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A B S T R A C T   

Natural resources and economic growth nexus have been extensively investigated since the last three decades 
and still the debate is in progress. However, in the current times, natural resources prices volatility got impor-
tance as natural resources prices are playing crucial role in economic growth by regulating economic activities, 
which is relatively less studied. Natural resources price volatility and economic performance nexus have set new 
trends for scholars and policy-makers. Volatility in natural resources could have a detrimental impact on the 
economic performance of a country or region. In this regard, the current study aims to identify the relationship 
between them while considering the role of green innovation in the BRICS economies between 1990 and 2021. 
Employing the cross-sectionally augmented autoregressive distributive lags (CS-ARDL) approach, the results 
revealed that natural resource volatility, oil rents, natural gas rents, and green innovation positively influence the 
economic performance in both short-run and long-run. These results are found robust as verified by the long-run 
estimator augmented mean group (AMG). Besides, the Dumitrescu and Hurlin (2012) Granger panel causality 
heterogeneous test unveil a bidirectional causal association between the under discussion variables and eco-
nomic performance. Based on the empirical findings, this study recommends that natural resources hedging, 
price freezing or ceiling, and promoting green innovation could be remedial measures to improve economic 
performance further and reduce natural resources price volatility in the region.   

1. Introduction 

Since 1970, the world has witnessed substantial global shifts in 
natural resources, which have relatively long lasting effects, particularly 
on the economic conditions of various countries and regions. One of the 
significant events was the 1973 global oil price shock, which caused 
world GDP and carbon dioxide (CO2) emission to diverge from an 
economic standpoint. After then, the widespread reliance on fossil en-
ergy and the world’s ever-increasing energy demands began to pose a 
dilemma that might trap the world (Hoxtell and Goldthau, 2012; Aguirre 
and Ibikunle, 2014). This trap needed a comprehensive and multifaceted 
global solution. As a result of this pressure, the 1992 Rio summit brought 
in a major shift in attitudes about economic growth and the 

mainstreaming of environmental problems into economic agendas. 
In the early 1990s, there was a heated discussion among academics 

and policymakers about whether natural resources are beneficial or 
harmful to economic growth and development. Natural resources, ac-
cording to Gylfason and Zoega (2006), Gelb (1988), Sachs and Warner 
(2001), are harmful for an economy’s health since their abundance 
slows down the growth process compared to economies having scares 
resources – natural resources curse. However, the recent literature 
claimed that natural resources are significant factors of economic 
growth – enhances economic activities and promote growth (Guan et al., 
2021; Sun and Wang, 2021). Besides, some researchers claimed that 
natural resources curse could be converted into resources blessings by 
enhancing human capital, improving institutional quality, and product 
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diversification (Epo and Nochi Faha, 2020; Joya, 2015; Leong and 
Mohaddes, 2011). Undoubtedly, many factors and indicators influence 
the economic performance of the country. However, few factors attract 
the attention of researchers and policymakers regarding economic per-
formance. In this regard, studies have provided contradictory results 
regarding the impact of natural resources and natural resources abun-
dance on economic performance (Hayat and Tahir, 2021; Rahim et al., 
2021; Pérez and Claveria, 2020) and financial development (Atil et al., 
2020) of the country or regions. 

In recent times, after the Covid-19 pandemic, volatility in the natural 
resources price has gained the policy-makers and governors’ attention 
regarding its impact on economic performance and sustainability. In this 
concern, studies have empirically analyzed the destructive influence of 
natural resource price volatility on the country’s economic performance 
(Guan et al., 2021; Chien et al., 2021; Atil et al., 2020; Gong et al., 2020; 
Khan et al., 2020). The focus is biased towards the oil prices volatility as 
it is considered one of the most tradable goods globally. Thus, empirical 
studies concluded that the oil price volatility negatively affect economic 
growth (Lin et al., 2020; Gkillas et al., 2020; Nonejad, 2020). None-
theless, there are many studies that investigates the nexus of natural 
resources volatility and economic performance, Still, there is a massive 
gap in the literature regarding natural resources price volatility and 
economic performance. Specifically, the earlier mentioned studies have 
empirically investigated oil price volatility and its connection with stock 
market while ignoring the association of natural resources price vola-
tility in economic performance. Therefore, current research intended to 
attract the attention of academics and policymakers to this emerging 
issue, empirical outcomes and policy implications of which help gov-
ernors overcome the natural resources price volatility and its association 
with economic performance. Besides natural resource price volatility, 
factors such as oil rents, natural gas rents, and green innovation could 
also influence the country’s economic performance. Many studies have 
provided evidence that oil rents and natural gas rents have a significant 
contribution to the region’s economic growth (Adedoyin et al., 2020; 
Etokakpan et al., 2020). However, regarding green technological inno-
vation, studies have empirically illustrated that green innovation 
development leads to a win-win situation regarding environmental and 
economic sustainability (Raza, 2020; Yuan and Zhang, 2020). 

The main objective of this research is to empirically investigate the 
relationship of natural resources price volatility on the economic per-
formance of BRICS economies. As the recent global pandemic outbreak 
substantially impacted every economic and non-economic sector, thus 
the natural resources market has also been analyzed as fluctuating. 
Therefore, it is important to investigate the impact of natural resource 
price volatility on the economic performance of some of the high energy 
importing countries. Secondly, this paper aims to investigate the influ-
ence of oil rents and natural gas rents on the economic performance of 
the selected region. As both oil and natural gas rents could play essential 
role in the development of an economy: therefore, it is important to 
investigate this relationship in the Covid-19 pandemic. Lastly, this 
research study aims to identify the association between green innova-
tion and economic performance. Where the earlier research provides a 
positive influence on environmental sustainability. However, there is a 
need of research on the economic impact of green innovation. Since the 
objective of this research is innovative, this may provide a new path for 
the academic world towards the empirical investigation of natural re-
sources volatility and its nexus with economic performance. Various 
developed and developing countries across the globe is facing the issue 
of volatility due to many reasons, including global or eternal shocks, 
demand and/or supply shocks, among others. Therefore, this research 
may play as a pioneering role for investigating such issue. 

Since the last three decades, the scholars brought an innovation in 
the traditional concept about positive role natural resources and its 
abundance in economic growth. Particularly, the scholars argued that 
natural resources and its abundance weakens economic growth of the 
resource’s rich economies (Gylfason and Zoega, 2006; Sachs and 

Warner, 2001; Gelb, 1988). However, this statement has been chal-
lenged by recent studies (Epo and Nochi Faha, 2020; Joya, 2015; Leong 
and Mohaddes, 2011). Since this connection has been extensively 
studied. Yet there are limited studies that empirically investigate vola-
tility in natural resources and its nexus to economic performance. This 
motivates the scholars to pay attention towards this critical nexus. 
Therefore, the motivation of this study is that to provide empirical es-
timates for natural resources volatility and economic performance nexus 
in case of BRICS economies. 

This study is novel and its contribution to the existing literature is 
threefold. Firstly, it is one of the pioneering studies that considers nat-
ural resources prices volatility and economic performance while using 
an extended dataset covering the Covid-19 pandemic period. Never-
theless, the recent studies of Ma et al. (2021), Sun and Wang (2021) 
investigated natural resources volatility and economic performance 
nexus. However, these studies only intended towards the causal asso-
ciation of these variables. While this contributes to the literature by 
providing empirical evidence of the influence of each explanatory var-
iable. Secondly, this study is the pioneering study that empirically in-
vestigates the impact of natural resource price volatility in the group of 
both emerging and developing nations, i.e., BRICS economies. Since, 
various economic and environmental factors are investigated for this 
region. However, this study intended to provide empirics regarding 
natural resources prices volatility in the region, which is relatively un-
explored area. Thirdly, this study considers the role of green innovation 
on economic performance. As most of the studies have empirically 
investigated the said variable from an environmental perspective. 
However, green innovation could not only be limited to the environ-
ment, but its economic impact should also be disclosed, which the 
existing literature is lacking. 

The rest of the paper is arranged as follows: Section-2 provide rele-
vant review of literature that covers the existing literature for all the 
variables under consideration; Section-3 represents model specification, 
data and methodology used for empirical investigation of the data; 
Section-4 provides results and discussion of the obtained estimates; 
finally, Section-5 presents the concluding remarks and policy implica-
tions based on the empirical findings. 

2. Review of literature 

Existing literature provides evidence about the nexus of natural 
resource price volatility and economic performance. Scholars and poli-
cymakers have provided extensive literature concerning natural 
resource price volatility and economic growth, where most of the in-
fluence of natural resource price volatility is found negative. However, 
natural gas and green innovation has also been widely investigated for 
various countries and regions. A detailed review of relevant literature 
has been provided in this section of the paper. 

Guan et al. (2021) investigated natural resource dependent countries 
to identify natural resource price volatility on economic performance 
and growth between 2000 and 2020 period. The study used autore-
gressive distributed lags (ARDL) and the pooled mean group (PMG) 
model and concluded that events greatly affect natural resources. That is 
global financial crisis and Covid-19 significantly downturn the crude oil 
market severely than the gold market. The study concludes that vola-
tility in the natural resources significantly reduces economic growth in 
the long-run. Similarly, Hayat and Tahir (2021) examined three 
resource-rich economies over the period of 1960–2016. The study used 
ARDL approach and conclude that although natural resources signifi-
cantly contribute to economic growth. However, natural resources 
volatility adversely affects economic growth in UAE, Saudi Arabia and 
Oman. In contrast to the prior study, Rahim et al. (2021) found that 
natural resource rents significantly impede economic growth in the 
Next-11 countries between 1990 and 2019. However, development of 
human capital could play critical role in stimulating the positive impact 
of natural resources in economic growth. Similarly, Pérez and Claveria 
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(2020) unveils that factors such as corruption, which does not allow 
natural resource rents to contribute to economic growth in mineral 
dependent African economies between 2007 and 2016. 

In continuation, most of the recent studies have empirically analyzed 
the influence of natural resource such as crude oil price on the economic 
growth and its indicators. In this regard, Atil et al. (2020) analyzed oil 
prices, economic growth, and financial development in case of Pakistan 
throughout 1972–2017. Using the long-run co-variability approach, the 
empirical results asserted that natural resources are blessing to financial 
development. Also, the oil prices are found to have a substantial effect 
on financial development. Chien et al. (2021) examined the volatility of 
crude oil prices and economic growth nexus in Pakistan covering 
1980–2018 period. Using ARDL approach, the study conclude that oil 
prices negatively affect the whole economic sector of the country. 
However, positively influence only the communication and trans-
portation sectors. Concerning mixing frequencies, Gong et al. (2020) 
uncovered that economic growth, inflation, and trade volume signifi-
cantly and adversely affect oil price volatility. However, the oil price 
volatility significantly affects these macroeconomic indicators in return. 

In case of seven low-income oil-importing sub-Saharan African (SSA) 
countries, Akinsola and Odhiambo (2020) examined the relationship 
between oil prices and economic growth. The study uses non-linear 
ARDL and PMG approaches and conclude that the oil prices volatility 
does not significantly affect economic growth in the short-run, but sig-
nificant impact in the long-run. In addition, the study reveals that the oil 
price decrease promotes economic growth and oil price increase 
adversely affect economic growth. Baba (2020) investigated the nexus 
between oil price volatility and economic growth in Nigeria from 1997 
to 2017. Based on the vector autoregressive approach, the study reveals 
that oil price volatility significantly reduces economic growth, house-
hold welfare, and enhances poverty ration in the region. Moreover, 
Maheu et al. (2020) empirically investigated the volatility link between 
economic growth and oil price shock and conclude that there is a robust 
link among oil price shock and economic growth. Concerning environ-
mental impact of the oil price volatility, Mohamued et al. (2021) 
discovered that oil price volatility showed asymmetric impact on the 
environmental conditions of oil-importing and oil exporting economies. 

Natural resources are not only limited to the crude oil and other 
minerals such as gold, but also include natural gas, which does have a 
significant influence on both environment and economic growth. In this 
concern, Etokakpan et al. (2020) investigated Malaysia between 1980 
and 2014 by using cointegration and Granger causality test. The esti-
mated results reveal that natural gas on the one hand contributes to 
economic growth, but also promote environmental degradation. Similar 
results have also been found by Topcu et al. (2020) for 124 countries 
throughout 1980–2018 period. The authors revealed that energy con-
sumption and natural resources played a significant role in attaining 
higher economic growth in these countries. In continuation, Galadima 
and Aminu (2020) utilized non-linear ordinary least square (NOLS) 
methodology and demonstrates that natural gas consumption boosts 
economic growth in the region. However, this relationship is found 
non-linear. Besides, Magazzino et al. (2021) identified a bidirectional 
causal association between natural gas and economic growth in Japan 
and Germany throughout 1970–2018. In contrast, Rafindadi and Ozturk 
(2015) demonstrates that there is an indirect influence of natural gas 
consumption on the economic performance Malaysia. However, the 
economic growth of country does not cause natural gas consumption. 

Concerning environmental related technological innovation, 
scholars provide extensive literature which is termed as green innova-
tion. In this regard, the most recent study of Zhang and Ma (2021) 
analyzed the mediating role of green innovation on 246 Chinese firm’s 
economic performance. Using multiple regression analysis, the study 
unveils that green innovation facilitates the relationship between eco-
nomic performance and environmental management breadth. However, 
the environmental leadership encourages the influence of environ-
mental management depth on green innovation. Similarly, for the firms’ 

sustainability in Malaysia, Bilan et al., 2020 used primary data tech-
niques and concludes that leadership styles significantly promote 
organizational learning but does not contribute to the sustainability of 
firms. However, innovation could significantly play a moderating role 
between organizational learning and economic sustainability of the 
firm. Using a structural equation modeling technique, Raza (2020) 
conducted primary data research for short sea shipping industry and 
conclude that the regulatory pressure has engendered green innovation, 
which helps promote both environmental and economic performance in 
the industry. Hence, the green innovation consideration leads to 
win-win situation concerning both environment and economy. 

In addition continuation, Caglar et al. (2021) investigated EU-5 
economies concerning carbon neutrality by using novel unit root tests. 
The study uncovers that all the six components including carbon, 
cropland, grazing land, forest, built-up land, and fishing grounds holds 
unit root. In case of top-5 EU economies, Balsalobre-Lorente et al. 
(2021b) reveals that natural resources exhibit an inverted U-shaped 
influence on CO2 emissions in the region. As mentioned earlier, natural 
resources could enhance economic growth. However, this economic 
growth is adversely affecting environmental quality by promoting 
climate change and environmental degradation (Leitão and Lorente, 
2020). However, Leitão and Lorente (2020) revealed that renewable 
energy and trade openness are negatively affecting these factors – 
improving environmental quality. However, Balsalobre-Lorente et al. 
(2018) revealed that trade openness, and the interaction of renewable 
energy and economic growth significantly reduces CO2 emission in the 
EU-5 economies throughout 1985–2016. The latter stance is supported 
by the study of Balsalobre-Lorente (2021a) that renewable energy re-
duces CO2 emission in Greece, Italy, Portugal, and Spain. Still, an 
environmental Kuznets curve is valid for the region during the period 
1995–2015. Further, Bilgili et al. (2021) used wavelet methodology and 
revealed that hydropower energy significantly reduces CO2 emission by 
adversely affecting greenhouse gas emission. Unlike prior studies, 
Adedoyin provide evidence that coal rents are not increasing carbon 
emission in the BRICS economies between 1990 and 2014. Also, energy 
diversification could promote energy requirement in the global energy 
market. However, environmental sustainability is only possible by 
decoupling economic growth from CO2 emission. 

In case of 30 Chinese provinces, Yuan and Zhang (2020) examined 
the nexus between technological innovation, sustainable development 
and flexible environmental policy. The study uses data over the period 
from 2006 to 2015, the authors employed system generalized method of 
moment (sys-GMM). The results demonstrates that technological inno-
vation and flexible environmental policies significantly promote sus-
tainable development of industries. For the same country, Cao et al. 
(2020) conclude that technological innovation and resources con-
sumption are both the critical mechanisms for environmental regula-
tions that affect economic performance in the country. Zeraibi et al. 
(2020) identified the asymmetric association between technological 
innovation, energy consumption and economic growth in China 
throughput 1980–2018. The estimated results unveils that a decline in 
the energy consumption would significantly reduces economic growth 
in the region. However, the technological innovation could significantly 
promote economic growth. In consistency to the positive influence of 
technological innovation on economic growth, Zhou et al. (2020a) 
argued that with the increase in technological innovation, tax rate and 
growth rates would substantially increase. However, the public 
spending rate would significantly fall-down. In the same line, Zhou et al. 
(2020b) reveals that pollution abatement technological innovation will 
not only promote environmental quality, but also substantially 
contribute to economic growth. The recent study of Zeraibi et al. (2021) 
empirically investigated five Southeast Asian economies throughout 
1985–2016 by using CS-ARDL approach. The study reveals that tech-
nological innovation and renewable energy generation capacity signif-
icantly reduces ecological footprints. Further, Balsalobre-Lorente et al. 
(2019) demonstrated that regulatory energy policies that are linked with 
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the energy innovation process and pollution intensice resources 
replacement are leading indicators of environmental quality 
improvement. 

3. Methodology 

3.1. Data and model specification 

Based on the objective, this study used a total of five variables where 
the dependent variable is gross domestic product (GDP). It is well known 
that GDP is the measure of an economy’s health, which consider many 
economic factors and indicators such as consumption, investment, 
transaction, revenue, etc. Therefore, GDP is a substantial proxy for the 
representation of economic performance. Besides, there are four exog-
enous variables that this study used in an empirical investigation, 
including total natural resource rent (TNR) which represents volatility of 
the natural resources price in this case, oil rents (ORR), and natural gas 
rents (NGR). Besides, this study also considers the role of green inno-
vation (GI) in economic performance, which is environmentally related 
technological innovation. Data for all of these variables have been ob-
tained from two sources. Where the variables description and data 
sources are provided in Table-1. Data for all of the mentioned variables 
are obtained the covers the period from 1990 to 2021. The obtained data 
covers BRICS economies that include five countries, namely: Brazil, 
Russia, India, China and South Africa. The reason for selecting BRICS 
economies is that these economies are in alliance for various economic 
and developmental purposes. Primarily, these economies aim to pro-
mote development and cooperation, peace and security. 1 Therefore, any 
policy change in one country could have affect on other economy. 
However, a policy measure that describes the whole BRICS region could 
have a greater influence on the rest of developing as well as developed 
economies. Therefore, these countries are taken into consideration 
collectively. 

Based on the objectives and literature as mentioned in the Section-2, 
this study allows four exogenous variables, including TNR, ORR, NGR, 
and GI. However, to identify the specific influence of exogenous variable 
on economic performance, an econometric approach is required. While 
an econometric approach could not be performed without constructing 
an econometric model, which clearly indicates dependent and explan-
atory variable. In this regard, current study constructed the following 

Table-1 
Variables’ description and data sources.  

Variable Description Data source 

GDP Gross domestic product, measured 
in constant US$ 2010 prices 

https://databank.worldbank. 
org/source/world-develo 
pment-indicators#advancedDo 
wnloadOptions 

TNR The sum of oil rents, natural gas 
rents, coal rents (hard and soft), 
mineral rents, and forest rents and 
measured as a percent of GDP. 

https://databank.worldbank. 
org/source/world-develo 
pment-indicators#advancedDo 
wnloadOptions 

ORR The difference between the value of 
crude oil production at regional 
prices and total costs of production 
and measured as a percent of GDP. 

https://databank.worldbank. 
org/source/world-develo 
pment-indicators#advancedDo 
wnloadOptions 

NGR The difference between the value of 
natural gas production at regional 
prices and total costs of production 
and measured as a percent of GDP. 

https://databank.worldbank. 
org/source/world-develo 
pment-indicators#advancedDo 
wnloadOptions 

GI Green Innovation is environment 
related technological innovation. 

https://stats.oecd.org/#  

Table-2 
Slope heterogeneity and cross-section dependence.  

Slope Heterogeneity Test Statistics 

Δ̃  10.570*** 

Δ̃
Adjusted  11.727*** 

Cross-Section Dependence 
GDP ORR 
16.382** 6.91*** 
TNR NGR 
9.652*** 11.702*** 
GI 
0.954 

Note: Significance level is denoted by ***, ** and * for 1%, 5% 
and 10%. 

Table-3 
Unit root testing (Pesaran, 2007).  

Variables Intercept  and  Trend  

I(0) I(1)

GDP  − 1.847 − 3.172*** 
ORR  − 2.719 − 4.132*** 
TNR  − 3.027** – 
NGR  − 3.136*** – 
GI  − 4.868*** – 

Note: Significance level is denoted by ***, ** and * for 1%, 5% and 10%. I(0) is 
for level, and I(1) is for the first difference. 

Table-4 
CS-ARDL.  

Short Run 

Variables Coefficients Std. Error Z-Statistic 

ORR 0.053*** 0.0067 7.91 
TNR 0.058*** 0.0078 7.43 
NGR 0.023*** 0.0058 4.07 
GI 0.085*** 0.0088 9.68 
ECM(-1) − 0.99*** 0.1377 − 7.25 
Long Run 
ORR 0.064*** 0.0089 7.19 
TNR 0.063*** 0.0193 3.26 
NGR 0.024*** 0.0058 4.18 
GI 0.089*** 0.0103 8.64 

Note: Significance level is denoted by ***, ** and * for 1%, 5% and 10%. 

Table-5 
Robustness test.  

AMG 

Variable Coefficients Std. Error Z-Statistic 

ORR 0.091*** 0.0203 4.48 
TNR 0.209*** 0.0505 4.13 
NGR 0.015*** 0.0043 3.53 
GI 0.046*** 0.0125 3.66 
Constant 11.973*** 0.2025 59.11 

Note: Significance level is denoted by ***, ** and * for 1%, 5% and 10%. 

1 For details, visit https://www.gov.za/events/fifth-brics-summit-general-b 
ackground. 
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general model: 
Model 

GDPit = f (TNRit,ORRit, NGRit, GIit)

where the general equation reveals that economic performance is a 
function of natural resources price volatility, oil rents, natural gas rents, 
and green innovation. However, the priorly mentioned model could be 
transformed into the regression model as following in Eq. (1): 

GDPit = δ0 + δ1TNRit + δ2ORRit + δ3NGRit + δ4GIit + εit (1)  

where in Eq. (1), GDP represents economic performance, TNR indicates 
natural resources price volatility, ORR denotes oil rents, NGR represents 
natural gas rents, and GI denotes green innovation. Besides, δ0 denotes 
the intercept and δ1, δ2, δ3, and δ4 are the slopes of TNR, ORR, NGR, and 
GI, respectively. Additionally, εit denotes the error term of the regression 
models. While “i" and “t" in the subscript indicates cross-section and 
time-series, respectively. 

3.2. Estimation technique 

This study begins empirical estimation of the data under consider-
ation by testing the slopes coefficient heterogeneity and cross-section 
dependence of the panel. Further, the study also examines the statio-
narity of time series of the presence of unit root across the time. This will 
lead us to adopt appropriate econometric approach for the specific in-
fluence of each exogenous variable on the BRICS economies’ economic 
performance. Finally, the causal association between the dependent and 
independent variables have also been analyzed. 

3.2.1. Slope heterogeneity and cross-section dependence 
We begin the process of empirical estimation by analyzing the cross- 

section dependence and slope heterogeneity of the model. Since the 
emergence of industrial revolution particularly after 1840, trade and 
business reports rapid growth within the border and cross borders. The 
main reason behind is that the technical advancements or innovation 
brought about new methods of working and living, transforming society 
as a whole. Where this transformation leads to the production and 
manufacturing of more goods in less time. Besides, the goods and ser-
vices demand from international communities also push international 
trade, which increase the dependency of one country on other countries. 
Moreover, countries across the globe are depending on each other for 
attaining various economic, financial, political, and environmental ob-
jectives. The interdependence across countries reveals that countries 
could show resemblance in some respects and diss-similarities in other 
aspects. However, in an econometric investigation, the homogenous 
characteristics of countries in the panel could provide biased and inef-
ficient estimates, in this regard, we utilized the Pesaran and Yamagata 
(2008) slope coefficient homogeneity (SCH) test in order to test for the 
slope heterogeneity or homogeneity in the BRICS economies. The 
Pesaran and Yamagata (2008) SCH test provides estimated results both 

the SCH and adjusted SCH. Both the SCH and adjusted SCH could be 
calculated via the following formulation in Eq. (2) and Eq. (3), 
respectively: 

Δ̂SCH =

̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅

N(2k)− 1
√

(
N − 1Ś − K

)
(2)  

Δ̂ASCH =
̅̅̅̅
N

√
.

̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅
T + 1

2K(T − K − 1)

√
(
N − 1Ś − 2K

)
(3)  

where Δ̂SCH calculates the slope coefficient heterogeneity and Δ̂ASCH 
estimates the adjusted slope coefficient heterogeneity across the panel. 
Furthermore, the Pesaran and Yamagata (2008) test assumes that the 
slopes coefficients are homogenous throughout the panel as null hy-
pothesis. Whereas the null hypothesis could be rejected if the significant 
results are found for the said test. 

As mentioned earlier, there are multiple factors that influence the 
dependence of one economy on other economies, therefore the issue of 
cross-section dependence is more common in the panel data. Moreover, 
the estimation could lead biased and inconsistent results in the presence 
of cross-section dependence (Campello et al., 2019). Therefore, this 
study utilized the Pesaran (2004) cross-section dependence (CD) test in 
order to empirically analyze the dependence of cross-sections between 
the BRICS economies. The said test considers that the cross-sections in 
the selected panel are independent as null hypothesis. That is, the null 
hypothesis designate that the cross-section of the panel does not depends 
upon each other by any means. However, if the estimated outcomes are 
found significant, it will allow us to reject the null hypothesis and accept 
that the cross-section dependence is present in the panel. The 
cross-section dependence via Pesaran (2004) CD test could be calculated 
by the following Eq. (4): 

CDTest =

̅̅̅̅̅̅
2T

√

[N(N − 1)]1/2

∑N− 1

i=1

∑N

k=1+i
Tik (4)  

3.2.2. Testing stationarity 
After investigating the slope heterogeneity and cross-section 

dependence of the panel, we further examine the stationarity of time 
series variable in the panel. Similar to the issues priorly discussed, if the 
time series of data under consideration is non-stationary throughout 
time, this will lead to biased and inconsistent estimates in an empirical 
examination. In this regard, we used the cross-sectionally augmented 
IPS (CIPS) approach proposed by Pesaran (2007). Prior to that, in order 
to avoid the issues created by cross-section dependency, Pesaran (2006) 
proposed a factor modelling technique whereby the cross-section aver-
ages are simply included to the model as a proxy for unobserved com-
mon components. Pesaran (2007) suggested a unit root test based on this 
method. To tackle the cross-section dependence issue, this technique 
enhances the Augmented Dickey-Fuller (ADF) regression with lagged 
cross-sectional mean and its first difference. This technique takes into 
account cross-section dependency and could be utilized when N > T and 
T > N are present. The cross-sectionally augmented Dickey-Fuller 
(CADF) regression is provided as following: 

Δyi,t = θi + β*
i yi,t− 1 + d0yt− 1 + d1Δyt + εit (5)  

where yt represent the average of N observations. In order to avoid serial 
correlation, the regression must include the first differenced lags of both 
yit and yt , which is provided as following: 

Δyi,t = θi + β*
i yi,t− 1 + d0yt− 1 +

∑n

j=0
dj+1Δyt− j +

∑n

k=1
ckΔyi,t− k + εit (6) 

Afterwards, the Pesaran (2007) provides the average of t-statistics 
for each unit of cross-section (CADFi) in the selected panel and delivers 
the CIPS estimates as provided in Eq. (7) below: 

Table-6 
Causality check.  

Pairwise Dumitrescu Hurlin Panel Causality Tests 

Null Hypothesis: W-Stat. Zbar-Stat. Prob. 
ORR →  GDP  6.37793*** 7.33783 0.000 
GDP →  ORR  5.09443*** 4.40847 0.000 
TNR →  GDP  5.16836*** 5.66351 0.000 
GDP →  TNR  5.79164*** 4.39489 0.000 
NGR →  GDP  4.01356*** 4.06499 0.000 
GDP →  NGR  3.77354*** 3.73274 0.000 
GI →  GDP  5.50172*** 3.79622 0.000 
GDP →  GI  4.98880*** 5.41495 0.000 

Note: Significance level is denoted by ***, ** and * for 1%, 5% and 10%. 
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CIPS=N − 1
∑N

i=1
CADFi (7) 

This test assumes the null hypothesis as the presence of the unit root 
in the data. However, if the CIPS statistics exceeds the critical value, the 
null hypothesis of the unit root presence could be rejected. 

3.2.3. Cross-sectionally augmented ARDL model 
In order to analyze both the short-run and long-run coefficients, we 

utilized the cross-sectionally augmented autoregressive distributed lags 
(CS-ARDL) model proposed by Chudik and Pesaran (2015). The 
CS-ARDL is an efficient estimator as it provides robust estimates whether 
the data is stationary at level, first order, or both, and the series is 
cointegrated or not (Okumus et al., 2021). Since this ARDL belongs to 
the family of dynamic common correlated estimator (CCE) which con-
siders the individual estimation with the dependent variable’s lagged 
term and lagged cross-section averages, therefore the cross-sectional 
dependency has also been considered in this approach (Chudik and 
Pesaran, 2015). This technique allows the mean group estimation when 
slopes coefficients are not homogenous. As per Chudik et al. (2017), the 
CS-ARDL model’s mean group version is based on supplementing the 
ARDL assessment of each cross-section with cross-sectional averages 
that are proxies for unobserved common variables and their lags. 
Moreover, the CS-ARDL also tackles the issue of weak exogeneity, which 
occurs when the lagged dependent variable has been included in the 
model (Okumus et al., 2021). The authors of the said approach also 
argued that augmentation of the lagged cross-section averages into the 
model mostly tackles the issue of endogeneity. The following regression 
can be used to get the CS-ARDL: 

yi,t = θi +
∑ny

l=1
λl,iyi,t− 1 +

∑nz

l=0
βl,ixi,t− 1

∑nφ

l=0
φ′

i,lzi,t− l + εit (8)  

where in Eq. (8) above, zi,t− l indicates the lagged cross-section averages, 
i.e., zt− l = yi,t− l, xi,t− l. However, the long-run coefficients of the mean 
group could be estimated as following: 

ϑCS− ARDL, i =

∑nz
l=0 γ̂ l,i

1 −
∑ny

l=0 λ̂l,i
, ϑMG = N − 1

∑N

i=1
ϑ̂i (9)  

where in the above Eq. (9), ϑ̂i represents each cross-section’s individual 
estimations. Moreover, the error correction of the CS-ARDL estimator 
could be obtained via the following Eq. (10): 

Δyi,t =ωi
[
yi,t− l − φ̂ixi,t

]
− θi +

∑ny− 1

l=1
λl,iΔlyi,t− 1 +

∑nz

l=0
βl,iΔlxi,t− 1

∑nφ

l=0
φ′

i,lzi,t− l + εit

(10)  

where ωi indicates the error correction speed of adjustment. The CCE 
mean group estimator having augmented lags performs efficiently in the 
term such as power, size and bias (Chudik and Pesaran, 2013). On the 
other hand, the authors observed negative biased when ‘T’ is less than 
50, i.e., T < 50. In order to tackle or avoid the biasedness od time series 
sample, Chudik and Pesaran (2015) proposed the split-panel jacknife 
approach presented by Dhaene and Jochmans (2015). This method 
could be performed as following: 

Π̃MG = 2Π̃MG −
1
2
(

Π̂
a
MG + Π̂

b
MG

)
(11)  

where Π̂
a
MG and Π̂

b
MG represents the CCEMG in the time dimension in the 

first half (t = 1, 2, …, (T/2)) and second half (t = (T/2) +1, (T/2) +2, (T/ 
2) +3, …, T), respectively. In the present study, the considered time- 
span is 32 years (i.e., T, 50). Hence, the CS-ARDL bias corrected esti-
mations will be provided in the study. 

3.2.4. Robustness test 
In order to verify or validate the findings of the earlier discussed 

estimator, i.e., CS-ARDL, we further utilize augmented mean group 
(AMG) estimator, developed by Eberhardt and Bond (2009) and Eber-
hardt and Teal (2010). This approach is an alternative to common 
correlated effect mean group (CCEMG) estimator proposed by Pesaran 
(2006). Specifically, in the CCEMG approach, the unobservable common 
factors’ set could be treated as a nuisance. However, in this AMG esti-
mating approach, the unobservable common factors’ set could be 
treated as a common dynamic process, which further depends on the 
contest, and provide efficient estimates and interpretations (Sadorsky, 
2014). According to Paramati and Roca (2019) this approach is robust 
when there is a cross-sectional dependence issue in the panel and pro-
vides efficient and reliable estimates. After analyzing the CS_ARDL and 
AMG models, we further perform the panel causality test that examines 
long-run causal relationship between the variables under consideration. 

3.2.5. Pairwise dumitrescu hurlin panel causality tests 
Two estimating approaches namely CS-ARDL and AMG identified the 

influence of each exogenous variable on the economic performance of 
BRICS economies. However, in order to analyze the causal relationship 
between the considered variables, we used the Dumitrescu and Hurlin 
(2012) Granger panel causality heterogeneous test. Concerning the said 
test, it provides efficient estimates when the time series and 
cross-sections are not equal, i.e., T∕=N. According to Banday and Aneja 
(2020), the Dumitrescu and Hurlin (2012) Granger panel causality 
heterogeneous test provides efficient test by considering the 
cross-sectional dependency and slope coefficient heterogeneity issues. 

4. Results and discussion 

We begin our estimations firstly by identifying the slope coefficient 
heterogeneity and cross-section dependence of the panel. In this regard, 
we utilized the Pesaran and Yamagata (2008) slope coefficient hetero-
geneity test, the estimated outcomes provided in Table-2. The said test 
provides estimated results for both SCH and adjusted SCH. At the same 
time, the empirical results reveal that both the SCH and adjusted SCH 
are highly significant at 1% level. Therefore, the Pesaran and Yamagata 
(2008) SCH test estimates reject the null hypothesis that the slopes are 
homogenous. Thus, it is concluded that the slopes coefficients of the 
selected panel are heterogeneous. As mentioned earlier, many factors 
(including trade, globalization, etc.) increase the dependency of one 
economy over other economies. However, trade liberalization and 
globalization play a significant role in attaining various financial, eco-
nomic, and environmental objectives. However, the dependency on 
other countries could also lead to facing the spillover effect of an event 
in one economy. Therefore, it is important to investigate the panel 
economies’ cross-section dependence, especially in an econometric and 
empirical examination. In this regard, we utilized the Pesaran (2004) CD 
test, estimates of which is provided in the same Table-2. The estimated 
results reveal highly significant GDP, ORR, TNR and NGR at 1% and 5% 
levels. This leads to conclude that economic performance, ORR, TNR 
and NGR are the variables that have a spillover effect between the BRICS 
economies. Besides, only the GI is found insignificant in the selected 
panel. This demonstrates that green innovation in the BRICS economies 
possesses a spillover effect from one economy to another. 

In an empirical investigation, the stationarity of data plays critical 
role as it leads to the adoption of an efficient estimator for the long-run/ 
short-run analysis. Hence, after analyzing the heterogeneity of slope 
coefficients and dependence of the cross-section, we further tested for 
the presence of unit root in the data. In this regard, we utilized the 
Pesaran (2007) cross-sectionally augmented IPS unit root test and the 
estimated results are provided in Table-3. The unit root has been 
analyzed for both the data on level [I (0)] and first difference [I (1)]. 
Concerning I (0), the estimated results revealed that three variables, i.e., 
TNR, NGR and GI are ighly statistically significant at 1% and 5% levels. 
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This indicates that the data under consideration for these three variables 
are stationary. However, two variables, GDP and ORR namely, are found 
insignificant, which holds the null hypothesis of the presence of unit root 
in the data. Besides, these two non-stationary variables have also been 
tested for the unit root on I (1), which provides significant estimates at 
1% level and leads to reject the null hypothesis the unit root presence. 
Hence, it is concluded that both GDP and ORR are stationary at I (1). 
Since the data under consideration showed mixed order of integration, 
thus, it leads to adopting an appropriate econometric approach that 
handles data at both the leveled stationary and the first difference sta-
tionary in one flow. 

The mixed order of integration in the data, where the TNR, NGR and 
GI are stationary at I (0) and GDP and ORR are found stationary at I (1) 
leads to the adoption of CS-ARDL, which provides both the short-run and 
long-run coefficient. Also, the said estimator is efficient as it provides 
reliable estimates by tackling cross-section dependence and weak exo-
geneity problems (Chudik and Pesaran, 2015; Okumus et al., 2021). The 
estimated outcomes of CS-ARDL for both short-run and long-run is 
presented in Table-4. Concerning short-run estimates, it is found that 
ORR, TNR, NGR and GI has a positive and statistically significant asso-
ciation to the economic performance of BRICS economies. Specifically, a 
one percent increase in ORR and TNR causes a significant increase in 
economic performance by 0.053% and 0.058% at 1%, 5% and 10% 
levels. These results are found consistent to the earlier empirical findings 
of Hayat and Tahir (2021) and Pérez and Claveria (2020) that natural 
resources are positively influencing economic growth and performance. 
These natural resources stimulate economic growth by fulfilling the 
energy and other resources required in industrial production, which 
further fuel economic performance in the region. Similarly, if there is 
one percent increase in the NGR, it will cause a significant increase in 
economic performance by 0.023% at 1% level. Earlier studies have also 
identified the positive influence of natural gas on the growth of econ-
omy. Such studies include Etokakpan et al. (2020), Topcu et al. (2020), 
Galadima and Aminu (2020), and Rafindadi and Ozturk (2015), all of 
which have identified natural gas exhibit promotional influence on 
economic growth of various countries. 

Moreover, environmental related technological innovation (GI) is 
also reported as positively impacting economic growth of the BRICS 
economies. Particularly, if the GI is enhanced by one percent, it signif-
icantly causes increase in the economic performance of BRICS econo-
mies in the selected time period. Environmental-related technological 
innovation helps promote environmentally friendly machinery, goods, 
and services, which reduce environmental degradation and contribute to 
economic growth by enhancing efficient production of goods. Current 
findings showed consistency to the earlier empirical findings of Zhang 
and Ma (2021), Bilan et al. (2021), Raza (2020), and Yuan and Zhang 
(2020). Based on current findings and earlier empirical studies, it is 
concluded that GI leads to win-win situation from both environmental 
and economic growth perspective. Concerning the influence of each 
exogenous variable on the economic performance in short-run, the 
CS-ARDL also provides error correction equation, which is observed as 
the speed of adjustment towards the long-run equilibrium point. To be 
more specific, the ECM showed that the model is converging towards 
equilibrium at 99% speed of adjustment each year. 

As the speed of adjustment ECM showed, with each year’s passage, 
the model is converging towards equilibrium in the long-run. However, 
the CS-ARDL also provides long-run coefficient estimates for each 
exogenous variable under consideration. In this regard, the influence of 
each variable is reported as the same in the long-run as found in the 
short-run. However, the magnitude of the influence is found relatively 
higher than the short-run in all the variables. That is, a one percent in-
crease in ORR, TNR, NGR, and GI significantly increase economic 
growth by 0.064, 0.063, 0.024 and 0.089%, respectively. The obtained 
results are highly significant at 1%, 5% and 10% levels. Besides, the 
results also showed consistency to the empirical findings of studies 
mentioned earlier. 

Once the empirical estimates of CS-ARDL are obtained, we further 
analyzed the long-run coefficients to provide robust and valid outputs. 
In this regard, we utilized the AMG estimator and the results obtained 
via this method is provided in Table-5. All the variables showed 
consistent results to the empirical estimates obtained via CS-ARDL. 
However, the magnitude of the influence for each variable is found 
unequal to the earlier estimator. Specifically, a one percent increase in 
the ORR, TNR, NGR, and GI increase the BRICS economic performance 
by 0.091, 0.209, 0.015, and 0.046%. The results are found highly sta-
tistically significant at 1%, 5%, and 10% levels. Also, the standard errors 
provided by both the estimators are found very few. The significant and 
consistent results of both the estimators reveal that the estimated results 
are robust and reliable. Moreover, concerning similar findings, earlier 
studies such as Hayat and Tahir (2021), Pérez and Claveria (2020), 
Etokakpan et al. (2020), Topcu et al. (2020), Galadima and Aminu 
(2020), Rafindadi and Ozturk (2015), Zhang and Ma (2021), Bilan et al. 
(2021), Raza (2020), and Yuan and Zhang (2020) have provided similar 
outcomes of these variables on economic performance for various 
countries and regions. 

After empirically investigating the influence of each exogenous 
variable on economic performance of the BRICS economies via CS-ARDL 
and AMG estimators, this study further investigated the causal associa-
tion that exists between the variables under consideration. In this re-
gard, this study utilized the Dumitrescu and Hurlin (2012) Granger 
panel causality heterogeneous test, for which the estimated outcomes 
are provided in Table-6. The estimated results reveal that all the exog-
enous variables under consideration exhibit a bidirectional causal as-
sociation to the economic performance in BRICS economies. That is, 
ORR, TNR, NGR, and GI significantly causes economic growth in the 
region. However, the feedback affect has been observed that economic 
growth also significantly causes ORR, TNR, NGR and GI in the study 
region. The study found highly statistically significant estimates at 1%, 
5% and 10% levels, which are enough to reject the null hypothesis of no 
causal relationship between the variables under consideration. Instead, 
it is concluded that there is a bidirectional causal association between 
the variables under study and economic performance in the BRICS 
economies. Thus, policies targeting ORR, TNR, NGR or GI should also 
consider economic performance as the empirical estimates suggest that 
could be critical factors that influence economic performance. Also, 
policies targeting economic performance of the BRICS economies should 
also consider these factors, which had a strong influence and association 
to the economic performance in both the short-run and ling-run. Unlike 
the study of Rafindadi and Ozturk (2015), the current study provided 
evidence consistent with the findings of Magazzino et al. (2021), which 
empirically argued that there is a bidirectional causal association be-
tween natural gas rents and economic growth in Japan and Germany. 

4.1. Discussion 

As per Okumus et al. (2021), Chudik and Pesaran (2015), CS-ARDL is 
an efficient estimator that allows for cross-section dependence as well as 
weak exogeneity problem and also deals the mixed order of integration. 
Therefore, the results of this estimator are critical. Specifically, it is 
noted that natural resources rents (Including oil rents, natural gas rents, 
total natural resources rents) are positively affecting economic perfor-
mance. These results are consistent to the earlier studies that also 
demonstrates natural resources are promoting economic growth (Hayat 
and Tahir, 2021; Pérez and Claveria, 2020). Natural resources such as oil 
and natural gas are the leading energy source in the industrial devel-
opment and production of a country. However, an increase in these 
sources would not only fulfil energy demand, but also enhance industrial 
and economic activities, which enhances aggregate as well as per capital 
income. Particularly, there are numerous studies available demon-
strating natural gas production and consumption significantly promote 
economic growth and economic performance (Etokakpan et al., 2020; 
Topcu et al., 2020; Galadima and Aminu, 2020; Rafindadi and Ozturk, 
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2015). However, massive dependence on natural resources could harm 
economic growth, as well as environmental quality by producing 
emissions, climate change, and global warming. In this regard, envi-
ronmental related technological innovation could be considered as an 
effective tool of economic as well as environmental recovery. Specif-
ically, the empirical estimate reveals that environmental related tech-
nologies promote economic growth as consistent to earlier studies 
(Zhang and Ma, 2021; Bilan et al., 2020; Raza, 2020; Yuan and Zhang, 
2020). Specifically, environmental related technological innovation 
provides environmentally friendly machinery, goods, and services, 
which helps tackles environmental issues as well as promote efficient 
utilization of natural resources. Since, CS-ARDL reveals that the positive 
relationship of all the explanatory variables exists in both the short-run 
and long-run. Therefore, the error correction model could provide the 
speed of adjustment to equilibrium in the long-run. In this case, the error 
correction is found 99%, revealing that each passing year, the model is 
approaching to equilibrium with the speed of 99 percent. Hence, these 
variables could provide critical policy measure for achieving higher 
economic performance. 

5. Conclusion and policy implications 

5.1. Conclusion 

The world has faced many changes since the last three decades as 
many events occurred, including the 2003 oil price hike, 2007-08 global 
financial crisis, Covid-19 pandemic outbreak, and others. However, 
these events have drastically changed the consumption and production 
pattern across the globe. Scholars and policy-makers have paid more 
attention to the natural resource price volatility and economic perfor-
mance due to the recent pandemic outbreak. In this regard, it is 
important to investigate both developed and developing economies 
concerning natural resources price volatility and economic performance 
in the presence of Covid-19. Therefore, current study analyzed natural 
resources price volatility and the economic performance of the BRICS 
economies covering 1990 to 2021. Also, this study considered the role of 
green technological innovation in economic performance of the said 
countries. Using various panel data econometric approaches including 
the Pesaran and Yamagata (2008) SCH test, which demonstrates that the 
slope coefficients are heterogenous in the panel, the Pesaran (2004) CD 
test, which confirms the cross-section dependence across the panel, the 
Pesaran (2007) CIPS unit root test, which provide evidence of the sta-
tionarity of data at I (0) for natural gas rents, total natural resources 
rents, and green technological innovation, while and at I (1) for GDP and 
oil rents. Concerning the specific influence of explanatory variables on 
economic performance, the results obtained via CS-ARDL approach 
demonstrates that oil rents, natural gas rents, total natural resources 
rents, and green technological innovation are the significant factor of 
economic performance. An increase of one percent in the said variables 
would significantly increase the economic performance of the BRICS 
economies in both the short-run and long-run. Besides, the estimated 
results of CS-ARDL are also robust check by employing the AMG esti-
mator, which provides robust long-run results and verifies the CS-ARDL 
estimator’s findings. Additionally, the Dumitrescu and Hurlin (2012) 
Granger panel causality heterogeneous test validates bidirectional 
causal association between economic performance and explanatory 
variables, i.e., oil rents, natural gas rents, total natural resources rents, 
and green technological innovation. This illustrates that any policy 
targeting any of these variables could significantly affect economic 
performance of the BRICS economies. 

5.2. Policy implications 

Based on the empirical findings, this study recommends some prac-
tical policy implications which could be advantageous for the policy-
makers, scholars, and governors regarding economic performance and 

natural resource price volatility. Firstly, BRICS economies should make 
a proper check and balance on the natural resources aggregate demand 
and supply, as well as efficient utilization as it will deduce constant 
prices of these resources over the time. Specifically, regulating natural 
resources prices could be critical for natural resources prices volatility 
while encouraging economic growth and performance. Secondly, to 
eradicate volatility in the natural resources price, BRICS economies 
should maintain hedging of the natural resources such as petroleum 
reserves for about 100-days. This will prevent volatility in the oil prices 
for a shorter period of time and could be extended even for a longer 
term. Besides, a proper attention to economic activities must be paid 
because economic activities significantly affect demand and supply of 
natural resources, which affect prices of these resources. Thus, natural 
resources hedging could be used as a tool of recovery for natural re-
sources volatility and promoting economic performance. Thirdly, price 
ceiling or freezing policy could be effective for not only reduce natural 
resources volatility, but also helps maintain economic growth sustain-
ability as it helps stabilize economic activities. Lastly, green techno-
logical innovation should be promoted as it substantially leads to win- 
win situation regarding environmental degradation control (as per 
literature) and economic growth achievement. That is, green technolo-
gies will promote investment and production while efficiently utilizing 
natural resources, which could strongly promote economic performance 
of the region. This policy will help maintain about the same demand for 
natural resources, which would counter fluctuations in natural re-
sources. Besides, these variables are strongly connected to economic 
performance. That is, a policy change in any of the explanatory variable 
should affect economic performance. Therefore, policymakers should 
consider economic performance while tackling natural resources vola-
tility or increasing green technological innovation. 

5.3. Limitations of the study 

Although, this study has some innovative findings. Still, this research 
is limited in few dimensions. Specifically, this study included the Covid- 
19 period data, but exemplify the connection of natural resources price 
volatility and economic performance. Therefore, future researchers 
should pay attention to this nexus particularly in the Covid-19 
pandemic. Secondly, this study is limited only to BRICS economies. 
However, this panel could be extended, which must consider developed 
as well as developing economies. Thirdly, this study used only three 
variables to indicate natural resources prices. However, this set could be 
extended by including other natural and mineral resources such as gold, 
platinum, silver, forests, etc. To provide extensive results and policy 
measures. 
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