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This study examines the impact of a remittances shock on the main macroeconomic aggregates of a small open economy. It uses
a stochastic limited participation model to generate dynamics that are consistent with the empirical literature, like the increase in
inflation, consumption, and leisure. However, the remittances shock generates a prolonged decline in GDP, which only diminishes
when remittances are a larger percentage of GDP, the fraction of remittances directed towards investment increases, or when the
fraction of labor income that remittances represent is reduced and is overturned when the persistence of the remittances shocks is
shortened.

1. Introduction

Remittances have been on the rise for the last several decades.
International estimates of official remittance flows suggest
that the total amount of remittances received by developing
countries has surpassed 300 billion US dollars in 2011, from
which almost 61 billion went to Latin America and the
Caribbean (Inter-American Development Bank [1]). Their
importance does not only come from their size, but also from
their relative importance as a share of GDP in some countries
and from their increasing share in all financial flows entering
developing countries. They now represent approximately
45 percent of net capital inflows in these countries. The
significant increase in remittances is attributed to the rapid
growth of money transfer institutions, to the decreases in the
average transaction cost of remitting, and also to a renewed
surge in migration flows before the financial crisis.

Most of the existing literature on remittances concen-
trates on the microeconomic implication of such flows,
for the sender or the receiver of these funds. Based on
survey data, this strand of the literature has examined the
motivation to remit—contractual arrangements, altruism,
repayment of migration costs, and so forth—and the uses
of these funds in the home country—for education, health

care, entrepreneurial initiatives, social works, and so forth.
However, despite the limitations in terms of data quality at
the aggregate level, the increasing importance of remittances
has led many researchers and policymakers to turn their
attention to the potential impact that these financial flows
can have on macroeconomic aggregates.

While recent research has shed some light on their
potential influence on consumption and inflation (Narayan
et al. [2] and Vacaflores [3]), on the exchange rate and
trade competitiveness (Amuedo-Dorantes and Pozo [4] and
Acosta et al. [5]), on labor supply (Funkhouser [6], Hanson
[7], Chami et al. [8], Acosta et al. [5] and Jansen and
Vacaflores [9]), on economic growth (Cáceres and Saca [10]
and Osili [11]), and on policy responses (Chami et al. [8],
Mandelman [12] and Vacaflores [3]), little attention has been
placed on the potentially different effect that remittances
shocks can have on the main macroeconomic aggregates
depending on the distribution of remittances between con-
sumption and investment, on the relative importance of
remittances as a share of GDP, and on its relative importance
in terms of income.

The correct understanding of the influence of remit-
tances on macroeconomic aggregates under alternative speci-
fications is crucial for policymakers to appropriately respond
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to these inflows. This paper incorporates remittances in a
small open economy and uses a limited participation model
to examine the dynamic response of the main macroe-
conomic aggregates to a positive remittances shock. The
results show that a remittances shock increases consumption,
inflation, and leisure, which produces a small initial decline
in output. However, even if the remittances shock also
generates a small decline in the interest rate, the persistent
decline in labor reduces the marginal product of capital
that leads to a temporary decline in investment. These two
effects give way to a slow recovery of output, producing
a prolonged contraction of GDP. The remittances shock
reduces GDP in the short term but improves the utility of the
representative household, with their specific effect on output
being dependent on the uses (consumption or investment)
and relative importance of remittances.

The paper is organized as follows. Section 2 presents a
brief summary of the literature review. Section 3 formulates
the theoretical model, and Section 4 discusses the results
emanating from a remittances shock. Section 5 provides a
robustness check, where the influence of the motive to remit
and the relative importance of remittances are examined.
Section 6 summarizes and concludes.

2. Literature Review

Residents of labor exporting countries receive substantial
annual flows of remittances. Countries like the Philippines
and Mexico received documented remittances of more than
22 billion US dollars in 2011 (Inter-American Development
Bank [1]). IADB figures for 2011 show that remittances were
almost 5% of GDP in Ecuador, above 10% in Guatemala,
over 16% in El Salvador, and approaching 18% in Honduras.
Even in larger economies such as Mexico their importance
has reached levels close to 2% of GDP.

While there is a growing consensus on a number of effects
that changes in remittances would generate (alleviation of
consumption needs, increases in education and health care,
the outflow of human capital, the additional pressure on
the domestic currency, etc.), there are still others that are
currently unsettled. Empirical evidence contributes to our
understanding of these effects, such as in the case of infla-
tion. Since remittance inflows generate additional economic
activity—as they usually increase domestic consumption—
they are thought to generate inflationary pressures. Narayan
et al. [2] confirm this effect in a set of 54 developing countries
for the period 1995–2004, showing that remittances generate
inflationary pressures, which becomes accentuated in the
long run. Vacaflores [3] uses quarterly data and also finds
that increases in remittances led to increases in inflation for
a set of 11 Latin American countries in the last 15 years.
The finding in Vacaflores et al. [13] showing that remittances
contribute to the accumulation of international reserves in
Latin America also suggests a positive impact on inflation.
Specifically, to the extent that Central Banks feel the need
to inject money into the economy to redeem these foreign
currency remittances, they will increase the money supply
unless they fully sterilize such flows.

The following effects are less conclusive, and conse-
quently still contentious Starting with Lucas and Stark [14],
there has been a push to discern the true impact on the
economy depending on migrant’s motivation to remit, be
it altruism or self-interest. If the motive is altruistic, then
economic downturns in the country of origin will prompt
migrant workers to send more remittances in order to avoid
consumption fluctuations for their families back home. If,
on the other hand, migrant workers are self-interested,
remittances will respond positively to improved economic
conditions in the country of origin, as to take advantage of
business opportunities. Some studies have found evidence of
altruistic remittances (Chami et al. [15] and Frankel [16]),
others of self-interest remittances (Barajas et al. [17] and
Neagu and Schiff [18]), some studies that it depends on the
country being examined (Durdu and Sayan [19]).

There is a growing consensus indicating that greater
proportions of self-interested remittances—geared towards
investment instead of consumption—are more effective in
generating economic growth, giving way to an inherent push
to direct more remittances towards investment initiatives.
Some studies have shown that remittances are mainly used
for consumption (Durand et al. [20]), generating an increase
in demand, but others have shown that remittances can
increase small business investment (Woodruff and Zenteno
[21]) and human capital investment (Cox-Edwards and
Ureta [22]), investment that can generate a larger impact on
economic growth through a multiplier effect.

Irrespective of their use, higher levels of remittances
should stimulate the demand for goods and services in the
receiving country, providing an upward pressure on produc-
tion. However, since recipient households should respond
to the increased inflow of funds—increased income—by
“purchasing” more leisure as well as more consumption,
the initial contribution to output could well be ameliorated
or overturned. While a variety of studies have shown that
remittances have a negative effect on the work effort of
the receiving household (i.e., Funkhouser [6], Chami et al.
[8], Acosta et al. [5], and Hanson [7]) this result is being
challenged. Jansen and Vacaflores [9] indicate that if one
considers that remittances are not just a gift from relatives
but is in fact a household decision regarding labor allocation,
then these inflows may not have as a large bearing on
the household’s domestic work effort and, consequently, on
domestic production. Some evidence of this more limited
effect is found by Cox-Edwards and Rodrı́guez-Oreggia [23],
for Mexico, and Funkhouser [24], for Nicaragua.

In terms of policy response, Chami et al. [8] show,
in a stochastic dynamic general equilibrium model, that
the optimal monetary policy follows the Friedman rule
in economies with no remittances, while in remittances-
dependent economies the optimal monetary response devi-
ates from this rule, with governments having to resort to the
use of the inflation tax. Vacaflores [3] unveils a differential
impact from remittances shocks in economies with different
degrees of sterilization, showing that partial sterilization
gives rise to a more pronounced drop in the interest rate, and
that the labor-leisure tradeoff is exacerbated due to indirect
effects on the money growth and inflation. Similar in spirit
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but with an opposite outcome, the study of Mandelman [12]
finds that a positive remittances shock generates inflation
that is controlled by the monetary authority through a
contraction of the money supply—a rise in the interest rate.
This last study includes a monetary policy rule a la Taylor—
more representative of developed countries—that triggers an
automatic response to inflation.

In the rest of this paper we develop and analyze a
theoretical model in which remittances transfer resources
from the rest of the world to households in a small open
economy. A key feature of the model is the introduction of
a financial intermediary that exists to redirect remittances
to firms, where applicable, in order to draw a distinction
between the effects of remittances through consumption
versus investment. Households react as optimizing agents,
increasing consumption and leisure in the steady state.
We model remittances as occurring in foreign currency
although the exact form of remittances is not crucial since
goods are readily convertible into currency, local or foreign,
and vice versa. This skirts issues related to the transfer
problem discussed in the trade literature, which we do not
address. Samuelson [25] provided a classic analysis of the
transfer problem, showing that in a perfectly competitive
two-country two-good world, the donor always has reduced
welfare and the recipient increased welfare. The donor
country’s terms of trade may deteriorate if and only if
the donor country’s marginal propensity to consume its
own exports is lower than the recipient country’s marginal
propensity to consumer the donor country’s exports. Our
small open economy focus allows us to rationalize our
(implicit) assumption that remittances do not impact the
remitting economy. Our model generates the expected effects
of remittances on optimizing agents.

It is worth noting that our analysis has some similarities
to the inflows of other types of resources (like official foreign
aid), but our specification captures characteristics that are
particular to remittances. Remittances enter the economy
through the representative household (not a government)
and are distributed proportionally (that is, they are not
necessarily aimed at the poorest portion of the population).
While remittances are specified to be primarily used for
consumption, we allow a fraction to be used for investment.
Of course, remittances do not respond to political consider-
ations and are not subject to conditions on the use of such
funds.

3. Theoretical Model

We adopt a limited participation model that requires money
balances to be held to finance certain types of purchases,
with households deciding in the distribution of these money
balances—between money cash and money deposits—in the
previous period. This model has been used to rationalize a
large and persistent liquidity effect. To make this liquidity
effect persistent we introduce an adjustment cost on cash
money holdings, Mc

t .
We model the cost of changing money holdings similarly

to Hairault et al. [26], who take into account the time spent

on reorganizing the flow of funds. The adjustment cost is
a time cost—a reduction in leisure in order to spend time
adjusting money balances. The adjustment cost equation is
as follows:

Ωt = ξ

2

(
Mc

t+1

Mc
t
− θ

)2

. (1)

The long-run value of Mc
t+1/M

c
t is equal to the growth rate

of money, represented by the parameter θ, so both the level
of Ωt and its derivative with respect to Mc

t+1/M
c
t are zero in

the steady state. The cost of changing Mc
t is an increasing

function of the parameter ξ, and this parameter allows us to
calibrate the size and persistence of the liquidity effect.

The cost of adjusting money holdings implies that
bank deposits would not change significantly following a
monetary shock, and consequently the additional funds will
create a stronger and more persistent decline in the interest
rate. In a flexible exchange rate regime this fall in the
domestic interest rate will create an interest rate differential
that will give rise to an overshooting of the exchange rate, a
feature in accord with the stylized facts.

3.1. Structure of the Model. The goods market is character-
ized by perfect competition, with domestic firms, and the
rest of the world producing an identical good whose price in
domestic currency is given by Pt. The law of one price holds.
Letting st denote the price of foreign currency in terms of
domestic currency, and keeping in mind that the small open
economy assumption implies that the price of the good in
foreign currency (P∗) is exogenous, purchasing power parity
is given by

Pt = stP
∗. (2)

Thus in this economy the domestic price level changes one
for one with the exchange rate.

3.1.1. The Household. The representative agent’s objective
is to choose a path for consumption and asset holdings to
maximize

∞∑
t=0

βtU(Ct,Lt), (3)

where C is real consumption and L is leisure hours. We
normalize the time endowment to unity, so leisure is given
by Lt = 1−Ht −Ωt, where H is worked hours, and Ω is time
spent adjusting money balances.

We specify a parametric constant elasticity of substitution
(CES) per period utility function to facilitate calibration of
our model as follows:

U(Ct ,Lt) =
[
C

1−γ
t L

γ
t

]1−σ

1− σ
. (4)

Here γ is the relative weight of leisure in the above utility
function, and σ defines the inverse of the intertemporal
elasticity of substitution with σ > 0 and 0 < γ < 1.
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The cash-in-advance (CIA) constraint takes the following
form:

PtCt ≤Mc
t + φst�t, (5)

where Mc
t denotes cash brought forward from period t −

1. With �t being remittances in foreign currency (i.e.,
dollars) and st being the nominal exchange rate (i.e., pesos
per dollar), then st�t are nominal remittances in domestic
currency terms received by the household. The parameter φ
takes values between 0 and 1 and indicates the percentage
of remittances immediately available for consumption (as
opposed to being held as bank deposits and only available for
consumption in future periods) We introduce φ to allow us
to study policies that induce (force) agents to keep a certain
amount of remittances as deposits (increasing funds available
for investment). This parameter is exogenous, and we view it
as outside the control of households, a constraint imposed
by the method of remittances entering the economy. Given
the choice households would choose φ = 1, in order to relax
the CIA constraint. This parameter allows us to change the
channel through which remittances enter the economy and
study the impact of such changes.

Households can hold foreign assets that yield a risk-
free exogenous nominal interest rate i∗t . In each period
the household buys foreign assets Bt+1 denominated in the
foreign currency, so the nominal exchange rate becomes a key
variable in the portfolio decision.

The household budget constraint is given by

Mc
t+1 + Mb

t+1 + stBt+1 + PtCt

≤Mc
t + φst�t + PtwtHt

+ (1 + it)Mb
t + st

(
1 + i∗t

)
Bt + D

f
t + Db

t .

(6)

At time t the household determines consumption Ct and
labor supply Ht, as well as the amount of money deposited
in banks, Mb

t+1, the amount of money kept as cash, Mc
t+1,

and the foreign asset position Bt+1. Household income is
determined by the real wage wt and the profits (or dividends)
received at the end of the period from both the firm and

the bank, D
f
t and Db

t , as well as interest on deposits and on
foreign bonds.

The household’s maximization problem can be repre-
sented by the value function as follows:

V
(
Mc

t ,Mb
t ,Bt

)

= Max
{Ct ,Ht ,Mc

t+1,Mb
t+1,Bt+1}

{
U(Ct, 1−Ht −Ωt)

+ βEtV
(
Mc

t+1,Mb
t+1,

ξ

45
Bt+1

)}
(7)

subject to the cash-in-advance constraint (5) and the budget
constraint (6). Letting λt denote the Lagrangian multiplier
associated with the budget constraint, the first-order con-
ditions for the household’s choice of consumption, labor,

money deposits, money-cash holdings, and foreign assets
provide the following relationships:

λt = βEt

[
(1 + it+1)λt+1

]
(8)

−U ′
Ht
= wtPtλt (9)

stλt = βEt

[
st+1(1 + i∗)λt+1

]
(10)

Ptwtλt
ξ

Mc
t

(
Mc

t+1

Mc
t
− θ

)
+ λt

= βEt

[
U ′

Ct+1

Pt+1

]

+ βEt

[
Pt+1wt+1λt+1

ξMc
t+2(

Mc
t+1

)2

(
Mc

t+2

Mc
t+1
− θ

)]
.

(11)

Equation (8) requires equality between the costs and
benefits of bank deposits, while (9) requires equality between
the marginal disutility of working and the marginal benefit—
the real wage multiplied by the Lagrange multiplier. Equation
(10) requires equality of the current marginal cost of buying
foreign assets (in terms of wealth) with the gains in the
following period from holding such assets today, and (11)
equates the costs and benefits related to the choice made
at time t of money holdings available for consumption in
the following period. It is clear that if the adjustment cost
is zero (ξ = 0), then (11) will just equate the household’s
cost of holding money in the current period to the marginal
utility of consumption in the following period, properly
discounted.

3.1.2. The Firm. We specify the firm’s production technology
using a Cobb-Douglas functional form:

Yt = eztKα
t H

1−α
t . (12)

Here α ∈ [0, 1] and K is physical capital. The firm’s objective
is to maximize the discounted stream of dividend payments,
where we consider the value of this discounted dividend
stream to households. The firm receives its profits at the end
of the period, so the firm borrows funds from the bank to
invest in physical capital at the beginning of the period, with
the cost of borrowing given by the nominal interest rate it.
Consequently, the nominal profits of the firm are given by

D
f
t = PtYt − PtwtHt − Pt(1 + it)It − PtΘt (13)

with investment evolving according to the law of motion of
the stock of physical capital as follows:

It = Kt+1 − (1− δ)Kt, (14)

where δ is the (constant) depreciation rate. The parameter
Θ in (13) is the adjustment cost of capital and is given by
Θt = (υ/2)(Kt+1 − Kt)

2.
The decision about the use of dividends, either payments

to households or reinvestment in the firm, is captured by the
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ratio of the multipliers associated with the budget constraint
of the household in the value function (see (8)), as it reflects
the consumer’s variation in wealth. The value function of the
firm is then as follws:

V(Kt) = Max
{Ht ,Kt+1}

{
D

f
t + Et

[
β
λt+1

λt

]
V(Kt+1)

}
. (15)

Note that the discount factor β(λt+1/λt) can be written
as [Et(1 + it+1)]−1, reflecting the fact that the appropriate
discount rate is time varying and reflects the expected value
of the market-determined interest rate.

The first-order necessary conditions for the household’s
choice of labor and capital take the following forms:

wt = (1− α)
Yt

Ht
(16)

(1 + it) + υ(Kt+1 − Kt)

= βEt

[
Pt+1λt+1

Ptλt

(
α
Yt+1

Kt+1
+ (1− δ)(1 + it+1)

+ υ(Kt+2 − Kt+1)
)]

.

(17)

Equation (16) indicates that the cost of hiring an
additional worker should equal that worker’s marginal
productivity, and (17) requires equality between the cost and
benefit of the marginal investment.

3.1.3. The Central Bank. The money stock evolves according
to

Mt+1 =Mt + Xt, (18)

where the Central Bank’s money injection is defined as

Xt = (θt − 1)Mt, (19)

and θt represents the monetary growth factor. Equation (18)
indicates that money growth in the economy depends on
the existing stock of money Mt and the monetary injection
implemented by the central bank Xt.

The monetary growth factor θt is specified as an AR(1)
process as follows:

log(θt+1) = (1− ρθ
)

log
(
θ
)

+ ρθ log(θt) + εθ,t+1. (20)

We also must specify the processes governing the tech-
nology shock and the remittances shock in a similar fashion
as follows:

log(zt+1) = (1− ρz
)

log(z) + ρz log(zt) + εz,t+1

log
(
gt+1

) = (1− ρg
)

log
(
g
)

+ ρg log
(
gt
)

+ εg,t+1.
(21)

Here εg,t+1, εθ,t+1, and εz,t+1 are independent white noise
innovations with variance σ2

g , σ2
θ , and σ2

z , respectively.

3.1.4. The Financial Intermediary. At the beginning of
the period, the financial intermediary or “bank” receives
deposits from the household, Mb

t , receives a portion of
remittances as deposits, (1− φ)st�t, and receives a potential
monetary injection as deposits, Xt The monetary injection
Xt is a helicopter drop on banks, which can be lent in the
current period t, earning interest that is then distributed back
to the households at the end of the period. These funds are
then available for lending to the firm to pay for the firm’s
investment in physical capital.

To make this clearer, the bank’s nominal asset balance is
given by

PtIt =Mb
t +

(
1− φ

)
st�t + Xt. (22)

Here PtIt are the loans made to firms and the right hand
side lists sources of funds including deposits, a portion of
remittances, and the monetary injection.

Bank profits per period are equal to the interest on loans
minus interest paid on deposits and on remittances deposited
in banks. Note that the monetary injection directly into
banks is a subsidy to the bank in that there is no interest
expense incurred by the bank on those funds. Note also that
we have equality between the loan rate and the deposit rate.
In absent monetary injections, the bank earns zero economic
profits as follows:

Db
t = (1 + it)PtIt − (1 + it)Mb

t − (1 + it)
(
1− φ

)
st�t . (23)

Putting both expressions together, profits of the interme-
diary depend only on the money injection provided by the
monetary authority as follows:

Db
t = (1 + it)Xt. (24)

3.1.5. Closing the Model. Since we are modeling a small
open economy with international assets freely traded, the no-
arbitrage condition leads to the uncovered interest rate parity
condition (UIP)—by combining (8) and (10). Remittances
are modeled to be partially exogenous to better identify
the effect of these transfers from abroad on the recipient
economy. In particular, we do not model any dependence
of remittances on migration flows, but instead take the
current state of migration as fixed. We do model remittances
as dependent on domestic output and prices (Jansen and
Vacaflores [9] incorporate endogeneity between remittances
and migration flows). We assume that foreign-currency-
denominated remittances are responsive to income devia-
tions from the steady state in the recipient nation, and to
inflationary pressures in the recipient nation. Thus remit-
tances increase when the receiving country experiences an
economic downturn, as in Chami et al. [8]. The remittances
specification is given by as following:

�t = Et

[
ϑPt

(
Yss

Yt

)τ
egt
]
. (25)

A special case is τ = 0, so that remittances respond only
to the domestic price level and to the shock g. For τ > 0,
remittances react to the state of the recipient economy, rising
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when the state of the economy worsens (countercyclical).
Also note that remittances increase when the domestic price
level of the remittance-receiving country increases, which
captures the idea that remitters are concerned with the
purchasing power of the funds sent to the remittance-
receiving country.

We follow Karamé et al. [27] and introduce an interest
rate differential on bond holdings as

i∗t = iW − ϕ
st−1Bt

Pt−1
, (26)

where the interest in bonds is determined by the world
interest rate and the net real foreign asset position, with ϕ
calibrating the asset position. This assumption leads to a
lower bond rate as the country’s net asset position improves.
That is, the more foreign bonds held (valued in local
currency), the lower is the interest rate on those bonds.
This assumption helps avoid an instability problem with
nonstationary behavior on bond holdings. (See Kollman [28]
and Ghironi [29] for more on this issue).

3.2. Equilibrium. Note that the household would hold an
amount of foreign assets that allows it to maximize its
utility, subject to its budget constraint. From (6) and market
equilibrium we can find the evolution of foreign asset
holdings as follows:

stBt+1 − st
(
1 + i∗t

)
Bt

= Pt

(
Yt − Ct − It − υ

2
(Kt+1 − Kt)

2
)

+ st�t .
(27)

Equation (27) relates domestic production and absorp-
tion to an economy’s foreign asset position, giving the
balance of payments equilibrium. If a country’s production
is greater than its absorption, that country has a balance of
trade surplus and a negative capital account, so its foreign
asset holdings will increase when there are no remittances
flowing into the country. Of course, the actual equilibrium
impact of remittances on future bond holdings depends on
its impact on output, consumption, and investment.

The set of equations given by the first-order conditions,
the market equilibriums, and the laws of motion for physical
capital, domestic money supply, foreign assets, and the mon-
etary growth factor constitute a nonlinear dynamic stochastic
system. The system’s equilibrium is characterized by the
set of prices and quantities arising from the household’s
maximization of its expected intertemporal utility, subject
to the CIA and budget constraints, the firm’s maximization
of profits, and from the behavior of the labor market, the
loanable funds market, and the money market, all clearing
while satisfying purchasing power parity. To solve this system
we calibrate basic parameters and find the steady-state
values of the relevant variables to characterize the long-run
equilibrium of the economy.

3.3. Calibration and Steady-State Equilibrium. Table 1 lists
the values we assign to the basic parameters. The three first
parameters follow standard calibration. The capital share, α,

is set to 0.4. The subjective discount factor β is set at 0.988,
implying a real interest rate equal to 1.2% per quarter. The
depreciation rate on capital is set to 2.5% per quarter. We
initially set the time devoted to work to 25% of total time,
approximately 42 hours per week, to solve for the parameter
γ, but then fix γ to solve for work hours. (Fixing H to find
γ first is necessary given the more accurate measurement
of H , but such procedure constrains labor to adjust to
alternative levels of remittances, making the steady-state
analysis limited. This procedure allows us to pinpoint the
value of γ and then allows labor to adjust to our alternative
calibrations, creating richer dynamics in labor, output, and
so forth).

The calibration of specific parameters is based in data, at
quarterly frequency, from the 14 Latin American countries
used in this study: Bolivia, Brazil, Colombia, Costa Rica,
Dominican Republic, Ecuador, El Salvador, Guatemala,
Honduras, Mexico, Nicaragua, Paraguay, Peru, and Uruguay.
The data covers from 1995 : 1 to 2010 : 4 and was collected
from individual Central Banks, for remittances, and the
International Financial Statistics (IMF), for measures of
money, output, CPI, consumption, and the trade balance. We
emphasize that we are calibrating to averages from this set of
countries, and not to any one nation.

The parameter v represents the average of the trade
balance as a percentage of GDP and is used to determine
the long-run real debt-to-GDP ratio. The long-run gross
inflation factor is given by Π and is based on the average
inflation rate of the countries in our sample. Remittances are
calibrated to be 5 percent of GDP by setting the parameter ϑ.

We use our panel data to estimate the persistence
parameters using the Least Square Dummy Variable Correc-
tion (LSDVC) estimator. The persistence coefficient of the
remittance’s shock, ρg , and the standard deviation of the
remittance’s innovation, σg , are obtained from regressions on
the level of remittances, while the persistence coefficient of
the monetary shock, ρθ , and the standard deviation of the
monetary innovation, σθ , are obtained from regressions on
the monetary growth rate of the countries in the sample. We
calibrate the technology shock, persistence, and variance, to
standard levels.

We explicitly consider the case of a small but positive
adjustment cost parameter, ξ = 3, to allow for the liquidity
effect—representing approximately 3.5 minutes per week of
lost time rearranging money cash balances. The system of
equations—and the log-linearized system—that describes
the small open economy are available in the author’s
web page (http://www.business.txstate.edu/users/dv13/resea
-rch.htm). Nominal variables are made stationary by divid-
ing them by the lagged domestic price level. The main
variables are:

mt = Mt

Pt−1
; mb

t =
Mb

t

Pt−1
; πt = Pt

Pt−1
;

bt = st−1Bt

Pt−1
; Γt = st�t

Pt−1
.

(28)
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Table 1: Model calibration values.

α = 0.4 β = 0.988 δ = 0.025 H = 0.25 ν = −0.086 υ = 0.08

ϑ = 0.018 s = 3 θ = 1.045 φ = 0.9 ρθ = 0.19 σθ = 0.0465

τ = 0.8 ξ = 3 g = 1.04 σ = 0.99 ρg = 0.96 σg = 0.14

ϕ = 0.009 ρz = 0.95 σz = 0.00816

3.3.1. Steady-State Equilibrium. It is assumed that the
domestic gross inflation rate is given by the gross money
growth rate (Π = θ) in the long-run equilibrium, and that
adjustment costs disappear in the steady state. Given the
parameter values of Table 1, it is straight forward the deriva-
tion of steady-state values for the variables of the system
of equation (available in the author’s web page). Table 2
presents the steady-state values of a small open economy
that uses 90 percent of remittances for consumption (and the
remaining 10 percent for investment) under four alternative
scenarios for the level of remittances as a percentage of
GDP: 0 percent, 2 percent, 5 percent, and 10 percent of GDP.

As it can be observed, our small open economy has an
inflation rate of 4.5 percent per quarter, which leads to a
nominal interest rate of 5.77 percent per quarter. Investment
in the economy without remittances is almost 25 percent of
GDP while consumption is approximately 82 percent of GDP,
with the trade deficit allowing for these higher levels (around
8.6 percent of GDP). Output is affected somewhat by the
increase in remittances and falls by 1.5% when remittances
rise from 0% to 2%, by 3.5% as remittances rise from 0%
to 5%, and by 7.1% when remittances rise from 0% to 10%.
This occurs because the capital stock and labor hours are also
reduced by similar percentages. Meanwhile consumption is
higher by about 0.5% as remittances rise from 0% to 2%, by
1.2% as remittances rise from 0% to 5%, and by 2.5% when
remittances rise from 0% to 10%.

Thus a permanent increase in remittances results in
households choosing more leisure and more consumption,
and consequently increasing utility (see (4)). The per-period
utility increase that occurs when remittances increase from
0% to 2% of GDP is equivalent to a ceteris-paribus increase
in steadystate consumption of 1.5% (calculated at the steady-
state consumption level when remittances are 0% of GDP).
Alternatively, the per-period utility increase is equivalent to a
ceteris paribus increase in leisure hours of 2.2%. The increase
in utility when remittances increase from 0% to 5% of GDP
is equivalent to an 3.6% increase in consumption or a 5.3%
increase in leisure hours, and the increase in utility when
remittances rise from 0% to 10% of GDP is equivalent to a
7.5% increase in consumption or a 10.7% increase in leisure
hours. Thus, remittances are good for households but do
not necessarily lead to an increase in steady-state domestic
production.

4. Dynamics

The baseline specification of the small open economy
considers the case of small positive adjustment cost in the
rearrangement of money balances of about 3.5 minutes per
week (ξ = 3), allocates remittances to be used primarily

towards consumption (φ = 0.9), assumes an elasticity of
substitution that preserves the wealth effect response to
monetary shocks (σ = 0.99), and calibrates the economy
to be representative of one in which remittances are 5%
of GDP. The model generates dynamics from monetary
and technology shocks that are in accord with the stylized
facts. The monetary shock generates inflationary pressure,
a prolonged drop in the interest rate that allows for an
increase in investment, an initial drop in work effort from
the wealth effect that produces an initial drop in output, and
a subsequent reversal in work effort that combines with the
higher capital to produce the typical hump-shape response in
output. The technological shock alleviates inflation, increases
the interest rate, and pushes the real wage up, causing an
instantaneous increase in work effort that combines with
higher levels of capital to result in a prolonged increase in
output (The dynamics for these two shocks are available in
the author’s web page).

In order to examine the impact of a remittances shock
on the main macroeconomic aggregates, we introduce a 1-
standard deviation shock (approximately a 14% increase)
to remittances. This is similar to the average growth rate
of remittances flowing to Latin America during the 2000–
2008 period (15%). The main results are presented below
in Figure 1 and show that a positive remittances shock that
is primarily directed towards consumption will lead to an
increase in the demand for the consumption good, exerting
an upward pressure on inflation at the time of the shock.
This is because remittances enter the CIA constraint and
add to demand for goods and services. The remittances
shock generates an increase in purchasing funds, which is
big enough to outweigh the fall in real money cash balances
caused by the higher inflation, and leads to an increase in
consumption of more than 0.3%. The high persistence of
the remittances shock determines the subsequent dynamics
of consumption, producing a slow monotonic decline in
consumption.

This rise in remittances also generates an instantaneous
slight reduction in the interest rate (4 basis points), as
the percentage of remittances that are allocated for savings
increase the amount of funds available for lending enough
to outweigh the slight increase in inflation. The dynamics
of the nominal interest rate after the period of the shock
are governed by the dynamics of investment and money
deposits. Starting in the second period, a reduction in the
household’s money deposits (Mb

t+1) together with the tem-
porarily above-steady-state investment generates an upward
pressure on the interest rate that forces a monotonic increase.
The remittances shock generates a liquidity effect, as shown
in the top of Figure 1.
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Table 2: Steady-state values (gamma given).

Remittances Remittances Remittances Remittances

0% of GDP 2% of GDP 5% of GDP 10% of GDP

Inflation 1.0450 1.0450 1.0450 1.0450

Nominal interest rate 0.0577 0.0577 0.0577 0.0577

Nom. interest on bonds 0.0577 0.0577 0.0577 0.0577

Capital/output ratio 10.1810 10.1810 10.1810 10.1810

Investment 0.3098 0.3052 0.2989 0.2878

Capital 12.3922 12.2060 11.9542 11.5137

Hours worked 0.2591 0.2552 0.25 0.2407

Output 1.2172 1.1989 1.1742 1.1309

Real wages 2.8185 2.8185 2.8185 2.8185

Consumption 1.0121 1.0174 1.0246 1.0372

Remittances 0 0.0240 0.0564 0.1132

Bonds 8.6185 8.4890 8.3138 8.0075

Real money balances 1.3219 1.2996 1.2694 1.2167

Real money cash 1.0576 1.0416 1.0199 0.9820

Real money deposits 0.2643 0.2580 0.2495 0.2347

Λ 0.3160 0.3143 0.3122 0.3084

Trade balance −0.1047 −0.1031 −0.1010 −0.0973

Utility 99.8060 99.8112 99.8182 99.8304
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Figure 1: Dynamic response to a 1-standard deviation remittances shock. Percent deviation from steady state in vertical axis and quarters in
horizontal axis.

The remittances shock also generates an overshooting of
the exchange rate. The increase in consumption produces
an upward pressure on inflation that is directly translated
into an increase of the exchange rate (a depreciation). The
subsequent appreciation of the exchange rate arises from the
interest rate differential, which is required to be equal to

the expected rate of appreciation of the following periods
(uncovered interest rate parity condition). The remittances
shock also induces agents to increase their holdings of foreign
bonds, as the depreciation of the domestic currency and the
drop in the domestic interest rate increase the return on
foreign assets.
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The impact on output is dependent on the behavior
of capital and labor. The remittances shock increases the
purchasing power of the recipient, a wealth effect, that gives
rise to a slight decline in labor. Since the capital stock is fixed
for a period, this reduction in labor causes a small decline
in output on impact. However, the high persistence of the
remittances shock gives way to a prolonged contraction in
labor that subsides slowly, even as the economy experiences
above steady-state wages. The lower supply of labor also
lowers the marginal product of capital, producing a small
decline in capital before experiencing a prolonged accumu-
lation. This lower work effort and availability of capital keeps
output depressed for a couple of periods before starting to
recover, as shown above in the bottom section of Figure 1.
It is only when investment—and thus capital—and worked
hours recover, that output increases monotonically.

These model dynamics are in accord with empirical
evidence. An increase in remittances creates inflationary
pressure in our model, as that found by Narayan et al.
[2], Vacaflores [3], and Mandelman [12]. In terms of
the interest rate response, Giuliano and Ruiz-Arranz [30]
provide evidence of the beneficial effect that remittances have
in alleviating liquidity constraints, and Aggarwal et al. [31]
show that remittances have a positive impact on financial
sector development. These findings are reflected in our
model through the liquidity effect. In terms of the effect
on the real exchange rate, the dynamics indicate a muted
effect on impact (the percent deviations in inflation and
the exchange rate are identical) but a real exchange rate
appreciation thereafter, as suggested by Amuedo-Dorantes
and Pozo [4], Cáceres and Saca [10], and Acosta et al. [5].

With regards to the effect on consumption, only microe-
conomic studies are able to measure the positive contri-
bution to the consumption of the remittances-receiving
households (Keely and Tran [32], León-Ledesma and Piracha
[33], and De Haas [34]), with macroeconomic studies only
suggesting that remittances increase consumption (Ratha
[35], Cáceres and Saca [10], and Chami et al. [8]). Our paper
strengthens this link by showing that remittances channeled
for consumption do in fact increase consumption.

In terms of the impact on the recipient’s work effort, our
results support the finding that work effort declines due to
an increase in remittances (i.e., Hanson [7]). However, our
results for output, and investment, are more controversial.
While most empirical studies find an initial decline in output
(Cáceres and Saca [10] and Funkhouser [6]) followed by
a temporary recovery (World Bank [36] and Barajas et al.
[17]), our prolonged drop in output can be explained by the
sustained decline in labor; an almost permanent increase in
remittances generates a very persistent decline in work effort.

While the dynamics that arise from the remittances shock
provide interesting insight on the channels through which
remittances affect the macroeconomic aggregates, its overall
impact on the welfare of the receiving household and on the
trade balance are equally important. In terms of the utility of
the representative household, the increase in consumption
and leisure (the decrease in worked hours) is large enough
to outweigh the adjustment cost on money balances (which

reduces leisure), so that the welfare of the remittances-
receiving household experiences a temporary improvement.
Of course, the larger the amount of remittances that are
used for consumption instead of investment, the larger the
beneficial effect. In terms of the impact on the adjusted
trade balance (since we are including remittances to domestic
production to then subtract domestic absorption), the results
show that a remittances shock has a positive impact on the
trade balance in the short run. While the remittances shock
generates a slight drop in output, the increase in remittances
is enough to compensate for this drop and outweighs the
increase in consumption (and the small drop in investment).
Now, if the current account omits remittances, we would
have a deterioration of the trade balance, as the remittances
shock has its largest effect on consumption, and given the
slight decline in output this increase in consumption can
only arise by higher imports from abroad.

5. Robustness of the Remittances Shock

Having established the adequacy of the model to unveil
the dynamics emanating from a remittances shock, we now
turn our attention to the analysis of specific assumption
that can potentially have an impact on the behavior of the
main macroeconomic aggregates. In particular, we examine
how our results change with changes in the distribution of
remittances between consumption and investment, in the
relative importance of remittances as a share of GDP, in its
relative importance in terms of income, and in the degree
of persistence of the remittances shock. The benchmark
calibration still has remittances being 5 percent of GDP.

We start our robustness check by increasing the pro-
portion of remittances channeled towards the financial
intermediaries (and thus reducing the proportion available
for consumption) and examine the impact of a remittances
shock as we allow for its effect to work its way through
investment. It is reasonable to assume that remittances that
are sent for altruistic reasons would tend to be spent on
consumption and that remittances that are sent for self-
interest reasons would tend to be used for investment
initiatives.

Our baseline calibration that channels 90 percent of the
remittances towards consumption and allows 10 percent to
be used for deposits (investment) is represented here by the
dashed line. As we lower the amount of remittances available
for consumption from φ = .95 to φ = .90 and then to
φ = .85, the initial spike in inflation is slightly higher,
but as more funds are directed towards investment the fall
in the nominal interest rate becomes accentuated and thus
generates a slightly stronger liquidity effect, as shown below
in the top center of Figure 2. This stronger liquidity effect
provides greater incentives to increase investment, generating
a smaller initial decline in capital. This additional inflation
also leads to a higher initial depreciation of the nominal
exchange rate. As expected, consumption’s dynamic response
becomes smaller as we reduce the percentage of remittances
used to finance consumption, producing an improvement in
consumption that is almost 25 percent smaller as we allow
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for the fraction available for consumption to fall from 95 to
85 percent.

In the bottom of Figure 2 we observe the dynamics
of capital and labor, which determine the behavior of
output. The remittances shock generates a wealth effect that
lowers work effort on impact, with higher fractions of the
remittances shock directed towards investment creating a
smaller drop in work effort. The smaller drop in labor
leads to a smaller fall in the marginal product of capital,
which combines with the more pronounced liquidity effect
to generate a prolonged accumulation in capital. Output
falls by a smaller amount on impact, but the increase in
the fraction of remittances devoted to investment produces
a subsequent recovery of labor and capital that allows for a
quicker recovery of output, as observed in the bottom-right
dynamics of Figure 2.

We now turn to the differential impact that remittances
can have on macroeconomic aggregates depending on their
relative importance in the economy and on the income
of the receiving household. We first analyze the same
remittances shock on economies with increasing steady state
levels of remittances as a percentage of GDP. This different
“dependence” on remittances should have implications on
the behavior of the remittances-receiving households and on
the main macroeconomic aggregates. We present the case
when remittances are 2% of GDP with a solid line, the
baseline case when remittances are 5% of GDP with a dashed
line, and the case when remittances are 10% of GDP with a
dotted line.

It should be clear that a similar size remittances shock
would result in a larger net shock on the receiving economy
when the share of remittances as a percentage of GDP is
larger. The one standard deviation (approximately 14%)
increase in remittances would result in a 0.28% shock in GDP
terms in the case of remittances being 2% of GDP while the
same one standard deviation would result in approximately
0.7% shock in GDP terms when remittances are 5% of GDP.
The one standard deviation remittances shock increases
consumption and generates inflationary pressure, but since
a higher relative importance of remittances imply that the
same shock would provide greater overall income to the
receiving household in an economy where remittances are
a higher percentage of GDP, the relatively larger purchasing
power would lead to a relative larger improvement in
consumption. Of course, this would also lead to relatively
higher inflation in this case. These relatively larger inflows
also create a larger liquidity effect, since this depends on
the relative addition of loanable funds. Relatively higher
inflation and lower interest rate leads to a more pronounced
overshooting of the exchange rate.

This same one standard deviation shock to remittances
would also have a differential effect on the labor response,
because now the increase in remittances has a larger impact
on overall income as the share of remittances in GDP
increases. The remittances shock will consequently generate a
greater wealth effect as the relative importance of remittances
increases, causing a more pronounced drop in work effort
on impact that generates a larger initial drop in output.
This larger drop in labor means that the marginal product

of capital falls by more as we raise the percentage of
remittances as a share of GDP, a decline large enough to
outweigh the drop in the interest rate as to create a more
pronounced initial decline in investment. However, this
enhanced liquidity effect will lead to a much faster and
stronger recovery in investment, and capital, which together
with the subsequent recovery of labor will lead to a faster
recovery of output (although remains below the steady state).
The long-term effect of the same size remittances shock
is an accentuated decline in output in economies where
remittances are a larger share of GDP as shown in Figure 3.

To examine the potentially different response that the
main macroeconomic aggregates can have from alternative
levels of importance of remittances in the income of the
representative household we allow the amount of worked
hours (H) to vary, thus affecting labor income generated by
the representative household. We allow the parameter γ—the
relative weight of leisure in the utility function—to vary, and
we examine the cases when the representative agent spends
20 percent of total time working (33.6 hours per week),
the baseline 25 percent of total time working (42 hours per
week), and 30 percent of total time working (50.4 hours per
week). We retain the basic calibration of remittances being
5% of GDP, 90% of which goes towards consumption.

Figure 4 below presents the results of the positive one-
standard deviation shock on remittances and indicates that
the remittances shock produces a slightly smaller decline in
the interest rate as we increase the steady-state allocation
of time working, H . The increase in remittances creates a
relatively smaller increase in loanable funds available for
lending. Also, since the inflow of resources coming from
remittances is a relatively smaller contribution to the income
of the representative household as the steady-state amount of
time devoted to work increases, the increase in remittances
will create a relatively smaller increase in consumption,
which consequently produces a slightly smaller increase in
inflation. While not shown in the graph below, this relatively
smaller inflationary pressure will lead to a smaller initial
depreciation of the exchange rate, which combined with the
smaller reduction in the domestic interest rate reduces the
amount of foreign bonds being accumulated.

The output response to a remittances shock when we
have a larger H is determined by the relation between the
predetermined capital and labor. The household earning
more from the additional time spent working, which makes
the inflow of remittances relatively less important, generates
a smaller wealth effect that leads to an initial smaller drop
in work effort. This leads to the smaller initial drop in
output observed in the bottom-right corner of Figure 4.
Furthermore, the relatively smaller decline in the marginal
product of capital is large enough to compensate for the
smaller liquidity effect to lead to a smaller decline in
investment (and stronger subsequent recovery) as the steady
state of H is increased, which leads to a larger accumulation
of capital. This combines with the recovery of work effort to
produce a quicker recovery of output, reducing the overall
negative effect on output from the remittances shock—as the
steady-state working hours increases.
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Figure 2: Dynamic response to a 1 standard deviation remittances shock. Percent deviation from steady state in vertical axis and quarters in
horizontal axis. . . . 5%, - - - 10%, —— 15% of remittances for Investment.

We conclude this robustness check by examining the
potentially different response that the main macroeconomic
aggregates can have from alternative degrees of persistence
that the remittances shock could actually have. The long-
term data indicates a high degree of persistence (0.96),
more nearly a permanent change, which could be arising
from the continuous formalization of these capital flows.
However, the double-digit drop in remittances experience
in Latin America in 2009 as a result of the financial crisis
was overturned by mid-2010 (IADB [1]), indication that our
modeling of the persistence of the shock should perhaps be
more conservative. We implement this here by adjusting the
persistence parameter, presenting the case with the largest
persistence with a solid line and the case with the smallest
persistence with the dotted line.

The top-left panel of Figure 5 describes the dynamics of
remittances. The decline in the persistence of the remittances
shock leads to a smaller inflationary pressure in the receiving
economy, as households expect the additional inflow of
remittances to be short lived and thus reduce their work
effort by a smaller fraction (same amount of remittances
chase a relatively larger amount of goods). The smaller
inflation emanating from the smaller degree of persistence
has a twofold effect; it creates a larger initial increase in
consumption and a smaller decline in the interest rate.
The subsequent dynamics of consumption respond to the
behavior of remittances, reverting faster to the initial level
when the persistence of the shock is smaller. The subsequent
response of the interest rate stems from the relatively smaller
demand for loans, since the decline in labor is reduced
as the persistence parameter is lowered, and the smaller

increase in deposits available for lending, as the inflow of
remittances dissipates more rapidly with the smaller degree
of persistence. The exchange rate depreciates by less as the
persistence parameter is lowered and returns to equilibrium
more smoothly since the interest rate differential is reduced.

The dynamics governing output are presented in the
bottom section of Figure 5. The lowering of the persistence
parameter leads to a smaller decline in the interest rate,
but it is large enough to outweigh the relatively smaller
decline in the marginal product of capital from the reduced
fall in labor, overturning the decline in investment and
giving way to an accumulation of capital. Output drop on
impact by a smaller percentage as the remittances shock is
short lived. More interestingly, even if capital accumulation
peaks sooner—and starts to decline thereafter—when the
persistence parameter is lowered, the recovery of labor is
much faster, returning to the steady-state level in 5 quarters
when the persistence parameter is set to 0.5. The bottom-
right panel of Figure 5 shows that the negative effect of
output is much smaller when the remittances shock is more
transitory and in fact produces an increase in output to above
steady-state levels sooner when the persistence parameter is
reduced.

6. Conclusions

Our limited participation model with remittances is able to
capture the qualitative behavior of the main macroeconomic
aggregates in response to a remittances shock, in accord
with empirical evidence. This study extends the literature
by evaluating the macroeconomic dynamics that emanate
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Figure 3: Dynamic response to a 1-standard deviation remittances shock. Percent deviation from steady state in vertical axis and quarters in
horizontal axis. —— 2%, - - - 5%, and . . . 10% of GDP.

from a remittances shock under alternative assumption with
respect to the motives to remit and with respect to the relative
importance of such flows, in terms of GDP and in terms of
the income of the representative household.

The typical remittances shock increases consumption
and lowers work effort on impact, improving the utility of
the representative household. It also results in a small one-
period increase in inflation that forces the domestic currency
to depreciate on impact, but since it also creates a liquidity
effect, it gives way to a subsequent appreciation through
the uncovered interest rate parity condition. However, the
decline in the interest rate is not strong enough to increase
investment, given the reduction of the marginal product of
capital, such that the persistent decline in labor combined
with the initially lower capital leads to a persistent drop in
output.

The literature on remittances has been trying to measure
the contribution of these types of inflows in the economic
growth of the receiving countries, and our results provide
further evidence that such inflows can have a detrimental
effect on labor, and thus on economic growth. Our results
indicate that the labor response plays a central role in the
determination of output, but through its impact on the
marginal product of capital it also affects the amount of
investment, and thus capital, that the receiving country will
conduct. However, since remittances also provide an inflow
of financial resources to the financial system, it also generates
a liquidity effect that makes borrowing more accessible. In
fact, our results also indicate that when remittances are
increasingly geared towards investment capital accumulation
will be enhanced, such that the detrimental effect on output

would be attenuated. The negative impact on output will be
also reduced when remittances are a larger share of GDP or
a smaller fraction of labor income. This finding reinforces
current initiatives that are trying to direct more remittances
towards investment.

This prolonged deterioration of GDP in response to the
remittances shock is present in all of our specifications except
in the case in which we allow for a more transitory shock.
When the persistence parameter of the remittances shock is
lowered, the decline in labor is attenuated, and its subsequent
recovery accelerates. Capital accumulation is also enhanced
when the remittances shock is more transitory. These two
dynamics produce a smaller initial decline in output, but
also generate a faster recovery of output in the following
quarters, with output actually rising above steady-state levels
sooner when the persistent parameter is reduced. This last
finding suggests that the persistence of remittances shock
is crucial for the long-term response of GDP, with long-
term continuous flows of remittances giving way to more
permanent increases in leisure and more transitory shocks
allowing for quicker recoveries and even improvements in
GDP.
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[27] F. Karamé, L. Patureau, and T. Sopraseuth, “Limited participa-
tion and exchange rate dynamics: does theory meet the data?”
Journal of Economic Dynamics and Control, vol. 32, no. 4, pp.
1041–1087, 2008.

[28] R. Kollmann, “Monetary policy rules in the open economy:
effects on welfare and business cycles,” Journal of Monetary
Economics, vol. 49, no. 5, pp. 989–1015, 2002.

[29] F. Ghironi, “Macroeconomic interdependence under incom-
plete markets,” Journal of International Economics, vol. 70, no.
2, pp. 428–450, 2006.

[30] P. Giuliano and M. Ruiz-Arranz, “Remittances, financial
development, and growth,” Journal of Development Economics,
vol. 90, no. 1, pp. 144–152, 2009.

[31] R. Aggarwal, A. Demirgüç-Kunt, and M. S. M. Perı́a,
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