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Abstract

In this article I augment the standard open economy Real Business Cycle (RBC) model with stochastic
remittance shocks. The model was calibrated to match broad, stylized facts common across a large
set of remittance recipient countries. The calibration exercise reveals that output does not respond as
much to remittance shocks relative to technology shocks. The model predicts that temporary inflows
of worker remittances positively affect GDP per capita while a permanent increase of remittances does
not. Cross country econometric evidence is consistent with the theory: there is a significant and positive
correlation between the temporary component of remittances and growth; and permanent component

of remittances do not affect output growth.
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1. Introduction

Next to foreign direct investments and foreign
aid, wealth transfers such as remittances consti-
tute a significant source of foreign financing in
developing countries (see figure 1). The com-
mon wisdom is that these transfers are generally
spent on consumption goods thus helping recipi-
ents improve their welfare. However, beyond im-
proving the welfare of its recipients, the effects of
remittances on aggregate economic performance is
not well understood. Previous research in remit-
tance effectiveness generally found mixed results
and scholars have become skeptical about the de-
velopmental effects of remittances.! Most of the
current research in remittance effectiveness finds
the absence of a causal relationship between re-
mittances and economic growth (Barajas et al.,
2009).

How come worker remittances do not appear to
be effective in stimulating economic growth? To

*T am indebted to an anonymous referee for feedback.
My thanks are due to Kurt Annen, Stephen Kosempel and
Thanasis Stengos for useful discussions, as well as seminar
participants in the University of Guelph and the CDESG
meetings.

Email address: mbatu@uwindsor.ca. (Michael Batu)

IThe differences in findings with respect to effectiveness
of worker remittances are highlighted in a literature review
by Fullenkamp et al. (2008).

answer this question, the current study comple-
ments the conventional approach of using cross-
country growth regression models to study the
relationship between remittances and economic
growth with an open economy Real Business Cy-
cle (RBC) model. An open economy RBC model
is appropriate because it can predict how agents
will respond to exogenous remittance shocks, par-
ticularly their consumption, labor supply, and in-
vestment decisions. The idea is that remittances
affect output through growth in economic aggre-
gates such as investment, consumption, and trade,
as well as changes in labor supply.

This article contributes to the literature in three
respects: First, the theoretical component of this
paper makes use of an open economy RBC model
to evaluate the effectiveness of remittances to
growth in GDP per capita. Through RBC models,
it is possible to tease out the economic impact of
worker remittances to GDP per capita from other
types of shocks (like technology shocks). Sec-
ond, this study contributes to the empirical litera-
ture on remittance effectiveness by adding perma-
nent and temporary components of migrant remit-
tances to variables that explain economic growth.
Within the literature on remittances this paper
is, to the best of my knowledge, the first to use
such a decomposition as an explanatory variable



to growth in GDP. Lastly, to calibrate the model,
as well as for the regressions, data from the most
number of recipient countries possible (81) and a
long time horizon (1970-2012) was used.

This article has the following main results moti-
vated by RBC theory: First, a permanent change
in worker remittances does not affect output in
the long run. The idea is that a permanent change
in worker remittances produces a positive income
effect, and since leisure is a normal good, hours
worked falls. A reduction in hours worked is fol-
lowed by a reduction in output. Second, a tem-
porary change in worker remittances produces a
positive effect to output in the short run. Agents
want to maintain a smooth consumption profile
in the face of a temporary change in worker re-
mittances. This consumption smoothing behav-
ior force agents to optimally save some of their
remittances received leading to an increase in in-
vestment and output. To test these results empir-
ically, a reduced-form regression model commonly
used in the remittance effectiveness literature with
the addition of permanent and temporary compo-
nent of remittances was estimated. The findings
suggest that the temporary component of worker
remittances positively affect growth rates in GDP
per capita, although the extent of this effect can
be considered modest. On the other hand, the
permanent component of remittances does not af-
fect growth in GDP per capita.?

1.1. Brief background literature

The current study is closely related to two pa-
pers: Annen and Kosempel (2012) and Annen
et al. (2016). In Annen and Kosempel (2012)
they used a closed economy RBC model to eval-
uate the effectiveness of foreign aid. Their study
found that temporary changes in aid have posi-
tive effects on growth. Also, they empirically test
the effectiveness of aid to economic growth. In
Annen et al. (2016) they evaluated the effective-
ness of wealth transfers through a closed econ-
omy RBC model. They define wealth transfers
to include remittances and foreign aid. They also

2The neutral effect of permanent wealth transfers is well
known in the literature (e.g. Annen and Kosempel, 2012).
However, what is different in this setting is that temporary
remittance (as opposed to permanent) does have an impact
on economic growth. Omne of my contributions is to em-
pirically test this result for remittance recipient countries.
Specifically, I decompose remittance to its permanent and
temporary components, and test their effectiveness to eco-
nomic growth.

found that a temporary change in wealth trans-
fers produce positive effects on growth. My re-
sults are similar to these papers in the sense that
a temporary change in remittances also produce a
positive effect on growth. In addition, I followed
their approach in calibrating the parameters of
the model. Despite the similarities, the current
study is different from these two papers in sev-
eral respects: First, and importantly, the focus of
their study is on foreign aid or wealth transfers
while the current paper is exclusively about re-
mittance effectiveness. Second, my study makes
use of an open economy RBC model which offers a
more realistic way to model the impacts of remit-
tance flows. Third, in the empirical analysis I use
different measures for permanent and temporary
remittances. Annen and Kosempel (2012) decom-
posed aid into permanent and temporary compo-
nents using linear regression approach. According
to Pagan (1984) this approach may produce esti-
mates that suffer from generated regressor bias.
In the current study I instead use the HP filter to
decompose remittance. And finally, Annen et al.
(2016) provided a policy discussion on the role
of wealth transfers to economic growth. In con-
trast, the current study makes use of a positive (as
opposed to normative) approach as it is solely fo-
cuses on explaining the general equilibrium effects
of remittances.

There are other studies that used RBC (or, in
general, DSGE) models to study the effects of
remittance fluctuations on the cyclical behavior
of macroeconomic variables. Often, these studies
focus only on a single country or a small group
of countries with similar characteristics (i.e. de-
veloping or major remittance recipient countries).
Chami et al. (2006) used a DSGE model to inves-
tigate the influence of countercyclical remittances
on the conduct of fiscal and monetary policy and
trace their effects on real and nominal variables.
They found that remittances raise disposable in-
come and consumption and insure against income
shocks, thereby raising household welfare. Acosta
et al. (2009) developed and estimated a two-sector
DSGE model to analyze the effects of remittances
on the economy of El Salvador. They found that
an increase in remittance flows leads to a de-
cline in labor supply and an increase in consump-
tion demand that is biased toward non-tradables.
Durdu and Sayan (2010) used a two-sector model
of a small open economy with financial frictions
calibrated to Mexico and Turkey. They found
that effects of worker remittances in the long run
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Figure 1: Net official development assistance, remittances and foreign direct investments, 1970-2010 averages in current

US dollars (from World Development Indicators).

are mild. In the short run, however, remittances
have quantitatively large impacts on the econ-
omy, when there are borrowing constraints. Man-
delman (2013) constructed a heterogeneous agent
model to analyze the role of monetary policy in a
small open economy subject to sizable remittance
fluctuations. He found that recipient households
are better off with the exchange rate peg when
facing an uptrend in remittances. Moreover, he
was able to show that countercyclical remittances
and a flexible policy regime pursuing stabilization
goals are useful tools to smooth the consumption
path of credit constrained households and achieve
macroeconomic stability.

While there are studies that used calibration
methods, those that use cross-country growth re-
gressions nonetheless dominate the current liter-
ature on remittance effectiveness. Several stud-
ies stand out from this strand of literature. One
of the early studies is by Chami et al. (2003)
where they used cross-section and panel data of
113 remittance recipients for 29 years (1970-1998).
They found that the share of remittance to GDP
is, at best, not a significant variable in explain-
ing GDP per capita growth. According to them
remittances are negatively correlated economic
growth because of a moral hazard problem. Due
to remittances, recipients can decrease their la-
bor force participation, limit their job searches,

reduce labor effort or engage in risky ventures.
These results were later supported by Rao and
Hassan (2012) which found that direct growth ef-
fects of remittances as measured by share of re-
mittance to GDP are insignificant. Their results
were robust with alternative specifications and es-
timation methods.

Faini (2006) used a cross section of 68 coun-
tries in which the dependent variable is the av-
erage annual per capita GDP growth rate from
1980 to 2004. He found a positive and significant
relationship between total remittances and eco-
nomic growth. However, using an instrumental
variable approach with distance between countries
as an instrument, the coefficient for total remit-
tance lost its significance but remained positive.

Another paper that used total remittances as an
explanatory variable is Giuliano and Ruiz-Arranz
(2005). They used a panel of 73 countries from
1975 to 2002. Their basic specification regressed
per capita GDP growth on the ratio of total remit-
tances to GDP with the initial level of GDP per
capita, the investment rate, population growth,
the fiscal balance as a percentage of GDP, years
of education, openness, and inflation as explana-
tory variables. Their specification did not find
evidence that total remittances is significantly re-
lated to growth.

Catrinescu et al. (2009) covered 114 countries



during the 1991-2003 period and included insti-
tutional variables into their analysis. Overall,
their study found a positive relationship between
growth in GDP per capita and gross capital for-
mation, as well as between growth and some of
the institutional variables. Their study also found
some evidence of a mild positive relationship be-
tween growth and total remittances.

In a cross-country study with 84 recipient coun-
tries and a longer time period (1970-2004), Bara-
jas et al. (2009) found that remittances do not
seem to make a positive contribution to economic
growth. Their study was different in two respects:
First, they constructed a new instrument which is
the ratio of remittances to GDP of all other re-
cipient countries. Second, a trade-weighted av-
erage growth rate of real per capita GDP of
the remittance-receiving country’s top 20 trading
partners was added as an explanatory variable.
Their findings were consistent with criticisms of
foreign aid by Rajan and Subramanian (2008)
that there is very little evidence that decades of
official transfers have contributed much to the
growth of developing economies.

The rest of this paper is organized as follows.
Section 2 presents the model with stochastic re-
mittance shocks. A simplified version of the model
in the steady state is presented in section 3. Sec-
tion 4 presents and discusses the calibration and
simulation results. Section 5 presents the empir-
ical model and regression results. Section 6 con-
cludes.

2. Canonical small open economy RBC
model with remittances

The model economy discussed below has the
basic structure of the standard small open econ-
omy RBC model with the addition of remittance
shocks.® Time is discrete and indexed by t =
0,...,00. Variables with a bar denote a steady
state value.

The economy is populated by a large number
of identical infinitely-lived agents. The expected
lifetime utility, U, of the representative agent is
defined as:

Eoi B U (et i) (1)
i=0

3With the exception of remittances, the discussion in
this section follows the small open economy model de-
scribed in Schmitt-Grohe and Uribe (2003) and Mendoza
(1991).

where U is the period utility function, 8 > 0 is the
degree of time preference, ¢; represents consump-
tion and [; represents leisure. Agents are endowed
with one unit of time which can be allocated be-
tween leisure and work, n.

The economy produces an internationally trad-
able composite commodity using inputs of capital,
k, and labor, subject to a neoclassical constant re-
turns to scale technology:

G(ke,ne, k1) = zef (ke ne) — @ (ke — ke)(2)

where z; is a random productivity shock and
®(kpy1 — ke) is the cost of adjusting the capital
stock as a function of net investment.* The func-
tion ®(-) is assumed to satisfy ®(0) = &'(0) =0
thereby ensuring that in the non-stochastic steady
state adjustment costs are zero and the domestic
interest rate is equal to the marginal product of
capital.® The random productivity shock is as-
sumed to follow an AR(1) process:

Inzg=1—-&)nz+ & Inz ) +e,y (3)

where |£,|< 1 and €, ~ N(0,02).

Similar to Mendoza (1991), agents have ac-
cess to a perfectly competitive international cap-
ital market in which foreign assets b, that pay or
charge the real interest rate r, are exchanged with
the rest of the world. The law of motion of foreign
asset holdings is expressed as:

bt+1 == tbt + (1 + Tt)bt (4)

where the trade balance, tb, reflects the net flow
of the good between the small open economy and
the rest of the world. Following Nason and Rogers
(2006) I assume that the real interest rate is given
by:

re = 1" + p(by) (5)

where r* denotes the world interest rate and
p(by) is a country-specific interest rate premium.
For simplicity I assume that the risk premium is
strictly increasing and the world interest rate is
constant. Two reasons motivate the assumption

4As in Mendoza (1991) this model ignores the existence
of non-traded goods and the substitution effects induced
by changes in relative prices of the traded non-traded com-
modities.

5This configuration of capital adjustment costs avoids
excessive volatility in investment as a result of variations
in domestic and world interest rates.



of a bond-elastic interest rate: First, it can cap-
ture the presence of financial frictions; And sec-
ond, it gives rise to a steady state of the model
that independent of the initial net foreign asset
position of the economy.®

Disposable income in the economy may be al-
located to consumption, foreign asset holdings, or
investment ¢. Since residents in the economy be-
ing modeled are assumed to receive remittances
d from migrants abroad the appropriate resource
constraint is given by:

2 f (keyne) +dy = cp+ip+P (ki1 — ki) +1tbe.(6)

From the resource constraint one can see that
remittances enter as a form of wealth transfer.
While it is acknowledged that there many forms
of wealth transfers, this paper consider a specific
form where wealth is passed from a family mem-
ber to a relative in the home country. Remittances
are tied to the country’s stock of migrants abroad
which for simplicity is assumed to be exogenous
and embodied in d. The remittance term is ad-
ditive (as opposed to multiplicative) to output to
reflect the fact that international remittances aug-
ment the income of their recipients.” Similar to
the productivity variable remittances is assumed
to follow an AR(1) process:

Ind; = (1 —fd) In J—l—fd Indi_1 +95z,t+5d,t(7)

where |€4/< 1, 6 € R and g4 ~ N(0,03). The
parameter 6 is included to capture the relation-
ship that may exist between remittance levels and
the state of economic conditions in the recipient
country (Annen and Kosempel, 2012). If 6 is pos-
itive, then the recipient country will receive an
increase in remittances when economic conditions
are good. However, § may also be negative, and
in this case the economy will receive relatively
more remittances during periods where produc-
tivity and output are low.®

5Schmitt-Grohe and Uribe (2014) notes that “equi-
librium in a small open economy is non-stationary in
consumption, trade balance, and foreign asset holdings,
thereby complicating the task of approximating equilib-
rium dynamics”. Stationarity can be induced by, among
other devices, introducing a bond-elastic interest rate (e.g.
Nason and Rogers, 2006) or an endogenous discount factor
in the utility function (e.g. Mendoza, 1991).

"The model can have features where remittances can be
used to improve productivity of inputs (like a multiplica-
tive remittance shock) or where migration is endogenous.
However, such features are beyond the scope of this study.

8There is empirical evidence which suggest that coun-
tercyclicality is not commonly observed among remittance-
receiving countries (Sayan, 2006).

Finally, the law of motion of capital is given by:
kt+1 =1+ (1 — 5)]4),5 (8)

where 0 denotes the depreciation rate of capital.

The Social Planner seeks to maximize the
expected lifetime utility of the representa-
tive agent by choosing the optimal sequences
{ct,ne, ye, ity kg1, b1 F oo, Subject to the resource
constraint, the law of motion for capital, the law
of motion for foreign assets, the production tech-
nology, the stochastic processes, and a no-Ponzi
constraint:”

b .
lim £, ——H— <0 (9)
Jre0 Hs:0(1 + TS)

3. Remittances in the long run: A special
case with inelastic labor supply

The steady state effects of remittances can be
best studied in a simple, deterministic setting. A
simple model allows one to study the effects of re-
mittance flows on agents’ savings and consump-
tion decisions. The simplification was done in
three ways: First, the period utility function is
assumed to depend only on consumption and la-
bor is supplied inelastically (n = 1). Second, the
stochastic components are removed, thus z; = z*
and d; = d*. And third, capital mobility is re-
stricted in a way that remittances are the only
source of funds outside the model economy and
there are no capital adjustment costs. With the
exception of remittances, the simplified version
of the benchmark model and the discussions in
this section are identical to Annen and Kosempel
(2012).

As a result of these simplifications one can eas-
ily find the Euler equation, the resource constraint
and a transversality condition:

pul(cer1)[2f (kepa) +1 -0 = /() (10)

ki1 =2f(ke) + (1 =8k —ci +d (11)
tllglo u'(ci)ky =0 (12)

9Since there are no externalities and other market im-
perfections, the competitive equilibrium in this economy
can be calculated as the solution to the Social Planner’s
problem.
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Figure 2: Effects of a permanent increase in
international worker remittance flows.

0 k

Figure 3: Effects of a temporary increase in
international worker remittance flows.

Since the general properties of the model are well-
known, the discussion will focus only on the dy-
namics of the model after a change in the remit-
tance parameter d. In the steady state, equations
(10) and (11) become:

z2f'(k) +1 -6 = (13)

IS

U

f(k) =6k +

Y

c= (14)

The phase diagram of the dynamic system in
the c and k space is presented in figure 2. Suppose
initially that the economy is at a long run equilib-
rium at point A and does not receive remittance,
d = 0. Now suppose there is an unanticipated in-
flow of remittances that is expected to be perma-
nent, d > 0. The Euler equation is independent of
remittance so it will not shift. However, the unan-
ticipated permanent remittance shock will shift
the resource constraint upwards. The extent of

the shift in the resource constraint will depend on
the size of the remittance. Once the inflow of re-
mittances arrive the saddle path instantaneously
shifts and the new long run equilibrium is achieved
at point B. A permanent increase in remittances
produces two effects: First, there will be an in-
crease in steady state consumption; and second,
the level of steady state capital is unchanged.!?
Agents will want to smooth their consumption
profile faced with a remittance shock that is per-
manent. Thus, they consume all of the remittance
per period after the change and leave nothing for
saving. Since the saving rate associated with a
permanent change in remittance is zero, it will
not be effective in raising output per capita.!!

Suppose now that the increase in remittances
is temporary and its terminal date is known with
certainty. The transitional dynamics of a tem-
porary increase in remittances and its macroe-
conomic effects is shown in figure 3. Given the
unanticipated remittance inflows the level of con-
sumption increases to point B. The size of the
jump from points A to B depends on how long
the temporary remittance is expected to last. If
remittance is expected to last for a very short pe-
riod of time then most of the remittance inflow
will be saved and the increase in consumption will
be very small. This leads to a temporary increase
in capital at point C. On the other hand, if the
remittance inflow is expected to last for a long
period of time, marginal propensity to save will
be low and much of the remittance will be con-
sumed. These explanations follow the permanent
income hypothesis: Given a temporary increase
in remittance, agents must optimally invest some
of the remittances received to maintain a smooth
consumption profile. Over time, the remittance
slowly runs out and the economy reverts back to
its initial equilibrium in point A.

The restricted version of the model provides a
good framework to describe the long run effects
of remittances. However, it does not allow one to

10Tt should be recognized that remittances may not nec-
essarily have neutral effects when agents substitute remit-
tances for credit which is a common situation in develop-
ing countries. In the face of binding borrowing constraints
agents will not be able to invest up to their optimal capi-
tal stock level. Many thanks to an anonymous referee for
pointing this out.

"1 Output may decrease if leisure is included in the model.
This result stems from standard macroeconomic intuition
that since leisure is a normal good, leisure rises in the face
of an unanticipated inflow of remittance. Consequently,
hours worked drops as well as output per capita.



properly quantify the effectiveness of remittances
because there is no uncertainty and its impact dif-
fer across countries. To better quantify the effects
remittance have on macroeconomic performance,
we revert back to the stochastic version of the
model and proceed to the calibration exercise.

4. Calibration and simulations

4.1. Data and business cycles

I follow the World Bank definition of worker
remittance as the sum of personal transfers and
compensation of employees.'? Data for worker re-
mittance was obtained from the World Develop-
ment Indicators database. Data for other macroe-
conomic aggregates were sourced from the Penn
World Tables and UNCTAD database.

Following Kydland and Prescott (1990), busi-
ness cycles are defined as the deviations of
macroeconomic aggregates (i.e. output, consump-
tion, investment, trade balance, remittance) from
trend, and business cycle facts are the statisti-
cal properties of co-movements of these aggregates
with respect to deviations from trend of GDP per
capita. When examining business cycle aspects of
the data, each data series was detrended using the
Hodrick and Prescott (1981) HP filter. For any
series x; for t = 1,2,...,T, the HP filter extracts
a trend component 7 and a cyclical component
s¢ = x¢ — 7+ by minimizing the loss function:

T -1
S (we=7) A [(reg1—7e) — (re—7—1)]?(15)

where A is a weight that reflects the relative
variance of the two components. Since remit-
tances data are available annually the parameter A
was set to 6.25 following Ravn and Uhlig (2002).
Data were expressed in logs to capture percent-
age deviations from trend. Following Baxter and
King (1995) the first and last observations were
dropped prior to calculating the moments of the
business cycle components. This ensures that the
results are not influenced by behavior in the end-
points of the filtered series. Finally, contemporary

12Ppersonal transfers include all current transfers in cash
or in kind between resident and nonresident individuals,
independent of the source of income of the sender and the
relationship between the households. Compensation of em-
ployees represents remuneration in return for the labor in-
put to the production process contributed by an individual
in an employer-employee relationship with the enterprise.

cross-serial correlations of the cyclical components
of remittance and output were computed. As is
customary in the macroeconomic literature, a pos-
itive contemporaneous correlation implies that re-
mittances are procyclical and a negative contem-
poraneous correlation as countercyclical. Follow-
ing Pallage and Robe (2001), correlation is judged
to be non-different from zero if it lies in the inter-
val (-0.29,0.29).

Table 1 reports the standard deviations and
cross serial correlations of output and other eco-
nomic aggregate time series data for 49 remit-
tance recipient countries. A recipient is excluded
from table 1 if fewer than 20 consecutive years
of data are available for that country. However,
for the regressions there were 81 recipient coun-
tries included in the sample. As shown in table 1,
investment and remittances are four and almost
ten times more volatile than output, respectively.
There is not much difference between GDP and
GNP in terms of volatility. Consumption is more
volatile than output which suggest difficulty in
consumption smoothing, a stylized business cy-
cle fact among developing countries (Rand and
Tarp, 2002; Annen et al., 2016). Remittance is
ayclical for 35 countries (or 71%) in the sample.
Trade balance is slightly more volatile than out-
put and is weakly countercyclical. Also reported
are business cycle statistics according to the share
of remittance to output of recipient countries. Re-
mittances are more volatile for recipient countries
that receive little of it (less that 1% of output).
There is not much difference in business cycle
statistics across other economic aggregates for re-
mittance recipients.

4.2. Calibration

To quantify the model one must specify func-
tional forms to be used in the simulations. This
study abides by the common practice in the
macroeconomic literature and specify the utility
function to be:

(i)

e (16)

U(Ct, lt) =

where v > 0 is the coefficient of risk aversion and
w > 0 is the elasticity of substitution. The pro-
duction function is specified to be Cobb-Douglas:

a, l—«a

yr = zekyny (17)



Table 1: Business cycle statistics from data for remittance recipients for the period 1970-2012.

All remittance

Share of remittances to GDP:

recipients >10% 10% - 1% <1%
Variable (1‘) Oz Pz,GDP Oz Pz,GDP Oz Pz,GDP Oz Pz,GDP
GDP 2.78 1.00 2.16 1.00 2.85 1.00 2.92 1.00
GNP 2.79 0.69 2.01 0.53 2.81 0.72 3.09 0.70
Consumption 3.22 0.63 2.35 0.50 3.20 0.69 3.62 0.59
Investment 12.13 0.58 8.72 0.44 13.56 0.56 11.43 0.67
Trade balance/GDP 2.76 -0.22 2.80 -0.03 2.58 -0.24 3.02 -0.26
Remittance 26.21 -0.04 11.09 0.12 26.89 -0.08 31.44 -0.03
Remittance/ GDP 4.0% 14.4% 3.6% 0.4%

Note: Data were expressed in logs and detrended using HP filter with A = 6.25. p is the pairwise contemporeneous correlation

coefficient.

Table 2: Model parameter values.

— *

Parameter d ~ @ 1) n r B8
values 0.018 2 032 01 03 0.04 0.96

03495 1 0

w z 0 é-z
0.81

Oz 1/] §d
0.162 0.01 0.61

0d o]
0.628 0.05

b

0.74

where a € (0, 1) is capital’s share parameter. The
capital adjustment cost function is assumed to be
quadratic:

B(kepr — k) = S (ks — by (19)
where ¢ > 0. The specification of ®(-) implies
that net investment, whether positive or nega-
tive, generates resource costs. Finally, following
Schmitt-Grohe and Uribe (2014), the country in-
terest rate premium takes the form:

p(br) = (™ ™") — 1 (19)
where 1) > 0 and b are parameters.

The model will be simulated numerically follow-
ing the method described in King et al. (1988) and
Annen et al. (2016). As shown in table 2, param-
eter values are set so that the model’s properties
match averages from data for remittance recipi-
ents. The value for the elasticity of substitution
parameter in the utility function w was set such
that the average time spent working 7 of 30%.'3
Similarly, the discount factor 8 was set such that
the average annual real interest rate r* is 4%. The
steady state value in the stochastic process for re-
mittances d is set to 0.018 which implies an av-
erage remittance-GDP ratio of 4% for the sample
of countries. The parameters for standard devi-
ations of the innovations in the stochastic pro-
cesses, 0, and o4, were set to 0.162 and 0.628,

13In the RBC literature estimates for average hours
worked varies from 1/5 to 1/3.

respectively, to match the average annual stan-
dard deviations for productivity and remittance
shocks in the sample. For baseline calibration &,
is set to 0.61 which represents the median value
estimated from the sample of countries.'* In the
remittance process a sensitivity analysis will be
performed on the parameter #. For baseline cali-
bration 6 is set to zero which implies that the rea-
son for giving remittances is independent to the
state of economic conditions in the recipient coun-
tries. The parameters ¢ and v were set to 0.053
and 0.01011, respectively, to produce reasonable
amount of standard deviations for investment and
trade balance, as well as their correlations to out-
put.

The next set of parameter values were selected
on the basis that they have been previously used
in the macroeconomics literature. The values for
b, v and a were set equal to 0.7442, 2 and 0.32,
respectively, following Schmitt-Grohe and Uribe
(2003). The depreciation rate § was set to 10%
per annum. The value of the autocorrelation co-
efficient in the technology process &, is set equal
to 0.81, which is the annual equivalent to 0.95,
used for quarterly series by Prescott (1986). The
steady state value of the productivity shock z only
affect the scale of the economy and can therefore
be normalized to 1.

1 Regression results for the autocorrelation coefficient in
the remittance process has a sample mean value of 0.64,
a minimum value of 0.18, a maximum value of 0.94 and a
standard deviation of 0.16.



Table 3: Permanent changes in share of remittance to output per capita.

Remittance to GDP ratio

Steady state values 0% 1% 4% 10%  20%
Consumption/GDP 0.778 0.786 0.809 0.863 0.916
Investment/GDP 0.230 0.230 0.230 0.230 0.230
GDP 2.037 2.024 1980 1.895 1.816
Consumption 1.585 1.590 1.602 1.635 1.663
Investment 0.469 0.466 0.456 0.436 0.418
Hours worked 0.313 0.311 0.304 0.291 0.279
Table 4: Model economy business cycle statistics.
Productivity and Productivity Remittance Direction of cyclicality:
remittance shocks shocks only shocks only Pro (6 > 0) Counter (6 < 0)
(1) (2) ®3) (4) (5)

Variable (z) oy Pz, GDP oz Pz,GDP Oy Pz,GDP oz Px,GDP oz Pz,GDP
GDP 2.78 1.00 2.67 1.00 0.38 1.00 2.62 1.00 2.81 1.00
Consumption 1.53 0.95 1.46 0.99 0.29 -0.85 1.71 0.94 1.47 0.95
Investment 12.27 0.86 11.15 0.96 3.91 -0.96 14.54 0.83 11.45 0.86
Trade balance/GDP  10.77 -0.32 2.42 -0.96 10.47 -0.94 11.86 0.14 11.47 -0.49
Remittance 26.21 -0.10 n.a. n.a. 21.55 -0.94 26.73 0.30 22.13 -0.30

Note: Data were expressed in logs and detrended using HP filter with A = 6.25. p is the pairwise contemporeneous correlation

coefficient.

4.8. Permanent changes in remittance flows

Table 3 reports the effects of permanent changes
in remittance flows. The baseline calibration is set
at a remittance-GDP ratio of 4%. The results re-
veal similarities with Annen et al. (2016). When
steady state remittance-GDP ratio increase by
one percentage point, the investment rate remains
the same and the average propensity to consume
rises by one percentage point. Each one percent-
age point increase in the steady state remittance-
GDP ratio reduces GDP per capita by approxi-
mately 0.94%. The net impact of remittance on
disposable income is zero. This result suggests
that permanent increases in remittance are con-
sumed rather than invested. The intuition is that
an increase in remittances produce a positive in-
come effect, and since leisure is a normal good
it rises and hours worked falls. The reduction in
hours worked leads to a decrease in the levels of
output, investment, and capital.

4.4. Temporary changes in remittance flows

Table 4 reports the simulated business cycle
statistics. Column (1) reports the baseline simu-
lation. Statistics generated by the model are con-
sistent with business cycle stylized facts: invest-
ment and consumption are procyclical, investment
is much more volatile than output and consump-
tion, and trade balance is countercyclical. Re-
mittance is acylical in the model which is consis-

tent with the data for remittance recipients. How-
ever, the model does not do a good job in match-
ing consumption volatility in the data. Column
(2) reports business cycle statistics for the case
where there are no remittance shocks. Similar to
Annen et al. (2016), the business cycle statistics
for variables other than remittances are similar
with or without remittance shocks which suggests
that remittance shocks are being crowded out by
productivity shocks. This result is confirmed by
switching off the productivity shock while keeping
the remittance shock. In column (3) one can see
that volatilities of output, consumption and in-
vestment drop significantly. Without productivity
shocks, remittance shocks account for only around
10% of volatility in output at most. The rela-
tive strength of the productivity shock explains
why remittance is ayclical in the model. Virtually
all of the volatility in aggregate variables (other
than remittance) is explained by the productivity
shock.

In the benchmark calibration remittance was
assumed not to be related to the productivity
shock and 6 was set to zero. In columns (4) and
(5) of table 4 a sensitivity analysis on # was con-
ducted. In column 4 the value of 6 was set to 6.05
to produce a remittance-output correlation coef-
ficient of 0.30. Column 5 reports the simulation
with 6 set to -3.10 to produce a correlation of -
0.30. Comparing columns (4) and (5) with the



benchmark calibration in (1), except for the cor-
relations, one can find very little difference in out-
put volatility. As in Annen and Kosempel (2012),
any cyclical relationship between remittance and
output created in the model by changing the sign
of 0 does not reveal anything about a causal ef-
fect of remittance on output. It simply indicates
that remittance levels are responding to the same
variable causing output fluctuations.

The impulse responses of consumption, invest-
ment, output and hours worked to a positive one
percent deviation from trend in the remittance
level are shown in figure 4. The income effect
brought about by a one percentage deviation from
trend in remittances leads to a decrease in hours
worked, thereby leading to a decrease in output.
However, since the remittance shock is temporary,
agents optimally smooth their consumption pro-
file inducing them to save. The rise in saving leads
to an increase in investment, which in turn leads
to a positive effect on output in future periods. It
is important to note from these simulations that
the impact of remittances to economic aggregates
is very small in magnitude.

4.5. Sensitivity analysis

The impact of remittances is expected to be
not uniform across countries and this is driven by
three causes: First, some countries simply receive
more remittances than others. For instance, the
impact of remittances may be felt more in coun-
tries like Lesotho where remittances account for
about 25% of their GDP. Raising the share of re-
mittances to output by five times the benchmark
of 4%, the model predicts that output volatil-
ity will increase by roughly 13%. This effect is
rather small and is another confirmation that re-
mittance shocks are being crowded out by produc-
tivity shocks.

Second, countries experience remittance shocks
with varying degrees of persistence. According to
RBC theory, the lower the persistence is the more
immediate the impact of remittances on growth
in output and the faster output is back again at
trend. Lowering the persistence parameter to 0.33
(from the benchmark of 0.67), output volatility
will peak at around 0.40 at three periods after
the remittance shock and quickly goes back again
to trend after 35 periods. On the other hand,
raising the persistence parameter to 0.94 not only
lowers the effect of remittances to GDP but it
also increases the number of periods for GDP to
be back again to trend (at 50 periods).
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And third, remittances are more volatile in
some countries than others. The model predicts
that doubling the remittance volatility raises out-
put volatility by about 25%. Therefore, the im-
pact of remittances may be felt more in countries
that have high remittance volatility.

5. Cross-country empirical evidence

5.1. Econometric specification

This paper follows the econometric specification
commonly used in the remittance effectiveness lit-
erature (see Chami et al. 2003 and Catrinescu
et al. 2006). Formally, the following regression
model was estimated for each country i:

Git = Bi+B1Yio+B2gcfi—1+Bzwr; +u; 1(20)

where ¢ is growth in real GDP per capita, yg is
log of initial real GDP per capita, gcf is the log
of gross capital formation to GDP ratio, and wr
is the log of worker remittance to GDP ratio. The
previous sections have shown that the distinction
between temporary and permanent component of
remittance is important. Hence, in some specifi-
cations wr will be replaced with a component of
remittance that is either temporary or permanent.

The next step is to come up with a measure of
temporary and permanent remittance. In Annen
and Kosempel (2012) they ran a regression model
of the form:

Ingit = @i + nit + vit (21)
where In ¢ is the log variable of interest (GDP for
instance) and t is a time trend. Their approach
makes use of the fitted value of the above regres-
sion as a measure for permanent value of ¢ and
the error term becomes the temporary measure.
However, if the fitted value and errors are used
as regressors in another regression, the standard
errors from the subsequent regression can suffer
from a generated regressor bias. Pagan (1984)
found that the foregoing two-step procedure can
distort statistical inference. Thus, current study
refrains from generated regressors and instead uti-
lize the HP filter to generate the permanent and
temporary component of remittance. From the
theoretical model and simulations the hypothesis
is that only temporary remittance was found to
influence growth. If the hypothesis is true then by
replacing wr with s the estimated coefficient for
B3 should be positive and significant. In contrast,
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Figure 4: Impulse response to a one-percent remittance shock.

replacing wr with 7 the estimated coefficient for
B3 should not be statistically significant.

Panel data was constructed using 5-year aver-
ages from 1970-2012. Countries included in the
sample as well as some descriptive statistics are
presented in the Appendix. Data for gross capital
formation was collected from WDI.

5.2. Empirical estimates

The results of the empirical analysis are pre-
sented in table 5. Columns (1)-(3) report esti-
mates using OLS. The negative coefficients for log
initial output suggest evidence for growth conver-
gence. The estimates of the ratio of gross capital
formation to GDP per capita are large and sig-
nificant. Depending on the specification, around
24%-28% of the variation of growth is explained
by the model using OLS.

Column (1) reports the model estimate in ac-
cordance with Chami et al. (2003). The estimated
coefficient for the log share of remittances to GDP
per capita is negative and not significant. This
result essentially reveals that there is no signifi-
cant correlation between the share of remittance
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to output and growth in GDP per capita, consis-
tent with the results of Chami et al. (2003).

Column (2) reports the estimated coefficients
with the permanent component of remittance.
Similar to the result in column (1) there is no sig-
nificant correlation between the permanent com-
ponent of remittance and growth. Even the lagged
permanent component is not significantly corre-
lated with contemporaneous growth. These re-
sults are likewise consistent with RBC theory and
confirm that growth effects of a permanent in-
crease in remittance are difficult to detect from
the data.

The results are different, however, if the per-
manent component of remittance is replaced with
a temporary component. Shown in column (3) is
the regression estimate with the temporary com-
ponent. The estimated coefficient of the tempo-
rary component of remittance is positive and sta-
tistically significant (at 5% level). Lagged effect of
temporary remittance is not significant. These re-
sults support the predictions of RBC theory that
temporary fluctuations in remittances can influ-



Table 5: Remittances and economic growth: Panel estimation (1970-2012).

Dependent Variable: OLS OLS OLS 2SLS 2SLS
GDP Per Capita Growth (1) (2) (3) (4) (5)
Log initial real GDP per capita -0.007***  _0.005**  -0.005**  -0.005%* -0.005%*
(0.002) (0.002)  (0.002)  (0.002)  (0.002)
Log gross capital formation/GDP (t-1) 0.034***  0.031***  0.032*¥**  0.029%**  0.030***
(0.004) (0.004)  (0.004)  (0.004)  (0.004)
Log remittance/GDP (t-1) -0.009
(0.017)
Remittance permanent 0.004 0.001
(0.002) (0.001)
Remittance permanent (t-1) -0.003
(0.002)
Remittance temporary 0.047** 0.026
(0.015) (0.023)
Remittance temporary (t-1) 0.019
(0.012)
R-squared 0.24 0.27 0.28 0.26 0.26
F statistic 10.97 10.85 11.21 9.72 9.53
Observations 504 428 428 351 351

Notes: Robust standard errors are reported in parentheses. *** significant at 1%, ** significant at 5% and * significant at 10%. Constant, time and
continent dummies were estimated but not presented. Columns 4 and 5 report two stage least squares estimation results with lagged remittance.

ence economic growth.

It is possible, however, that these results are bi-
ased due to endogeneity of remittance. The model
may not be able to properly identify the causal
arrow from remittances to economic growth. For
instance, a country performing poorly in terms
of growth in GDP per capita may experience in-
creased outward migration leading to more remit-
tances sent back home. In this case, the OLS esti-
mates presented earlier may be upward biased. To
address the endogeneity concern a two-stage least
squares (2SLS) regressions with lagged remittance
and output as instruments were estimated. The
results of 2SLS are shown in columns (4) and (5).
The estimated coefficient for the permanent com-
ponent remain positive and insignificant. On the
other hand, the estimated coefficient for the tem-
porary component remains positive and but is no
longer significant. The estimated coefficient from
2SLS decreased substantially suggesting an up-
ward bias in the OLS estimate.

6. Conclusion

This paper develops a simple RBC model aug-
mented with stochastic remittance shocks. Ac-
cording to RBC theory, only worker remittances
that are temporary in nature have an impact
on GDP per capita in the long run. The in-
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tuition is that agents facing a temporary remit-
tance shock will optimally save to smooth their
consumption profiles. This smoothing behavior
leads to a rise in investment and, consequently,
output. On the other hand, permanent increase
in worker remittances does not have an impact on
GDP per capita. From the calibration exercise it
was found that the contribution of remittance to
output volatility is modest. An increase in the
share of remittances to output brings very little
impact to output volatility.

The predictions of the model were tested using
panel data from 81 remittance recipient countries.
A decomposition of remittance data in terms of
permanent and temporary components was con-
ducted. The regression results found that the
temporary component of worker remittances have
a positive impact to economic growth. Permanent
component of worker remittances, on the other
hand, does not have such an impact. These re-
sults are robust even if we account for possible
endogeneity bias in the estimations.

The aforementioned results confirm the find-
ings from the empirical literature that permanent
wealth transfers, such as remittances, are not go-
ing to be very effective at raising output.
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Appendiz: List of recipient countries and descriptive statistics.

Country oy Oc o; o4 Pyc Pyi Pyd Persistence d g

Algeria 299 250 6.12 36.78 -0.10 0.13 0.02 0.81 0.01 0.01
Antigua and Barbuda 3.01 7.30 800 36.43 0.54 0.46 0.28 0.33 0.02 0.02
Argentina 3.40 5.06 1233 2890 091 091  -0.09 0.91 0.00 0.01
Bangladesh 1.51 229 6.33 14.24  0.59 0.21  -0.35 0.51 0.12  0.02
Barbados 3.25 443 10.78 14.12 0.70 0.63 0.18 0.84 0.02  0.00
Belize 236 3.18 11.78 10.80 0.62 0.26 -0.34 0.86 0.05 0.03
Benin 3.24 336 1223 1846  0.67 0.74 -0.44 0.56 0.02 0.01
Bolivia 1.05 1.61 13.80 29.08 0.58 0.16 0.09 0.78 0.04  0.00
Botswana 3.92 357 1515 18.69 0.44 0.77 0.00 0.72 0.00 0.04
Brazil 253 244 7.08 28.70 0.87 0.87 -0.14 0.86 0.00 0.01
Burkina Faso 2.37 420 10.50 1232  0.63 0.47 0.17 0.76 0.01 0.01
Cabo Verde 2.02 1.69  8.20 7.06 0.02 0.79 0.05 0.59 0.15 0.04
Cameroon 2.20 1.35 7.56 3749 041 0.65 -0.16 0.47 0.00 -0.01
China 2.62 232 232 2555 0.58 0.58 0.10 0.62 0.01  0.09
Colombia 1.45 1.31 8.58 23.84 0.92 0.80 0.04 0.69 0.01  0.02
Congo, Rep. 3.69 4.68 16.75 94.76  0.16 0.00 0.32 0.41 0.00 0.02
Costa Rica 249 276  12.08 23.76  0.93 0.76  -0.37 0.66 0.01 0.01
Cote d’Ivoire 2.89 3.73 30.12 1215 0.52 -0.27 -0.18 0.78 0.01  0.00
Cyprus 299 353 831 13.31  0.68 0.86 0.28 0.28 0.00 0.06
Dominica 2.81 4.38 13.76 20.75  0.28 0.16 0.00 0.36 0.05 0.03
Dominican Republic 2.61 3.31 8.83 19.49 0.74 0.65 0.11 0.45 0.06 0.03
Ecuador 2.10  2.00 12.03 49.44 0.62 0.75 -0.19 0.77 0.03 0.01
Egypt, Arab Rep. 1.80 2.60 5.11 1564 0.71 -0.06 0.42 0.68 0.07 0.04
El Salvador 2.37 3.08 10.56 19.89 0.95 0.81 0.64 0.29 0.16 0.01
Ethiopia 460 5.19 11.21 32.37 0.81 0.36  -0.20 0.67 0.01  0.02
Fiji 2.60 3.48 11.57 1852  0.50 0.57 0.34 0.72 0.04 0.00
Gabon 429 818 1584 3991 0.23 0.70  -0.03 0.50 0.00 -0.01
Ghana 1.88 4.65 14.45 48.04 0.29 0.37 0.36 0.37 0.00 0.01
Grenada 4.10 6.57 11.44 2289 0.55 0.73  -0.38 0.71 0.04 0.04
Guatemala 1.16 1.05  9.02 71.61  0.79 0.12 0.29 0.68 0.10 0.01
Guinea 1.32 485 6.92 8991 0.57 0.03 0.37 0.53 0.01  0.00
Guinea-Bissau 498 424 2599 16.11 0.64 0.57  -0.32 0.45 0.05 -0.01
Honduras 2.07 204 1235 2828 0.23 0.25 0.24 0.77 0.16 0.01
India 1.67 119 5.43 9.64 0.63 0.83 -0.34 0.75 0.04 0.04
Indonesia 263 219 885 2487 0.80 0.89 -0.29 0.34 0.01  0.03
Israel 192 285 6.96 2835 0.77 0.62 0.16 0.59 0.02  0.02
Jordan 3.71 491 13.19 12.07 0.26 0.61 0.44 0.61 0.11  0.02
Kenya 220 3.82 1040 19.72 0.82 0.42 0.25 0.65 0.03  0.00
Korea, Rep. 3.16 267 854 2467 091 0.99 -0.75 0.66 0.01 0.06
Lao PDR 2.23 5.06 10.62 63.08 0.57 -0.33 0.04 0.75 0.01  0.05
Lesotho 3.91 3.47  9.87 10.75  0.54 0.21 0.23 0.64 0.25  0.03
Madagascar 2.81 2.28 16.66 58.80 0.07 0.31 0.08 0.64 0.00 -0.02
Malaysia 2.67 298 10.58 16.08 0.87 0.92 -0.15 0.74 0.00 0.04
Mali 3.27 291 13.79 1215 0.26 0.63 0.12 0.53 0.05  0.02
Malta 2.08 2.67 8.08 15.59  0.64 0.34 0.29 0.74 0.00 0.06
Mauritania 4.10 6.79 14.26 56.42 0.76 0.33 -0.20 0.52 0.01  0.00
Mexico 3.06 275 10.10 1597 0.97 0.94 -0.08 0.41 0.02 0.01
Morocco 277 239  6.71 8.84 0.66 0.72  -0.02 0.69 0.07  0.02
Mozambique 299 391 13,57 2262 0.67 0.21 0.19 0.69 0.01  0.02
Namibia 2.99 334 1595 4.88 0.25 0.71 0.07 0.74 0.00 0.02
Niger 3.67 535 23.88 2433 0.53 0.73 0.07 0.71 0.02 -0.01
Nigeria 4.31 8.58 15.20 52.51  0.60 0.46 0.14 0.65 0.08  0.00
Oman 3.75 834 1198 8.28 0.44 0.84 0.19 0.73 0.00 0.02
Pakistan 1.21 2.51  4.33 15.72  0.63 0.19 -0.39 0.80 0.06  0.02
Panama 3.41 5.32 21.32 23.52 0.05 0.68 -0.39 0.79 0.01 0.03
Papua New Guinea 3.58 7.26 11.08 2242 0.17 -0.26 0.32 0.74 0.00 0.01
Paraguay 2.56 285 6.45 18.46  0.07 0.53 0.18 0.82 0.02 0.01
Peru 2.31 2.03 7.98 6.67 0.93 0.87 0.09 0.72 0.01  0.03
Philippines 2.48 1.10 1149  9.49 0.85 0.81 0.47 0.62 0.10 0.01
Rwanda 11.19 3.66 17.53 41.54 0.48 0.75 -0.32 0.65 0.03  0.02

Notes: o is the standard deviation of the innovations in the stochastic process for output (y), consumption (c), investment (%),
and remittance (d). p is the pairwise contemporary serial correlations. Persistence is the estimated autocorrelation coefficient for
remittances. d is the remittance to GDP ratio. g is the growth rate of real GDP per capita.
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Appendiz: List of recipient countries and descriptive statistics, continued.

d

Country oy Oc o; o4 Pyc Pyi Pyd Persistence g

Samoa 1.96 5.17 12.03  9.59 0.12 0.04 0.34 0.71 0.21  0.02
Senegal 2.68  1.76 8.14 11.77 0.61 0.52 0.34 0.71 0.10 0.01
Seychelles 4.05 6.77 25.65 86.46 0.57 0.79 -0.22 0.60 0.02  0.02
Sierra Leone 5.34 6.60 20.55 84.21 0.82 0.14 0.10 0.59 0.02 0.01
South Africa 1.46  1.58 5.34 11.88 0.93 0.75 0.00 0.72 0.00 0.02
Sri Lanka 2.07 161 7.62 10.07  0.35 0.78 0.67 0.78 0.10 0.04
St. Kitts and Nevis 2.84  6.28 12.05 52.15 -0.24 0.09 0.37 0.52 0.06 0.04
Samoa 1.96 5.17 12.03  9.59 0.12 0.04 0.34 0.71 0.21  0.02
Senegal 2.68 1.76 8.14 11.77 0.61 0.52 0.34 0.71 0.10 0.01
Seychelles 4.05 6.77 25.65 86.46 0.57 0.79 -0.22 0.60 0.02  0.02
Sierra Leone 5.34  6.60 20.55 84.21 0.82 0.14 0.10 0.59 0.02  0.01
South Africa 1.46  1.58 5.34 11.88 0.93 0.75 0.00 0.72 0.00 0.02
Sri Lanka 2.07 161 7.62 10.07  0.35 0.78 0.67 0.78 0.10 0.04
St. Kitts and Nevis 2.84  6.28 12.05 52.15 -0.24 0.09 0.37 0.52 0.06 0.04
St. Lucia 2.80 6.13 8.98 41.64 0.31 0.82 -0.22 0.18 0.03  0.03
St. Vincent and the Grenadines 2.52 5.97 7.53  40.33  0.59 0.61  -0.08 0.41 0.04 0.04
Sudan 248 589 22.09 40.84 0.85 0.18 -0.39 0.60 0.01 0.01
Suriname 711  26.27 20.66 76.08 0.73 -0.16 0.18 0.47 0.00 0.01
Swaziland 3.38 6.12 36.76 12.15 0.23 0.52 0.40 0.86 0.01 0.01
Syrian Arab Republic 3.43  5.33 9.48 34.57 0.76 -0.02 -0.09 0.47 0.02 0.01
Thailand 2.47 240 11.19 15.45 0.78 0.84 0.05 0.78 0.01 0.04
Togo 3.75 476 2544 1991 0.50 0.75 0.41 0.82 0.09 -0.01
Trinidad and Tobago 4.11  9.02 12,92  42.84 0.30 0.34 0.02 0.57 0.01  0.03
Tunisia 1.60 1.18 6.35 6.93 0.67 0.82 -0.33 0.76 0.05  0.02
Turkey 292  3.35 11.95 17.62 0.88 0.62  -0.20 0.93 0.00 0.02
Vanuatu 3.59 264 10.72 36.48 0.70 0.15 0.05 0.63 0.03  0.02
Venezuela, RB 453 446 2239 3946 0.92 094 -0.22 0.58 0.00 0.01
Yemen, Rep. 3.32 4.32 9.06 10.98 0.29 0.62 -0.13 0.71 0.04 0.02

Notes: o is the standard deviation of the innovations in the stochastic process for output (y), consumption (c¢), investment (),
and remittance (d). p is the pairwise contemporary serial correlations. Persistence is the estimated autocorrelation coefficient for
remittances. d is the remittance to GDP ratio. g is the growth rate of real GDP per capita.
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