +ai) () 'Y =T [a(TuT) " (C+ 1) + ag (TonT) " G| 7 RER (b, X0 + o Xil™) Y,
(07 + o) (7)Y = Ta(TeT) " (C+1) 1
+|T(TeuT) " ag { o ]T] g - _RER (pr, Xshare +p:noX?s7?°are)] Y
L ~~

(1—ag)tagTt—n
Eq. (63)

(o +af) () 'Y =T (TnT) ™" a(C + 1)

RER
1
- 1—a)+aT'~" ]T=7 RER(pL X" +PoX s ©
+|T(TuT) "ag [W] g— ( 7 )] F1(C+1I)
1—n T—n
_ T(TyT) " [% g
* * Ty Myrx — H G P N TI—7
(oo +a7) (gir) Y*© =1l "Ty" RER(pcuX(ia,(;LJ;D(X e Fip(C+1),
_ -

isolating Y* and assuming that RER equals 1:

K 1—a)d+aTt™" 1—n
(C405L) [ iapn, | T@T) " ac [qstate| g r
H RER(;DC“X lz(u(+pmoX share ’

Y* = —
(ag +op) Ty" _
Ty
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*

_(C+471D)

" (ptap (76)

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

(1—a)+aTt=n 177
(1 — Oég) =+ ac;Tl—"

Fi13= o' + g— T]Z_lRER (pqucsgare + p;knoX'ithoare) Fi.

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 (=, (0) = das(0) +In(1)) = exp(0) = 1.

This means that the relationships described in the previous section still hold.
Consider the real net exports, equation (27), evaluated at the steady state:

NX = RER (p* Xshare + p* Xshare) + (1 — CYG) TClv';{ng Y
= cu‘*cu 'mo<*mo MCy
1 1-n (e +ap)Ty "
+MCH {TH (1—-a)(Ci+ 1) + RER= Y Ty FCy — (C+1)—gY,

Since (47), then:

1—ag)Th
NX = {RER (b2, X207 4 i Xty + (Lm0 L “Hg} v
H
—n (e +o)Ty" .
+H‘H TH (1—&)(Ct+lt)+—_y —THFCH_ (C+I) —gY,
RER— ——
Tu(Cu+Iu) T (C* o ) Tu(Cua+lu)+TuT(Cr+Ir)
H\~Yu Tty

dividing by Y:

— * share * share —n _ (C + I) _ l—ni (ag + a?) ,‘Z-‘I-_/7 Y
NX = RER (pcuXcu + pmoXmo ) + p‘H {TH (1 Oé) Y + (1 O(G) TGH TH RER_n Y

TuFCy (C+1I)
D

summing and substracting in the RHS by Ty [(1 — ) TI;"(Ct—;,rm +(1—ag) Té;{"ﬁ + %Y*%]
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to cancel out the fix cost:

NX

v = BER(PLXL +p,Xns™)

9 (0ntap) T Y

_ _ Ty FC
THn (l—Oé) +(1—OéG)Tcl; —%

+(N‘H _TH) H Ty + RER-" Y

(C+1)
Y

=0

1 9 (4o Ty"Y”

B (C+1)
+ (L= ac) Ton' - RER-7 Y

=Ty
Y gr,

(C+1)
Y

+Ty TI;TI 1-a)

(1-aae)Tey"

—— = RER(p;, X" +ph Xihore) + Ty

;" 1 -
FTr (0% +0f) =Y 5 + (1= ) T " — 1]

Ch+Iy

At the steady state, Ty =T = RER = 1, so the net exports simplify to:

NX >k snare >k snare * * Y* C+I
TERER(pcuXcZ +pmoX'nilo )+(O‘C+O‘1)?_O‘Gg_a( Y )

=Xs =Ms

Now, consider Y* from Eq. (76). Assuming Ty = T = RER = 1 implies that f3 =

* * 1—
o+ (OéGg — RER (pcuXcsZ,a're _’_pmoX’friloaTe)) F1 and Fi1= 1_[(1_ac)g_'_RER((pZuO;()ggura+p;«noX:nhb<um:)],
so Eq. (76) becomes:

B (C+6&L) N [qg — RER (p}, X 5hore + pr, X share)] (1 - a)
(ap +a7) |7 1-[(L~ac)a + RER(pi, Xebo™ + i, X3ls™)] |

*

(77)
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o~ a[(1-ag)g + RER (g, Xh* + pp X))
e _ (CxD) QN R
(az+a | 1-[0-aa)g+RERGEXL +pp X [
a—[a(l—ag)g+ aRER (pf, X" + PhoXis )] + acy
_ _(e+D < —RER (p2, X8 + o Xpis"™) — o [acg — RER (pf, X204 + pho Xis™) )
(0% +ap) =11~ ag) g+ RER (P2, X2 T Pino X7 |
o~ ag+ aagg — aRER (2, X217 + pr, X3lsr)
+aGg — RER (3, X245 + 07, Xotr)
. (C+D —aagg + aRER (pr, X2 + phoXois™)
T Tattan |7 10— aa)gt RERGAXE™ +pin X )] [

* share * share
CUXCU + meXmO

* share * share
cuXcu + pmoXmo

_(C+1) a—ag+agg— RER
(et +a3) |1-[1-ac)g+ RER

~ (C+]) Ja+(ag—a)g— RER
(et +a3) |1-[1-ac)g+ RER

NI N

i
i

and Y = 1—{(1—ac)g+RER(;z,_u§(jf}‘”"’+pj‘,wX"}"‘”'“)} (C + 1), from (63), so we get:

mo

* share * share
pcuXcu + pmoXmo

* h * h

cquu are + pmonnoaTe

~—

~|—
~—

NX * snare * share * * Y* C + I
5 - RER (pcuXcil —|—meon ) —|—(ac—|—a1)7 —aGg—a(—Y)’

=Xs =Ms
(C+1) { 0“"(0‘0_O‘)g_RER(P:quZME+P:noX;Lhoare) }

* yrshare * share * * (0‘274‘04;) 1-[(1—ac)g+RER(p:, Xhme 4Dk, o Xl )]
= RER (pcuXcu + pmoXmo ) + (aC + al)

l1—o
1-[1—ca)g+RER(p:, X2l +p}, o X5 e)] (©+1)

cu

(C+1)
1—{(1—a<;)g+RER(]};ZC)¥<§3am+pfnonnhoare)} (C+ I)’
= RER (L, X" + Do Xins™)
(1= [0 - a) g + RER (i, X2h™ + o Xots™ )]} { o+ (oG — a) g — RER (p5,X2h + ph, X3he) )
(1-a) L= [(1—ac)g + RER (ps, Xghoe + pin, X3l57°)] |

a—a[(1—ag)g+ RER (ph, X5 + ph, Xomire)]
11—«

—agg — «

—agg —

i
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NX o+ _ RER Xshare + p* Xsha're
v — RER (pZqugare + p:(nonriloare) + (OéG 04) g— : (—pco'j cu Prmotmo )
a—a [(1 —ag)g+ RER (pcuXSh‘"e +p;OXﬂloaTe)]

—agg —

)

11—«
(1 —a) RER (pr, X0 + DhoXins ™) + @+ (ag — @) g — RER (p5, X5 + phoXins™)
—agg (1 - CY) —ato { 1 - OéG) g+ RER (pcquha're +p7tzoXTsriLoare)}

1-« ’
RER (pcquhare + p;ﬂnoX%hoare) aRER (pcquhare + p:noX'rsnhoare) +a+ agg — ag
o —RER (pcquqi;,are +pmoX7§410aTe) - agg (1 - CY) —a+oag —aogg + aRER (pZuX(i’faTe +p:10X7§1hoare)
N 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):

o _ 140y,
= Chita WEm)\ | p, Piiia €L — a(l—¢,) ELR Wi\ LR
Z ($18)" | — Cp S l(l_» (Ha) [P— (L) (m) ] (Fe)  Lf
E; a=0 .
. l—eLr
a W (h) 1 (WEMN TR B (Paia o a6 Wi, )R
£3° (608) Aﬁa( + St (1 )7 (TR [ (L) ™ ()5 (Pe2) LB
=0
We differentiate it w.r.t. R(h) , so that we get the following FOC:
B 1—\ -1 (Wf(h) TeLn P, P ita 32 i a(1-€;) o Wilj—u ern LR o
. (618)" (o (—Cryera) |1 =) (T) W(ﬁ) (D) (PH(,) tra| X
t | a=0 +

—€LR

(enm) (=07 (SR ™ | (Bee) ™ (| (5E)

(e [ a5 pya-en ] (WAL e
E, Z(mﬁ) AR, (= err) Swr (1 =X (Y52 [Pt;a (Zee=)™ (M) ] (F2e) L =
a=0
0,

taking invariant elements outside the summation:
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—err(1+or)

S a €~ a(i-
)\_(1+0_L) (W;(h))—aLR(l-l-UL)—lE Z(d)Lﬁ) CLﬂf+a [% (%) L (H)a(l fL):|

ELELR

t a=0
. (1401,) 140
% (wﬁi-a)ELH L (Lg—a) L
oo gL _ 4 1_5 ) 1_5LR
_ SR —eLR Py <Pt—1+u) 1 (1-¢;,
(1 — €LR) Swr (1 - >\) ! (WtTt(h)) E; = ¢Lﬁ t-l—a |:Pt+u Py ( ) _

x (wiha) ™" Lk

0,
[e'e) Y gL B a(1_€ ) —ELR(1+UL)
_ _ o R —erLr(140)—-1 ¢ ﬁ) C " [i <Pt—1+a) il L
Crenn (14+01) (WtTfm) E, ;( L Li+a | Pra \ TP (IT)
() (18,
1_5LR

> 13- —
- —ern R Pi_14a a(1-¢,)
(err—1)Swr(1— /\)—1 (M) LR E, az:%(d)Lﬁ) At+a [E: (—pF1 ) (H) ] 7
x (wfta)™" it

oo a1 —e ,(1+0 ) - - -
: {zwww[_ﬁa (L) ey e ] T g e ) }
¢renr(1=AN)"7L a=0

(eLr—1)Swr = -
[ZW) [t () ()] <>]

a=0

W)\ T (W () | e
(Fm) ()

~ l+error
W) _
Py
a &)] “ernlitor)
t+a

[OO (018)" ¢ tta [%(P}tja)& ()"0

CrLerLr a—0

(wR )ELR(1+UL) (

l—erLr

" (R - DSwr(1- A"

1+ 1+ t (oa o
MY = ¢, (wl) 0T (LRY 1, BE [ iy (w0t gl 4

err(l+oyr)
() n(i—¢L) :|

R,w
Hl,i+1

HR7w _ R ELR(l-‘rO'L) LR 1407, /BE My 5LR(1+U'L)H
1 =G (wt ) ( ) + PLBE: e nti—er) it

47

t+a

- £ ) elL— €LR
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R o ELR—1HR7IU R
€
HE = (wR) " ARLR 4 6y BE, { [m] HQ,’;L} ;
rearranging yields,
~ 1+erroL — R,
WtR(h) _ €LR (L HLtw
P, (ELR—l)SWR (1—)\)UL ’}—(577;”’
1
= = Rw\ TTe,por
WtR(h) _ Ewr (L Hl,t TRl . (78)
P, Swr (1 — )\)UL Hgvtw

where pyp = % is the markup associated.

The aggregate wage dynamics are given by:

l1—e

(wR)l—ELR :(1_¢ ) HWR ZL ﬁt Treeron +¢ (wR )1—ELR
t L SWR (1 _ )\)UL H%ﬁt L t—1

H ELH—l
t
(Ht—l)gL (ﬁ) (1—§L)] ’

(79)
The wage dispersion is defined as:
1 R(}, —err(l+or)
Dy = / (1— )~ (Lﬁ/% )> dh,
A i
DR —(4o) (A (WEm)p, | Err(ten) . . . _
we (L=2) I WEB, dh, which under Calvo wages is equivalent to:
_ wEN\eLr(l+or)
Dff, = (1=~ (B x
. _ - — (1+01)
WE err(l+or) Wi eLr(l+or) I, ELR
(1_¢L)<Pt> +(1_¢L)¢L<Pt_l> T (M)
- R —enr(l40r) err(l4+or) err(14+or)
+(1—¢p) ¢ (Wt—Z) _m I § U +
L)PL\ P, (I, )r (ﬁ)(l—EL) (IT,_o)EL (ﬁ)(l—&L)

so the indexing term can be written as:

err(l+or)
or_, = .
i1 = = ;
bt (Ht-])EL (H)(l gL)
eLr(l+oyr) eLr(l+or)
@R _ Ht ] Ht—l ]
t,t—2 - — (1—  (1— 5
(Ht—l)EL (H)( £r) (Ht—Q)gL (H)( L)
err(1+or)
@R — = Ht—j+1
ti—j = — (-
T s, y)s (m)t e
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RN €Lr(l4oL) | oo ~ —erLr(l4o0y)
D%,t =(1- )\)_(H_UL) (W_t) Z (1—¢p) b5 (‘gt—a> @ﬁ_a (80)

B a=0 t—a

Py

RN eLr(140L) %) R —err(1+0or)
_ —(1+oL) Wt _ a Wt—a R
+(1-) <Pt) (1 ¢L);¢L(B_a> YA

~ —err(l40or)
— oL WR ELR(1+UL) WR o
Dy = (-n" () (-6, [

in the infinite summation in the RHS yields:

WE err(l4o0r)
Multiplying and dividing by ( Pf—l)

t—1
~ — (1+0’L)
Y WR err(l4o0r) WR E€LR
Dy, = (=n () (-0 (55

r ~\éeLr(l+op)
(1+0r) (Y
(o) <W_tR>ELR " (Ptfl )

WE
P

a+1 —a—
err(l+or) Z (1= ¢1) ( P

1, ‘|€LR(

~ —ELR(l—‘rO'L)
WR err(l+or) W
= (1_)\) 1+0‘L)( ) (1_¢) e +(,25 _ —
L H L (Ht—l)EL (H)(l 5L)

P

WE —erLr(1+or)
t—a—1 @R
t,t—a

14o0p)

R
w,

(g)&LR(1+UL) e Wt 1 enn(itor) [ oo Wt . —erLr(l40r)
: —\) W) (22 _ a —a—
x (WtRl)ELR(l-i-UL)(l )\) <Pt—1 ) aX:(:)(l ¢L)¢L Pt—a—l Gt 1,t—a—1|>
Py
D\ﬁ’,z—1 by Eq. (80)
(]J,-o' ) ~ _ELR(1+UL) Wt ELR(l—‘rO'L)
Df, = (1—xn"0*w (W_tR>R Ca-e (5 oy I, D
’ P, P; ‘;L:‘ 11 (Ht 1)EL (ﬁ)(l_gL)
1 ~ —err(1+orL) err(ltor)
= (1-xn""rn) (WR)ELR( o (1—¢r) Wit + ¢ s Dif, 1
P P, (Ht—l)gL (ﬁ)(l—EL) ’

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):
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[ee] €LR

_ 140y,
a = ¢ Jtta —1 WtN(h) —ELN Py Pi_1ia £ = a(1-¢€;) WtNa SLN
Do |-G 0 (5) 7 (ot (B o) ()
Et a=0

—€LR

© a N _ =N —€LN . §L —va(l— 1 WX ELN
3 00 A s S () [ () @ ()
a=0

Piiq Piiq

Proceeding in a similar way as before, we get the FOCs and after some manipulations we obtain:

~ l4+eLnoL - N,
(WtN(h)> _ CreLn ey

P (ean — 1) Swn A" ﬂé\fiw’
1
W) _ (e G )T (81)
Py Swn 7" Hévgw ’
where pyyny = (5_51%1\1_1) is the markup associated and
HN’w _C ( N)ELN(l-‘rO'L) (LN)l-‘rO'L + (/) /BE My ELN(1+UL)HN,LU
1,6 — 6 \Wt t LPLr ()6 [0 —€2) 1,t4+1 (>
N 11 s N
w € 3 ;W
Hoi = (wfV) "WANLY + ¢ BE, { [m] HQ,t+1} .
The aggregate wage dynamics are given by:
_ LN erLn—1
w 1+er,NOoT, LN
Ny\l—eLn pwn Cr iy N \l—-en 11,
w =(1- —_— + w;_ — ,
( ¢ ) ( oL (SWN AL H%ﬁt) ¢L( ¢ 1) (Ht—l)EL T(—¢€L)
(82)
and wage dispersion is:
(1401) = —ern(l+or) ern(l4+or)
DY — \~(+o1) W\ (1—¢r) Wi +¢ L DY
Wit Pt L B L (Ht_l)EL ﬁ(l_gL) Wit—1-

D.1.2 Wage inflation model

First, we obtain the wage equation for Ricardian households. Beginning with Equation (78), mul-
. P l+error WE(h) l+error P l+error
tiply both members of by (W%f) , so the LHS becomes (#) <WZ§)
(WE®) l+eLror P l+error _(WE®) l+error _(WE®) l+error

= (M) U (R) = () = ()
the other hand, the RHS of (78) becomes:

2y S s ot (St ) ] () gy

. L Piiq
R
Pwr__ Cp, (Wt

Swr (1-2)7L ( P, )E”‘*l = 1—c B oON\= ’
I a Py Pi_14a \SL (5 a(17§L) LR wit LR i
B |:Z(¢LB) Atta [Pt+(l ( P ) (H) Pita Ly,
a=0

= Wf(h)+error, On

a=0

R
Wy
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—epr(l+or) 1407)
. Py Py €p p=va(l—¢ Py el Y pwr \enn(itor) 140
) E, ;(‘7&5) CL,tta R&+a (%) (1‘[) (1-¢r) }DH_a ( ‘jt-: ) ( ﬁra) L
Pwr ¢r SN~—~—

1D s A

a=0

Swr (1-X)7L - TR P s p—
B, P (P,P_H(, )SL (ﬁ)a(l—EL) P, Wit, V;’fiu L
Rf—‘,—a t—1 Wt H+a t+a 2
N

B, {i((&g)agh”a {(%)Q (ﬁ)(l(l £L)} —err(1+or) (%)ELR(1+UL)(L§+H)1+OL“

a=0

)
1—e R eLrR—1 wR
0 Pi_ita a(l1-¢ LR (WT Wila
E, [Z(q‘@ )<At+a[ o ) (i )( L)] i P LE,

Ewr ZL
Swr (1-X)7L

L) » €, _ a(1-¢,) —err(l+0r) (14or) lto
: E; [Z (prB)* CLitta [( Ei) (H) - ] H%ﬁf;ra oL (Lﬁ_a) L]
Ewr L a=0
Swr (1 - )\)UL OO &, _ (1—¢ l—err ?
1 ta —£€1) Wi,
Z(¢Lﬁ)a Atta |:(_PPt1t ) (H)a L ] H%L/?_,_; Pt:a Lﬁ_a
a=0

which has the following recursive representation (applying symmetry):

_ R,
(WR) Wernor  pwr  Cp MY
! Swr (1= N7 HEY

where:
N err(l+0or)
Rw 1+o Iy, 140
H = Cre (EF) 77" + 6LBB | Cpan lw] (L)
t—1
o " err(l+or)
a iy i tg R \ltoL
+Et ZQ (d)Lﬁ) CL,t+a l(P;1+a SV£L+1'[G(1€L)‘| (Lt+a)
a= t—1
updating one period we get:
R 1+ ) - eLr(1+0r) .

, O’L /. t+a or,

HL;—T—I = CL7t+1 (Lt-l-l Z (/)L/B CL,t+a |\(P11,3_1+u ‘)/‘€1+1=[a(15[4)‘| (Lﬁi—a) ’
a=1 t—1
Thus: ~ (L4os)
r q€ o
HR,w _ C (LR)1+0L +¢ ,BE HII}CH—I o " H
1,t L,t t L t Hle:[(l—ﬁL) 1 t+1
Similarly, for H§ At
R R - HII?VH-l 17
HY = A L + E — Hy)
2,1 5 ¢1,PE: T -6 2,141
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The aggregate wage dynamics are given by:

— R.w 71i75LR l—eLr
pwr G MG L +é (wity)
Swr (1= N 1 T (wR) T

= R,w 1i2§Z§L
HFwRr Cr Hig
1 = (1-
( d)L) (SWR (1 _ )\)O'L ngtw> + d)L

H ELR—l
1 = (1— = :
(1—aL) ( (I,_1)*" H(l—ﬁL)]

err—1

i if
I (I1,_,)% TTA-¢2)

erLr—1
L ]
) .

Row Hlf#
~ s €ELRCL
Hw R Cr Hl,t
+ér

1 = (1 - ¢L) (SWR (1 _ )\)O'L Hg,tw

(Ht_l)& ma-¢,

—err(l40yL)
The wage dispersion is defined as: Dff;, = f/\l (1— )~ 0Fon) (%}h)) P dh, which s
equal to:
e\ —err(l+or) Wk, —erLr(l4or) . crr(ltor)
t L — t
R (1 B (/)L) (WtR) * (1 - (/)L) d)L ( Wi ) |:(Ht1)£LH(1_EL):|
DW7t = - R _ELR(1+0'L) r ELR(1+0'L) ELR(l—‘rO'L)
c-on) o (%) ] I . o
t | (IT;—1)5L (H) L (I, —2)* LTI L
so the indexing term can be written as:
Jerr(l4+oL)
er_ | = i
tt—1 — (Ht—l)EL I:I(l_gL) )
qenr(140r) eLr(l+0or)
@R — 11 I, 4
MR (M)t 06 | (IT,_p)+ T(O—€1) ’
oo err(l+or)
eor . = I1 iy
bt j=o | (TI,_;)®r TI(—¢0)
co V~VR —err(l+or)
Dy, =Y (1-60) 1 | wox Ol a
a=0 Wt
~ —err(l+or) 0o ~ —err(l+or)
wih WE
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—err(l40r)
Multiplying and dividing the previous expression by (#) o " into the infinite sum-

mation in the RHS yields:

Wk )—ELR(l-i-o'L)

WR —err(l+or) (43, [e%) WR —err(l+oyp)
R _ (1 _ t t—a _ a+1 t—a—1 R
DW,t - (1 d)L) (WtR> +( VVRR )—GLR(H-UL) azzo(l d)L) L ( WtR ) @t,t—w
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—err(140r) I
Dy, = (1-¢y) +6 i
Wit AN L

(Ht—l)gL (ﬁ)(l—&)

_ ~ —err(l+0r)
WR \ eretton) & L (WE,
X( : ) Z(l—¢L)¢L —Lal @F—Lt—a—h

‘| err(l+or)

thza a=0 thza—l
Dy
~ —err(l+or) err(l4o0r)
Wi ILIT{,
Dll}/,t =1-9L) (W_tI:g) + 9 : Dg/,t—l'
t

— 1_
(T-0)* ()"
Second, we obtain similar relationships for non-Ricardian households. Beginning with Equation

l+erno 53 l14+erLno
(81), multiply both members of by <Wﬁtf") = L, so the LHS becomes (%) e (W’;ﬂv

3 1+ 1 = 1+ = 1+ ..
_ WX (h) ELNOL P, +eLnor _ W (h) ELNOL _ W (h) ELNOL _ WN(h)1+6LNUL On
WtN Py WzN Wr,N - t )

the other hand, the RHS of (81) becomes:

) 1+eLnoL

oo
—e 1+or) s whN \eLn(iteor)
o1 . P (Pro14a\SL Fa(1- Ln(ren) rwh, N \lto
_ ( b crn(op )Et’VE ($1.8)"Ch vta [m{: (%) e 5L)i| P::_ru (Lh,) ™7
Pwy Cp A Wi ; a=0
SwnN AL P LN~ sl 1— c
L “ P P 140 \SL mall— SLN (W] \°LN
(Wr,N) Et[g (P1,B8)* Aita [ﬁ(%) et gL)} (P:L) LY,
a=0

and after analogous manipulations we obtain:

= N,w

(I'I'rN)HELNUL ~ pwy S M
t - o 9
Swn A7 HY Y

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

MY = ¢y (L) + 6,88 LU Y
1,t Lt (g Lok _Hfo[(l—EL)_ 1,t+1
M- - 1
WN HN ELN
N,w __ t N W,t+1 N,w
Hyi = At—Pt Ly + ¢ BE; 71_[?1:[(1_&) Hoiv1

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

er,N—1
Iy,
(M) TI0-60) '

1—e

= N,w i+ L
’ ELNCL
pwn €1 Hl,t

oL N,w
Swn A" Hy,;

+ ¢,

1:(1—¢L)<

—ern(140r)
The wage dispersion is defined as: D{/VVt = fOA A~ (ton) (%) LN " dh, which under
) i

Calvo wage setting is equal to:
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- )—ELN(1+UL) ~111)_5LN(1+0L) |: - :|ELN(1+0’L)

(1—¢L)(W + (1 =)o (WV/;}N AT

W\ —ern(+or) - ern(1+or) - eLn(l+or) ’
t—2 L t—1
+(1_¢L)¢L ( Wi ) |:(H,_1)5Ll=[(1_£L):| |:(H1,_2)£Ll=[(1_5L):| + ...

N
DW,t_

after some manipulations we get:

Wy —ern(1+0yp)
D%,t =(1-¢L) (W—t]\;) +ér
t

ern(14or)
ILITY,, ] DN
Wit—1-

(IT,_q )r TI(1—¢2)

D.2 Home intermediate producers’ price setting

If 5y — 0, the relative price Tp ¢+ is a markup over the M Cp +:

P

The domestic intermediate producers’ price results from the following problem:

~ €y -
. . PH,t—1+h H h(l_gH)
max F; Z (PuB) Qt,t+h Prae(0)¥ 1.44-(7) [( P ) (1) ]

Py, (3) P MCryn Y40 (2)
1 kY, 1—=v
s.t. MCH,t = (rt ) o 1—v>
Ay (1-7)
~ —& —E
v @) = Pr4(4) " Py (Pui—14n Su (ﬁ)h(l—sH) " N
Hotth Py Pyiyn \ Paia fleh:

A . . . .
where Q; ;5 = 2 L and Yy 104 is the domestic demand of home intermediates (do not confuse
i+ Ay Piin i+

with production) defined as Yy 14n = Ch e+ + Lat+n + GH,t+n. Write the corresponding nominal
Lagrangean as:

—eH

i (b1 B)" Q100 Pr e (4) (PﬁHtE)> o (h (M)EH ﬁh(l—gH)>

€n —
P h(l—
Praoon \ P Yr t4+n [( H 1+h) e €H):|
£=FE{ =0

Pr,i—1

Poiin P 1

i (6uB)" Qu4nPiynMCripin (Pﬁhj(t)) H( Pits (M)gH f[h(l—EH))_EH Y t4n

The resulting FOC w.r.t. Py () is:
= p N\ TEH u _ TeH €n -
{z 9" Ouren (=) (Bt) ™ (e () 0000 ) (B H’“l‘&“]}
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h=0
oo

f—/_\
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~ —ep—1 §u — e
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h=0
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replacing £ ;4p = AX;" %, and taking into account the markup definition p; = ﬁ:
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L e Pri—14+n \$H (5\h(1—¢ TcH
ﬁEt{ E (6uB) " Aesn ptirh Pt+h,MCH,t+hPHI:€+h((%) (H) ( H)) YH,f,+n}
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P (i) = p
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dividing both sides by P ; yields:
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it follows that:
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en—1 3 _ _ l—epy
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so that the price dynamics are given by:

Zrid\)
1=(1-d¢y) (MH (%>) + by

)

Thus, we obtain:

e 1
I,
(HH,t—l)gH (ﬁ)l_EH] ’

D.3 Home importers Calvo pricing

The domestic importer solves the following problem:

Z brp) Qt t+hSFPFt( VY ren () [(%)% (ﬁ)h(l—gF)]
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where we employ the definitions of RERp; = S}ii" , and the fact that Yp 1 n = Criqn +Ipiqn +

Gripn. The FOC w.r.t. Pp(i):
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replacing € 1y = j\t T—:h’

and taking into account the markup definition pp = ﬁ:
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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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