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DEVELOPMENT ECONOMICS | RESEARCH ARTICLE

Spatial effects of foreign direct investment on 
wage inequality in Vietnam
Quynh Anh Do1, Anh Duc Do1*, Minh Huan Doan2, Quoc Hoi Le1, Anh Duc Le1 and 
Thi Thanh Duong Nguyen1

Abstract:  This study analyzes the effects of foreign direct investment (FDI) on wage 
inequality in Vietnam by utilizing panel data from 63 provinces over the period 
2010–2018. The spatial autocorrelation model is used in the study. Empirical results 
from the spatial econometric model reveal that FDI tends to increase wage 
inequality in localities and has direct and spatial effects. Economic growth has led 
to a reduction in the wage inequality between skilled and unskilled labor. The 
increase in the proportion of the skilled labor force reduces wage inequality in 
provinces with high human capital and developed education systems. The study 
results imply that the policy on attracting and utilizing FDI needs to be aligned with 
training and human capital development to ensure sustainable development. It is 
also necessary to emphasize professional training for the workforce to attract FDI.

Subjects: Rural Development; Urban Development; Economics and Development; 
Sustainable Development; Urban Economics 

Keywords: foreign direct investment; wage inequality; spatial econometrics; Vietnam

1. Introduction
Over the past 20 years, the issue of Foreign Direct Investment (FDI) versus social equality has been 
more prevalent in studies where the results indicate that FDI can bring many benefits to the host 
country’s economy. However, not all citizens in that country can benefit from it equally. The issue 
of social equality is often analyzed in terms of income inequality or wage inequality. The relation
ship between the increase in FDI inflows and wage inequality has become a subject of interest for 
researchers and policymakers—theoretically and empirically—and various theories have been 
developed to explain the origin of this disparity (Aghion et al., 1998; Feenstra & Hanson, 1997; 
Figini & Görg, 1999; Markusen & Venables, 1999; Taylor & Driffield, 2005; Te Velde & Morrissey,  
2004). These studies also provide the essential foundation for empirical research conducted 
globally. However, the inconsistencies detected in this study highlight the urgent need to under
take further empirical studies to draw a more precise conclusion.

Empirical studies can be divided into four groups: firstly, the relationship between FDI and wage 
inequality, including FDI effects of reducing wage inequality in host countries (Bhandari, 2007; 
Jensen & Rosas, 2007; Mugeni, 2015; Nguyen et al., 2019); secondly, the FDI deepening effects on 
wage inequality (Bogliaccini & Egan, 2017; Choi, 2006; Gopinath & Chen, 2003; Jaumotte et al.,  
2013; Reuveny & Li, 2003; Te Velde & Morrissey, 2004); thirdly, the fact that FDI has nonlinear 
effects on wage inequality (Aghion et al., 1998; Figini & Görg, 1999; Taylor & Driffield, 2005); and 
fourthly, the FDI has the spatial effects on wage inequality (Wang et al., 2021).
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Evidence suggests an increase in wage inequality between skilled and unskilled labor in devel
oped and developing countries (Johansson & Liu, 2020; Taylor & Driffield, 2005; Te Velde & 
Morrissey, 2004). Wages are the primary source of income for most laborers, and therefore the 
distribution of wages has an essential impact on income inequality. In general, previous studies 
have not come to a unified conclusion on the impact of FDI on the wage gap between skilled and 
unskilled laborers; the proposed theoretical frameworks are diverse, which leads to different 
explanations for this disparity. Moreover, many empirical studies globally have estimated the 
effect of FDI on the wage gap between skilled and unskilled laborers; however, none of these 
studies has examined the spatial effects of FDI on wage inequality.

In Vietnam, it is noteworthy that although the Gini coefficient is not high, the absolute income 
inequality is increasing. The per capita income of the top 20% of households was 9.2 times higher 
than that of the lowest 20% of households in 2010. This difference increased to 9.86 times in 2018. 
Besides, regarding the wage difference between skilled and unskilled workers, from 2010–2018, 
wage inequality between these two groups increased from 1,433 times in 2010 to 1,874 times in 
2018. Significantly, 2015 and 2016 witnessed a very high difference of 2,471 times and 1,928 
times, respectively. In the context of Vietnam—a developing country—the FDI sector is one of the 
critical growth drivers of the economy and is having an increasing impact on the socio-economic 
status of its citizens. Nevertheless, studies on the impact of FDI on wage inequality are still scarce, 
and none of the researchers has utilized the wage gap between skilled and unskilled laborers to 
represent the wage inequality issue in Vietnam. In addition, the spatial effect of FDI on wage 
inequality is a new research approach adopted worldwide and has not been analyzed in Vietnam. 
Moreover, it is indicated that the general conclusions in prior researches are inconsistent, motivat
ing this study. Last but not least, this study’s results are likely to apply to other developing 
countries.

In this study, the focus is on analyzing the impact of FDI on wage inequality in Vietnam. Firstly, 
we built an empirical model to examine the impact of FDI on wage inequality, in which the variable 
representing wage inequality is the wage gap between skilled and unskilled laborers. Subsequently, 
we utilized a spatial econometric model with panel data from 63 provinces in Vietnam over the 
period 2010–2018; to analyze the impact of FDI on wage inequality. Based on the spatial econo
metric model, the study focused on answering the following questions: (1) How does FDI affect 
wage inequality in Vietnam?; and (2) Is there a spatial effect of FDI on wage inequality in localities?

The study has a five-part structure: (1) Introduction; (2) Research overview; (3) Research meth
odology; (4) Results; and (5) Conclusions.

2. Literature review
The impact of FDI on wage inequality is attracting the attention of researchers around the globe. 
However, these studies have not reached a unified conclusion on the impact of FDI on wage 
inequality. The theoretical and empirical research on the relationship between FDI and wage 
inequality can be divided into four groups as follows:

2.1. FDI has a nonlinear relationship with wage inequality
Theoretically, the endogenous growth model of Aghion et al. (1998) suggests that technological 
development was the cause of the income gap between unskilled and skilled laborers. Based on 
the said economic model, the authors demonstrated two stages of development to import a new 
technology from multinational enterprises (MNEs) into the host country. The demand for skills in 
the early stages led to an increase in the demand for skilled laborers who were in short supply; this 
led to increasing wage inequality during this period. After that, wage inequality decreased as the 
supply of necessary skills improved, and the companies transitioned to the new technological 
model. In addition, the previously unskilled workers had been upgrading themselves with the 
required skills, thus joining the middle-income class society; and naturally reducing the pre- 
existing wage inequalities. The endogenous growth model of Aghion et al. (1998) hypothesizes 
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the nonlinear relationship between FDI and wage inequality. At the same time, using the General 
Purpose Technology (GPT) model, Aghion et al. (1998) also supported the nonlinear effect of FDI on 
wage inequality.

Subsequent empirical studies by Figini and Görg (1999, 2011) also showed a nonlinear 
relationship between FDI and wage inequality. In 1999 they discovered an inverted U-shaped 
relationship in the context of Ireland, while, in another study conducted in 2011 with a large 
sample of more than 100 developed and developing countries covering the period 1980–2002, 
they also found a nonlinear effect of FDI on wage inequality in developing countries. In 
particular, when studying the effects of FDI on wage inequality in OECD countries versus non- 
OECD developing countries, a clear distinction was made between the two. In the case of non- 
OECD developing countries, the study showed that the impact of FDI on wage inequality was 
nonlinear in an inverted U-shape. Specifically, FDI initially increases wage inequality, but 
subsequent increases in FDI reduce wage inequality in these countries. However, no such 
evidence was found in developed countries.

2.2. FDI has the effect of increasing wage inequality
The positive effect of FDI on wage inequality is also theoretically explained according to the 
northern and southern country model of Feenstra and Hanson (1996). This theory assumes that 
the countries in the north are developed with abundant skilled laborers, and the countries in the 
south are less developed, with most laborers being unskilled. Businesses in the northern countries 
with mainly skilled laborers would hire businesses in the southern countries with unskilled laborers 
to produce inputs. The availability and low labor cost in these less-developed southern countries 
could attract FDI from the northern developed countries, where labor is considered scarce and 
expensive. However, from the perspective of northern countries, production jobs transferred to 
southern countries could be seen as unskilled ones, while in southern countries, these jobs could 
be seen as skilled ones. This implies that some jobs may be considered either low-skilled in one 
country or high-skilled in another. Therefore, this type of FDI can increase the demand and wages 
for skilled workers in more and less-developed countries.

Several empirical studies (Aitken et al., 1996; Feenstra & Hanson, 1996; Gopinath & Chen, 2003; 
Lipsey & Sjöholm, 2004; Mah, 2002; McLaren, 2000; Taylor & Driffield, 2005; Te Velde, 2003) 
supported the hypothesis derived from the North—South model, which proposed that FDI hurts 
wage inequality by increasing the demand and wages of skilled workers in the host countries. 
These studies discovered that FDI inflows were mainly through the activities of MNEs, which often 
have a higher demand for skilled laborers than domestic enterprises. This led to wage differences 
for laborers in the latter (Le, 2020; Taylor & Driffield, 2005), widening the income gap between 
skilled and unskilled laborers. In addition, these studies revealed evidence of inequality in human 
capital, especially in developing countries. Moreover, FDI enterprises often set certain specification 
standards. Therefore, the opportunities for employment and income levels offered by FDI enter
prises were also unequal among the labor groups with varied qualifications. This further contrib
uted to the increase in wage inequality.

In addition, FDI enterprises created disparities in labor groups’ qualifications and skill levels 
through their training activities. As skills training activities became more frequent in FDI enter
prises, laborers’ qualifications increased. This widened the qualification and income gap between 
labor groups in FDI and non-FDI enterprises (Te Velde, 2003).

Apart from that, Te Velde (2003) exposed the difference in status between skilled and unskilled 
laborers. The former often possessed a higher status due to the shortage of this group in the labor 
market, which put them in an advantageous position with the ability to negotiate a higher salary with 
their employers. In addition, FDI enterprises tend to select areas that utilize skilled laborers to carry out 
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their investment activities (Feenstra & Hanson, 1996). Thus, the status of the skilled labor groups was 
relatively improved, increasing income inequality between the skilled and unskilled labor groups.

Te Velde (2003) conducted a study in the context of Latin America, which examined the degree 
of influence of FDI on the wage distribution of skilled and unskilled laborers. The results showed 
that FDI had no effect on reducing wage inequality in Latin America and even suggested that FDI 
might increase wage inequality in Bolivia and Chile. FDI could have a negative effect on income 
distribution. For example, when foreign companies introduced new skill-demanding technologies, 
such as electronics companies in Costa Rica, that increased demand for skilled laborers and wage 
inequality. Using the same approach, Gopinath and Chen (2003) selected 11 developing countries 
and proved that FDI widened the wage gap between skilled and unskilled laborers.

Johansson and Liu (2020) studied the impact of FDI on wage inequality in China and found a link 
between FDI and the demand for skilled laborers. There was evidence that wage inequality is 
higher in cities that attract more FDI. In addition, through analyses at the enterprise level, the 
study revealed that FDI not only increased the relative demand for skilled labor but also created 
a significant wage gap effect. In particular, FDI enterprises paid higher-than-average salaries for 
positions requiring skills. However, FDI had a positive wage spatial effect on both skilled and 
unskilled laborers in state-owned enterprises, but the level of the spatial effect was much higher 
for the former group.

2.3. The positive effects of FDI
Many neoclassical economists have also shown that FDI affects economic growth positively and 
reduces wage inequality (Mundell, 1957). They argued that FDI not only helped to fill the shortage 
of resources; but also created better economic growth through the spread of new technology, the 
development of human capital, management skills, and access to export markets (Pan-Long,  
1995). The trend of capital flow from regions with abundant resources to regions with scarce 
resources (to exploit low-income labor resources) caused the shift of labor and technology to these 
areas. As a result, the income inequality in different regions had decreased.

Other studies also opined that FDI reduced wage inequality in the host country. The study by 
Jensen and Rosas (2007) showed that FDI in Mexico in the period 1990–2000 reduced wage 
inequality at the state level. In addition, Bhandari (2006) revealed that FDI had a beneficial 
distributive effect in the United States, with significant variations across regions over different 
periods. A similar conclusion was suggested by Chintrakarn et al. (2012), who argued that FDI in 
the United States reduced wage inequality, but the level of spatial effects varied across the 
regions.

Mugeni (2015) utilized panel data from 153 developed and developing countries from 1995– 
2010, revealing that inward FDI, along with a degree of democracy, reduces wage inequality. In 
addition, the results were consistent with the assumption that FDI reduces wage inequality in 
countries with a higher degree of democracy.

To summarize, there have been numerous studies on the effects of FDI on wage inequality using 
large datasets across many countries or across a single country. However, the conclusions differ 
because FDI affects these regions according to the mechanisms applied. The variances in research 
results were caused by the differences in capital absorption capacity and development strategy of 
each host country. In addition, the choice of the proxies of wage inequality, the dependent 
variables, the control variables, and the different estimation techniques also contributed to the 
differences in the research results. Therefore, the relationship between FDI and wage inequality 
cannot be generalized across all countries or regions, necessitating further investigation in the 
context of Vietnam.
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There have been very few studies on the impact of FDI on wage inequality in Vietnam, with each 
yielding a different result. Studies conducted by Ho et al. (2020) showed that FDI had the potential 
to increase wage inequality. In contrast, Nguyen (2016) opined that FDI helped to reduce wage 
inequality in localities. This conclusion was derived after analyzing provincial panel data over the 
period 2002–2012. Similar conclusions were found by Chu and Le (2016), who argued that FDI 
reduced wage inequality since this sector had created a significant number of jobs for unskilled 
laborers. In addition, FDI inflows into Vietnam were influenced by factors such as geographical 
distance and trade openness, which originated mainly from East Asian countries with the main 
motive of seeking low-cost labor.

2.4. The spatial effects of FDI on wage inequality
Wang et al. (2021) studied the spatial effect of inward FDI on urban-rural wage inequality in the 
short and long run. Based on a panel dataset covering 30 provinces and cities in China from 2000 
to 2016, the study showed that wholly foreign-owned enterprises have a negative spatial effect on 
urban-rural wage inequality in the short and long run, while equity joint ventures reduce urban- 
rural wage inequality in the long run only.

Theoretically, FDI could have a spatial effect on wage inequality in a developing country through 
two channels: knowledge spillovers between regions and inter-regional mobility.

Due to the advantage of ownership, FDI created a positive spatial effect of knowledge across 
regions, contributing to the economic growth in other regions. Firstly, by stimulating labor migra
tion between regions, FDI helped to spread inter-regional knowledge in a positive way to boost 
economic growth in other regions. In addition, employees whom FDI enterprises trained returned 
to their homelands or migrated to other localities and took knowledge from local firms there (Du 
et al., 2005; Fosfuri et al., 2001). Secondly, through forward and backward industrial linkages with 
firms in other provinces, FDI offered firms in other provinces the opportunity to expand their 
production scale and improve productivity through linkages in the supply chain (Chen et al.,  
2013; Kugler, 2006). Thirdly, the innovation and research and development (R&D) activities of 
MNEs created knowledge spillovers across regions through technology transfer, which was also 
a factor by which FDI reduced wage inequality (Bronzini & Piselli, 2009). Fourthly, from 
a macroeconomic perspective, the increase in market demand for products from other regions 
was caused by the increase in wages in FDI sectors (Brun et al., 2002; Pham & Ho, 2021; Zhang & 
Felmingham, 2002). In these cases, FDI had a positive spatial effect on economic growth, which 
led to a reduction in wage inequality in other provinces. However, FDI firms also competed with the 
local firms in other provinces, for example, by pushing them out of the market and competing with 
them in labor and resource markets (Aitken & Harrison, 1999; Fu, 2011). Such competition led to 
bankruptcy among local businesses, causing a reduction in jobs for unskilled laborers. Thus, in this 
case, FDI had a negative spatial effect on wage inequality in other regions.

Regarding inter-regional migration and income transfer, FDI promoted migration from surplus labor 
regions to other regions with scarce labor. In Vietnam, FDI inflows into cities had attracted dozens of 
millions of rural migrant workers from other regions. On the one hand, inter-regional migration of rural 
workers from less-developed regions caused a loss of income in those regions, which is the opportunity 
cost of inter-regional migration. On the other hand, migrant rural workers from less-developed regions 
would remit money to their homeland. Therefore, if the remittances of rural migrant workers were 
higher than the loss of income in their homeland, the overall income of households in the home 
country would increase, thereby reducing wage inequality in such regions and vice-versa. However, in 
addition to income transfer, FDI had a spatial effect on wage inequality through the migration channel 
via another dimension. From a skills perspective, the labor transfer between regions attracted skilled 
laborers from other provinces and caused more scarcity of such labor groups in those localities. Hence, 
the shortage of skills increased wage inequality in these localities.
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3. Empirical model and data

3.1. Empirical model
Based on the studies by Te Velde (2003) and Taylor and Driffield (2005), the impact of FDI on wage 
inequality in Vietnam is estimated by using the following empirical model: 

In this model:

μi is a fixed effect that does not change over time, representing the specificity of each locality, 
and εit is an unobserved random component.

The WI is a variable representing wage inequality, the ratio calculated as the average wage of 
skilled laborers compared with the average wage of unskilled laborers in province i in year t. The 
wage differential coefficient between skilled and unskilled laborers is used to assess the impact of 
FDI on wage inequality based on the change in supply and demand for skills. In this study, skilled 
laborers have been trained at a school or a professional training institution under the National 
Education System for three months or more. They have graduated and been awarded a degree or 
certificate proving they attained a particular professional or technical competency. On the other 
hand, unskilled labor refers to those who does not possess any formal professional or technical 
qualifications.

The FDI variable is the ratio of realized FDI to current GDP in province i in year t, and it denotes 
the effect of FDI inflows into province i in year t.

LnPGDP, HC, TRADE, RSS, and TS are other explanatory variables. According to the theory of 
supply and demand for skills, five basic control variables are included in the equation: trade 
openness (TRADE); level of economic development (LnPGDP); human capital (HC); skills scarcity 
(RSS); and labor training costs incurred by enterprises (TS).

Feenstra and Hanson (1996) and Blonigen and Slaughter (2001) showed that trade openness also 
affected wage inequality. As to whether outsourcing actually leads to wage inequality depends on the 
skill levels of the outsourcing-related jobs. However, for developing countries, the researchers pre
dicted higher usage of unskilled labor compared to skilled labor in outsourced activities through 
international trade (Wood, 1995). As a result, outsourced activities would lead to an increase in 
wage inequality. Whilst examining the role of exports in wage inequality, Bernard and Jensen (1997) 
found that an increase in exports from the factories in the United States strongly affected wage 
inequality. However, Machin and Van Reenen (1998) could not find a role for trade openness in 
explaining the variation in wage inequality across OECD countries. Despite the lack of empirical 
evidence, it was anticipated that trade openness would positively affect wage inequality. In this 
study, the trade variable is the percentage of total trade (both imports and exports) to the GDP of 
province i in year t, reflecting the trade openness from the macro perspective.

Te Velde (2003) and Taylor and Driffield (2005) utilized GDP per capita to represent the level of 
economic development. This variable is the most common proxy for economic growth as it leads to 
an increase in a country’s wage inequality if it leads to an increase in the demand for skills. On the 
other hand, economic growth can lead to a reduction in wage inequality if there are policies aimed 
at increasing the supply of skills or establishing an imperfect wage competition mechanism 
(minimum wage regulations, effective wage models, etc.). The PGDP variable is the GDP per capita 
of the province i in year t at fixed prices in 2010.
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The human capital (HC) variable used in this model is represented by the percentage of trained labor 
force of province i in year t. As analyzed earlier, the supply and demand for skills determines the level of 
wage inequality. Therefore, when the supply of skilled labor increases, the wage gap between skilled 
and unskilled laborers decreases and improves the wage inequality. However, high-quality localities 
often attract FDI enterprises that utilize new technologies and as such have the need to recruit skilled 
laborers. This in turn increases the demand for skilled labor in those localities and widens the wage 
inequality. Thus, it is proposed that HC has a mixed effect on wage inequality.

Skills scarcity, as represented by the RSS variable, also has an impact on wage inequality. Te 
Velde and Morrissey (2001) compared the unemployment rates of skilled and the unemployment 
rate of unskilled laborers to measure the scarcity of skills. The lower the ratio, the scarcer are skills, 
which may push up wages of skilled workers and ultimately widens the wage inequality gap.

The authors added the cost variable into the model that represented labor training costs in 
enterprises. Based on the model of relative supply and demand for skilled laborers by Te Velde 
(2003), it was possible that training policies in enterprises could affect unemployment inequality 
since high technology FDI enterprises and those in the service sector tend to train more workers. 
Businesses invest in training their employees because that not only benefits the employees, but 
also benefits the entire business through increased labor productivity. Although training can 
upgrade laborers’ skills, it is uncertain whether these training programs would be conducted for 
all workers because they would aim to train either unskilled or skilled laborers. In the event that 
the enterprises only provided additional training for skilled laborers, wage inequality would 
increase. The TS variable representing labor training costs in enterprises is calculated as 
a percentage of the total business expenses in province i in year t.

3.2. Spatial econometric model
Previous studies on economic growth, poverty or income inequality between provinces within 
a country (or a number of countries within the same geographical location) often used panel 
data regression methods. Although they take into account individual characteristics between 
countries or between provinces within the same country, they ignore the spatial relationship 
between them. Tobler (1970) opined that sample data collected from geographically close regions 
are not independent but spatially correlated, which means that nearby observations will tend to be 
similar when compared to distant observations. In spatial econometrics, observations that are 
geographically adjacent to each other can have interactions with each other, resulting in spatial 
autocorrelation (LeSage & Pace, 2009).

Anderson and Van Wincoop (2003) also argued that localities within the same country were 
often closely linked because they operate under the same policy enforced by their government; it is 
more convenient to conduct trade transactions within a country compared to farther regions. 
Baumont et al. (2003) opined that measuring economic relationships by omitting correlation would 
lead to unreliable estimates. There are many special features of neighboring provinces that cannot 
be observed or tested through the model.

Theoretical models often recognize the existence of spatial influences, which decreased as the 
distance between units increased. In experiments conducted over the last few years, the panel 
data model has gradually returned to being a popular tool for measuring spatial effects due to the 
interpretation of both space and time for such studies where there is spatial dependence between 
observations (Anselin et al., 2004; Elhorst, 2017). A spatial panel data is the field characteristic of 
a panel data in which data is observed through two dimensions: spatially and temporally. 
Therefore, this study utilized a spatial economic model to examine the impact of FDI on wage 
inequality to take into account the spatial factor.
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Spatial regression models include Spatial Autocorrelation Model (SAC), Spatial Durbin Model 
(SDM), Spatial Autoregressive Model (SAR), the Spatial Error Model (SEM), and the Generalized 
Spatial Panel Random Effects Model (GSPRE).

According to Yu et al. (2008) and Belotti et al. (2017), SAR which is known as Spatial 
Autoregressive Model has the basic equation as following: 

Belotti et al. (2017) denoted by W the n × n matrix of spatial weights and, for each period t = 1, . . ., T, by 
yt the n × 1 column vector of the dependent variable and by Xt the n × k matrix of regressors. For each 
cross-section, W describes the spatial arrangement of the n units, and each entry wijof W is greater 
than zero if units i and j can be considered as neighbors. In order to exclude self-neighbors, the 
diagonal elements wii are conventionally set equal to zero.

It is assumed that µ ∼ N(0, σ2
μ) in the random-effects case, while the µ is a vector of parameters 

to be estimated in the fixed-effects variant. The standard assumptions that Pit,Nð0; σ2
2) and 

E (PitPjsÞ ¼ 0 for i �j and/or t�s apply in this case.

SDM is the Spatial Durbin Model, which is a generalization of the SAR model also including 
spatially weighted independent variables as explanatory variables. 

The model can be generalized by using different spatial weights for the spatially-lagged dependent 
variable (Wy) and the spatially-weighted regressors (WZ) or by using Zt�Xt.

SAC, which is the Spatial Autocorrelation Model (alternatively referred to as the spatial auto
regressive with spatially autocorrelated errors, SARAR), combines the SAR with a spatial autore
gressive error: 

where M is a matrix of spatial weights that may or may not be equal to W. The literature focuses 
on the fixed-effects variant of this specification as the random-effects variant can be written as 
a special case of the SAR specification.

SEM is the Spatial Error Model focusing on spatial auto-correlation in the error term as in: 

It is obvious that this is a special case not only of the SAC model but also of the SDM.

GSPRE is the Generalized Spatial Random-Effects model represented as: 
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This is a generalization of the spatial error model in which the panel effects, represented by the 
vector μ, are spatially correlated. It is assumed that the vectors μ and Pt are independent 
normally distributed errors, so the model is necessarily a random-effects specification with 
μ ¼ I � ϕWð Þ

� 1η and νt ¼ I � Wð Þ
� 1

Pt. There are numerous special cases of the general specifica
tion with (a) �ϕ�0; bð Þ ¼ 0; cð Þϕ ¼ 0; dð Þ ¼ ϕ:

According to LeSage and Pace (2009) and Elhorst (2010), in the process of building the spatial 
econometric model, the SDM model was selected as the starting point. However, in these studies, 
tests were performed on the various models to determine the most appropriate one.

According to LeSage and Pace (2009) and Elhorst (2010), in the process of building the spatial 
econometric model, the SDM model was selected as the starting model. However, our study needs 
to perform tests between the models to choose the appropriate one.

The steps are shown below:

● Building spatial matrix based on Geoda software;
● Estimating the SDM model;

Model selection procedure:

● Hausman test is used to choose a fixed effect or random effect model;
● Spatial model selection procedure: This model selection procedure can be easily implemented using 

xsmle command in Stata14. For instance, one may be interested in testing if the SAR model or the 
SEM is the most appropriate. Since the SDM may be easily derived starting from an SEM, it is easily 
shown that if θ = 0 and ρ�0; the model is a SAR, while if θ ¼ � βρ the model is a SEM. After the 
estimation of the SDM, these tests can be easily performed by exploiting the xsmle “equation- 
labeled” vector of estimated coefficients and the official test and testnl commands. Finally, for these 
models are non-nested, information criteria (AIC and BIC) can be used to test and find the most 
appropriate model;

● Estimate the selected spatial model.

The authors build a spatial matrix based on Geoda software by taking the provinces as spatial 
units. In Vietnam, there are 63 provinces with different characteristics. The authors selected the 
provinces as spatial units, with their administrative unit being the Provincial People’s Committee.

3.3. Research data
This study utilized panel data covering 63 provinces in Vietnam over the period 2010–2018 from 
the following sources:

● Annual statistical yearbooks of the General Statistics Office of Vietnam (2010–2018) to obtain data 
on realized FDI, GDP per capita and the rate of training of laborers;

● The Labor and Employment Survey was used to calculate the ratio of average wages of skilled 
laborers to those of unskilled laborers, and also the ratio of the unemployment rates of skilled to 
unskilled laborers in each province;

● Import and export reports issued annually by the Import and Export Department under the 
Ministry of Industry and Trade, which were used to collect export and import data for each locality 
in Vietnam;
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● PCI dataset researched annually by the Vietnam Chamber of Commerce and Industry (VCCI) and the 
United States Agency for International Development (USAID) were used to collect data on training 
costs of laborers as a percentage of total business costs for enterprises in each province.

Table 1 shows list of variables, measures, and data sources.

The data on the variables used to undertake the research model for estimating the impact of FDI 
on wage inequality are summarized in Table 2 below.

4. Empirical results and discussions

4.1. Model selection procedure
The authors estimated the SDM in the form of fixed effects and random effects and performed the 
Hausman Test for these. The test results indicated that Prob > chi2 = 0.0447, rejecting the hypoth
esis H0 that random SDM was appropriate. Therefore, the fixed effect model was chosen in this 
case.

Table 1. List of variables, measures, and data sources
Variables Symbol Measure Source
Wage inequality WI the average wages of skilled 

laborers compared with the 
average wages of unskilled 
laborers in each province

General Statistics Office of 
Vietnam

Foreign direct investment FDI FDI of each province (% GDP) General Statistics Office of 
Vietnam

GDP PGDP GDP per capita of each 
province

General Statistics Office of 
Vietnam

Trade openess TRADE Export + Import of each 
province (% GDP)

General Statistics Office of 
Vietnam

Human capital HC the proportion of trained labor 
force in each province

General Statistics Office of 
Vietnam

Skills scarcity RSS the unemployment rate of 
skilled and unskilled laborers 
compared in each province

General Statistics Office of 
Vietnam

Cost of labor training TS the percentage of total 
business expenses for labor 
training in enterprises for each 
province

General Statistics Office of 
Vietnam

Table 2. Descriptive statistics
No Variables Observation Mean Std. Dev Min Max
1 WI 567 1.777611 0.670248 0.670425 6.87166

2 FDI 567 5.111963 11.01735 0 124.5034

3 PGDP 567 3.28926 0.5202286 2.37931 5.488951

4 HC 567 16.35397 6.974318 5.1 46.7

5 TRADE 567 104.9125 268.9078 0.0255907 4.053,993

6 RSS 567 0.1657138 0.0892709 0.0368543 0.5086727

7 TS 567 5,43153 1,076699 1,1995796 7,99
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The results of testing SAR and SDM models highlighted that chi2 = 8.95 and Prob > chi2 = 0.1763, 
accepting the hypothesis H0 that SAR model was appropriate. Therefore, the SAR model was 
selected to be used in the analysis.

The test results of SEM and SDM model revealed that chi2 = 14.37 and Prob > chi2 = 0.0258, thus 
rejecting hypothesis H0 that SEM model was appropriate. Therefore, the SDM model was selected 
to analyze the impact of FDI on income inequality.

The selection tests between SAC, GSPRE, SDM and SAR models were based on the Bayesian 
Information Criterion (BIC) and the Akaike Information Criterion (AIC) statistics (Belotti et al.,  
2017). If the model had an absolute value of BIC and AIC which is smaller, it would be considered 
as a suitable model to be used for this study.

Table 3 represents the statistical results of the AIC and BIC for the four models, namely SDM, 
SAC, SAR, and GSPRE, which showed that the SAC model had the smallest AIC and BIC values. 
Therefore, the SAC model was most suitable as compared to the other three models and was 
selected for analyzing the impact of FDI on wage inequality.

4.2. Empirical results
Table 4 displays the estimated results of the impact of FDI on wage inequality by adopting the 
fixed effect regression. The Hausman test results show that the fixed effects model is appropriate. 

Table 3. The BIC and AIC results of the models
SDM Model SAC Model SAR Model GSPRE Model

AIC BIC AIC BIC AIC BIC AIC BIC
815.4993 876.2643 808.0026 847.0659 812.4264 847.1493 983.0543 1030.798

Table 4. Estimation results of fixed-effects regression
(1)

Variables FE
FDI 0.0101***

(0.003)

PGDP −0.2052

(0.241)

HC −0.0245*

(0.013)

RSS −2.5593***

(0.440)

TC 0.0913***

(0.026)

TRADE −0.0001

(0.000)

Constant 1.9412***

(0.669)

Observations 567

R-squared 0.159

Number of id 63

Standard errors in parentheses. ***p < 0.01, **p < 0.05, *p < 0.1. 
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Theoretically, in the case of balanced panel data where all the cross-sectional data variables are 
constant and there are not any missing values, the fixed effect method is appropriate. 
Furthermore, the fixed effect method is also useful to control some unobserved variables (at 
a regional level, such as local institutions or some features that differentiate one industry from 
another) that do not change over time, but they may generate changes in the dependent variable.

Table 5 displays the estimated results of the SAC spatial econometric model.

Column 1 of Table 5 shows the estimated results of the SAC with spatial fixed-effects. The 
results show that the spatial correlation coefficients ρ and λ were statistically significant. 
Except for the economic growth variable, the results of SAC with spatial fixed-effects are 
similar to those analyzed in the above estimation of fixed effects when there is no spatial 
factor.

Firstly, the FDI variable demonstrated a positive sign and was statistically significant at 1%, 
which proved that FDI has the effect of increasing the income gap between skilled and unskilled 
labor groups, which exacerbates wage inequality in Vietnam. This result was consistent with the 
theoretical model. However, this does not imply that FDI is good or bad for growth and poverty 
reduction in Vietnam, but it does imply that most of the benefits derived from FDI were in favor of 
skilled laborers. This result was similar to the study by Te Velde and Morrissey (2001) based on 
Thailand and the research on Latin American countries by Te Velde (2003). The spatial effects of 

Table 5. Estimation results of SAC with spatial fixed-effects
(1) (2) (3) (4)

Variables Main LR_Direct LR_Indirect LR_Total
FDI 0.0083 *** 0.0092 *** 0.0101 ** 0.0193 ***

(0.003) (0.003) (0.004) (0.007)

PGDP −0.3442 * −0.3860 * −0.4308 −0.8168 *

(0.181) (0.204) (0.271) (0.463)

HC −0.0186 * −0.0210 * −0.0231 −0.0442 *

(0.010) (0.011) (0.014) (0.025)

RSS −1.6957 *** −1.9038 *** −2.0769 *** −3.9807 ***

(0.362) (0.381) (0.587) (0.859)

TC 0.0558 *** 0.0629 *** 0.0685 ** 0.1315 ***

(0.019) (0.021) (0.027) (0.046)

TRADE −0.0001 −0.0001 −0.0001 −0.0002

(0.000) (0.000) (0.000) (0.000)

Spatial

Rho 0.5666 ***

(0.068)

Lambda −0.3568 ***

(0.115)

Variance

sigma2_e 0.2337 ***

(0.015)

Observations 567 567 567 567

R-squared 0.156 0.155 0.154 0.154

Number of id 63 63 63 63

Standard errors in parentheses. ***p < 0.01, **p < 0.05, *p < 0.1. 
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FDI on income inequality could be explained by knowledge spillover and high labor mobility 
between localities.

Secondly, the PGDP variable was significant at the 10% level and had a positive effect on 
reducing wage inequality. Thus, economic growth contributed to the reduction of wage inequality 
in Vietnam. This implied that Vietnam’s economic development helped to reduce the wage gap 
between skilled and unskilled labor groups.

Thirdly, the HC variable was significant at the 10% level and had a positive effect on reducing 
wage inequality. This implied that when the proportion of trained laborers increased, which means 
an increase in the supply of skills, there would be a decrease in the wage gap between skilled and 
unskilled labor groups. This result was consistent with the theoretical analysis.

Fourthly, the RSS variable was calculated as the unemployment rate of skilled laborers against 
the unemployment rate of unskilled laborers, which was significant at the 1% level and had 
a negative coefficient. Thus, when this ratio increases, the unemployment rate of skilled laborers 
would also increase. This implied a decrease in the shortage of skills, which leads to a decrease in 
the wage inequality between skilled and unskilled laborers.

Finally, the TC variable was significant at the 1% level and had a positive impact on wage 
inequality. This meant that the higher the costs of training incurred by enterprises, the higher the 
wage inequality, implying that enterprises incurred training costs mainly on skilled laborers rather 
than on unskilled laborers. In the study conducted by Batra and Tan (1997) it was demonstrated 
that training had a positive effect on productivity growth, but this was only for skilled laborers. In 
general, skilled labor groups were often better learners because of their higher receptivity and 
were therefore more likely to benefit from this training. Therefore, the cost of training workers in 
Vietnamese enterprises is currently benefiting skilled laborers more than the unskilled laborers. 
The impact of the trade openness variable on wage inequality was not confirmed in this model.

The spatial econometric model allowed for the consideration of the complex structure of the 
dependent variables intertwined with the independent variables. LeSage and Pace (2009) showed 
that a direct effect exists in the spatial econometric regression model, and this was used to 
measure the fluctuating influence of the independent variables on the dependent variables at 
the provincial level. Meanwhile, indirect effects were regarded as cross-spatial effects and were 
used to measure how the changes in the independent variable in one province affected the 
dependent variable in the other provinces. The total marginal effect was the combination of the 
direct and indirect effects.

The remaining columns 2, 3 and 4 of Table 5 represent the results of estimating direct, indirect, 
and total marginal effects of FDI on wage inequality after taking into account the concepts put 
forward by LeSage and Pace (2009). The estimation results indicated that in all three cases, the 
coefficient values and the statistical significance of the variables were exactly as predicted by the 
original model. This implied that the variables selected in the model had direct, indirect, and total 
marginal effects when spatial factors were taken into account. As can be seen from Table 5, the 
direct effect and spatial spillover effect of FDI on wage inequality are 0.0092 and 0.0101, respec
tively, and and the test of the significance level of 1% is passed. Specifically, the direct marginal 
effect (average of the diagonal component in the spatial matrix) indicated that FDI had a positive 
value; that is, FDI can increase wage inequality. Similarly, the indirect marginal effect (the row 
average of the components outside the main diagonal of the spatial matrix) also showed the same 
spatial effect; that is, FDI in one province increased wage inequality in other localities. Thus, the 
spatial econometric model revealed that FDI did not merely have a direct influence on wage 
inequality in a particular province but also had an indirect influence on wage inequality in other 
provinces.
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5. Conclusions and implications
The main purpose of this study was to analyze the impact of FDI on wage inequality in Vietnam. 
Based on the review of theoretical and empirical evidence for the relationship between FDI and 
wage inequality, the study utilized a spatial econometric model with panel data from 63 provinces 
in Vietnam over the period 2010–2018 to answer the following questions: (1) How FDI would affect 
wage inequality in Vietnam; (2) whether there was a spatial effect of FDI on wage inequality in 
localities.

The findings from the spatial econometric model yielded the following results: Firstly, the study 
showed that FDI had an impact on increasing wage inequality in the provinces of Vietnam, 
including direct and spatial effects. This stemmed from the fact that FDI enterprises often placed 
higher requirements on the skills and discipline of laborers. The spatial effect of FDI on wage 
inequality could be explained by the high labor mobility between localities. Secondly, the economic 
growth in Vietnam has led to a reduction in the wage inequality between skilled and unskilled 
labor groups, as all workers benefited from it. Thirdly, localities with high human capital, developed 
education systems, and an increased proportion of skilled labor force helped to reduce wage 
inequality. Fourthly, when the unemployment rate of skilled laborers relative to unskilled ones 
decreased, wage inequality improved. Lastly, the higher the cost of training, the higher the wage 
inequality, which implied that enterprises were currently training mainly for the skilled labor 
groups instead of focusing on the unskilled laborers.

Based on the above research results, this article suggests some policy implementation to reduce the 
negative impact of FDI on wage inequality in Vietnam. FDI, combined with the strategy of improving 
the quality of human resources, would contribute to reducing wage inequality in Vietnam. From 
a theoretical perspective, FDI enterprises are also often capital-intensive and require higher skills 
than local enterprises. As a result, FDI growth leads to an increasing demand for skilled labor in the 
host countries. The negative impact of FDI on wage inequality can only be reduced when the local 
education system provides more skilled laborers for FDI enterprises and enables them to obtain higher 
salaries. However, the qualifications and skills of Vietnamese laborers were of low quality initially and 
have not significantly improved even with FDI inflows in recent years. Therefore, labor market devel
opment plays an important role in reducing the negative influence of FDI on wage inequality. There are 
four main measures to attract FDI combined with improving domestic human resources. Firstly, the 
professional and technical qualifications of employees can be improved by allocating the state budget 
to prioritized education projects and promoting socialization to attract non-government capital fund
ing for education and training. Policies should focus on increasing investment in public education and 
improving human capital, for instance, supplying a good educational basis (at least secondary educa
tion) and an appropriate technical education, which not only can reduce income inequality but also 
can attract more FDI inflows. Besides, the government can encourage training in MNEs and other 
firms. When firms pay for training, the employees do not capture all the benefits from training; in 
reality, firms capture some by raising productivity more than wages. Secondly, it is necessary to 
strengthen the professional training, skills, discipline, and labor culture of the workforce; in line with 
international standards. In addition, the requirements for attracting FDI should be channeled towards 
prioritized industries. Thirdly, human resources must be developed to support industries and focus on 
promoting and training skilled laborers. Lastly, the vocational education and training system must be 
improved: the professional secondary schools can be expanded to train middle-level managers, 
technicians, and skilled laborers, so as to increase the proportion of skilled labor groups in the 
economy. Vietnam has not been successful in providing good quality and appropriate education and 
training. Aiming for good quality human resource development at the lower end of the labor market 
would also have a positive impact on the way in which FDI affects inequality. Therefore, Vietnam’s 
policies to attract and utilize FDI should be aligned with training and human capital development. In 
order to reimagine the interactions between the economy, nature, and environment and move toward 
more sustainable development, it is essential to modify investment flows, social and economic equity, 
economic structure, and patterns of energy resources (Khan et al., 2022).
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Nevertheless, there are some limitations to this study that should not be overlooked. Firstly, 
generalizing the findings to other settings must be undertaken with the utmost caution because 
the study focuses solely on Vietnam. Replication and extension to other transitional economies is 
a direction for future research. Secondly, FDI and wage inequality are complex phenomena, and 
this study only examines part of their relationship. FDI in different sectors can have different 
effects on wage inequality. However, due to the limitation of FDI data disaggregated by sector for 
the 63 provinces in Vietnam, the study only uses the data of total realized FDI inflow as a proxy 
variable. Therefore, the use of FDI data by sector will be the direction of future research. Last but 
not least, the interconnectedness of the challenges of poverty, inequality, energy transition, and 
climate change mitigation is widely accepted. In the coming decades, these challenges will affect 
global stability. Thus, it would motivate future research to tackle the crucial relationship between 
FDI, inequality, and energy consumption (Khan et al., 2022)
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