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1 | INTRODUCTION

The entry of foreign firms affects local wages, as indicated by a wide body of scholarly research on the impact of for-
eign direct investment (FDI) on local labour markets. In general, inward FDI has been associated with higher wages in

the host economy. However, the evidence on the overall impact of FDI on wages, the wage gap between skilled and
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unskilled labour, and inter-industry wage differentials is at best mixed (e.g. Aitken et al., 1996; Diriffield &
Girma, 2003; Feenstra & Hanson, 1997; Feliciano & Lipsey, 2006). The relationship between inward FDI and changes
in wages is rooted in the differences between foreign and domestic firms in the host region or industry. Multinational
enterprises (MNEs) may possess some firm-specific advantage conferring them a superior level of technology and
knowledge, leading to higher marginal labour productivity (Dunning, 2001; Markusen, 2002). They also typically pay
higher wages than their domestic counterparts (Caves, 1974; Lipsey & Sjéholm, 2004; Markusen, 2002). But how
exactly does FDI affect wages in a host economy? MNEs can drive up inequalities in the host economies, either by
direct or indirect action, or by inaction (Narula & van der Straaten, 2021). This paper addresses questions regarding
the impact of FDI on wages that have attracted limited attention in the scholarly literature to date.

First, increasing FDI may result in higher average wages in those industries and regions where they operate
(Feliciano & Lipsey, 2006). The net average wage effects depend on whether or not MNEs introduce a foreign-wage
premium and on the reaction of domestic firms' wages in the region-industry following inward FDI (letto-
Gillies, 2012). A second issue dominating the FDI debate is the association between foreign presence and widening
of the wage gap between skilled and unskilled workers (Feenstra & Hanson, 1997; Taylor & Driffield, 2005). Gener-
ally speaking, the localized average effects of MNE activity, in the form of FDI, depend on the industry and the tech-
nological and organizational context in which the investment takes place (letto-Gillies, 2012; Lipsey, 2004).
Moreover, given the predominant role of FDI in developing and emerging countries, the distributional effects on
employment and wages can potentially be large (Helpman et al., 2008). We address these issues for Mexican munici-
palities and industries during a period of rapidly rising FDI flows in Mexico; 1998-2008.

Mexico constitutes a good case for studying the effects of FDI for three reasons. First, during the 2000s, the
country became one of the largest recipients of FDI inflows worldwide, ranking 15th in 2008 (UNCTAD, 2014). Not
only were FDI inflows following an increasing trend—averaging 24 billion US dollars annually between 1998 and
2008 (Ministry of Economics, 2014)—but the value of inward FDI stock as a percentage of GDP increased from
12.1% in 1998 to over 25% in 2008 (UNCTAD, 2014). Second, the decade from 1998 to 2008 witnessed major
changes in the sectoral composition of aggregate inward FDI. While the manufacturing sector continued to take up a
sizeable share of FDI inflows (45% on average), services gained importance, amounting to an average of 37% over
the 10-year period (Secretaria de Economia, 2014).

Third, there are marked regional inequalities across the country. The distribution of foreign investment has been
extremely uneven. Only five states out of 32 (excluding Mexico City) had 64% of the accumulated FDI stock in
2008. Moreover, the wage gap between skilled and unskilled workers varies significantly across regions and tends to
be negatively correlated with availability of regional human capital (Bernard et al., 2010). The uneven distribution of
factors of production has an influence on patterns of economic activity: subnational effects of FDI are likely to be
more severe in emerging economies like Mexico, which are experiencing substantial inward FDI, sectoral change,
large initial territorial disparities, and significant variation in regional relative wages.

Against this background, it seems pertinent to explore the heterogeneous effects of FDI on average wages
across economic sectors and subsectors at the local (municipality) level, and assess whether FDI reduces, enhances,
or perpetuates the wage gap between different types of workers.

The contribution of this paper is twofold. First, while previous research has dwelt on the relationship between
FDI and wages in Mexico at the firm level based on industrial survey data, this is the first study to address the ques-
tion at the municipality-industry level, exploiting census data. Furthermore, most previous empirical exercises
focused on early periods of FDI. Our study includes a decade-long period from 1998 to 2008 that experienced
increasing foreign presence and rapid sectoral change. Simultaneously, the wage gap between skilled and unskilled
workers either rose or remained unaltered. Second, the use of non-experimental techniques in this field of study is
scant. We implement a selection on observables and difference-in-difference estimation methods as the identifica-
tion strategy for the effect of FDI on wage differentials between skilled and unskilled workers, accounting for indus-
try heterogeneity.
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The results are in line with evidence suggesting that FDI is associated with higher wages mostly for skilled
workers—oftentimes for the unskilled as well—and with a widening gap between them. However, the effects of FDI
vary significantly when the analysis is conducted at a finer level of industrial aggregation. The wage impact of FDI
coming into Mexico also waxes or wanes when the initial or incremental effects are considered.

The rest of the paper is laid out as follows. Section 2 presents a discussion of the theory on the link between
FDI and wage inequalities and extant evidence. The geography of FDI and wages in the Mexican case is described in
Section 3. The empirical strategy is outlined in Section 4, from the quasi-experimental setting and identification
issues to the data, variables, and subsamples. Section 5 reports and discusses the results. Finally, Section 6 draws
implications and policy areas, as well as considering avenues for future research.

2 | FDIAND WAGE INEQUALITY: THEORY AND EVIDENCE

The entry and presence of foreign firms has labour market effects in the host locations. Most research on the effect
of MNE activities, through FDI and host economy wage dynamics, relies on the underlying cost minimization problem
of the firm, in which businesses find the optimal level of inputs that minimizes the cost of production, obtaining con-
ditional demands for different types of labour and thereby modifying relative wages in the host economy (see the
seminal work of Feenstra & Hanson, 1997). While evidence on the foreign wage premium is fairly robust, the evi-
dence regarding the overall effects of FDI on: (i) average wages; and (ii) wage inequality is sparse and far from con-
clusive. Results have been found to be contingent on numerous region- and industry-specific factors, as well as
labour market structures (e.g., Lipsey, 2004; Tsai, 1995). In this paper we address these two questions in turn.

First, we ask whether increasing FDI leads to higher or lower average wages in the regions and industries where
they operate. The overall average wage effects of FDI depend on whether or not MNEs introduce a foreign-wage
premium (direct effect), and on the reaction of domestic firms in the region-industry following inward FDI (indirect
effect) (letto-Gillies, 2012). A higher degree of foreign ownership can affect average wages in the location or industry
in which they operate, either by raising the demand for labour or through the higher wages paid by the foreign-
owned firms themselves (Lipsey, 2004). For instance, a positive average effect could be a combination of higher for-
eign and domestic wages, but could also arise in the absence of indirect effects or domestic wage spillovers
(Lipsey, 2004). If foreign firms offer higher wages (direct) and labour markets are segmented by industry and location,
an increase in foreign presence will raise average wages but not necessarily domestic firms' wages (Feliciano &
Lipsey, 2006). Moreover, a positive direct effect may be cancelled out by a negative indirect effect, for example, if
domestic companies have to compete on the basis of wage reductions (letto-Gillies, 2012; UNCTAD, 1994). Finally,
the average effect could also be nil if MNEs poach the best workers or acquire domestic firms with the best workers
without paying higher wages (Driffield & Girma, 2003).

Generally speaking, the localized average effects—direct and indirect—of multinational activity in the form of
FDI depend on the industry and technological and organizational context in which the investment takes place (letto-
Gillies, 2012). Evidence in this regard is at best mixed. For example, Feliciano and Lipsey (2006) found that FDI had
no significant effect on USA manufacturing and retail trade wage levels, while the effect was positive and significant
in other low-skilled non-manufacturing industries. In the Mexican case, Villarreal and Sakamoto (2011) reported that
FDI was associated with higher overall regional wages. They also found evidence of positive wage spillovers as

domestic firms increased their wages in labour markets with higher MNE presence. By the same token, Sharma and

LEvidence on the foreign wage premium is plentiful both for developed and developing countries. In general, foreign firms pay higher wages than their
domestic counterparts. This differential can be partly explained by the industry composition of FDI, skewed toward relatively higher-wage industry sectors.
However, the differential is present within industries, in most industries, and in most countries (Lipsey, 2004). For evidence in developed countries, see for
instance the cases of the USA (Aitken et al., 1996; Doms & Jensen, 1998; Feliciano & Lipsey, 2006), the UK (Girma & Gorg, 2007; Taylor & Driffield, 2005),
Portugal (Almeida, 2007), and Ireland (Figini & Gérg, 1999). For evidence in developing countries, see the cases of Brazil (Arbache, 2004), Indonesia

(Lipsey & Sjoholm, 2004), Venezuela (Aitken et al., 1996), East Asian countries (Te Velde & Morrissey, 2004), and Sub-Saharan Africa (Coniglio et al., 2015).
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Cardenas (2018) show that FDI had a positive correlation with regional average hourly wages in Mexico (between
2005 and 2015). Conversely, Waldkirch (2010) discovered either negative or no effect of FDI on average wages in
Mexican industrial sectors during the period 1994-2004, while Kato-Vidal (2013) reports a negative effect of FDI on
overall wages across Mexican regions between 1993 and 2010. Based on the theoretical literature and existing evi-
dence, we formulate the following testable hypothesis.

H1. FDI and average wages. FDI is associated with higher wages, both for skilled and unskilled labour,

in host region-industries.

Second, we assess whether the presence of foreign firms may affect wage inequality between skilled and
unskilled labour. An increase in FDI in a local labour market, holding everything else constant, may raise overall pro-
ductivity and increase the labour demand for a given supply of productive factors, initiating a wage differential in the
location (Lipsey, 2004; Lipsey & Sjoholm, 2004). Because MNEs are usually technologically more advanced, they
have an important influence on changes in the wage gap between skilled and unskilled workers (Figini & Gorg, 1999;
Markusen & Venables, 1997). Typically, foreign presence will raise wages for the skilled at the expense of the
unskilled, although the effect on the latter may be ambiguous (Markusen & Venables, 1998). Hence, an accumulation
of FDI is usually associated with an expansion of the demand for skilled labour, and therefore a widening local wage
differential between skilled and unskilled workers (Bandick & Hansson, 2009; Feenstra & Hanson, 1997;
Waldkirch, 2010). What is more, if the demand for skilled labour is further transmitted to the domestic sector, the
wage gap between skilled and unskilled labour will widen further at the expense of the unskilled (Driffield &
Taylor, 2000).

The evidence here is also mixed. For instance, in China, inward FDI is found to be associated with a growing
wage gap (Chen et al.,, 2011). Similarly, while inward FDI substantially raised wage differentials in Thailand, the
effects on the wage gap were less clear in Singapore, Hong Kong, the Philippines, and Korea (Te Velde &
Morrissey, 2004). The results for Mexico also go in both directions. Feenstra and Hanson (1997) showed that FDI in
the maquiladora? industry had an inequality-enhancing effect during the early period between 1975 and 1988, as
skilled workers experienced wage increases across states, while wages for unskilled workers grew only slightly.
Aitken et al. (1996) revealed that FDI was associated with overall higher wages between 1984 and 1990, both for
skilled and unskilled workers, with a larger effect on the former, thus exacerbating wage inequality. By looking at a
longer period, Airola (2008), however, found little evidence that maquiladora employment during 1984-2000 led to
rising inequalities across Mexican regions. Finally, FDI in Mexico has also been associated with significant inter-
industry wage differentials. Noria (2015) finds that the relationship between FDI and inter-industry wage differen-
tials is positive and significantly strong, but only at low levels of foreign investment. Based on the extant literature,
we formulate the next testable hypothesis.

H2. FDI and wage gap. Increasing inward FDI widens the wage gap between skilled and unskilled

labour in host region-industries.

Despite the considerable number of empirical studies assessing the relationship between FDI and wages, few
attempts have been made to deal with the selection bias that threatens the validity of the estimates of these effects:
an upward bias will occur if foreign presence is higher in municipalities with higher initial wages. In trying to disen-
tangle the relationship between FDI and wages, we implement a quasi-experimental approach to examine whether
average wages and wage differentials—once we have accounted for observable characteristics of industries and
regions—can be solely attributed to foreign presence. Finally, our quasi-experimental design allows us to test the

temporal effects of FDI on average wages, an issue that has not received sufficient attention (Girma & Gorg, 2007).

2In 1971, the Mexican government launched the programme that enabled the establishment of maquiladoras under the framework of the earlier Programa
de Industrializacion de la Frontera (1965). Under the former decree, the regions along the northern border were constituted as a platform for the export of
manufactured goods assembled in Mexico with raw material and components imported duty-free in plants largely owned by foreign capital (Lopez
Villafane, 2004).
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Initial FDI is likely to have strong effects on wages due to: (i) the immediate introduction of a foreign wage premium
by MNEs in the host location; and (ii) positive domestic wage spillovers. However, incremental FDI may not result in
further large rises in wages, as both MNEs' and domestic firms' wages adjust in time. Based on this reasoning, we for-
mulate the following testable hypothesis.

H3. FDI temporal effects. Initial FDI wage effects will be larger than cumulative effects in host region-

industries.

The bottom line is to assess whether different types of FDI have wage inequality-increasing or reducing effects
at the subnational level and between skilled and unskilled employees, and whether these effects wax or wane in

time. The next section lays the ground for the analysis.

3 | GEOGRAPHY OF MEXICAN INWARD FDI AND WAGES

Mexico has become one of the largest recipients of FDI inflows. In 2008, it ranked 15th world-wide, and maintained
this position until at least 2018, when inward FDI as a share of GDP reached 42.2% (UNCTAD, 2014, 2018). The
study period witnessed major changes in the sectoral composition of aggregate inward FDI, as shown in Figure 1.
While manufacturing attracted the bulk of foreign investment during the 1980s and 1990s, its importance dimin-
ished on average relative to the share of investment in services. During the 10-year period between 1998 and 2008,
the share of manufacturing investment dropped from to 65 to 31%, alongside an increase in the share of services
from 15 to 38% (see Table 1). However, in the following decade ending in 2018, the share of manufacturing FDI
inflows bounced back to pre-2000s levels, while the share of services declined again.

These recent trends are worth exploring, since FDI wage effects are likely to be heterogenous across industrial

sectors and locations. Further disaggregation into subsectors reveals a more detailed picture of the distribution of
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FIGURE 1 Sectoral composition of FDI inflows in Mexico, 1998-2018 Source: Authors, with data from the
Ministry for Economics, Secretaria de Economia, Gobierno de México (2020).
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TABLE 1 Share of total FDI inflows into Mexico by sector and subsector, 1998-2008

Sector 1998 2003 2008 Average 1998-2008
Manufacturing 65.3 54.3 31.3 45.8
Chemical 5.9 234 8.2 8.8
Electronics 16.4 5.9 5.0 8.2
Automobile 19.2 12.8 6.7 10.2
Food and beverages 8.2 54 5.2 8.2
Services 15.0 34.7 38.1 37.2
Real estate and finance 4.6 23.6 30.6 24.9
Business support and media 54 7.8 52 7.9
Tourism 7.7 4.6 6.4 6.2
Other 19.7 10.9 30.6 171

Notes: Figures shown represent percentages relative to total FDI. The first three columns are shares of total FDI inflows for
selected years, while the fourth column shows the average shares of FDI inflows in the relevant period.
Source: Authors, with data from Ministry for Economics, Secretaria de Economia, Gobierno de México (2010).

FDI in Mexico as depicted in Table 1, which shows the share of total FDI inflows. According to these figures, the top
FDI-recipient manufacturing industries in terms of their relative proportion of total FDI were the automobile, chemi-
cal, electronics, and food and beverage industries. The top FDI-recipient services were real estate & finance, business
support and media, and tourism.

FDI inflows into Mexico hide an extremely uneven regional concentration of foreign investment at the munici-
pality3 level (Figure 2). In 1998, FDI was concentrated in the northern regions, some central areas, Mexico City and
nearby areas, southern oil-producing municipalities, and tourist destinations. A decade later, the uneven distribution
of FDI remained relatively unchanged. There were, however, significant increases in the number of municipalities
with higher percentages of foreign ownership, especially around the 5 and 25% threshold. Finally, the spatial distri-
bution of manufacturing and services FDI individually exhibit distinct patterns (see maps in Figure A1 and Figure A2
in the Appendix). While FDI in manufacturing was concentrated in the traditionally industrial northern and central
regions, foreign investment in services was located in and near large and medium sized cities and tourist
destinations.

The skilled-unskilled wage gap was also unevenly distributed across the country. The maps in Figure 3 show the
spatial extent of relative average wages computed as the ratio of skilled to unskilled wages; the higher the ratio
(darker shade), the wider the wage inequality. In 1998, wage disparities did not follow a clear pattern, as darker sha-
des were scattered up and down the country. At the turn of the decade, the map for 2008 shows that the overall dis-
persion of relative wages decreased. Nonetheless, a closer inspection reveals that this was due only to a few outliers
that saw their wage gap shrink. In fact, there were more municipalities above 1.5 standard deviations. Wage inequal-
ities seem to have risen north to south.

Marked differences in wage inequality trends are in evidence when wages are broken down by sector. The dis-
tribution of relative wages between skilled and unskilled workers in the manufacturing sector was highly polarized in
1998 (see maps in Figure A3 in the Appendix). Ten years later, despite an overall compression around the mean, the
distribution of the wage gap remained virtually the same, with some northern border and south-eastern municipali-
ties seeing an increased wage gap between workers by type. Wage differentials in the service sector tell a
completely different story (see maps in Figure A4 in the Appendix). At the beginning of the period the distribution of

3This administrative unit represents the third tier of government in Mexico, below the state and federal administrations. It is the equivalent of US counties.
Mexico has 2,457 municipios. Population sizes range from 100 to 1.8 million inhabitants. The smallest municipio is 4.3 km2. The largest occupies
53,304 km?. Over 80% of the country's population resides in 47% of its municipalities.

8518017 SUOWILLIOD BAITE81D 3|edl|dde au Aq peusenob ae ssjoie YO ‘8sn Jo S9N 104 Akeiq 18Ul UO /8|1 UO (SUO N IPUOO-PUR-SWBHWD" A3 | 1M AReiq) 1 BU1|UO//:SA1L) SUORIPUOD PUe SIS L 8U3 885 *[2202/2T/9T] U0 A%iqiauluo AB|IM 9L Aq L0221 SII/TTTT 0T/I0p/W00"A8 | Im AReiq1pulju0-108ULI00 Ies /Ay W01} papeojumoq ‘0 ‘2G6SSET



IBARRA-OLIVO anp RODRIGUEZ-POSE W

Total FDI
Average foreign ownership
1998
5.9 0% (1.942)
” < 0.1% - 5% (268)
“ ‘ I 515 - 15% (137)
. Ty * I 15.1% - 25% (39)
N \ I 25.1% - 50% (40)
¢ T 50.1% - 75% )
% ~
\Q":.
¢ - »
F i 5 |
<
N ? l\‘f 2 0P,
Al . -
oo 1
-4 4 3 N
¢ L i f'
¥ -
~a ¥
& %
- n
o =0 0 1000 Kometers
Total FDI
Average foreign ownership
2008
0% (1,915)
0.1%- 5% (292)
N 5.1% - 15% (143)
I 15.1% - 25% (45)
I 25.1% - 50% (58)
I 50.1% - 75% (3)

2008

FIGURE 2 Total FDI in Mexico: Average foreign ownership by municipality, 1998-2008 Source: Authors, with
data from Censos Econémicos (INEGI, 1999, 2009).

relative wages was rather compact, with only a few municipalities having large inequalities. However, by 2008 the
dispersion of relative wages had increased significantly. No discernible geographical pattern can be identified, but
the largest wage inequalities in the services sector were prevalent in municipalities with medium-sized cities and

tourist destinations.

4 | EMPIRICAL STRATEGY
4.1 | Identification

In this paper we address the question of whether inward FDI leads to higher average wages and widening differen-
tials between skilled and unskilled workers across economic sectors and subsectors at the municipality level. More
specifically, we ask whether a foreign presence within industries shapes wages in FDI-recipient municipalities. The
most salient and problematic feature of the FDI-wage relationship is reverse causality. It is empirically difficult to dis-
entangle the location determinants of FDI from its effects on the local economy (letto-Gillies, 2012). On the one
hand, FDI influences the local labour market of the host economy via labour demand. On the other hand, initial

wages may play a role as locational determinants of multinational activity, as they often are a proxy for skills.
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FIGURE 3 Total relative wages in Mexico: Average relative wages by municipality, 1998-2008 Note: The
variable plotted is the average relative wages as the ratio of skilled to unskilled wages for all sectors. Source: Authors,
with data from Censos Econémicos (INEGI, 1999, 2009).

Because of this, disentangling the endogenous relationship is the main challenge of any quasi-experimental approach
that might attempt to identify the effects of FDI on wages.

A positive association between FDI and wages can hide a selection bias driven by foreign firms' investment deci-
sions. Broadly speaking, high wages could be either a consequence of FDI flowing into regions with higher skills and
human capital, reflected in higher wages (Almeida, 2007); foreign firms operating in industries with higher skill
requirements and higher wages (Harris & Robinson, 2002; Lipsey & Sjcholm, 2004); previous presence of established
exporting industries (Villarreal & Sakamoto, 2011); or simply traditional Marshallian externalities in the form of spe-
cialized labour pools and local suppliers. These scenarios illustrate potential reverse causality of wages and FDI.
Hence, simple OLS or even fixed effects estimators suffer from selection bias. We therefore use a “selection on
observables” empirical strategy in the spirit of Girma and Goérg (2007) to identify the effect of FDI on wages in Mexi-
can subnational region-industries.

To measure the effect of FDI on wages, let FDI;: € {0, 1} be the treatment variable indicating whether municipal-
ity i received foreign direct investment in a given industry in time t or not. Bearing in mind that the treatment units

are groups of municipality-industries, we omit the industry subscript in the interests of clarity. The treatment effect
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of FDI on wages in municipality i is simply the difference w}Hé — wg+5. During t + 6, the period following FDI inflows,
the first term is observed wages in municipality i under foreign presence, while the second is observed wages in the
same municipality without foreign presence. We are interested in the average treatment effect on the treated munic-
ipality (ATET), defined as the expected value of the difference in wages for those municipalities that received FDI in

time t:
E{W}Ha —wg+5|FDI,~t = 1} :E{W}HE\FDI” = 1} —E{W%E\FDM = 1}. (1)

However, for a given municipality, we can only observe either W}M or wﬁ+§ in time t+ 6. To solve this problem
of unobservability, the missing outcome w,.? s €an be replaced by the observed wages for a set of potential compari-
son municipalities that did not experience any foreign capital inflows. For this counterfactual to be valid, the control
units must have the same pre-treatment characteristics (Dehejia & Wahba, 2002). Specifically, it is assumed that con-
ditional on observable characteristics X;;_s of the municipalities, FDI flows are not determined by unobservable fac-
tors.* A valid comparison group is constructed by matching each FDI-recipient region to one non-FDI-recipient
region that is similar along some predetermined observable characteristics. To this end, the propensity score pairs
municipalities on the conditional probability of receiving the treatment (Rosenbaum & Rubin, 1983). In this setting,
the conditional probability of receiving FDI is given by Pr(FDI = 1|Xit_s) = F[Xit_s], which is a function of the pre-
treatment characteristics X;;_s.The choice of covariates X;;_s is motivated by the literature on the locational determi-
nants driving FDI decisions made by firms seeking to establish operations abroad, which in turn affects the probabil-
ity of foreign investment flowing into a given host region. Locational advantages can be understood as industry-
specific trade-offs between scale economies and market access, and between scale of integration and factor cost dif-
ferentials (Barba Navaretti & Venables, 2004). Therefore, pre-treatment covariates are factors influencing firms'
investment decisions and hence correlated with FDI flows and wages. The selection and construction of the variables
is presented in greater detail in subsection 4.2.

The propensity score estimator is a good approximation of the effect of FDI on wages if, conditional on the
probability of receiving FDI, potential wages are independent of the incidence of foreign ownership (Angrist &
Pischke, 2008).% Instead of controlling for all the factors X;._s affecting the probability of inward FDI, the propensity
score allows to control only for the probability of treatment itself P(FDI;|Xit_s). Hence, the ATET is given by:

1 (FDIit = p(Xit—s) )Wit
FDI,’t = 1) 1 —p(X;t,,;) '

E{w,-lt—wg|FDI,-t:1}:P( (2)

The estimation of (2) requires a consistent estimator of the propensity score (Angrist & Pischke, 2008). We use a
logit model to estimate the conditional probability P(FDI,~t|X,»t,5).6

Finally, even when controlling for selection on observable characteristics, there may still be unobserved time-
invariant differences in wages across municipality groups. Thus, propensity score matching is combined with the
difference-in-difference technique (Heckman et al., 1997) to eliminate unobserved heterogeneity between munici-
pality groups by using the change in wages before and after FDI (Blundell & Costa Dias, 2000).” This is the equivalent
of the parallel trend assumption and implies that the control municipalities have evolved in the same way as the
treated municipalities would have done in the absence of FDI inflows. Therefore, Aw; = wjt, s —wjt_s can be plugged

into the sample analogue of (2) instead of w;:

“The identification assumption requires that the condition of selection on observables w,%ﬁ LLFDI; | Xit—s be fulfilled .

°|f the assumption of selection on observables (footnote 4) holds, then it follows that wﬁM 1 P(FDli¢|Xi¢—s)-

The estimation of (2) requires that there is a positive probability of either being treated FDI;; = 1 or not FDI;; = 0. Therefore, the common support
assumption implies that a match can be found for all treated municipalities providing the basis of the comparison (Smith & Todd, 2005):
O<P(FDIy =1|Xjt—s) <1

7The identification assumption (footnote 5) is now stated in terms of the before/after evolution of wages instead of levels: wg

05— w2, LP(FDIi[Xir_s).
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FIGURE 4 Temporal definition of treatment Source: Authors.
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which constitutes the difference-in-difference propensity score matching estimator of the average treatment effect
in FDI recipient municipalities on wages that we are interested in estimating. The treatment is represented schemati-
cally in Figure 4.

Matching on pre-treatment covariates is done in period t — é. Inward FDI takes place any year during period 6,
while the outcomes (wages) are measured in the period following the treatment, t + . The treatment is repeated for
different municipality groups in two time periods; G1: 1998-2003 and G2: 2003-2008. The units of analysis are
municipality-industry groups. To account for industry heterogeneity, we estimate the FDI effects by sector and sub-

sectors separately.

4.2 | Data, variables, and subsamples

To address the questions at hand, we use data for Mexican municipalities from the Economic and Population Cen-
suses, both collected by Mexico's National Institute for Statistics (INEGI). The data related to foreign ownership can
only be obtained under certain confidentiality principles and by request.? The rest of the variables are from the
INEGI website.” The dataset consists of data aggregated at the municipality level by three-digit industrial subsector
according to the North American Industrial Classification System (NAICS, 2013). Economic Census data are available
at five-year intervals for 1998, 2003, and 2008.1°

The analysis encompasses subsamples of the dataset to allow for heterogeneous effects of FDI. The first division
corresponds to the industrial scope (see Table A1 in the Appendix for further details). Estimates of the effect of FDI
on average wages are carried out for the entire pool of industrial sectors, then separately for the manufacturing sec-
tor and the service sector. Further analysis is conducted by disaggregating sectors into their main subsectors; food
and beverages, automobile, electronics, chemical, real estate & finance, business support & media, and tourism. The
second division comprises the different wage groups. Foreign ownership effects are evaluated separately for two dif-
ferent wage groups, skilled and unskilled workers. The third division corresponds to the temporal dimension of FDI
effects on wages. To this end, we define two treatment variables explained below to estimate both the initial and

incremental effect of foreign presence on local wages.

8Wherever there are three or fewer economic units in the industry-municipality observation, data are concealed for reasons of confidentiality.
?Available at: https://www.inegi.org.mx/microdatos/
1%Economic Census data refer to the fiscal year before the information is published (INEGI, 1999, 2004, 2009).

85UBD1 7 SUOWILIOD A1) 3|ed!|dde ay) Ag pausenob ale sajonte YO ‘8sn Jo sani 10} Arelqi]auljuQ AS]1AN UO (SUOTIPUOD-PUE-SWLSIW0D A8 | 1M AReld 1 pul|UO//:SdNY) SUONIPUOD pue SW L 8y} 88S *[2Z02/2T/9T] uo Arelqi]auliuo AB|IM ‘5oL Ag 2022T'SIId/TTTT OT/10p/Wod A |IM" Afeiq 1ol U0 198UU0d les//sdny W0y papeojumod ‘0 ‘LS6SSEYT


https://www.inegi.org.mx/microdatos/

IBARRA-OLIVO anp RODRIGUEZ-POSE EJJ

The outcome variables are built as the logarithmic forms of average real skilled wages and average real unskilled
wages, with 1998 as the base year. Average wages are calculated as total remuneration relative to total employment
in the corresponding wage group. The difference in wages is given by Aw; =wj, 5 — wjt_s. This represents the change
in wages between the pre-treatment period t —§ and post-treatment period t+ 5. According to the data source,
groups of skilled and unskilled workers are defined in terms of production and non-production employment.
Although coarse, these broad categories are closely related to the knowledge intensity of the respective job activities
(Berman et al., 1994; Slaughter, 2000).

The variable of interest, FDI, is the average of firms' percentage of foreign ownership of total assets in each
industrial category and municipality. We test differences in the temporal effects of FDI by defining two treatment
variables. First, we construct a dichotomous treatment variable that captures the initial effect of FDI on wages:
FDI~ =1 if the municipality goes from no foreign presence to a positive share of foreign ownership between t —§
and t+6; FDI™ =0 if the municipality has no foreign presence during the same period. We also calculate a second
treatment variable that measures the incremental effect of FDI on wages for municipalities with existing foreign
presence: FDI~ =1 if foreign presence increases between t — & and t+8, and FDI~ =0 if there is no change or the
change is negative. We evaluate these treatment effects on two groups of municipalities: the first group, G1, for the
period from 1998 to 2003, and the second group, G2, from 2003 to 2008. The number of treated and untreated
municipalities varies depending on the subsample considered.

The pre-treatment covariates*? in t —§ are related to both FDI and wages. They are used to match treated and
control municipalities and rule out any pre-existing differences along these characteristics by conditioning the proba-
bility of receiving positive FDI inflows. Foreign companies tend to have superior productivity, technology levels, and
input requirements (Harris & Robinson, 2002). To address these factors, we include labour productivity measured as
the log of value added per worker; local labour force as the percentage of the population aged 15 to 29 years; and
infrastructure, measured by the development index per capita. Furthermore, large firms generally pay higher wages.
To account for any size effect, we include capital stock in the form of the log of total fixed assets (Hollister, 2004).
FDI may flow into regions hosting certain industries with higher skill requirements (Lipsey & Sjoholm, 2004), hence
exhibiting higher levels of human capital. Average years of education is included for this reason. To control for the
fact that FDI may locate in regions with established exporting industries (Villarreal & Sakamoto, 2011), the share of
exports as the ratio of foreign sales to total sales is included. Finally, we control for the initial average skilled and
unskilled wages in their logarithmic form to control for the fact that FDI may flow into regions with higher skills and

consequently higher wages (Almeida, 2007).

4.3 | Balancing of covariates

For the identification assumption to hold, the pre-treatment covariates should be balanced across groups of munici-
palities in the data (Rosenbaum & Rubin, 1983). To construct the control group, we use k-nearest neighbours with
replacement as the matching technique and choose to match the two nearest neighbours of each treated municipal-
ity.12 We provide below some tests to confirm that the matching is balanced enough for consistent estimators.
These are conducted for all subsamples for which we estimate a propensity score in the results section. We can ver-
ify that there were no pre-existing significant differences across treated and control municipalities before FDI flows.

Descriptive statistics for all pre-treatment covariates are provided in Table A2 in the Appendix by FDI presence in the pre-treatment period.

12The choice of k entails a trade-off between bias and precision. Selecting a high number of neighbours introduces bias in the estimate because, by
definition, the subsequent matches are further away from the treated unit than the first match (Stuart, 2010). However, choosing k > 1 reduces the
variance due to a larger matched sample and because the propensity scores are averaged by the k closest matches. In addition, we choose to match with
replacement, due to the difficulty of finding a “close enough™ control municipality. Matching with replacement leads to bias reduction since it decreases the
distance in the propensity score between control and treated units, even if the control municipalities have been matched more than once (Dehejia &
Wahba, 2002). Matching without replacement will increase bias because treatment units are forced to match with municipalities that are not necessarily
the most similar in terms of the propensity score.
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TABLE 2 Balancing tests from matched data for all industries. Pre-treatment period 1998

Means T-test

Treated Control % Bias % Bias t-stat P-value Variance
Variable (1) (2) (3) reduction (4) (5) (6) ratio (7)
Labour productivity 3.5847 3.6466 -7.9 92.1 -0.52 0.603 0.35
Capital 11.313 11.402 -53 97.1 -0.52  0.604 0.64
Exports .04487 .02228 25.9 440 184  0.066 1.15
Average schooling 6.218 6.1586 5.1 94.8 0.41 0.680 0.71
Population aged 15 27443 27514 -29 96.2 -029 0774 1.03

to 29

Development index .80721 .80447 3.9 94.9 040  0.687 1.02
Skilled wages 3.4208 3.571 -12.6 914 -1.82  0.070 0.97
Unskilled wages 2.7914 2.8086 —-25 97.5 —-0.33 0.742 0.40

Notes: Matching is shown for the pool of all industries, FDI™ treatment variable, and group 1 (1998-2003). There are 128
treated municipalities and a pool of 1,628 comparison municipalities, yielding a sample size of 1,756 observations.

Balancing test results are presented in Table 2 for the most general sample and all industries, comprising 128 munici-
palities that received initial FDI inflows (FDI~ = 1) between 1998 and 2003 for the first time, and 1,628 potential
control municipalities.

The means for the matched sample—shown in the first two columns of Table 2—are fairly balanced across
groups. This is summarized by the standardized bias reported in column (3) and defined as the difference in means
between the sample of FDI-recipient municipalities and the matched comparison group, scaled by the average vari-
ances of the variable in both groups (Smith & Todd, 2005). For most of the covariates this value is smaller than +
10%, meaning that for the matched sample, the differences in means across groups are small. All biases are smaller
than 20% and the mean bias is 15%.°

The appropriateness of the balancing is further confirmed in column (4), which displays the bias reduction in
terms of improvement from the raw to the matched sample. After matching on observables, almost all pre-treatment
covariates present a bias reduction of more than 90%, which increases our confidence in the matching procedure
(the exception being exports, with a bias reduction of 44%). Lastly, columns (5) and (6) report the results of the t-test
between FDI and non-FDI municipalities to gauge whether significant differences exist. At the 1% level of signifi-
cance, we fail to reject the null hypotheses of mean equality. There are no significant differences across groups of
municipalities in terms of the pre-treatment covariates.

In column (7), the variance ratios indicate the similarity across groups in terms of the spread of each distribution.
The closer to one, the greater the similarity in the dispersion of the distributions for treated and control municipali-
ties. For most of the covariates, this ratio is close to one.!* Municipalities attracting FDI are more similar to one
another, hence the smaller dispersion around the mean. Balancing tests on the standardized bias and variance ratios
(columns (3) and (7)) are visually summarized in Figure A5 in the Appendix. Finally, the common support is imposed,
and the analysis restricted to the control municipalities that fall within the distribution of the treated units, to ensure

overlap between the distribution of propensity scores of control and treatment groups (Heckman et al., 1997).

130nly a bias greater than 20% can be considered large and hence problematic (Rosenbaum & Rubin, 1985). The only notable exception is exports, with a
bias of 25%. This is not surprising, since the sample includes a pool of manufacturing and services sectors. In fact, the standardized bias in exports is closer
to zero in the subsamples for manufacturing and individual industrial subsectors.

“However, for labour productivity and skilled wages, the variance for the control group is usually larger than that of the treated municipalities. This again
may be explained by the composition of the sample.
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5 | ANALYSIS AND DISCUSSION
5.1 | Analysis of results

Once the balance in the covariates has been guaranteed for the conditional propensity score, the estimates of the
ATET of FDI on wages for treated municipalities (Equation 3) are given in Table 3 for the initial effect and in Table 4
for the incremental effect. Treated municipalities in groups G1 and G2 are not the same, meaning that the effects of
FDI on wages correspond to different sets of locations and should not be thought of as a time trend. Insofar as the
identification assumptions hold in the dataset, the coefficients can be interpreted, with caution, as the unbiased esti-
mated effects of FDI on wag