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Abstract 

This paper empirically analyzes sustainable relations between inward FDI (IFDI), out-
ward FDI (OFDI), the  R&D expenditure ratio and CO2 emissions based on balanced 
panel data from the  BRICS (namely, Brazil, Russia, India, China and South Africa) 
countries for the period 2003–2017. Generally, the results confirm a negative effect of 
IFDI and a positive effect of OFDI on the R&D expenditure ratio, both with statistical 
significance. Further exploration of the IFDI, OFDI and R&D impacts on CO2 emissions 
was based on an assumption that innovation development mitigates environmental pol-
lution. The research outcome revealed positive associations between IFDI and the R&D 
expenditure ratio with CO2 emissions, showing the connection of environmental pollu-
tion to growth-focused national economic strategies. Based on these results, we recom-
mend the following policies: (1) rethinking domestic industries protectionism trends and 
research support to enhance FDI spillover effects, (2) the drafting of New Development 
Bank specific environment-friendly investment programs aimed at innovation activities, 
and (3) looking into further easing the green technologies from developed countries. 

Keywords: foreign direct investment, FDI, research and development, R&D, environment pollution, 
panel analysis.
JEL classification: C01, O19, P33, P45.

1.	Introduction 

The modern economy is fueled by the flows of cross-country capital move-
ments to obtain global competitiveness amongst differently endowed countries 
(Moon et al., 1995; Moon et al., 1998). FDI is a form of these international capital 
movements, which has a  direct effect on economic growth and indirect effect 
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on innovation development via spillover effects (Johnson, 2006; Yao and Wei, 
2007; Pegkas, 2015; Herzer and Donaubauer, 2018; Khachoo et al., 2018, etc.). 
As economies are improved to achieve sustainable development, much emphasis 
is put on innovation (Posch and Steiner, 2006; Kardos, 2012) and this has in turn 
led to a line of studies investigating FDI spillover effects on innovation activities. 
In addition, the growing significance of environmental pollution and its negative 
impact on economic sectors significantly spurred researchers to explore the as-
sociation of innovation development with mitigating effects of air pollution (for 
instance, CO2 emissions) (Fernández et al., 2018; Yu and Du, 2019; Chen and 
Lee, 2020; Cheng et al., 2021).

BRICS (namely, Brazil, Russia, India, China and South Africa), the leading 
developing countries, are also making efforts to increase the stability of their 
economies, but at the same time they are largely dependent on investment flows 
and innovative cooperation to achieve their goals. BRICS countries are striv-
ing for structural transformations that will ensure the  modernization of their 
economies and the  development of modern knowledge-intensive industries 
(Lankapotu, 2020). 

BRICS nations’ leaders have regularly confirmed that joint work in the field 
of science, technology and innovation has remained a priority area of coopera-
tion between them. It would seem that BRICS states have great potential due to 
their complementary scientific basis, and their goal of technical development, as 
well as huge markets for high-tech products (Kovalev and Shcherbakova, 2019). 
However, it is visible from the GDP proportion allocated to research activities 
that although China has been showing significant progress in developing a na-
tional innovation structure, the corresponding progress of other BRICS nations 
has been stagnating to a large extent (Table 1). Each country has its own set of 
reasons, but the result seems to indicate that a significant portion of technologies 
has to be transferred from developed countries. 

In terms of FDI flows, the overall heterogeneous nature of the BRICS shows 
a general momentum toward the inflow side (Sumathy and Dhanasekaran, 2021). 
The FDI in question is a composite term combining the sum of equity capital, 
reinvestment of earnings, and other capital, having a  cross-border control or 
a significant degree of influence on the management of an enterprise in another 
economy. As can be seen from Table 2, FDI turnover reliance has been a sig-
nificant trait of all BRICS economies within most of the period of time studied. 
Noticeable FDI flows, while having the potential to hold back local R&D develop
ment (Azman-Saini et al., 2018), certainly have contributed to the construction of 
the state innovation structure through accompanying tech transfer. 

Table 1
Research and development expenditure (R&D) of BRICS, 2003–2017 (% of GDP).

Country 2003 2008 2013 2017

Brazil 0.999 1.129 1.196 1.263
Russia 1.286 1.044 1.025 1.107
India 0.719 0.859 0.706 0.666
China 1.120 1.446 1.998 2.145
South Africa 0.760 0.888 0.725 0.832

Source: World Bank (2021).
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The studied period of time has also been marked by a growing pressure for 
updating the  development of global capital markets to new economic reali-
ties — the threat of climate change, water scarcity, general natural resource deple-
tion and other factors related to human activity (Ranjbari et al., 2021). Some, like 
the European Union, promote basic consensus around Sustainable Development 
as a way to sustain stable economic and industrial development. The adoption 
of the European Green Deal 2030 declared the intention of developed countries 
to pay serious heed to the dangers of climate change and invest heavily in R&D 
activities in an effort to reduce CO2 emissions through innovative transformation 
of their economies. However, it is evident that the  role of the BRICS nations 
(being the most populated states with goods per capita income growth prospects) 
in achieving the Sustainable Development agenda is crucial. As shown in Table 3, 
the proportion of CO2 emissions of the BRICS nations in the world has consis-
tently increased from 28.55% to 41.47% for the period 2003–2017. 

The  economies of BRICS countries have had diverse development paths 
over the  last two decades, predominantly based on import substitution and 

Table 2
Foreign direct investment (FDI) of BRICS, 2003–2017 (billion U.S. dollars at current prices).

Country FDI direction 2003 2008 2013 2017

Brazil Total 10.352 76.832 90.855 90.226
Net Inflows 10.123 50.716 75.211 68.885
Net Outflows 229.000 26.115 15.644 21.341

Russia Total 17.653 130.446 155.725 65.314
Net Inflows 7.929 74.783 69.219 28.557
Net Outflows 9.724 55.663 86.507 36.757

India Total 4.920 62.663 29.918 51.056
Net Inflows 3.682 43.406 28.153 39.966
Net Outflows 1.238 19.257 1.765 11.090

China Total 66.357 228.277 363.899 304.377
Net Inflows 57.901 171.535 290.928 166.084
Net Outflows 8.456 56.742 72.971 138.293

South Africa Total 1.336 7.765 14.752 9.508
Net Inflows 783.000 9.885 8.233 2.059
Net Outflows 553.000 –2.120 6.520 7.449

Source: World Bank (2021).

Table 3
CO2 emissions of the BRICS, 2003–2017.

Country 2003 2008 2013 2017

Billion 
tons

Ratio 
(%)

Billion 
tons

Ratio 
(%)

Billion 
tons

Ratio 
(%)

Billion 
tons

Ratio 
(%)

World 27.176 100 31.946 100 34.987 100 35.696 100
BRICS 7.759 28.55 11.349 35.53 14.400 41.16 14.804 41.47

Brazil 0.318 1.17 0.380 1.19 0.495 1.41 0.4846 1.36
Russia 1.525 5.61 1.637 5.12 1.619 4.63 1.646 4.61
India 1.059 3.90 1.463 4.58 2.033 5.81 2.457 6.88
China 4.452 16.38 7.375 23.09 9.797 28.00 9.751 27.32
South Africa 0.404 1.49 0.495 1.55 0.456 1.30 0.466 1.31

Source: Ritchie and Roser (2020).
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active industrial policy ideology. It can currently be stated that BRICS produc-
tive competencies have a slightly greater technological content and complexity 
compared to other developing countries (Santiago, 2020). However, the BRICS 
industrial sector includes a  significant portion of extraction, utilities, manu-
facturing and construction industries (Kutu and Ngalawa, 2016), consuming 
an increasing amount of energy and consequently inflating their CO2 emission 
ratios (Stolyarova, 2013). However, the development of the BRICS has led to an 
increasingly high innovation and FDI turnover within the group. Also, despite 
the  trend of increasing the  share of the  services sector and de-carbonization 
efforts, the  decrease in emissions has not yet shown serious pace. With this 
regard, this study focused on investigating FDI spillover effects on innovation 
development in the BRICS nations (which were chosen as the most representa-
tive examples of developing countries). R&D expenditure ratio is selected as 
a proxy for innovation development. The authors of a large number of previous 
studies estimate FDI spillover effects by employing total factor productivity 
(TFP) (for instance, Herzer, 2011; Amann and Virmani,  2015; Herzer and 
Donaubauer, 2018; Vujanović et al., 2021). However, as stated by Stiebale and 
Reize (2011), productivity development may not be the optimal measurement of 
a domestic firm’s performance. The current study adopts R&D expenditure ratio 
as another proxy to estimate the direct effects of FDI on innovation activities. 
Also, the current research attempts to deal with both inward and outward FDI 
to reflect a  discussion on newly industrialized countries’ (NIC) outward FDI. 
Contrary to conventional developed economies whose outward FDI is in line 
with asset exploitation, that of NICs aims at asset-seeking and is considered as 
a learning opportunity from abroad for bringing higher technologies back to their 
home countries (Eden and Dai, 2010, p. 20; Pradhan, 2010; Elia and Santangelo, 
2017). Finally, considering the growing significance of sustainable development, 
the study further explored the impacts of (inward and outward) FDI on CO2 emis-
sions, assuming that investments are a contributing factor of innovation develop-
ment that should mitigate the emissions in question. In terms of methodology, as 
a baseline study, we utilized fixed effects (FE) and fixed effects generalized least 
square (FE-GLS). For the robustness and control of endogenous variables, fixed 
effects 2 stage least square (FE–2SLS-GLS) was also applied. We assume that 
the achievements of this study can be applied to other developing economies to 
accelerate technological progress and strengthen sustainable development. 

The  remaining paper is structured as follows. Section 2 covers the  literature 
review on inward and outward FDI’s impacts on innovation development and en-
vironmental pollution. Section 3 presents the data and model specifications. Panel 
analyses are carried out in Section 4. Lastly, in conclusion, we provide policy 
directions related to FDI and innovation activities for the BRICS nations. 

2.	Literature review 

Positive impact of FDI on national economies can be direct and indirect: 
the  former is measured by FDI’s contribution to market size expansion or 
economic growth, while the  latter is achieved via spillover effects leading to 
production, technology and managerial innovations, which are used as a basis for 
economic development. The spillover effects of FDI are discussed in a variety 
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of studies, but the results are mixed depending on the period, the proxy use for 
innovation, country of research, and the direction of the FDI (inward or outward). 

It is evident that a multitude of studies have previously explored the relation-
ship between inward FDI and productivity development. Herzer and Donaubauer 
(2018) in their study on 49 developing countries for the period 1981–2011 demon
strate that inward FDI is negatively associated with TFP in the long-term, while 
the magnitude of these negative impacts varies according to other control vari-
ables (i.e. human capital, financial condition, openness). Vujanović et al. (2021) 
investigate the impacts of three types of inward FDI spillovers (i.e., horizontal, 
backward and forward spillovers) on TFP in Croatia and Slovenia’s manufactur-
ing and services sectors during the  pre- and post-financial crisis (2006–2014) 
period, but the results are inconsistent depending on the sector, country and type 
of spillover. This inconsistent relation of inward FDI to innovation is also shown 
in Khachoo et al.’s (2018) study of Indian manufacturing firms which approaches 
innovation in three aspects (R&D, patents and TFP). The study revealed that FDI 
spillover effects are more associated with companies in high-tech industries. 

In addition, there are studies which investigate the association of outward FDI 
with productivity growth. Herzer’s (2011) study demonstrates a positive long-run 
effect of 33 developing countries’ outward FDI on their home countries’ TFP 
development. The same results are presented in his follow-up study on Germany 
based on datasets during 1980–2008 (Herzer, 2012). Amann and Virmani (2015) 
further clarify that outward (inward) FDI to (from) developed economies contribute 
to the TFP growth of developing economies based on the datasets of 18 emerging 
and 34 OECD countries from 1990–2010. Li et al. (2016) also test reserve spill-
over effects derived from outward FDI based on datasets of 29 Chinese regions 
from 2003–2013 which support a positive relation of outward FDI to productivity 
growth when the technology gap with host countries is low or moderate. 

Meanwhile, innovation development is estimated by various proxies other 
than productivity growth to verify its association with FDI. Cheung and Ping 
(2004) demonstrate innovation development (proxied by three different types of 
patent applications) derived from inward FDI in Chinese regions based on data 
for the period 1995–2000. In a similar manner, Khachoo and Sharma’s (2016) 
research, which adopted patent grants as a dependent variable to test the spillover 
effects of inward FDI on the Indian manufacturing companies, reveals a positive 
association between inward FDI and innovation development, but much more 
evident than that in the supplying sectors. Hoang et al. (2021), in their firm-level 
analysis, verify a  positive relation of inward FDI to technology innovation in 
Vietnamese companies (that are located in Hanoi). The positive effects of inward 
FDI in terms of knowledge spillovers are also addressed in Vahter’s (2011) study 
of Estonian manufacturing firms. Huang and Zhang (2020) test both inward and 
outward FDI’s effects on innovation development for Chinese firms located in 
Shandong province during 2002–2007 and find significant positive innovation 
spillovers for both of them, especially outward FDI. 

In contrast, in a case study of Czech manufacturing firms, Kinoshita (2000) 
insists that inward FDI itself does not create spillover effects, but does so only 
when it is in conjunction with R&D. In addition, Iwasaki and Tokunaga’s (2016) 
research further demonstrates insufficient productivity spillover effects from 
inward FDI in transition economies. 
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Meanwhile, a growing awareness of environmental issues has led scholars to 
demonstrate a  linkage between innovation and CO2 reductions in recent years. 
The impacts seem to be applied differently depending on the country of research, 
but are much positively sufficient in economically developed areas. For example, 
Fernández et al. (2018) reveal that R&D helps to decrease CO2 emissions in 
the EU(15) and US, but it does not in China. Chen and Lee (2020) insist that there 
is no significant impact of R&D on CO2 reductions on a global level, but its im-
pacts are shown to be significant in high-income, high-technology and high-CO2 
emission countries. In a follow-up study, the positive impact of technological in-
novation on the reduction of CO2 emissions is supported by Cheng et al.’s (2021) 
study by scoping down datasets to 35 OECD countries. Yu and Du (2019), in 
their study on Chinese provinces during 1997–2015, also induce similar results: 
the CO2 mitigation effects of innovation are significantly stronger in high-speed 
growth provinces than low-speed growth provinces. 

On the  other hand, multiple studies demonstrate the  nexus between FDI and 
environment pollution to test whether the  former is a  factor in the degradation of 
the environment of host countries as a trade-off for economic growth, but the results 
of different studies do not reach common ground (Aliyu, 2005; Hoffmann et al. 2005; 
Yang et al., 2008; Hitam and Borhan, 2012; Jun et al., 2018; Mukhtarov et al., 2020). 

To conclude, the impact of (inward and outward) FDI would not appear to have 
any universal common ground and its results vary, depending on the  country, 
period, industry and methodology. The same goes for the relationship of (inward 
and outward) FDI, innovation development and CO2 emissions. In this respect, 
our study is focused on the BRICS countries with fresh datasets by employing 
three different types of econometric techniques (which are FE, FE-GLS and 
FE2SLS-GLS). 

3.	Data, methodology and model specification 

The  empirical analysis employed in this study utilizes country-level panel 
data of BRICS countries for the period of 2003–2017. Detailed data descriptions 
and data sources are shown in Appendix A. A descriptive data analysis for every 
variable — which are RnD, IFDI, OFDI, Ln(CO2), Capital, Human, Growth and 
TFP — is provided in Table 4. It presents mean, standard deviation, minimum and 
maximum values of dependent and independent variables in our models. The re-
sults of skewness and kurtosis reveal that each variable is normally distributed. 

To construct a theoretical model, Cheung and Ping’s (2004, pp. 28–29) innova-
tion to FDI equation is employed, but divides FDI into inward and outward FDI 
as follows: 

I = f (L, K, IFDI, OFDI ),	 (1)

where L and K denote labor and capital inputs and IFDI and OFDI denote inward 
and outward FDI, respectively. Our study assumes that both IFDI and OFDI 
are positive and important factors of innovation development. For estimations, 
the effects of FDI are measured both in year t in Eq. (2) (Herzer and Donaubauer, 
2018) and year t – 1 in Eq. (3) (Cheung and Ping, 2004) to test immediate and 
1-year lagged (considering the time needed to absorb knowledge) effects of FDI. 
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Based on the above theoretical equation, the following two types of econometric 
equations are rendered: 

RnDit = β0 + β1 IFDIit + β2 OFDIit + β3 Humanit + β4 Capitalit +
	 + β5 Growthit + γit + εit,	 (2)

RnDit = β0 + β1 IFDIit–1 + β2 OFDIit–1 + β3 Humanit + β4 Capitalit +
	 + β5 Growthit + γit + εit,	 (3)

where: RnD (a proxy for innovation development) — R&D expenditure ratio 
(% of GDP); IFDI — net inflows (U.S. dollars)/GDP (U.S. dollars); OFDI — net 
outflows (U.S. dollars)/GDP (U.S. dollars); Human — human capital index (based 
on years of schooling and returns of education); Capital — gross capital forma-
tion ratio (% of GDP); Growth — per capita GDP growth (annual %) (considering 
that the economic development is related to absorptive capability). In addition, 
i is an index for a country and t is an index for an year. γit represents country-fixed 
effects and εit is an error term. Our key variables are IFDI and OFDI, while 
the other remaining variables are utilized as control variables. 

This study additionally derives Eq. (4) to verify the sustainable relationship 
between R&D, FDI and CO2 emissions. To consider the  period necessary for 
absorbing innovation development through RnD and FDI, one-year-lagged vari-
ables are also tested according to Eq. (5). The equations are as follows: 

Ln(CO2)it = β0 + β1 RnDit + β2 IFDIit + β3 OFDIit + β4 TFPit + γit + εit,	 (4)

Ln(CO2)it = β0 + β1 RnDit–1 + β2 IFDIit–1 + β3 OFDIit–1 +
	 + β4 TFPit–1 + γit + εit	 (5)

where CO2 — a natural logarithm of CO2 emissions (million tons); TFP — growth 
(%). RnD, IFDI and OFDI are used as key independent variables. TFP is included 
as a control variable by employing the notion of the environmental Kuznets curve 
(EKC) (Stern, 2004). We posit that productivity development may have CO2 
mitigation effects such as reducing factory processing hours per product unit. 

In terms of methodology, at first this study attempted to apply country fixed ef-
fects models in the beginning. But country fixed effects models had cross-section 

Table 4
Descriptive data analysis (N = 75).

Variables Mean Std. dev. Min. Max. Skewness Kurtosis

RnD 1.097159 0.374005 0.665840 2.145120 1.301147 4.135171
IFDI 0.023867 0.011676 0.002295 0.045543 0.019128 2.081229
OFDI 0.012270 0.010231 –0.007391 0.037735 0.741123 2.846303
Ln(CO2) 7.177878 1.092386 5.760503 9.192213 0.497954 2.088286
Capital 28.17224 10.18719 14.63039 46.66012 0.548989 1.701193
Human 2.555156 0.455518 1.826568 3.403041 0.419059 2.225992
Growth 4.117771 4.032594 –7.827749 13.63582 –0.314371 3.085264
TFP 1.594437 3.141662 –7.226635 10.52120 –0.287746 3.546523

Source: Authors’ calculations.
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correlations for all units as the p-value of the BP-LM test was below 0.05. Thus, to 
handle cross-section dependence, this study further employs fixed effects (FE) with 
GLS weights, cross-section Seemingly Unrelated Regression (SUR) (Sarafidis 
and Wansbeek, 2012). In addition to baseline regression models, FE–2SLS-GLS 
(with cross-section SUR weights) regression analyses are conducted for robust-
ness. 2SLS is helpful to control when an independent variable is correlated with 
an error term (the issue of endogeneity) by applying the method of instrumental 
variables (IV) (Wooldridge, 2015). For the regression analysis, we considered key 
independent variables (due to the potential simultaneity with the dependent vari-
able, RnD) as endogenous variables and the t – 1 and t – 2 lagged of them are used 
as instrument variables (in these times-series of IFDI, OFDI and RnD are autocor-
related and thus those activities are highly related to those in the previous year). 
For Eq. (4) and (5), the results of a Granger causality test proved a causality from 
Growth to TFP (a control variable) and from Growth to Ln(CO2) (a dependent 
variable) at the 5% significance level, Growth (an omitted variable in the model, 
which affects both independent and dependent variables) is exploited to capture 
the endogeneity of TFP for the 2SLS regression analysis. 

As shown in Table 5, Pearson correlation tests are carried out on dependent and 
key explanatory variables. RnD–IFDI and RnD–Ln(CO2) present a positive co-
movement at the 1% significance level. IFDI–Ln(CO2) shows a positive coefficient 
at the 5% significance level. Except for RnD–Ln(CO2), the correlation coefficients 
ranged between 0.076729 and 0.388752, which may not cause multicollinearity at 
a linear function. As the correlation coefficient of RnD–Ln(CO2) is above 0.5, it 

Table 5
 The coefficients of Pearson correlation.

Variables RnD IFDI OFDI Ln(CO2)

RnD 1.000000
IFDI 0.388752*** 1.000000
OFDI 0.095951 0.092755 1.000000
Ln(CO2) 0.650668*** 0.270314** 0.076729 1.000000

Note: *** p < 0.01, ** p < 0.05, * p < 0.1.	
Source: Authors’ calculations.

Table 6
Variance Inflation Factor (VIF) tests.

Dependent variable RnD Ln(CO2)

Eq. (2) Eq. (3) Eq. (4) Eq. (5)

RnD – – 1.230577 –
RnD(–1) – 1.280438
IFDI 1.238627 – 1.203332 –
IFDI(–1) – 1.188551 – 1.260611
OFDI 1.983311 – 1.013518 –
OFDI(–1) – 1.885459 – 1.018947
Human 2.493244 2.509757 – –
Capital 2.069807 2.253906 – –
Growth 2.041140 1.891945 – –
TFP – – 1.095110 –
TFP(–1) – 1.089001

Source: Authors’ calculations.
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has a potential multicollinearity issue in the estimation. In this respect, multicol-
linearity is further conducted before running FE, FE-GLS, and FE–2SLS-GLS 
regression analyses. Table 6 shows the Variance Inflation Factors (VIF) of explana-
tory variables in the four different models in our study for the pooled ordinary least 
square regression model. As no variable presents VIF above 5, there is no concern 
of multicollinearity at all in our regression models (Menard, 2001). 

4.	Panel data analysis 

The panel analysis is carried out by using Eviews (ver. 11). We applied GLS 
weights (cross-section SUR) to FE and FE–2SLS regression analyses to handle 
cross-section dependence. As shown in Tables 7 and 8, the p-value of the BP-LM 
test is above 0.05, indicating cross-section correlations of units are resolved in GLS 
weighted models. Table 7 presents the effects of IFDI and OFDI on RnD. IFDI 
negatively affects RnD with strong statistical significance in the (1) FE, (2) FE‑GLS 
and (3) FE2SLS-GLS regression models. The same results are consistently present 
when conducting regressions by lagging one year in (4) FE, (5)  FE-GLS and 
(6) FE2SLS-GLS regression models. This indicates that FDI inflows in the BRICS 
nations lead to negative innovation spillovers. This can be partially explained by 
the fact that FDI (in the case of mergers and acquisitions) could deteriorate the R&D 
activities of host countries’ firms as foreign firms relocate important R&D activities 
to their headquarters (Stiebale and Reize, 2011). In addition, the  nature of FDI 
inflows in developing countries can serve as a possible explanation, as the most 
successful industries of BRICS countries are mining, agriculture, basic materials, 
chemical, etc. rather than high-tech industries. As revealed in previous studies, 
the level of spill-over effects varies to a large extent (Vujanović et al., 2021), and it 
is evident in high-tech industries (Khachoo et al., 2018). 

OFDI presents positive coefficients at 10% significance levels in (2) FE-GLS 
and (3) FE2SLS-GLS regression models. However, the  coefficient signs of 
1 year-lagged OFDI present mixed outcomes: in (5) FE-GLS regression model, 
it shows a positive coefficient at the 1% significance level; while, in (4) FE and 
(6) FE2SLS-GLS regression model, its statistical significance disappears. This 
means that outward FDI contributes to innovation development to some extent, 
although its positive effects could not offset the negative effects from inward FDI. 
The result is in line with those in previous studies (Herzer, 2011; Herzer, 2012; 
Amann and Virmani, 2015; Li et al., 2016). These results can be explained by 
the FDI outflows from developing to developed countries based on resource-based 
theory. Developing countries’ multinational companies are motivated to invest in 
developed countries for strategic asset-seeking by considering FDI as a learning 
process (Eden and Dai, 2010, p. 20; Pradhan, 2010; Elia and Santangelo, 2017).

In terms of control variables, the human capital index and the gross capital forma-
tion ratio consistently show a statistically positive relationship to the R&D expen-
diture ratio as expected from Eq. (1). Meanwhile, it is worth noting that Growth 
shows a statistical negative association with RnD. This implies that income growth 
of the BRICS nations does not increase national R&D expenditure. There may be 
different explanations for this result, depending on the way it is approached. As noted 
above, BRICS is not a homogenous set of countries, and in the last decade Brazil, 
Russia, and South Africa have suffered a drop in GDP per capita, while India and 
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China enjoyed a rather stable growth of this indicator. This might imply that in some 
countries the spending on R&D could not keep up with the rate of growth, while in 
others it suffered from anti-crisis cost cutting policies. However, another possible 
justification for this outcome is that innovation spending does not necessarily grow 
in parallel with national per capita wealth because the latter is situational and can-
not be precisely predicted annually, while R&D spending in the BRICS nations is 
largely government-based, and is subject to long-term budget-planning. 

Table 8 describes the effects of IFDI, OFDI and RnD (a proxy for innovation 
development) on CO2 emissions. RnD and IFDI are positively and signifi-
cantly associated with Ln(CO2), regardless of year-lagging in (7) FE, (8) FE-GLS, 
(9) FE2SLS‑GLS, (10) FE, (11) FE-GLS and (12) FE2SLS-GLS regression models. 
Also, (inward and outward) FDI is not related to CO2 mitigation effects in the BRICS 
nations. The negative impact of FDI inflows on CO2 emissions in the BRICS countries 
could potentially contribute to further research of the pollution havens theory, stating 
that economic factors aside, lower environment regulations could have been the driver 
for relocating polluting industries to developing countries (Javorcik and Wei, 2001; 
Guzel and Okumus, 2020). It may be that this trend has possibly not yet expired even 
in the more sophisticated economies of the BRICS nations. 

However, the negative relation between R&D expenditures and CO2 emissions 
in BRICS leaves a  lot of room for discussion and further research. The highest 
potential is within the possible connection between the industrial output of BRICS 
nations and planned R&D budgets. As R&D expenses tend to be funded by BRICS 
governments, their increase would be politically more justified in times of industrial 
growth, leading to more export and taxation income. However, due to the largely 
non-emission-friendly character of the BRICS industries, the growth of industrial 
output leads to a rise in CO2 emissions, leading to a consecutive relation between 
R&D expenses and the latter. However, due to the diverse character of the BRICS 
nations, this hypothesis needs to be researched on a more detailed basis per country.

The coefficient sign of OFDI and TFP does not match between FE, FE-GLS 
and FE2SLS-GLS typed regression models. Their statistical significance only 
appears in FE-GLS typed models regardless of year-lagging. It indicates the ab-
sence of statistical robustness in outcomes. 

5.	Conclusion

This paper conducted two strands of studies based on panel datasets from 
BRICS nations for the 2003–2017 time period by employing FE, FE-GLS and 
FE2SLS-GLS regression analyses. Firstly, the  spillover effects of inward and 
outward FDI on innovation development (measured by R&D expenditure ratio) 
were examined. The results of this panel data analysis disprove spillover effects 
from FDI inflows, while simultaneously supporting them with regard to FDI out-
flows. It is likely that FDI inflows (in the case of mergers and acquisitions) worsen 
the R&D activities of host countries’ firms as foreign firms relocate important R&D 
activities to their headquarters (Stiebale and Reize, 2011). The results also can be 
explained by the nature of FDI inflows in developing countries, concentrated on 
low-tech industries (which have relatively unclear spill-over effects compared to 
those in high-tech industries) (Khachoo et al., 2018). This is partially supported 
by the fact that the BRICS countries utilize outward FDI predominantly for asset-



309H.-S. Lee et al. / Russian Journal of Economics 7 (2021) 297−312

seeking, which is in line with the resource-based view of internalization (Eden and 
Dai, 2010, p. 20; Pradhan, 2010; Elia and Santangelo, 2017; Liang et al., 2021). 
However, the positive effects of FDI outflows on innovation development do not 
offset the accompanying negative effects of FDI outflows on it.

Secondly, taking into account growing environmental challenges and sustain-
able development goals, the authors further investigated a nexus of (inward and 
outward) FDI and R&D expenditure ratio to CO2 emissions, including TFP growth 
as a control variable. Contrary to the authors’ assumption regarding the mitigation 
effects of innovation development on CO2 emissions based on the existing litera-
ture (Fernández et al., 2018; Yu and Du, 2019; Cheng et al., 2021), FDI inflows and 
R&D expenditures significantly increase CO2 emissions among the BRICS nations. 
This implies that the BRICS nations’ innovation activities are still mainly aimed 
at further economic growth itself without much consideration for environmental 
sustainability. In addition, the negative impact of FDI inflows on CO2 emissions is 
likely derived from the fact that eased environment regulations (compared to those 
in developed countries) have been the driver for transferring the polluting industries 
to developing countries (Javorcik and Wei, 2001; Guzel and Okumus, 2020). 

The above results from empirical analysis allow us to draw a few policy implica-
tions. First, the empirical results above — the negative association of FDI inflows 
with the R&D expenditure ratio — point to the need for rethinking traditional pro-
tectionism patterns in domestic industries and research areas. The statistical relation-
ship between a level of protectionism or privatization and FDI spillover effects has 
been proven in Moralles and Moreno (2020)’s study in Brazil and Wang and Wu’s 
(2016) study in China. Despite the modern protectionism trends and sanction wars 
in the world economy, effective R&D still cannot be achieved by each of the BRICS 
nations alone, and would require shifting to developed country’s investment pat-
terns — with a significantly larger merger and acquisitions share. To achieve this, 
the BRICS countries would need to reconsider the patterns of state ownership in 
consistency with both global changes and their national innovation strategies.

Second, it is empirically demonstrated that FDI inflows increase CO2 emissions 
and this can be explained by a lack of BRICS’s colossal program to modernize 
domestic basic industries up to EU sustainability and emission standards. Thus, it 
is important for the policymakers to consider the possibility of launching a spe-
cific environment-friendly international investment program. The  latter could 
be formed through the structure of BRICS-associated New Development Bank 
and would fund innovation projects specifically dealing with the environmental 
restructuring of BRICS industry. 

The last point concerns the recently drafted European Green Deal, which aims 
to turn the EU into the first emission-free region and at the same time prepares 
a  set of economic fines on products coming from emission-based economies 
(BRICS nations included). However, draining financial resources from develop-
ing countries in such a way would obviously fail to create the sufficient incentive 
or capacity in the BRICS industries to invest in actual modernization. The results 
of empirical analysis confirmed the resource-based view of internationalization 
in terms of FDI outflows. In this respect, reaching an agreement with the BRICS 
nations on relieving the  intellectual property regulations in green technologies 
transfer seems to be a much more efficient activity on the part of the EU in mov-
ing toward an emission-free planet. 



310 H.-S. Lee et al. / Russian Journal of Economics 7 (2021) 297−312

References 

Aliyu, M. A. (2005). Foreign direct investment and the environment: Pollution haven hypothesis 
revisited. Paper prepared for the Eight Annual Conference on Global Economic Analysis, 
Lübeck, Germany, June 9–11. 

Amann, E., & Virmani, S. (2015). Foreign direct investment and reverse technology spillovers: 
The effect on total factor productivity. OECD Journal: Economic Studies, 2014(1), 129–153. 
https://doi.org/10.1787/eco_studies-2014-5jxx56vcxn0n

Azman-Saini, W. N. W., Farhan, M., Tee, C. L., & Tun, Y. L. (2018). FDI inflows and R&D activity in 
developing countries. International Journal of Economics and Management, 12(S2), 509–521. 

Chen, Y., & Lee, C. C. (2020). Does technological innovation reduce CO2 emissions? Cross-
country evidence. Journal of Cleaner Production, 263, 121550. https://doi.org/10.1016/ 
j.jclepro.2020.121550

Cheng, C., Ren, X., Dong, K., Dong, X., & Wang, Z. (2021). How does technological innovation 
mitigate CO2 emissions in OECD countries? Heterogeneous analysis using panel quantile 
regression. Journal of Environmental Management, 280, 111818. https://doi.org/10.1016/ 
j.jenvman.2020.111818

Cheung, K. Y., & Ping, L. (2004). Spillover effects of FDI on innovation in China: Evidence from 
the  provincial data. China Economic Review, 15(1), 25–44. https://doi.org/10.1016/S1043-
951X(03)00027-0

Eden, L., & Dai, L. (2010). Rethinking the O in Dunning’s OLI/eclectic paradigm. Multinational 
Business Review, 18(2), 13–34. https://doi.org/10.1108/1525383X201000008

Elia, S., & Santangelo, G. D. (2017). The  evolution of strategic asset-seeking acquisitions by 
emerging market multinationals. International Business Review, 26(5), 855–866. https:// 
doi.org/10.1016/j.ibusrev.2017.02.004

Fernández, Y. F., López, M. F., & Blanco, B. O. (2018). Innovation for sustainability: the impact 
of R&D spending on CO2 emissions. Journal of Cleaner Production, 172, 3459–3467. https:// 
doi.org/10.1016/j.jclepro.2017.11.001

Guzel, A. E., & Okumus, İ. (2020). Revisiting the pollution haven hypothesis in ASEAN-5 countries: 
new insights from panel data analysis. Environmental Science and Pollution Research, 27(15), 
18157–18167. https://doi.org/10.1007/s11356-020-08317-y

Herzer, D. (2011). The long-run relationship between outward foreign direct investment and total 
factor productivity: Evidence for developing countries. Journal of Development Studies, 47(5), 
767–785. https://doi.org/10.1080/00220388.2010.509790

Herzer, D. (2012). Outward FDI, total factor productivity and domestic output: Evidence from Germany. 
International Economic Journal, 26(1), 155–174. https://doi.org/10.1080/10168737.2010.538430

Herzer, D., & Donaubauer, J. (2018). The long-run effect of foreign direct investment on total factor 
productivity in developing countries: A  panel cointegration analysis. Empirical Economics, 
54(2), 309–342. https://doi.org/10.1007/s00181-016-1206-1

Hitam, M. B., & Borhan, H. B. (2012). FDI, growth and the environment: Impact on quality of life 
in Malaysia. Procedia-Social and Behavioral Sciences, 50, 333–342. https://doi.org/10.1016/ 
j.sbspro.2012.08.038

Hoang, D. T., Do, A. D., & Trinh, M. V. (2021). Spillover effects of FDI on technology innovation 
of Vietnamese enterprises. Journal of Asian Finance, Economics, and Business, 8(1), 655–663. 
https://doi.org/10.13106/jafeb.2021.vol8.no1.655

Hoffmann, R., Lee, C. G., Ramasamy, B., & Yeung, M. (2005). FDI and pollution: A  Granger 
causality test using panel data. Journal of International Development, 17(3), 311–317. https://
doi.org/10.1002/jid.1196

Huang, Y., & Zhang, Y. (2020). The innovation spillovers from outward and inward foreign direct 
investment: A  firm-level spatial analysis. Spatial Economic Analysis, 15(1), 43–59. https:// 
doi.org/10.1080/17421772.2019.1618484

Iwasaki, I., & Tokunaga, M. (2016). Technology transfer and spillovers from FDI in transition 
economies: A meta-analysis. Journal of Comparative Economics, 44(4), 1086–1114. https://
doi.org/10.1016/j.jce.2016.10.005

Javorcik, B. S., & Wei, S. J. (2003). Pollution havens and foreign direct investment: Dirty secret 
or popular myth?. Contributions in Economic Analysis & Policy, 3(2). https://doi.org/10.2202/ 
1538-0645.1244

https://doi.org/10.1787/eco_studies-2014-5jxx56vcxn0n
https://doi.org/10.1016/j.jclepro.2020.121550
https://doi.org/10.1016/j.jclepro.2020.121550
https://doi.org/10.1016/j.jenvman.2020.111818
https://doi.org/10.1016/j.jenvman.2020.111818
https://doi.org/10.1016/S1043-951X(03)00027-0
https://doi.org/10.1016/S1043-951X(03)00027-0
https://doi.org/10.1108/1525383X201000008
https://doi.org/10.1016/j.ibusrev.2017.02.004
https://doi.org/10.1016/j.ibusrev.2017.02.004
https://doi.org/10.1016/j.jclepro.2017.11.001
https://doi.org/10.1016/j.jclepro.2017.11.001
https://doi.org/10.1007/s11356-020-08317-y
https://doi.org/10.1080/00220388.2010.509790
https://doi.org/10.1080/10168737.2010.538430
https://doi.org/10.1007/s00181-016-1206-1
https://doi.org/10.1016/j.sbspro.2012.08.038
https://doi.org/10.1016/j.sbspro.2012.08.038
https://doi.org/10.13106/jafeb.2021.vol8.no1.655
https://doi.org/10.1002/jid.1196
https://doi.org/10.1002/jid.1196
https://doi.org/10.1080/17421772.2019.1618484
https://doi.org/10.1080/17421772.2019.1618484
https://doi.org/10.1016/j.jce.2016.10.005
https://doi.org/10.1016/j.jce.2016.10.005
https://doi.org/10.2202/1538-0645.1244
https://doi.org/10.2202/1538-0645.1244


311H.-S. Lee et al. / Russian Journal of Economics 7 (2021) 297−312

Johnson, A. (2006). The effects of FDI inflows on host country economic growth. CESIS Working 
Paper Series, No. 58. The Royal Institute of technology. 

Jun, W., Zakaria, M., Shahzad, S. J. H., & Mahmood, H. (2018). Effect of FDI on pollution in 
China: New insights based on wavelet approach. Sustainability, 10(11), 3859. https://doi.org/ 
10.3390/su10113859

Kardos, M. (2012). The  relationship between entrepreneurship, innovation and sustainable 
development. Research on European Union countries. Procedia Economics and Finance, 3, 
1030–1035. https://doi.org/10.1016/S2212-5671(12)00269-9

Khachoo, Q., & Sharma, R. (2016). FDI and innovation: An investigation into intra- and inter-
industry effects. Global Economic Review, 45(4), 311–330. https://doi.org/10.1080/1226508X. 
2016.1218294

Khachoo, Q., Sharma, R., & Dhanora, M. (2018). Does proximity to the frontier facilitate FDI-
spawned spillovers on innovation and productivity?. Journal of Economics and Business, 97, 
39–49. https://doi.org/10.1016/j.jeconbus.2018.03.002

Kinoshita, Y. (2000). R&D and technology spillovers via FDI: Innovation and absorptive capacity. 
CERGE-EI Working Paper Series, No. 163. https://doi.org/10.2139/ssrn.1524289

Kovalev, I., & Shcherbakova, A. (2019). BRICS cooperation in science and education. Strategic 
Analysis, 43(6), 532–542. https://doi.org/10.1080/09700161.2019.1669903

Kutu, A. A., & Ngalawa, H. (2016). Dynamics of industrial production in BRICS countries. 
International Journal of Economics and Finance Studies, 8(1), 1–25.

Lankapotu, K. V. (2020). Inflow and outflow of foreign direct investments in BRICS countries — 
An analysis. Economy, 7(2), 98–103. https://doi.org/10.20448/journal.502.2020.72.98.103

Li, M., Li, D., Lyles, M., & Liu, S. (2016). Chinese MNEs’ outward FDI and home country 
productivity: The moderating effect of technology gap. Global Strategy Journal, 6(4), 289–308. 
https://doi.org/10.1002/gsj.1139

Liang, Y., Giroud, A., & Rygh, A. (2021). Emerging multinationals’ strategic asset-seeking M&As: 
A systematic review. International Journal of Emerging Markets, 16(7), 1348–1372. https://
doi.org/10.1108/IJOEM-12-2019-1059

Menard, S. (2001). Applied logistic regression analysis (2nd ed.). London: SAGE Publications.
Moon, H. C., Rugman, A. M., & Verbeke, A. (1995). The generalized double diamond approach 

to international competitiveness. In A. M. Rugman, J. Van Den Broec, & A. Verbeke (Eds.), 
Beyond the diamond (Research in Global Strategic Management, Vol. 5, pp. 97–114). Bingley: 
Emerald Group Publishing. https://doi.org/10.1016/S1064-4857(95)05005-1

Moon, H. C., Rugman, A. M., & Verbeke, A. (1998). A  generalized double diamond approach 
to the global competitiveness of Korea and Singapore.  International Business Review, 7(2), 
135–150. https://doi.org/10.1016/S0969-5931(98)00002-X

Moralles, H. F., & Moreno, R. (2020). FDI productivity spillovers and absorptive capacity in 
Brazilian firms: A threshold regression analysis. International Review of Economics & Finance, 
70, 257–272. https://doi.org/10.1016/j.iref.2020.07.005

Mukhtarov, S., Aliyev, S., Mikayilov, J. I., Ismayilov, A., & Rzayev, A. (2020). The FDI-CO2 nexus 
from the sustainable development perspective: The case of Azerbaijan. International Journal 
of Sustainable Development & World Ecology, 28(3), 246-254. https://doi.org/10.1080/13504
509.2020.1804479

Pegkas, P. (2015). The  impact of FDI on economic growth in Eurozone countries.  Journal of 
Economic Asymmetries, 12(2), 124–132. https://doi.org/10.1016/j.jeca.2015.05.001

PWT (2021). Penn World Table (version 10.0). June 18. https://doi.org/10.15141/S5Q94M 
Posch, A., & Steiner, G. (2006). Integrating research and teaching on innovation for sustainable 

development.  International Journal of Sustainability in Higher Education, 7(3), 276–292. 
https://doi.org/10.1108/14676370610677847

Pradhan, J. P. (2010). Strategic asset-seeking activities of emerging multinationals: Perspectives on 
foreign acquisitions by Indian pharmaceutical MNEs. Organizations and Markets in Emerging 
Economies, 1(2), 9–31. https://doi.org/10.15388/omee.2010.1.2.14294

Ranjbari, M., Esfandabadi, Z. S., Zanetti, M. C., Scagnelli, S. D., Siebers, P. O., Aghbashlo, 
M., Peng, W., Quatraro, F., & Tabatabaei, M. (2021). Three pillars of sustainability in 
the  wake of COVID-19: A  systematic review and future research agenda for sustainable 
development. Journal of Cleaner Production, 297, 126660. https://doi.org/10.1016/j.jclepro. 
2021.126660

https://doi.org/10.3390/su10113859
https://doi.org/10.3390/su10113859
https://doi.org/10.1016/S2212-5671(12)00269-9
https://doi.org/10.1080/1226508X.2016.1218294
https://doi.org/10.1080/1226508X.2016.1218294
https://doi.org/10.1016/j.jeconbus.2018.03.002
https://doi.org/10.2139/ssrn.1524289
https://doi.org/10.1080/09700161.2019.1669903
https://doi.org/10.20448/journal.502.2020.72.98.103
https://doi.org/10.1002/gsj.1139
https://doi.org/10.1108/IJOEM-12-2019-1059
https://doi.org/10.1108/IJOEM-12-2019-1059
https://doi.org/10.1016/S1064-4857(95)05005-1
https://doi.org/10.1016/S0969-5931(98)00002-X
https://doi.org/10.1016/j.iref.2020.07.005
https://doi.org/10.1080/13504509.2020.1804479
https://doi.org/10.1080/13504509.2020.1804479
https://doi.org/10.1016/j.jeca.2015.05.001
https://doi.org/10.15141/S5Q94M
https://doi.org/10.1108/14676370610677847
https://doi.org/10.15388/omee.2010.1.2.14294
https://doi.org/10.1016/j.jclepro.2021.126660
https://doi.org/10.1016/j.jclepro.2021.126660


312 H.-S. Lee et al. / Russian Journal of Economics 7 (2021) 297−312

Ritchie, H., & Roser, M. (2020). CO2 and greenhouse gas emissions. Our World Data, August. 
https://ourworldindata.org/co2-and-other-greenhouse-gas-emissions

Sarafidis, V., & Wansbeek, T. (2012). Cross-sectional dependence in panel data analysis. Econometric 
Reviews, 31(5), 483–531. https://doi.org/10.1080/07474938.2011.611458

Santiago, F. (2020). The  role of industrial policies in the  BRICS economic integration 
process. Vienna: United Nations Industry Development Organization.

Stern, D. I. (2004). The rise and fall of the environmental Kuznets curve. World Development, 32(8), 
1419–1439. https://doi.org/10.1016/j.worlddev.2004.03.004

Stiebale, J., & Reize, F. (2011). The impact of FDI through mergers and acquisitions on innovation 
in target firms. International Journal of Industrial Organization, 29(2), 155–167. https:// 
doi.org/10.1016/j.ijindorg.2010.06.003

Stolyarova, E. (2013). Carbon dioxide emissions, economic growth and energy mix: empirical 
evidence from 93 countries. EcoMod2013, No. 5433. 

Sumathy, M., & Dhanasekaran, P. (2021). Trend and growth of foreign direct investment in BRICS 
countries. EPRA International Journal of Economic and Business Review, 2, 76–82.

TED (2020). Total economy database. The  Conference Board. Available online: https://www.
conference-board.org/data/economydatabase/total-economy-database-productivity.

Vahter, P. (2011). Does FDI spur productivity, knowledge sourcing and innovation by incumbent 
firms? Evidence from manufacturing industry in Estonia. World Economy, 34(8), 1308–1326. 
https://doi.org/10.1111/j.1467-9701.2011.01379.x

Vujanović, N., Stojčić, N., & Hashi, I. (2021). FDI spillovers and firm productivity during crisis: 
Empirical evidence from transition economies. Economic Systems, 45(2), 100865. https:// 
doi.org/10.1016/j.ecosys.2021.100865

Wang, C. C., & Wu, A. (2016). Geographical FDI knowledge spillover and innovation of indigenous 
firms in China. International Business Review, 25(4), 895–906. https://doi.org/10.1016/ 
j.ibusrev.2015.12.004

Wooldridge, J. M. (2015). Introductory econometrics: A modern approach (6th ed.). Mason, OH: 
Cengage Learning.

World Bank (2021). World Bank open data. Available at: https://data.worldbank.org/
Yang, W. P., Yang, Y., & Xu, J. (2008). The  impact of foreign trade and FDI on environmental 

pollution. China-USA Business Review, 7(12), 1–11.
Yao, S., & Wei, K. (2007). Economic growth in the presence of FDI: The perspective of newly 

industrialising economies. Journal of Comparative Economics, 35(1), 211–234. https://doi.org/ 
10.1016/j.jce.2006.10.007

Yu, Y., & Du, Y. (2019). Impact of technological innovation on CO2 emissions and emissions 
trend prediction on ‘New Normal’ economy in China. Atmospheric Pollution Research, 10(1), 
152–161. https://doi.org/10.1016/j.apr.2018.07.005

Appendix A. Variable descriptions and sources
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RnD R&D ratio (% of GDP) World Bank (2021)
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Ln(CO2) CO2 emission (million tons) Ritchie and Roser (2020)
Capital Gross capital formation (% of GDP) World Bank (2021)
Human Human Capital Index (based on years of schooling 

and returns to education)
PWT (2021)

Growth GDP per capita growth (annual %) World Bank (2021)
TFP TFP growth (%) TED (2020)

Source: Compiled by the authors. 
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