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Abstract

This paper studies the link between the inflow of remittances from international migrants
and Mexico's regional growth in recent years. The results of this study highlight the
presence of strong polarization inthe regional behavior of the remittances/GDP ratio. It also
shows that this polarization is spatially associated to the economic growth of states and
specifically depicts a regional process observed in recent years: a loss of dynamism in the
growth of the remittances/GDP ratio within the region with a migratory tradition and the
presence of high rates of growth in the remittances/GDP ratio in much of the south of the
country. This stylized regional fact suggests that remittances might be playing an anti-
cyclical role. However, once an econometric spatial model isused to explain the states’
economic growth, there is a lack of solid evidence indicating that remittances are
significantly contributing to regional growth at the state level. This result, however, does
not alter the fact that the behavior of remittances and economic growth are highly spatially
dependent, which could indicate a regionally heterogeneous impact of remittances on
regional growth.
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Introduction

Studies analyzing the economic impact of remittances (and migration) can be classified into
two extreme positions, one pessimistic, the other optimistic. The pessimistic position,
known by some as Dutch Disease or “the migrant’s syndrome” (Reichert, 1981) argues that
migration constitutes a loss of capital and labor force from the communities of origin that
adversely affects local productive activities. Conversely, in the optimistic position,
remittances constitute a major source of investment and development for communities of
origin. The main approach in this position is the New Economics of Labor Migration
(Stark, Taylor and Yitzhaki, 1986), which argues that remittances help reverse the
imperfect conditions of the financial market (such as credit restriction) and the lack of local
investment that prevails in poor communities in developing countries.

On the other hand, however, it is not difficult to imagine that the actual impact of
remittances must be located somewhere between these two extremes (Taylor, 1999) and
that the debate cannot be reduced to a simple discussion of “black and white," since the
migratory circuit involving the sending and reception of remittances is complex and one in
which the local conditions of each community play a key role (Durand and Massey 2003
and Lozano and Olivera, 2007). In this respect, going beyond an optimistic-pessimistic
dichotomy of the effects of remittances can be a good analysis strategy and one which,
from our perspective, is based on acknowledging the existence of a geographical dimension
of the phenomenon. As it has been showed by Richard Jones (1998) in the case of
Zacatecas, once the study of the impact of remittances incorporates a spatio-temporal
dimension, it is impossible to arrive at a homogeneous diagnosis of the effects of

remittances, since the type of impacts depends on the regional scale (households,



communities, regions) and the phase of migration considered in the analysis. Remittances
are also received in regionally diverse contexts at the economic, social, political and
institutional level, meaning that their regional impact on promoting local development is
unlikely to be homogeneous. This essay coincides with this hypothesis and in particular,
postulates that any study of the impact of remittances on the economy must consider an
appropriate regional control before venturing a general conclusion.

Despite the enormous range of papers for the case of Mexico on the remittances-
growth and remittances-inequality link and with very few exceptions, (see Unger 2005 and
Mendoza and Calderon, 2006), there are still not enough studies that have dealt specifically
with the regional component of the phenomenon. The central purpose of this paper is
therefore to analyze the intra-regional aspects of the link between remittances and growth
and thereby contribute to regional research on remittances in the case of Mexico. The
central objective of this essay is to show that there is a spatial component in the relationship
between remittances and growth in Mexico that must be explored in detail.

This research uses information from Banco de México to undertake a regional
exploration of the link between remittances and state GDP through spatial statistical
techniques and the use of spatial econometric techniques to study economic growth models
that incorporate the remittance variable.! It therefore uses the state scale for convenience,
while acknowledging the fact that analytically, this is not the most suitable regional

analysis unit, since there are intrastate differences, particularly between countryside and

' The information from the central bank in Mexico (or "Banco de México") has been sharply criticized by
specialists, since the figures do not coincide with demographic thresholds (such as migration) that support the
phenomenon of remittances; for example, various household surveys reduce substantially the estimation of
remittances reported by Banco de México (Lozano, 2003, Tuiran, Santibanez and Corona, 2006; Canales,
2008). Despite this and without avoiding this methodological problem of measurement, information from
Banco de México is the only way to obtain a first spatio-temporal approach to the link between remittances
and regional GDP.



city that significantly condition both the flows of remittances and local economic
development in Mexico. Despite of these limitations on information, the results found in
this research at the state level significantly reveal how the spatial dimension conditions the
link between remittances and regional economic growth in Mexico.

This essay has another four sections. The second section contains a review of the
literature on the link between remittances and growth. The third section employs non-
parametric and spatial statistics techniques to explore the link between remittances and
growth in Mexico at the state level over the past fifteen years. The fourth section uses
conventional growth (and spatial) models to analyze the possible effects of remittances on

regional economies.

I1. Remittances and growth: a review of the discussion

Our interest in this section is to comment on certain macroeconomic positions in the
discussion between economic growth and migrants' remittances.” The easiest way of
understanding the impact of remittances on short-term growth is by considering a simple
Keynesian model, in which the product of an economy (in other words, GDP) is determined
by the level of effective demand. Under this scheme, any shock influencing demand (such
as remittances) will have the potential to generate a multiplying effect on an economy’s
national product. In particular, remittances can be an important part of the propensity to
consume in a traditional Keynesian model. This approach has been considered by Glytsos
(2005) to study the aggregate effect of remittances in various countries, with strong

multiplying effects being found in certain cases, such as Egypt, for example. Using a

* Rapoport and Docquier (2005) provide an excellent summary of the various theoretical approaches that
prevail in the macroeconomics of remittances. The following paragraphs take up some of these authors’
positions.
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similar approach to the previous one are the works based on the social accounting matrix
(SAM) approach that evaluate the direct and indirect effects on income caused by the
injection of remittances (Adelman, Taylor and Vogel, 1988). This type of approach has
been used for the Mexican case at both the regional (Adelman and Taylor 1992, Corona
2007) and national level (Durand, Parrado and Massey, 1996; Zarate, 2005). All these
studies have found significant multiplying effects of remittances on job creation and
income. In contrast with the Keynesian and Input-Output model, the modern neoclassical
macroeconomic approach is usually more skeptical of the effects that remittances may have
on the output of an economy in the short term. Within this approach, in a hypothetical
world where prices and salaries are fully flexible, an expenditure shock (caused by
remittances) should not produce any effect on the output if the shock is anticipated by
economic agents (Rapoport and Docquier, 2005).

With the arrival of the new economics of labor migration inthe 1980s (Stark, Taylor
and Yitzhaki, 1986), the discussion turned toward microeconomics with the aim of
evaluating the effects of remittances on inequality rather than productivity.

This perspective opened up a window that emphasized the possible positive effects
of remittances within the communities of origin or in those that received the remittances.
And it is precisely within this framework that the new (endogeneous) growth theory have
been used to built up models in which remittances play a role in encouraging investment in
physical and human capital and thereby modifying the long-term balance of domestic
economies (Rapoport and Docquier, 2005).

Regarding the elaboration of econometric models, it is only recently that researchers
have begun to study the effect of remittances on economic growth among regional units,

specifically among countries that receive remittances. These empirical exercises are based
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on econometric panel techniques widely used in recent years (Wooldridge, 2002) to apply
economic growth models to the study of the economic impact of remittances. These
groundbreaking studies include the work of Chami et al. (2005) who, on the basis of the
analysis of panel information from 113 countries, find that remittances have a negative
effect on growth. Conversely, Giuliano and Ruiz-Arranz (2006) provide evidence of the
positive effects of remittances on the growth of less developed countries. Likewise,
Ziesemer (2006) holds that remittances may have an impact on growth by promoting
investment in physical and human capital. Similarly, in a study with Latin American and
Caribbean economies, Acosta et al. (2008) find evidence that remittances promote
economic growth and reduce inequality and poverty in the region.

It is important to note that econometric studies based on economic growth models
must be critically considered, since several problems of identification® have been pointed
out as unresolved (Durlauf, Johnson and Temple, 2005). Moreover, it is fair to say that
although modern growth theories are invoked to justify the econometric exercises
mentioned, the theoretical basis of the use of the remittances variable in a standard
regression growth model continues to be ambiguous. In fact, very few theoretical studies
have been carried out to analyze the effects of remittances on the economy (such as Djajic,
1986), meaning that until there is greater theoretical elaboration on how to consider the
remittance variable in a growth model, typical growth regressions (a la Barro) will continue
to be the few empirical options available for discussing general results regarding this issue.

With regard the regional scope of empirical studies on (economic) growth, they

have mainly focused on analyzing countries or regions of countries, although very little of

3 These problems are due to the presence of simultaneity in the equations used, a situation that could arise
when functional relations areproposed between remittances and GDP.

6



the literature has carried out this type of analysis within countries or regions. For the
Mexican case, there are various econometric studies at the household level that have
analyzed the effect of remittances on inequality and poverty (McKenzie and Rapoport
2007, Esquivel and Huerta-Pineda 2007) that have found remittances to have a favorable
effect on the reduction of inequality. There are also other microeconometric studies that
hold that small entreprenuer activity, presumably with access to the inflow of remittances,
is associated to a higher level of investment and business profits (Woodruff and Zenteno
2007).

One of the few regional studies on the issue for the case of Mexico is Unger's
(2005). Through an indirect indicator of remittances, this author found that the process of
regional convergence at the municipal level accelerates in regions with the greatest
migratory intensity, suggesting the possibility of the existence of heterogeneous impacts of
remittances on productivity. For his part, in a study at the municipal level without involving
an economic growth model, Lépez Cordova (2005) finds that remittances help reduce
municipalities’ conditions of inequality.

One of the few studies exploring the link between remittances and growth among
the regions (states) of Mexico was undertaken by Mendoza and Calderon (2006), who
analyze a regional growth model for Mexico involving trade liberalization variables foreign
direct investment and remittances. Unlike the studies mentioned earlier, the authors fail to
find significant effects of remittances on the regional economic dynamics, at least for the
period from 1995 to 2003.

In general, it is striking that empirical research on growth and remittances among
countries (or within countries) have failed to produce studies that place particular emphasis

on the regional-spatial dimension. This is a relevant aspect because it might be questionable
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to assume (as most of the econometric studies cited earlier do) that there is no regional
heterogeneity in the relationship between remittances and economic growth.

A last aspect worth commenting on is the role remittances can play regarding the
economic cycle. It is usually held that the result of a particular economic decision (or
activity) is countercyclical (or procyclical) when it correlates negatively (or positively) with
the performance of economic activity as a whole (for example, with a country's GDP). In
particular, researchers analyze the interaction between fiscal policy and the fluctuations in
economic activity, and how public spending or taxes may counteract the effects of the
economic cycle (Feldstein, 2002). It is important to note, however, that the interactions of
economic agents in response to fluctuations in the economy are not only reduced to those
from those responsible for economic policy but may also involve the rest of economic
agents (individuals, firms, migrants, etc.). In this respect, sending remittances may be
motivated by helping to finance the consumer expenditures of receptor households in the
country of origin (Russell, 1986). In this sense, it is common to find in the literature on
remittances that they have a tendency to move countercyclicaly with respect to the GDP of
receptor countries (Sayan 2006). However, there is nothing to prevent remittances from
being procyclical (in other words, having a positive correlation between the cyclical
components of remittances and the growth of GDP) or acyclical (in other words, for there
to be no correlation.)*

One way of analyzing the countercyclical or procyclical aspect of the flow of

remittances is by using growth regressions (such as those commented on in this section)

* Another element that tends to be ignored is the fact that the cyclical component not only refers to the
economic dynamics of the receiving country, but should also consider the dynamics of the country of origin
of the remittances (Sayan, 2006). A propos of this, suffice it to say, in light of the current economic crisis
(2009), the fact that the amount of remittances in Mexico is sensitive to the economic crisis in the United
States.



and analyzing whether or not remittances contribute to the process of regional
convergence’. In this respect, if there were a process of regional convergence between the
regions (i.e., equalizing GDP per capita) and remittances were positively contributing to
this process, then remittances would be acting “procyclically” in the region. Conversely, if
there is evidence of regional divergence and remittances were positively contributing to this
process, then they would be acting "anticyclically" at the regional level. Some authors for
the Mexican case (Canales, 2006) have openly proposed the hypothesis that remittances in
Mexico are anticyclical, but so far there has been no discussion from a regional perspective
of whether there is heterogeneity in this phenomenon, in other words, whether remittances
could simultaneously be pro-, anti- or acyclical in the same country. The following sections

will empirically explore the central issues pointed out in this section.

I11. Regional Behavior of Remittances

This section uses a regional perspective to explore the behavior of remittances and their
link to the gross domestic product of Mexican states (hereinafter referred to as GDP). The
information used comes from Banco de México and includes state estimates of remittances
for 1995, 2001, 2003 and 2006. It is important to note that Banco de México changed the
methodology for measuring remittances in 2003, which should be taken into account when

. . . . 6
the comparisons with previous years are carried out.

> The analysis with growth regressions differs from a “macro” analysis on the basis of a time series that
focuses on the cyclical nature of remittances. Technically, the “macro” approach would eliminate the trend in
the remittance and GDP series (of a region or country), meaning that the remaining cyclical components
would be stationary with zero mean for each variable. One would then proceed to analyze the correlation
between both variables and determine whether there is pro or anti-cyclical behavior (Sayan, 2006).

% Banco de México made its latest methodological change when the observations of the reviewers of this
article were being incorporated (2009), in which estimates of remittances have been revised upwards.
Although the final version of these changes was not incorporated, an exploratory regional analysis with the
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Remittances in Mexico totaled $23,742 million USD in 2006, making Mexico the
third largest receiver of remittances after India and China. However, remittances only
accounted for 3.2% of the national GDP in 2006 (a percentage that fell to 2.7% in 2007)’, a
figure that is not very far from the 2% for the entire Latin American region, which includes
extreme cases such as Honduras and Guyana, where remittances account for 25% of GDP
(Fajnzylber and Lopez, 2008; Lozano, 2009). Likewise, by comparing other flows of
income from abroad to Mexico in 2006, we find that foreign direct investment (FDI)
achieved a total of $19,128 million USD (2.5% of GDP) while oil exports totaled $39,022
million USD (5.2% of GDP) while non-oil exports totaled $ 210,903 million USD (28.1%
of GDP). An evaluation of this series of variables for the years considered in this study
shows that remittances actually constitute a small proportion of what the Mexican economy
produces domestically and that in fact the income from non-oil exports (basically
manufacturing) constitutes the central source of foreign currency entering the country. We
mention this fact because it is common in the literature on this issue to find an exaggeration
of the importance of remittances in an economy the size of Mexico's. On the other hand,
however, it is fair to note that the amount of remittances does not substantially differ from
other income flows such as DFI, which have even equaled it in recent years. In order to
have an initial regional approach to the phenomenon studied, Table 1 shows the data per

state of the percentage of remittances of each state with respect to their GDP and an index

new information indicates that this does not substantially alter the results found using the previous
information.

7 The remittances/GDP estimates used in this essay were calculated by the authors on the basis of information
from Banco de México and INEGI and do not necessarily agree with the other estimates found in other
sources (see note to Table 1).
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of the intensity of the remittances that normalize the remittances/GDP ratio in each state

regarding national figure®.

Table 1. Percentage of Remittances with respect to Gross Domestic Product and Index of Remittance Intensity (IRI) by State, 1995-2006.

1995 2001 2003 2005 2006

State Remittances/GDP ~ IRI  Remittances/GDP  IRI  Remittances/GDP  IRI  Remittances/GDP  IRI  Remittances/GDP  IRI
Nacional 1.4 1.6 2.4 3.0 3.2
Michoacéan 9.7 6.9 8.4 53 13.7 5.8 16.5 5.6 15.1 4.8
Zacatecas 5.2 3.7 4.5 2.8 8.1 34 9.6 32 10.5 33
Oaxaca 3.8 2.7 4.1 2.6 7.3 3.1 9.0 3.0 10.3 33
Guerrero 4.8 3.4 5.6 35 7.0 3.0 8.7 2.9 10.1 3.2
Hidalgo 2.1 1.5 4.7 3.0 6.8 2.9 7.7 2.6 8.6 2.7
Guanajuato 43 3.0 3.8 2.4 6.0 2.6 7.4 2.5 8.1 2.6
Nayarit 39 2.8 5.2 33 6.6 2.8 7.8 2.6 7.9 2.5
Chiapas 0.4 0.3 2.4 1.5 3.7 1.6 6.1 2.0 6.8 2.1
Tlaxcala 1.7 1.2 2.1 1.3 43 1.8 5.8 2.0 6.6 2.1
Morelos 3.7 2.6 3.1 2.0 4.1 1.7 5.0 1.7 5.5 1.7
Puebla 2.0 1.5 1.7 1.1 3.6 1.5 4.4 1.5 5.0 1.6
Veracruz 0.6 0.4 2.3 1.5 3.4 1.5 4.1 1.4 4.5 1.4
Colima 2.0 1.4 3.4 2.2 3.4 1.4 4.5 1.5 4.4 1.4
San Luis Potosi 2.5 1.8 2.7 1.7 3.4 1.5 3.9 1.3 4.4 1.4
Jalisco 2.9 2.0 1.9 1.2 3.7 1.6 3.9 1.3 4.2 1.3
Durango 2.2 1.6 2.6 1.7 3.0 1.3 3.9 1.3 4.0 1.3
Aguascalientes 4.0 2.8 1.6 1.0 33 1.4 3.7 1.2 3.8 1.2
Sinaloa 2.0 1.4 2.2 1.4 2.6 1.1 33 1.1 3.4 1.1
Querétaro 1.7 1.2 1.6 1.0 2.7 1.1 32 1.1 33 1.1
México 0.6 0.4 1.1 0.7 1.9 0.8 2.6 0.9 2.7 0.9
Tamaulipas 0.6 0.4 1.4 0.9 1.1 0.5 1.8 0.6 2.0 0.6
Tabasco 0.1 0.1 0.9 0.6 1.1 0.4 1.7 0.6 1.8 0.6
Sonora 0.4 0.3 1.0 0.6 0.8 0.3 1.6 0.5 1.6 0.5
Chihuahua 0.6 0.4 0.7 0.5 0.8 0.3 1.2 0.4 1.3 0.4
Baja California 0.4 0.3 0.7 0.5 0.7 0.3 1.1 0.4 1.1 0.4
Coahuila 0.8 0.6 0.9 0.5 0.7 0.3 1.1 0.4 1.1 0.3
Yucatan 0.4 0.2 0.5 0.3 0.7 0.3 0.9 0.3 1.1 0.3
Distrito Federal 0.3 0.2 0.4 0.3 0.6 0.3 0.9 0.3 1.0 0.3
Quintana Roo 0.1 0.1 0.4 0.2 0.6 0.2 0.8 0.3 0.8 0.3
Campeche 0.1 0.1 0.4 0.2 0.5 0.2 0.6 0.2 0.7 0.2
Baja California Sur 0.3 0.2 0.6 0.4 0.5 0.2 0.6 0.2 0.6 0.2
Nuevo Leon 0.2 0.2 0.4 0.2 0.4 0.2 0.6 0.2 0.6 0.2

Note: The dollar remittances reported by Banco de México were converted into pesos according to the average exchange rate of each year. These pesos were then deflated with the implicit
price index (1993 pesos). Likewise, the GDP figures per state correspond to 1993 pesos.
Source: Drawn up by authors using Banco de México and INEGI figures.

Table 1 highlights the cases of Michoacan, Zacatecas, Oaxaca and Guerrero to
mention just some of the states where remittances accounted for over 10% of the states’
GDP in 2006. For its part, the data on intensity clearly show which states perform over the

national figure and which have a remittances/GDP intensity below this average.

¥ The formula for the index is as follows: /IR = (R;/ PIB;) / (R,/ PIB,), where:
R = remittances from state i

GDP=gross domestic product at constant prices

n = national data
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Michoacan, for example, has an intensity factor five times higher than the national
aggregate, Oaxaca and Guerrero have an average intensity that is three times higher while
states such as Nuevo Leon, Baja California Sur, Campeche and the Federal District have an
intensity five times lower than the national aggregate. These regional disparities show us
the limitations of average data in describing the regional behavior of the remittances/GDP
ratio.

In order to have a better idea of the regional nature of remittances, Table 2 shows
some statistics that describe the variation and distributions of the remittances/GDP
variables and per capita remittances.

Table 2 General Statistics on Remittances/GDP per Capita, 2005-2006

Remittances / GDP Gaussian Kernel
Normality test
Year observations mean stan‘da?rd Chi2 Prob > chi2 Smoothing Mode 1 Mode 2 Mode 3
deviation parameter (h)
1995 32 0.0201525 0.0210378 16.21 0.0003 0.0095 0.0066 0.0971
2001 32 0.0228594 0.0188165 10.28 0.0059 0.0082 0.0115 0.0831
2003 32 0.0334987 0.0299594 13.08 0.0014 0.0116 0.0114 0.0661 0.1373
2004 32 0.0383241 0.0348743 15.28 0.0005 0.0133 0.0130 0.1641
2005 32 0.0417688 0.0355858 13.01 0.0015 0.0160 0.0214 0.1648
2006 32 0.0446028 0.0363335 6.69 0.0352 0.0164 0.0210 0.1469
Log (Remittances / GDP) Gaussian Kernel
Normality test
Year observations mean stan‘dz?rd Chi2 Prob > chi2 Smoothing Mode 1 Mode 2 Mode 3
deviation parameter (h)
1995 32 -4.524424 1.252392 3.78 0.1514 0.5636 -5.4218 -3.6070
2001 32 -4.128433 0.896874 3.22 0.2000 0.4036 -3.7454
2003 32 -3.825340 1.004703 7.45 0.0241 0.4521 -5.0002 -3.2642
2004 32 -3.697511 1.014750 6.18 0.0455 0.4566 -4.8674 -3.1323
2005 32 -3.558797 0.950028 4.08 0.1298 0.4275 -4.5999 -3.0694
2006 32 -3.484506 0.942042 5.18 0.0750 0.4239 -4.5018 -3.0012
Remittances / Population (1993 pesos) Gaussian Kernel
Normality test
Year observations mean stan.de?rd Chi2 Prob > chi2 Smoothing Mode 1 Mode 2 Mode 3
deviation parameter (h)
1995 32 189.1412 167.4184 8.50 0.0143 75.3383 72.3248
2001 32 251.8719 152.1663 6.49 0.0391 68.3156  158.4922  700.9180
2003 32 362.8706 250.0348 9.80 0.0075 112.5157 180.0251 1188.1658
2004 32 430.3491 303.4962 12.84 0.0016 136.5733  223.9802 1491.3805
2005 32 476.3975 295.7716 11.37 0.0034 133.0972  316.7713 1493.3506
2006 32 527.8444 309.7577 4.75 0.0930 139.3910  312.2358 1393.9100

Source: Drawn up by authors using Banco de México and INEGI figures.
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Table 2 shows that the proportion of remittances with respect to GDP and the per
capita remittances of the 32 states have increased since 1995, at the cost of increasing the
differences between state units (see the increase in the standard deviation). Standard
deviation of the remittances/GDP log (by which we mean the natural logarithm of the
proportion of remittances of a state with respect to its state GDP) has not registered an
increase over time, nor has it decreased’. This is symptomatic of the fact that the explosive
growth of remittances in the country in recent years has not been accompanied by a more
equitable growth in the remittances/GDP ratio. This element is related to the results of the
remittance/GDP log normality tests shown in Table 2 for the years studied, since they tend
to reject the null hypothesis of normality of the variable. This result has important
implications in terms of regional inequality, as we shall see below.

In order to have a first spatial approach to the behavior of remittances, we estimated
the densities of the remittance/GDP log at the state level for each of the years for which
information is available at Banco de Mexico, using the Kernel non-parametric method."

Figure 1 shows the estimates for the Gaussian kernel densities given.

? The evolution of this standard deviation is similar to the measure of sigma convergence used in regional
studies to evaluate processes of regional convergence-divergence. A reduction of the deviation would indicate
convergence (in the variable) whereas an increase would indicate divergence among the regions.

' Drawing up a histogram is in fact an estimate of the probability density function of the phenomenon under
study (such as the Remittances/GDP log). But given the lack of a smoothed histogram, non-parametric
methods have been developed to estimate probability densities. One of the most commonly used methods is
Kernel densities: given an X;, X,....X, sample of a population with an f density function, the expression for a
kernel density estimator is:

f(x):(nh)_lzn:K((x—Xj)/h), xeR

where K is the kernel function (which in this study is assumed through a normal density function) and # is the
smoothing parameter (window width) that has the same role as the interval length in a histogram.
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Figure 1. Non-parametric Distributions of Remittance/GDP Log
in the 32 states in Mexico, 1995, 2001, 2003 and 2006.

Densidades kernel gaussianas

N

T T T T

-5 -4
log de Remesas/PIB

Source: Produced by the authors using data from Banco de México and INEGI.

One advantage of the kernel density estimates such as those in Figure 1 is that it
allows one to visually assess the presence of multimodality in the remittances/GDP log of
the state. In other words, it allows one to see whether there are groups of states that move
away from the average behavior, since this would be a symptom of regional inequality. In
this respect, Figure 1 shows the bimodal nature of the distributions. With the exception of
the year 2001, in the remaining years, the variable clearly has a twin peaks performance,
which is typical of the dynamics of polarization in the regional growth processes (Quabh,
1997).The two groups of states (a group of states that are “dependent” on remittances that
display a high proportion of remittances in relation to GDP and another group of “non-
dependent states” that have a low proportion of remittances in relation to the GDP) have

remained unchanged during the period from 1995 t02006. The clubs or groups of
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convergence can be considered through the modes of distribution identified in Table 2.
For example, a set of states would appear to be “converging” at a level of 2% of the
remittances with respect to GDP (see years 2005 and 2006) which is not actually very far
from the national aggregate (3%) although on the other hand, there is a large group of states
that would be "converging" at a level near 15%.'> In other words, there are elements that
suggest a process of polarization of the phenomenon if we adhere to the definitions of
polarization discussed in the literature on economic growth (Esteban and Ray, 1994).

The next step is to analyze whether this process of polarization of the link between
remittances and GDP has a regional bias. To this end, a statistic that reflects the presence
(or absence) of spatial autocorrelation of the remittances/GDP log at the state level was
calculated . Figure 2 shows the Moran index for each of the years for which information is
available on the variable. Likewise and for comparative purposes, the Moran index series of
the foreign direct investment (FDI) over GDP log was added to the figure. The Moran
index simply evaluates whether the remittances/GDP log of a region (state) is or is not
statistically correlated to the remittances /GDP log of the regions (states) that are physically
close. If there was no spatial autocorrelation of the remittances/GDP log, one would expect
the distribution of the variable to be random, if this distribution were deployed on a map of
the country by states. Conversely, if there was a spatial autocorrelation of the

remittances/GDP log, one would expect agglomerations of states with similar levels in their

" The procedure was carried out in STATA using the wardpen developed by Salgado-Ugarte et al. (1995)
and 50 points per interval were considered for identifying the modes.

"2 1t is important to stress that the presence of multimodality in kernel density estimates is not a sufficient
condition for making conclusions about the bimodal nature of the “true” density function of the GDP
remittances/log of the country’s states. To this end, it is necessary to consider a criterion of statistical
inference, not presented in this essay, which will permit the evaluation of the multimodality of the functions
estimated. There are several methods such as the one proposed by Silverman (1981) which, through
bootstrapping methods, enables one to make probabilistic inferences about the bimodal nature of the estimates
carried out in this research.
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remittance/GDP log. In this respect, the Moran index can be seen as an approximation to
the degree of “spatial dependence” the remittance/GDP log could have in the country'.

Figure 2. Moran Log Index (remittances/GDP) and Moran Index
Log (direct foreign investment/GDP), 1995-2006.
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Note: The observations for 2001, 2003, 2004 and 2005 for FDI/GDP are not statistically
significant to 5%. I(E) is the expected Moran index under the hypothesis of non-spatial
autocorrelation.

Source: Drawn up by the authors using data from Banco de México and INEGI.

The results shown in Figure 2 for the remittances/GDP series are all statistically

significant (in other words, there is evidence of spatial autocorrelation of the variable) and,

" Formally, the Moran index is calculated through the following expression:
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N 2
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where 7 is the number of states in the country analyzed, w;; are the elements of a binary contiguity matrix, s is
the sum of all the elements in the /' matrix and z; y z; are standardized values of the natural logarithm of the
GDP per capita of state i and j. The Moran can be interpreted as a standardized measure of the autocovariance
of a variable once a distance matrix is imposed. The Moran index has an expected value of non-

, : : . -1 e
autocorrelation given by the following expression: E(/) = ——. Statistical inference tests based on

assumptions of normality or experimental distributions can be used to accept or reject the null hypothesis of
spatial non-autocorrelation.
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except for a fall in the index for the year 2001, the value of the index has virtually remained
at a high, relatively stable level above 0.5 for the whole period. It is also interesting to note
in Figure 2 that the global autocorrelation of the remittances/GDP log is not only much
greater than that recorded by the FDI/GDP log, but also has greater regional significance. In
other words, the FDI/GDP series only has a statistically significant spatial autocorrelation
(at 95%) for 1995 and 2006, while remittances always maintain a significant spatial
autocorrelation. This suggests a profound territorial connotation of remittances over the
economic dynamics of states, even if they are compared with other income flows (such as
FDI) that would hypothetically respond to territorial dynamics (Dussel et al. 2007, Calder6én
and Tykhonenko 2007).

One can therefore conclude, from the results obtained from the measurement of
global autorcorrelation, that the bimodal distributions in Figure 1 are closely linked to a
dynamic of spatial dependence in the behavior of the remittances/GDP log being studied. In
other words, the modes that stand out in the Figure 1 distributions must have highly
specific regional behavior. In order to evaluate this point, Maps 1 and 2 show the
regionalization of the remittances/GDP log based on local indicators of spatial

. 14
autocorrelation.

'* A local Moran index was calculated using the criteria outlined by Anselin (1995). A first order contiguity
matrix criterion was used and statistical significance tests were based on Monte Carlo experimental
distributions. The states detected with local spatial autocorrelation indicate a pseudo p-value of 0.05 that the
null randomness hypothesis will be true. Only states with positive local autocorrelation are highlighted in the
maps.
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Map 1. Local Indicators of Spatial Autocorrelation of Remittances/GDP Ratio, 1995.

Note: Only states with a local spatial autocorrelation with a significance level at 5% are highlighted. A
first order contiguity matrix was used to calculate the local indicators of spatial autocorrelation.
Source: Drawn up by the authors using data from Banco de México and INEGI.

Map 2. Local Indicators of Spatial Autocorrelation of Remittances/GDP Ratio, 2006.
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Note: Only states with a local spatial autocorrelation with a significance level at 5% are highlighted. A
first order contiguity matrix was used to calculate the local indicators of spatial autocorrelation.
Source: Drawn up by the authors using data from Banco de México and INEGI.
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Both maps show the evolution of regions exhibiting the positive local spatial
autocorrelation of the remittances/GDP log. States whose remittances/GDP log have a
statistical significance above the national average and which are also surrounded by other
states whose average remittances/GDP log is statistically above the national average (see
High-High label on maps) are highlighted in dark gray. States whose remittances/GDP log
have a statistical significance below the national average and which are also surrounded by
other states whose average remittances/GDP log is statistically below the national average
(see Low-Low label on maps) are highlighted in light gray. The main result derived from
the maps is that the region with high levels of the remittances/GDP log (region High-High
in dark gray) has shifted towards the southeast of the country. The region in dark gray in
Map 1 largely coincides with what is known as the region with a migratory tradition, which
has been widely documented by researchers of the migratory phenomenon in Mexico
(Durand and Massey, 2003). It is important to note that this region in dark gray (identified
in this study by local spatial dependence criteria) has been losing importance in the
remittances/GDP log while at the same time, a new region has emerged that combines
certain states in the Central and Southeast region of the country.

Until now, we have shown that there is a sharp regional inequality in the variable
being studied and that this inequality also has a strong spatial characterization in the
country. From now on, we will explore whether this behavior is linked to the country's
dynamics of regional growth.

It is important to insist that the analysis presented is sensitive to the changes Banco
de México has made in the procedures for measuring remittances over the past ten years.
This situation has been explored by vaious studies that have pointed out that there has been

a "structural break" in the way remittances have been measured by Banco de México since
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2001 (Pérez and Alvarez, 2007). We will therefore focus on the period from 2003 to 2006
to have an initial exploration of the recent territorial changes that have taken place in the
growth of the remittances/GDP log and their link with the growth of the GDP per capita
log.

Map 3 shows the regions of the country that depict local spatial autocorrelation of
the growth of the remittances/GDP log during the 2003-2006 period. The main result of the
map indicates that the migratory tradition region (in light gray) lost dynamism in the
growth of the remittances/GDP log and nowadays, (as a region) is far below the growth
performance recorded throughout the whole country (see Low-Low labels on Map 3).

Map 3. Local Indicators of Spatial Autocorrelationof Remittances/GDP Ratio
between 2003 and 2006
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Note: Only states with a local spatial autocorrelation with a significance level at 5% are highlighted. A
first order contiguity matrix was used to calculate the local indicators of spatial autocorrelation.
Source: Drawn up by the authors using data from Banco de México and INEGI.

One of the main purposes of this essay is to explore the meaning of these spatial

patterns of remittances and what possible impact this dynamic has on the country's regional
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economic growth, a situation that will be dealt with in detail in the following section. But
before we undertake this analysis, a simple measurement of the correlation between the
GDP per capita growth and the growth of the remittances/GDP of states can provide some
useful elements for interpreting the spatial changes detected in maps 1, 2 and 3. Figure 3
shows the scatterplot of GDP per capita (on the y axis) and remittances/GDP ratio (on the
x axis) for the period from 2000 t02006, as well as the linear regression that fits the data by
ordinary least squares. The figure shows that there is a strong negative correlation between
the variables, suggesting that the higher the proportion of remittances with respect to GDP,
the lower the GDP per capita.

Figure 3. Scatterplot of Remittances/GDP ratio and GDP per capita
during the Period from 2000-2006.

10 10.5
|

log PIB per capita

8.5

-7 -6 -5 -4 -3 -2
log Remesas/PIB

It is important to examine this negative correlation in light of the results of spatial
agglomeration detected in maps 1, 2 and 3, since if remittances are effectively contributing
to the growth of regional GDP (as we shall see in the following section) they will be doing
so in an anticylical fashion. In this respect, the local spatial autocorrelation maps (1,2 and
3) are indicating that the remittances/GDP log is growing more quickly in regions that have

a lower growth rate of the GDP per capita log (particularly in the south of the country).
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In order to spatially explore this possible anticyclical element in more detail, Map 4
shows the bivariate local indicator of spatial autocorrrelation between the growth of the
remittances/GDP log and the growth of the GDP per capita log for the period from 2003 to
2006. These bivariate indicators spatially compare the behavior of the growth of the
remittances/GDP log in a state with the average growth of the GDP per capita log of
adjacent states. If Map 4 shows regions with negative local spatial autocorrelation, this may
be indicative of regional ‘“anticyclical" behavior of remittances while the presence of
positive local spatial autocorrelation may denote “procyclical” behavior.

Map 4. Bivariate local indicator of spatial autocorrelation in growth of remittances/GDP

ratio and growth of GDP per capita between 2003 and 2006.
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Note: Only states with a local spatial autocorrelation with a significance level at 5% are highlighted. A
first order contiguity matrix was used to calculate the local indicators of spatial autocorrelation.
Source: Drawn up by the authors using data from Banco de México and INEGI.

Map 4 shows “anticylical” elements in the west-central region (see states with High-
Low label). In particular, one can see that the performance of states such as Querétaro,

Colima, Aguascalientes and Nayarit (where the increase in the remittances/GDP log has
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been below the national average) contrasts regionally with the poor performance of the
growth of the GDP per capita log of neighboring states. This last element suggests the
existence of pro- and anti-cylical dynamics that could be ocurring simultaneously in the
region with a migratory tradition. Some micro-regional studies within this region have
yielded elements that support this hypothesis (Zarate 2005, Canales and Montiel, 2004).
However, to advance towards a hypothesis of spatial heterogeneity (in other words, the
simultaneous presence of procyclical and anticyclical regions) it is important to consider
more disaggregated observation units (such as municipalities or groups of municipalities),
which is beyond the scope of this paper.

In the next section, we will formalize the analysis of the link between remittances
and economic growth on the basis of standard econometric models of regionaleconomic

growth.

IV. Growth and remittances

This section contains a first approach to the link between remittances and regional growth
in Mexico by considering the following base model of conditional convergence at the state
level:

Vie = Vigy = By +ﬂ1yi,t0 + :BzREMi,zO + :B3CHi,(zO,t) +é&. (1)

where subindex i denotes the regional observation unit analyzed (i.e. states), y is the GDP
per capita log, REM is the remittances/GDP log, CH are the average years of schooling of

the population over 12 in the period and &,, is an i.i.d error term.".

'* This equation can be interpreted as a linear implementation of the neo-classical growth model that evaluates
the conditional convergence hypothesis (Sala-i-Martin, 1996). In our specification, we include human capital
and remittances as two variables conditioning the processes of convergence among the regions. The
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In Table 3, the columns labeled Model 1, Model 3 and Model 5 are OLS estimates

of the equation (1) for the periods 1995-2006, 2001-2006 and 2003-2006 respectively.'®

Table 3. Regional Growth Models by period 1995-2006, 2001-2006 and 2003-2006

1995-2006 2001 -2006 2003-2006
Variable Model 1 Model 2 Model 3 Model 4 Model 5
spatial lag
GDP per capita Growth Lag 0.498**
(0.168)
Constant 0.120 0.267* 0.121 0.094 -0.018
(0.135) (0.131) (0.074) (0.062) (0.062)
Log (Remittances / GDP) (initial) 0.046%* 0.029* 0.015 0.008
(0.015) (0.014) (0.012) (0.010)
Average years of schooling (period) 0.045 0.033 -0.004 -0.008 0.034*
(0.031) (0.029) (0.018) (0.015) (0.014)
GDP per capita (initial) Log 0.003 -0.071 0.047 0.027 -0.049
(0.071) (0.059) (0.043) (0.035) (0.031)
Remittances/GDP Growth -0.087**
(0.021)
Adjusted R’ 0.237 0.365 0.036 0.349 0.112
Normality and
heteroskedasticity tests Value Value-p| Value Value-p| Value Value-p| Value Value-p| Value Value-p
Jarque-Bera 0.689 0.708 [ 1.165 0.559] 1.143 0.565 0.044 0.978
Breusch-Pagan 2971 0396 | 3.417 0332] 1.304 0.728 | 2.184 0.535] 1.998 0.573
Spatial tests
Moran's I (error) 1.531 0.126 | 1.803 0.071 | 3.305 0.001 1.405 0.160
Lagrange Multiplier (lag) 1.221 0.269 | 1.412 0.235] 7.674 0.006 0.336 0.562
Robust LM (lag) 1.492 0.222] 0.345 0.557 | 4.176  0.041 0.032  0.857
Lagrange Multiplier (error) 0.583 0.445| 1.067 0.302 ] 5.637 0.018 0.454 0.500
Robust LM (error) 0.854 0.356 | 0.000 0.985] 2.139 0.144 0.150 0.698
Lagrange Multiplier (SARMA) 2.075 0354 1.412 0.494] 9.813 0.007 0.486 0.784

* Significant at 95%
**Significant at 99%

Notes: 1) Standard errors in parenthesis. 2) A first order contiguity matrix was used for the spatial tests and the spatial lag model. 3) The

estimations were calculated in GEODA.

Source: Drawn up by authors using Banco de México and INEGI figures.

introduction of the CH variable into the conditional convergence moel can be justified in Mankiw, Romer and

Weil (1992).

'® Once again, we stress that results based on data prior to 2003 must be viewed with caution, since Banco de
Meéxico did not have a systematic mean of measuring remittances by state.
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In the models mentioned, one can see that the initial level of REM only has a
positive andsignificant effect on the GDP per capita if one considers the 1995-2006 and
2001-2006 periods. The fact that the REM variable in Model 1 and 2 has a positive effect
on growth does not necessarily mean that it is doing so favorably, since the estimates also
indicate the presence of a dynamic of regional divergence among the states comprising the
country (observe that the coefficient of the initial condition of the GDP per capita is not
statistically negative in any of the models, #, >0); in other words, REM grows at a faster
rate in the states where GDP has grown least. This is revealed when equation (1) includes
REM growth in the period instead of the initial REM level, (a situation that may be
analyzed in Model 2 of Table 3 for the period from 1995 t02006). In Model 2, the
coefficient associated with the growth of REM has a statistically significant but negative
effect on GDP per capita growth. In this sense, one could say that remittances have an
anticyclical role in the country's dynamics of regional growth. It is important to note,
however, that the significant effect of the REM variable on GDP per capita growth is not
entirely clear. The REM effect prevails during the long period from 1995 to 2006 but the
growth model analyzed has spatial autocorrelation of the regression errors when REM
growth is involved instead of the initial REM condition (see Moran index in Model 2).
When this occurs, estimates are not correct, since the assumption of randomnessof the error
terms is violated.'” However, the spatial tests of Model 2 do not suggest an alternative
spatial model, and in this particular case, it is better instead to take into account omitted

variables in the model, which in turn will probably make the effect of remittances

17 The literature of spatial econometrics (Florax, Folmer and Rey, 2003) has developed a series of statistical
tests indicating that alternative (spatial) models can correct the spatial autocorrelation of the errors of the
regressive model (see the spatial tests in Table 3 for models 1, 2, 3 and 5).
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insignificant in Model 2. A propos of this, Mendoza and Calderon (2006) would appear to
reach a similar result that indicated when the convergence model involves variables
associated with trade liberalization.

The problem of the regression with autocorrelated errors becomes more evident for
the period 2001-2006 (see model 3, Table 2) where the estimate produces a positive
andsignificant effect of the REM variable but with a strong spatial autocorrelation of the
errors, indicated by the Moran’s index. But unlike Model 2, the spatial tests for Model 3
clearly suggest a spatial lag model (or autoregressive spatial model) as an alternative. This
last model has the following form:

Vie = Vigy = By + 181%,;0 + pW(yj,t Vi )+ ﬁZREMi,IO + 5 CHi,(tO,t) +é& (2)
where W is a standardized matrix of spatial interaction which, in this particular case,
considers the GDP per capita growth of states adjacent to the region.

Equation (2) expresses a regional growth model that places particular emphasis on
the spatial interaction among regional observation units (a situation that is absent from a
traditional convergence model such as that expressed in the equation (1) ). The estimates
are shown in Model 4 of Table 3 (observe that rho in equation (2) corresponds to the
coefficient associated with the “Lag in GDP per capita growth” or average GDP per capita
of adjacent states.) The main result in Model 4 is the loss of statistical significance of the
REM variable. This result shows that there are other regional factors (at the state level) and
not necessarily remittances that contribute to the dynamics of the country's regional growth.

Lastly, this result is also confirmed for the more recent period from 2003 to 2006 (see

26



Model 5) where the estimates of the traditional model (i.e. equation 1) do not produce a
significant effect of the coefficient associated to REM variable.'®

It is important to note that due to the availability of the quarterly state series of
remittances produced by Banco de Mexico, panel growth models were also estimated for
the periods from 2001 to 2006 and 2003 to 2006. The panel models used are not included in
this essay since their results do not modify the central findings mentioned in this section.
The panel models yielded no evidence that remittances are affecting the dynamics of

regional growth in Mexico."

V. Conclusions

This essay explores an issue that has rarely been examined in empirical studies on
remittances in Mexico, which concerns the regional patterns that occur in the link between
economic gowth and remittances in the country's states. First of all, an exploration using

non-parametric techniques andspatial statistics has found that the phenomenon of

'8 A spatial lag model was not calculated for the period from 2003 to 2006 because the spatial tests do not
provide evidence of spatial autocorrelation of errors.

" The following growth equation was estimated for the periods 2001-2006 and 2003-2006:
Vie = Vigr =B+ BV + BREM,  + BX,  +V, + &, 3)

where y is the log of GDP per capita, REM is the log of remittances divided by GDP, X is a group of control
variables, v; is a specific regional effect and &, is an error term i.i.d. In the econometric procedures, first of
all equation (3) was estimated by pooling together the information without the temporal and regional
dimension of the data. That is, we assume that v, = 0 and eliminate the ¢ subindex. OLS was used to

estimate this first model. The second stage focused on regional study units, and to this end, a fixed effect
estimation was considered, where the differences between regional units can be considered through
differences in the v constant of equation (3). Two different criteria of regional classification were used to
estimate the equation with fixed effects. In the first case, a regional administrative criterion was considered, in
other words, a state in the country represents a regional unit whereas in the second criterion, the Durand’s
regional classification (2005) was used, which deals with the different migratory dynamics in the country and
in which the states are grouped into four migratory regions. Lastly, equation (3) was estimated using
instrumental variables under the method of ordinary least squares in two stages. The results of these models
are available from the authors on request.
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remittances and its links with the economic growth of states has a strong component of
regional inequality and spatial dependence. This element is particularly important due to
the fact that the country has also been characterized by displaying a dynamic of divergence
and regional polarization in the growth of states since trade liberalization. The main spatial
patterns detected in this study include the loss of dynamism in the growth of the
remittances/GDP ratio in the traditional migration region, which has been accompanied by
the emergence of a new region located in the south of the country with high growth rates of
this indicator.

This fact may have significant implications for the country's dynamics of regional
growth, since it is generally in the states in the south of the country that the lowest rates of
GDP per capita growth are registered. Despite this, once econometric growth models are
estimated, no significant effect of the remittance variable is detected and therefore no
anticyclical funtion of the latter that might explain the shift in the rhythm of the rapid
growth of remittances from the traditional migration region towards the south of the
country. On this point, it is important to mention that the dynamic of remittances at the
regional level also reflects changes in the country's migratory pattern, meaning that these
elements alone might explain the greater dynamism of remittances in the south of the
country in relation to the traditional region.

Lastly, the spatial analysis of remittances presented in this study suggests the
importance of paying attention to the patterns of spatial dependence being developed by the
phenomenon of remittances, particularly if they give signs of a significant polarization in
the dynamics of the growth of the remittances/GDP ratio among the states. This element

may be important for the orientation and deployment of regional development policies,
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since they may be more effective when there is a possibility of generating multiplying
effects among regional units.

We conclude by saying that although the econometric techniques used in this study
failed to detect significant effects of remittances on regional growth, this possibility should
not be ruled out on the understanding that spatial dependence may be denoting spatial
heterogeneity in the effects remittances may have on economic growth. In other words, in
some areas, remittances may have an effect whereas in others they may not, and in some
cases the effects among regions may be diametrically opposed. Some indications
supporting this hypothesis found in this research include the sharp spatial instability
between GDP per capita growth and the rate of growth of remittances/GDP within the
region with a migratory tradition. This last hypothesis, however, forms part of a second and

future research phase.
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