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Abstract

Despite the considerable contributions of remittances to households and econgmic’advai dsments, their environmental
implications have received little attention in empirical research. This studygwasj therefofe, conducted to help fill that
gap, using Ghana as an evidence. In achieving the above goal, robust econome i€ 1iieiiods that control for endogeneity,
heteroscedasticity and serial correlation among others, were engagegyfor the a piysis. From the results, the studied
variables were first-differenced stationary and cointegrated in the long ruy. 't plasticities of the predictors were explored
via the FMOLS, DOLS and CCR estimators, and from the results, remittifnce inflows worsened the ecological quality in
Ghana through high CO, emissions. Also, population growthemgd, energyjttilization were not friendly to the country’s
environment; however, technological innovations improvedgaviront: ntal quality in the nation via low CO, effusions. The
VECM was employed to examine the path of causalitiegaamic ¥ the/series, and from the results, there were bidirectional
causalities between remittance inflows and CO, emigfiongand U ¥ween population growth and CO, emanations. Also, a
causation from energy utilization to CO, effluentsgvas< i¢cove ed; however, there was no causality between technological
innovations and CO, exudates in the country. Bfised on ti)findings, it was recommended among others that, authorities
should enact regulations to control the acti€ities 3f polluting industries that are being financed by remittances. Also,
households and individuals should minigfize*their us “of remittances to finance carbon-intensive items, like automobiles
and air-conditioners among others, thaf add to epvironmental pollution in the country.
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Introduction

The international community is currently facing a serious
problem in the form of environmental pollution (Musah et al.
2020a; Zhao et al. 2022). Carbon dioxide (CO,) emissions,
which represent a large portion of greenhouse gas (GHG)
effusions, have been identified as a key agent of ecologi-
cal pollution (Rej et al. 2022; Musah et al. 2020b; Murshed
2022). According to the International Energy Agency (IEA),
global emissions in the year 2020 rose by 2% or 60 million
tonnes, as compared to the same month the previous year
(Musah et al. 2020c). To the body, recovery of the major
economies after the COVID 19 pandemic is responsible
for this rise, since the execution of economic activities in
various economies is heavily reliant on carbon-intensive
energies that result in high pollution. The lack of significant
policy measures to help promote green activities in various
jurisdictions could also be a factor for the surge in global
emissions (Soderholm 2020; Levin et al. 2019). Due to the
galloping rate of emissions and its adverse consequences on
the environment, numerous investigations on the determi-
nants of environmental quality (EQ) have been conducted in
different settings. For example, Murshed et al. (2022), Ma
et al. (2021), Rehman et al. (2021), Liu et al. (2021), Mur
shed et al. (2021a) and Rej et al. (2021) confirmed engrgy
utilization as a material determinant of EQ, while YCU % ak
(2021), Zeraibi (2021), Ahmed et al. (2021) and Ihfahim ai
Vo (2021), affirmed financial development agfa S ynificant
determinant of CO, emanations.

Of late, explorations on remittances find environriental
quality (EQ) are also gaining popularitj hdue tg'the rising
levels of remittances in varioug@gacononiics. According
to the World Bank, global remittgncy - Jgprreased by 10%
to US$689 billion in 2018guith U$523 billion going to
developing nations. Thedody also piedicted overall global
remittances to rise byJ % L USs715 billion, with US$549
billion going to deft aping cot itries. The rise in remittances
has two main jmplicac jas,on the environment. According
to Khan et4l. (2020), Qingquan et al. (2020), Yang et al.
(2021b) anc Sgnil edal. (2021), if remittance inflows (RI)
are us€ o finc € high-polluting industries and carbon-
int€ ive tams,iike automobiles and air conditioners among
author: jthen remittances would have a detrimental effect
on EQ, &ue to high CO, effusions. Contrastingly, if the
influxes of remittances are used to finance green energy and
ecologically harmless technologies, then, remittances would
have a beneficial influence on EQ via low CO, secretions
(Usama et al. 2020; Zafar et al. 2021; Wang et al. 2021).

In the SDGs of the United Nations, remittances support
the attainment of 15 of the goals. For instance, by improving
the living standards of households, remittances help to attain
SDG 1. Also, SDG 2 will be achieved if remittances are

used to reduce hunger, promote lasting agriculture, improve
nutrition and ensure food security. Moreover, SDG 3 will
be attained if remittances are used to promote healthy lives
and the well-being of individuals of all ages. Furthermore,
remittances facilitate the attainment of SDG 4 if they are
used to boost lifelong learning opportunities and promote
inclusive and equitable quality education. Algg, ifyremit-
tances are used to empower women and girls ar_j@romese
gender equality in our society, the motiye of SDUS#will
be accomplished. Additionally, SDG 6 Vil be aitdined if
remittances are used to support sustziiiable wi Refind sanita-
tion in various economies. Moreoy 1, if remittances are used
to promote access to moderpfand\ hstainfole energy, then
SDG 7 will be achieved. Fuather hore, SDG 8 will be accom-
plished if remittances# e used t¢ ¥upport investments in
activities that promoty, susc ¥nable economic growth. Also,
if remittances arg®a: 3d to bac~sustainable industrialization
and eco-friendi, dinp wations, then SDG 9 will be attained.
Moreover, the ainn wf SDG 10 will be met if remittances
help to eli.“@pate intra-and inter-country inequalities. Addi-
tionally, SP@ 1'y will be attained if remittances are used to
finance actiities that promote sustainable cities and socie-
ties. Resides, if remittances are used to fund activities that
suppd, t sustainable production and consumption patterns,
tnbDG 12 will be accomplished. Also, SDG 13 will be
attained if remittances are used to support activities that
minimize climate change and its adversities. Furthermore,
the target of SDG 14 will be met if remittances are used
to protect and sustainably utilize oceans, seas and marine
resources for long-lasting development. Moreover, SDG 15
will be attained if remittances are used to fund initiatives
that help to battle desertification, maintain forests and terres-
trial ecosystems and prevent land pollution. Finally, if remit-
tances are used to support peaceful and inclusive societies
for long-term development, SDG 16 will be accomplished.

Though remittances are key drivers of the majority of
the SDGs, numerous explorations have identified them as a
potential source of environmental degradation. For example,
Usman and Jahanger’s (2021) study on 93 countries, Yang
et al.’s (2021b) research on 97 nations, Khan et al.’s (2020)
analysis on BRICS economies, Jamil et al.’s (2021) explora-
tion on G-20 economies, Qingquan et al.’s (2020) research
on Australia, Yang et al.’s (2021a) study on BICS econo-
mies, Neog and Yadava (2020) investigation on India and
Kibria (2021) study on Bangladesh among others, all con-
firmed remittances as harmful to EQ. Despite the countless
explorations on remittances and EQ, there has been no study
on the linkage amidst the series in Ghana after a thorough
review of the literature. Thus, available literature regrettably
offers minimal insights on the nexus between remittances
and EQ in Ghana. However, considering the nation’s piv-
otal position in combating global GHG emissions (which
have been predicted to increase by another 50% by 2050
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relative to 2010 (OECD, 2012)), environmental threats that
the country faces with respect to the influxes of remittances
warrant further scrutiny. This motivated the conduct of the
study. Ghana is a very dynamic nation in Africa and has
many nationals abroad who send money and other items
to their relatives periodically. The remittances received by
the households may be channelled to high-polluting items
that could weaken ecological quality in the country. In other
words, more remittances mean more aggregate consumption
in the economy which ultimately puts pressure on energy
demands and therefore, more CO, effusions. Ghana is one
of the highest emitters of CO, in Africa. According to the
World Bank, Ghana’s CO, emissions grew 35.7% from 0.221
metric tons in 1960 to 0.30 metric tons in 1970. Also, the
nation’s CO, emanations were 0.232 metric tons in 1980,
representing a 4.9% rise from the 1960 figure. Similarly, the
CO, effluents of Ghana surged by 34.8% between 1960 and
2000 and by 103.6% between 1960 and 2010. Finally, CO,
exudates of the country rose by 144.8% from 1960 to 2018.
Looking at the above statistics, we assumed that remittances
could be among the factors responsible for the surging rate
of emissions in the country. Therefore, studying the linkage
between remittances and EQ to help raise policy options to
improve EQ in the country and to help reduce global GHG
effusions to net-zero by 2050, was deemed essential.

Our exploration revolves around these questions: (}4 what
is the effect of remittances on EQ in Ghana? (2) Wiabcau: )l
relationship exists between remittances and EQ¥ ) Ghana?
Answers to these questions would help rafgevitai yolicy
options that could promote the nation’s/=Q. The contribu-
tions of this study are three folds. Firs \after 2 thorough
review of literature, this study igpa grounic@fuking study
that investigated the connection amic. Wgsmittance inflows
and Ghana’s EQ. Prior explosations\ike IXin and Agyemang
(2019), Kwakwa (2019X€Ab¢xyi ethd. (2021), Asumadu-
Sarkodie and Owusua(2004), xiigsley et al. (2017) and
Yakubu et al. (202¢ ) are lim: 94 since they centred on the
linkage betweerdthei Jmacroeconomic variables and Gha-
na’s EQ, butgiot between -emittances and EQ of the country.
Secondly/n stfriorstudies on the connection amidst remit-
tancesagnd EQaly estimated the elasticities of the predic-
topd withimt touening on the causalities amidst the series (for
examp,_ ) Neog and Yadava 2020; Zafar et al. 2021; Usman
and Jaha .ger 2021 and Yang et al. 2020). However, to Li
et al. (2020a, 2020b) and Musah et al. (2021b, 2021c), if
variables are flanked by a long-term relationship, it does
not guarantee that the series cause each other. The Engle
and Granger (1987) VECM causality test were, therefore,
adopted to explore the causations between the variables.
Finally, the study applied advanced time series econometric
methods (thus the FMOLS, DOLS and CCR estimators),
that control for endogeneity, heteroscedasticity and serial
correlation in its analysis. The above issues were considered
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in the choice of the estimators because they can lead to bias
and erroneous inferences. Prior explorations like Wang et al.
(2021), Kibria (2021), Elbatanony et al. (2021) and Zaman
et al. (2021), among others, that studied the remittances and
EQ connection in different geographical environments, did
not adopt the aforestated methods.

In examining the nexus amidst remittances¢ind,EQ, a
well-outlined econometric process was foll6W L Arirstly,
stationarity tests were conducted to examine the tegra-
tion features of the series. Afterward; test topexamine
the variables’ cointegration proper#siCsawas  hdsitaken. At
the third stage, the elasticities off he predictors were esti-
mated, whilst the path of caudaliti_ yamigdst the series was
explored at the final stageaOui dxploradtion is unique since
it was written from owdwn poin pf view. In comparison
to previous studies off,Chi %, this ‘study is novel because it
uncovers fresh ipf&nation. Jie study is finally innovative
since the proc#l »s @ ‘gaced are thoroughly detailed, and the
results are accura. v presented and discussed. This study
was orgad a4 into Jive sections. “Introduction” presents
the study’§ isirG, uction, while “Literature review” centres
on the revicw,of the literature. “Materials and methods” is
on« » matefials and methods adopted for the study, while
“Resu ts and discussions” presents the study’s results and
v cybsions. The conclusions, policy recommendations and
study limitations are displayed in “Conclusions and policy
recommendations”.

Literature review

Remittances are monies or goods sent by migrants or foreign
workers to their home countries to supplement household
income (Vargas-Silva 2018; Grigoryan and Khachatryan
2018; Al-Assaf and Al-Malki 2014). The International
Monetary Fund (IMF), which is the main provider of inter-
national remittance statistics based on Central Bank data,
also defined remittances as the sum of personal transfers
and compensation of employees. According to Levitt (1998),
the behaviours, ideas, identities and expertise that migrants
gain while living in other countries and can be sent back to
their home countries also form part of the remittances. As
reported by the IMF, low-income countries rely heavily on
remittances, which account for over 4% of their GDP, as
compared to roughly 1.5% of that of middle-income coun-
tries. Because the statistical criteria used to gather data on
remittances are broader, global estimates of migrant transfers
may include transactions that are not remittances. Also, it
is difficult to estimate the exact size of remittances, because
many remittances are sent through unofficial means (IMF,
2009). It should be noted, therefore, that the World Bank and
the IMF estimates are based on remittances sent via official
channels like banks. Not all migrant transactions through
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transfer operators (like Western Union), mobile money trans-
fers and post offices are included in the remittances of coun-
tries, neither are informal transfers like those made through
friends, relatives, or transport entities returning to home
countries. According to Irving et al. (2010) and World Bank
(2011), the above unofficial transfers understate the remit-
tances of nations by 50%. Due to that, some countries par-
ticularly in Sub-Saharan Africa, fail to disclose remittance
figures in their balance of payments. As reported by Plaza
and Ratha (2017), Irving et al. (2010) and the World Bank
(2011), data on remittances may vary across nations due to
variations in legislative and policy frameworks, simplifica-
tion of data processes and differences in data availability.
The linkage between other macroeconomic factors and
EQ have been expansively explored (for instance, Yang et al.
2021a, b; Jahanger et al. 2022; Usman and Makhdum 2021;
Usman and Balsalobre-Lorente 2022; Huang et al. 2022;
Usman et al. 2022a; Usman et al. 2022b and Usman et al.
2021a, b, among others); however, the connection between
remittances and EQ has received minimal attention. On
the examples of such studies, Usman and Jahanger (2021)
conducted a study on 93 countries from 1990 to 2016. The
study employed the panel quantile regression technique for
the analysis. From the estimates, RI degraded EQ in the
5th to 70th quantiles but improved EQ in the 80th to 96uy
quantiles. Yang et al. (2021a, b) studied BICS countrigt pvey
the period 1990 to 2016. The study’s results fouii® R1
harmful to the nations’ EQ. Rahman et al. (2049 sxplored
the linkage between remittances and EQ ifyséme s gcted
Asian countries from 1982 to 2014 apll discovere« that
remittances spurred ecological polluti_n in th” nations.
Yang et al. (2020) explored the lipkage bet 3, RI and EQ
in 97 countries over the period 1995¢ 2016. The GMM
estimates of the study conficmed RIS a diiver of ecological
pollution in the nations. Zafar ¢ al. (2721) researched on top
22 remittance-receivig ¢ tros from 1986 to 2017 and
disclosed RI as frig \dly to EC»Wang et al. (2021) studied
five-remittance ieceiv g nations from 1980 to 2016. The
study’s findifigs,confirmi>d RI as friendly to the countries’
EQ. Neog a ) diadaya (2020) conducted a study on India
from }320 to 23! #7and discovered that positive shocks in
repd stani es harined EQ in the nation; however, negative
shocki in reinittances improve the country’s ecological
quality. A-am et al. (2021) studied 30 developing economies
over the period 1990 to 2017. The study employed the PVAR
technique in its analysis, and from the results, remittances
had a detrimental influence on the nations’ EQ. Khan et al.
(2020) investigated BRICS countries over the period 1986
to 2016. The FM-LS and the CCEMG estimates of the
study affirmed RI as an agent of pollution in the nations.
Ahmad et al. (2019) researched on China and disclosed
that positive shocks in remittances deteriorated EQ in the

nation; however, negative shocks in remittances improved
the country’s ecological quality.

Jamil et al. (2021) analysed G-20 countries from 1990
to 2019 and disclosed that RI weakened EQ in the nations.
In Bangladesh, Kibria (2021) examined the connection
between RI and EQ over the period 1980 to 2016. From
the NARDL estimates of the study, positive shécksg in RI
promoted ecological pollution in the country hgweviyr,
negative shocks in RI were friendly tohe naticis/A2Q.
Elbatanony et al. (2021) assessed {x henvir§ninental
impacts of remittances on develgpidg eC posfiles from
1980 to 2014. From the resulf, an N-shiape between
remittances and pollution wagdlisc yered £or lower-middle-
income countries, whilst 2 U-Sdapea curve was disclosed
for upper-middle-incoi’z countri p’from the 40th to the
80th quantiles. For tiie pciiod 1991 to 2019, Deng et al.
(2021) studied €3 ynamic).Ssociation amidst financial
inflows and E£ n B2ICS economies. The NARDL-PMG
technique was acoted for the analysis, and from the
estimates_ Witive spocks in remittances had a trivial effect
on EQ; however; uiegative shocks in remittances worsened
ecological uality in the economies. Li et al. (2021a, b)
mve jigated"China from 1981 to 2019 and discovered that
negati e shocks in remittances promoted the country’s EQ.
“oapgaa et al. (2019) researched on Nepal and identified
reiittances as harmless to the nation’s EQ. Zaman et al.
(2021) investigated nine remittance-receiving nations from
1990 to 2014 and confirmed that remittances promoted
economic progress, which is a vital agent of environmental
pollution. Khan et al. (2021) researched in the context of
the USA and disclosed that remittances waned EQ in the
nation. Zhang et al. (2021) assessed the role of remittances
in the environment of top remittance-receiving nations from
1990 to 2018. The CUP-FM and the CUP-BC estimators
were employed for the analysis, and from the results,
remittances had negative implications on the environment
of the nations.

Brown et al. (2020) studied Jamaica from 1976 to
2014. From the revelations, a long-run cointegration
association from remittances to CO, effusions was
disclosed. Also, an asymmetric response of CO, exudates
to variations in remittances was discovered in the short
run. Villanthenkodath and Mahalik (2020) analysed the
linkage between RI and EQ in India over the period 1980 to
2018. Based on the ARDL estimates of the exploration, an
inverted U-shaped association amidst RI and CO, secretions
was uncovered. Jafri et al. (2021) investigated China from
1981 to 2019. The NARDL technique was employed to
estimate the coefficients of the predictors. From the results,
negative shocks in remittances had a positive influence
on CO, exudates in the country. Wawrzyniak and Doryn
(2020) conducted a study on 93 emerging and developing
economies for the period 1995 to 2014. From the GMM
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estimates of the exploration, remittances had a trial effect
on EQ. Qingquan et al. (2020) researched on Australia
and disclosed that remittances undermined the nation’s
ecological quality. In Ethiopia, Usama et al. (2020) studied
the connection amidst remittances and EQ and reported that
the association between remittances and EQ was negative
because most remittance-receiving families in the country
shifted to clean electricity consumption. According to
Thapa and Acharya (2017), remittances improve the
living conditions of households, propelling them to go in
for high-energy consuming items, resulting in more CO,
effusions. Also, when the implementation of investments
related to remittances results in high energy demand, the
level of CO, effluents could escalate (Elbatanony et al.
2021). Contrastingly, Elbatanony et al. (2021) averred that,
if the influxes of remittances are spent on clean energy and
ecologically-harmless technologies, the effect of remittances
on the effusion of carbon could be negative. Islam (2021a,
2021b) studied the asymmetrical impact of remittances on
EQ in the top eight remittance-receiving countries. The
study employed the panel GLS and the PMG estimation
techniques to explore the coefficients of the covariates. From
the results, both positive and negative changes in remittances
improved EQ in the countries. Also, a feedback causality
from the positive component of remittances to CO, effusiéns
and a one-way causality from the negative compom{ )t of
remittances to ecological pollution were discovergu

Based on the literature reviewed, it can b€ hncludeq
that the nexus amidst remittances and EQAro coni sting.
Whilst studies like Yang et al. (2021af, Qingquanet al.
(2020), Jamil et al. (2021) and Yan ) et al.//(2021Db),
confirmed remittances as detrimgental to 39§ others like
Usama et al. (2020), Wang et al. (R0Z_ W%afar et al. (2021)
and Sharma et al. (2019), found relfittatices as friendly to
EQ. Elbatanony et al. (2021 on th¢y6ther hand, found an
N-shape between remittayées aiid ecological pollution,
whilst an invertg{), U-shap  ybetween remittances and
environmental aollt hon was reported in the study of
Villanthenkgdath and N xhalik (2020). Irrespective of the
numerous s()di€s*aiid their contrasting findings, there has
been smpstudy dngne RI-EQ connection in Ghana to the
bes( of o ir knowledge. Hence, a study on remittances and
EQ nc3s 1n the context of Ghana was deemed appropriate.

Materials and methods
Data source and summary statistics

In examining the nexus amidst RI and EQ, data for the period
1980 to 2020 was used for the analysis. All missing data were
filled using the data interpolation and extrapolatigh approach
to avoid the problems associated with the use 0f ¢ )alanchd
data. Given this, the data used for the analysis was ¥ ygfigly
balanced. All data employed for the study v e obtainéd from
WDI (2021). More details on the izVestigate Jsiiables are
shown in Table 1. Table 2 displays the summary statistics on
the series. From the table, R¥had " e erefitest mean value,
whilst CO, effusions had s leajymean value. Also, RI was
the most volatile in tepf pof SD,  Hilst POP was the least
volatile. Moreover, K¥ ana %C had negatively skewed dis-
tributions, whils#t*(%?, TT ang-"CO, effluents had positively
skewed distribt hns a4lse,CO, exudates and EC had heavy
tails based on the Kk ytosis results, whilst RI, TI and POP had
thinner tal S.08s,the correlation between the variables, RI, POP
and EC wegesigyincantly positively related to CO, effluents.
This indicatps that, as RI, POP and EC rose, CO, exudates
alsG mse in the same direction and vice versa. However, the
assoct tion between TI and CO, emanations was negative and
s.midicant, suggesting that, a surge in TI led to a fall in CO,
ef{usions and vice versa. From the VIF and tolerance tests
outlined in Table 3, there is no collinearity amidst the explana-
tory variables. For robustness purposes, the Farrar and Glauber
(1976) test was also conducted. From the estimates shown in
Table 3, the null hypothesis of no multi-collinearity amidst
the predictors could not be rejected. Finally, all the variables
have significant loadings based on the PCA results shown in
Table 4. This implies that all the series were relevant in pre-
dicting EQ in Ghana.

Model specification and theoretical underpinning

Studies on the predictors of environmental quality (EQ) have
been immensely explored in different geographical settings.
For instance, Rjoub et al.’s (2021) analysis on Turkey; Baloch
et al.’s (2021) investigation on OECD economies; Ye et al.’s
(2021) exploration on Malaysia; Murshed et al.’s (2021b)
investigation on South Asian Neighbors and Adebayo et al.’s

Table 1 Data description and
measurement unit

Variable name Measurement Source

Environmental quality (CO, emissions) Metric tons per capita WDI (2021)
Remittance inflows (RI) Personal remittances, paid (current US$) WDI (2021)
Technological innovation (TI) Patent applications (resident + non-resident) WDI (2021)
Population growth (POP) Annual percentage WDI (2021)
Energy consumption (EC) Kg of oil equivalent per capita WDI (2021)
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Table 2 Descriptive statistics and correlational analysis Table 4 Principal component analysis
Descriptive statistics Component  Eigenvalue Difference Proportion Cumulative
Statistic InCO, InRI InT7 InPOP InEC Comp 1 2.067 0.924 0.517 0.517
Mean —1.104 12.534  1.011 0.941 4.962 Comp 2 1.143 0.607 0.286 0.803
Median ~ —1.157 15.392  1.484 0.926 5.797 Comp3  0.536 0.282 0.134 0.937
Maxi- -0.572 21.685  3.951 1.114 6.012 Comp4  0.254 - 0.064 £300
mum Eigenvectors (loadings)
Minimum —1.782 15501 2398  0.756 5.584 Variable Comp 1 e 4%
Std. dev  0.426 7.449 1446 0.102 2.082 InRI —0308 072"
Skewness 0.721 —0.948 0781  0.045 -1.989 InTI 0.6347 o028
Kurtosis ~ 3.151 2317 1779 1919 4.978 InPOP 0.620° L0050
Jarque-  3.595 6941 6707  2.008 33.713 InEC 0345 0.6879
Bera W
Probabil- 0.166 0.331 0.135 0.366 0.643 p denotes significant loadingsgander homponent 1, while q denotes
ity significant loadings under cgfaponent 2
Correlational analysis
Variable InCO, InRI InTI InPOP InEC
InCO, 1.000
InRI 0.546 1.000 CO,, = f(RI,, TISZUr 7 2C) (1)
(0.002)#s# .. . . .
where CC, C.ipsion$ are the explained variable representing
InT7 —0.585 0.141 1.000 L b . . .
EQ, while \@mittance inflows (RI) is the main explanatory
(0.003)*** (0.380) . n .. . .
vasiable. Tethmological innovation (77), population growth
InPOP 0.674 —-0.295 0.371 1.000 . . .
(POiand energy consumption (EC) were included in the
(0.004)*#* (0.062)* (0.017)** - ) . S
uncti/n as control variables to help minimize the conse-
InEC 0.675 —-0.307 0.284 0.739 1.004 . . . .
gv wiCes of omitted variable bias. The above equation was
(0.005)*** (0.051)* (0.072)*  (0.004)%**

Values in parenthesis () represent probabilities while *#¢, * deno.
significance at the 1% and the 10% levels, respectively

(2021a, b) study on South Korea, among\ thers, 2l examine
the connection between macroeganomic 1. 2ors and EQ.
However, to the best of the researchéys ™ " lgledge, there have
been limited explorations opgthe renifitance inflows (RI) and
EQ connections in Ghanpg, Hei ce, the’Conduct of this study.
In attaining the abovefabjeciive, uic following function was
proposed:

Tabl3 M ilti-colliearity test results

Variablc VIF and tolerance tests Farrar and Glauber test

VIF Tolerance F-test p-value
InRI 1.21 0.826 3.055 0.004%*%**
InTT 1.26 0.792 5.993 0.026%**
InPOP 2.42 0.413 4.097 0.061%*
InEC 2.25 0.444 2.877 0.003%:**
Mean VIF 1.79 - - -

VIF implies variance inflation factor while **¥, ** * denote signifi-
cance at the 1%, 5% and the 10% levels, respectively

sXpressed in a linear form as:
CO,, = ay+ p\RI, + B,T1, + p;POP, + B,EC, + p, 2)

where §,, §,, f;and p, are the parameters of RI,TI, POP and
EC respectively, while the timeframe is epitomized by 7.
Also, the constant term is represented by «, while the error
term with a mean of zero and variation of ¢® is symbol-
ized by yu,. Natural logarithm was taken on both sides of
Eq. (2), like those of Sun et al. (2021), Usman et al. (2021a,
b), Musah et al. (2021a and Ruzi et al. (2021) to help reduce
the issue of heteroscedasticity. The resulting specification
therefore became:

InCOy, = ag + pyInRI, + p,InTI, + p3InPOP, + f4InEC, + p, (3)

where InCO,,InR/,InTI,InPOP and InEC are the log
conversions of the input and the output variables,
respectively. All other items in the above equation remain
as already defined. Following Usman and Jahanger (2021)
and Yang et al. (2021a, b), RI was incorporated into the

function as a determinant of EQ. The parameter of RI was
aInCO,,
oInRI,
remittances to fund activities that could worsen ecological
quality in the country (Khan et al. 2020; Jiang et al. 2020).

Otherwise, the coefficient of the variable was to be negative

to be positive (/31 = >O>, if consumers used

9InCO . .
(ﬁl = ;HRIZ’ < 0), if consumers channelled remittances
t

into environment friendly activities in the nation (Neog and
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Yadava 2020; Sharma et al. 2019). Following Ahmad et al.
(2020) and Chaudhry et al. (2021), TT was introduced into

the analysis as a predictor of EQ. The parameter of TI was
dInCO,,

oInTI,
activities that are high-polluting in the country

(Villanthenkodath and Mahalik, 2020; Khattak et al. 2020).

Otherwise, the coefficient of the variable was to be negative
__ aInCO,,

pr = olnTI,
are beneficial to the nation’s EQ (Ahmed and Ozturk 2018;
Aldakhil et al. 2019). Toeing the line of Ruzi et al. (2021)
and Guoyan et al. (2021), POP was introduced into the
model as a determinant of EQ. The parameter of POP was

dInCO,, .
ompoP, 0>, if POP accelerated the

development of residential and industrial facilities that are
carbon-intensive (Lin et al. 2021; Xie et al. 2020).
Otherwise, the coefficient of the variable was to be negative

(ﬂ3 = % < 0), if POP helped to improve ecologically

harmless activities in the nation (Fonchamnyo Fonchamnyo
et al. 2021; Rahman and Vu 2021). Following Khurshid
et al. (2021) and Ahmad et al. (2021), EC was finally
introduced into the framework as a predictor of EQ. The

to be positive < b= > O>, if technology promoted

< 0), if technology stimulated activities that

to be positive (ﬂ3 =

parameter of EC was to be positive < b= % > 0), if the
1

energy used to drive economic activities of the country wéie
from dirty sources leading to more pollution (ALi¢t al
2021; Rahman and Vu 2021). Otherwise, the coefligiens »f

9InCO,, W\ .
il , if the

energy used to propel the economic actizhics wer yfrom
green sources that could advance ecolgfrical quality‘in the
nation (Qayyum et al. 2021; Igbal et al.\ 921).

the variable was to be negative (/34 =

Econometric strategy

At the first stage of the"c daly sgmth< variables’ integration
orders were assessed via thh '5RS, PP, ADF and the KPSS
stationarity testf. S condly/the Johansen cointegration
test was condfated to ¢ ymine the variables’ cointegration
propertiesd the Mule, of thumb for this test is that, if there is
one or more ¢_ategzation equation(s), then, the variables are
matgriar s relatc in the long run (Johansen 1991). This test
is‘aG el JIS because it can detect multiple cointegrating
vectors: ) such, it is more fitting for multivariate analysis
than oth€r approaches. According to Wassell and Saunders
(2008), Johansen’s test is superior, in that, it treats every
test variable as an endogenous variable. This test is made
up of the maximum Eigenvalue test and the trace test. The
hypothesis of the trace test is stated as:

H, : K=K, 4)

@ Springer

H,: K>K, 3)

where K is set to zero to examine if the null hypothesis
will not be validated, and if not validated, then, cointegra-
tion exists amidst the series. The maximum eigenvalue test
hypothesis on the other hand is stated as:

H,: K =K, (6)

Hy:K>Ky+1 @)

Afterward, following Zhao etfl. (2022); fie FMOLS,
DOLS and CCR estimators of Pi illips agd Moon (1999),
Stock and Watson (1993) 4101 Paiiyg'#92) respectively,
were employed to estiméie theNlasticities of the covari-
ates. The FMOLS ang’IOLS techiiiques are advantageous
because they control’ for i }eroscedasticity (Kiefer and
Vogelsang, 2004) a1 | endogéeneity (Funk and Strauss 2000)
in regression ar bis--@#Zcording to Sulaiman and Abdul-
Rahim (2018), the¥ MOLS and DOLS estimators help to
solve the\ore M, 0f serial correlation and small sample
bias linked{o the OLS approach. To Sulaiman and Abdul-
Pahim (201, if variables are flanked by a mixed order of
integ mtion, the estimators can still be used. In line with
Redrghii (2001), the following FMOLS model was specified
¢ €stimation:

K, K,
InCOy = ay + BRI, + Z YaARL_ + BT, + Z YuATI,
k=—K; k=—K;
X X 3
+BPOP, + ) vy APOP,_, + BEC,+ Y 7, AEC,  + p,
k=—K, k=—K,

where InCO,,, RI,, TI,, POP, and EC, are cointegrated with
slope parameters f,, f,, fzand f,. Following Kao and Chiang
(2001), the estimated DOLS model of the study was speci-
fied as:

i=1

InCOy, = ay + BRI, + B,TI, + psPOP, + BEC, + Y w,ARI,

i=—1

i=m i io )
+ Y BTL+ Y APOP + Y AEC, + p,

where i, m, n and o are the leads and lags to control for
endogeneity and serial correlation. To Montalvo (1995), the
CCR estimator of Park (1992) is better than other econo-
metric techniques, like the FMOLS and the OLS because
it exhibits less bias. However, if the long-run variance is
not consistently estimated due to non-stationarity in errors
inherited from misspecified orders, the CCR approach could
be problematic (Nam 2021). Because regression does not
comment on the causal connections amidst series (Qin et al.
2021), the VECM of Engle and Granger (1987), which offers
consistent and reliable outcomes in time series analysis, was
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finally adopted to explore the causal directions amidst the
series. In attaining this aim, the ensuing error correction
models were specified:

q q q
AnCOy = w; + Y @1 ;AINCO,, ;+ Y @1 5 AINRI,_;+ Y @y 5, AlnTI,
=1 = =1

q q
+ z; @4/ AINPOP,_; + Z} @15 AIEC,_; + @,ECT,_, + iy,
J= J=

(10)
q q q
AlnRI, = o, + Y @) yAIRL_;+ Y @, 5, AlnCO,,_; + ¥ @y yAlnTI,
= = =
q q
+ ) @4y AIPOP,_; + Y @, SAIMEC,_; + @,ECT,_, + uy,
j=1 j=1
(11)
q q q
ATl = o+ Y @ ;AInTI_; + Y, @, 5 AlnRI,_; + ¥, @, 35,AlnCO,,_;
=1 j=1 j=1
q 4 (12)
+ 2 0, AlPOP_; + Y @, 5AINEC,_; + @, ECT,_, + my,
j=1 j=1
q q q
AlnPOP, = @, + Y @, ;;AINPOP,_; + ¥ @, ;,AlnTl,_;+ Y @ yAlnRI,
= = =
q q (13)
+ ) @y AINCO,; + Y @y AIEC, ; + @, ECT,_| + uy,
j=1 j=1
q q q
AIEC, = o, + Y, @) yAIEC, ; + ¥, @, ;,AlnPOP,_;+ Y @, yAlnTI,_;
=1 j=1 j=1
J J J o N

q q
+ Y @y AR+ Y @, 5 AINCO,,_; + @, ECT,_, + i,
j=1 =1

From the models above, w is the cogstant term, swhile
@ symbolizes the coefficients to belyomput:d. Also,
ECT,_, is the error correctiongterm wi il being the
error correction coefficient thay C Bmses the speed of
adjustment towards the eguilibrigm. Additionally, the
difference operator is £nitG nized)¥y A, while g is the
optimal lags that agmser ydcad the AIC. Finally, the
stochastic errorgyrm whic »7is serially uncorrelated
with a mean of Ylero“ yrepresented by u, while the time-
frame is degfioted by 7.

Results and discussions
Unit root and cointegration test results

Some econometric techniques require variables to be sta-
tionary before they could yield valid outcomesy, If not,
there is the possibility that one will be dealing ##1thexplo-
sive series that do not exhibit mean reversion. < h€refol)z,
as a first step, the variables’ integrationgorder is ayg6sed
via the unit root tests indicated in Tale 5. Frém the
results, the variables had an /(1) org€r of intc Js2fion. Thus,
the null hypothesis of no unit {yot amigst’the residual
terms could not be rejected gfiter v » firs#'difference. This
suggests that the statistigl ciyracteristics of the series
were unchanged by shid )in time: Jis finding aligns with
that of Musah et al. (Q02% 3, Chen et al. (2022), Li et al.
(2021a, b) and Piich et al. (Z021). It was also important
to establish th€ atelgislassociation between the variables
in the long term U kause detrending could not guarantee
that thert 2,n0 spurious correlation between the vari-
ables of cgpfery. Therefore, the Johansen cointegration
test was performed to examine the cointegration attributes
of i hseries. From the discoveries of the text displayed in
Table|), the null hypothesis of no cointegration amidst the
Suist could not be validated. This suggests that the vari-
abies were materially affiliated in the long term. Thus, the
variables were so intertwined that they could not deviate
from equilibrium in the long run. The finding validates the
works of Musah et al. (2022b) and Li et al. (2020a, 2020b).

Regression and causality test results

Having confirmed cointegration association amidst the
series, the coefficients of the predictors were explored via
the FMOLS, DOLS and CCR econometric techniques.
From the estimates indicated in Table 7, RI worsens EQ
in Ghana through CO, mitigations. All other factors held
constant, a 1% rise in RI deteriorated EQ by 0.096%,
0.106% and 0.079% based on results of the three estimators

Table W I/ Ytest results .
Variable ERS
Level  Istdiff

InCO, 1.202  6.241%%*
InRI 4.118  5.261%**
InTI 5763  6.437#%*
InPOP 2338  4.026%*
InEC 3.553  5.206%%*

PP KPSS ADF

Level 1st diff Level  Istdiff Level 1st diff
2490  —4.343%* 3.499  6.320%%* 2727  —5.343%%%

—1.142  =2.231%%  0.663 5.311%*%%  —1.165  —4.223%%*

—-0.406  3.022% 0.156  3.337%* —2.406  0.022%*
1.951 —2.3997%:* 0.509  1.466% 0.938  —2.310%*

—0.297 —6.233%% (0441  2.256%* —0.297  —6.233%:#*

ERS represents Elliott, Rothenberg and Stock (1996) test, PP represents Phillip and Perron (1988) test,
ADF signifies Augmented Dickey and Fuller (1979) test and KPSS denotes Kwiatkowski-Phillips-Schmidt-

Shin (1992) test

Also, *#*%*, **_* denote significance at the 1%, 5% and the 10% levels, respectively
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Table 6 Johansen cointegration test results

Unrestricted cointegration rank test (trace)

Hypothesized Eigenvalue Trace statistic 5% critical Prob.**
No. of CE(s) value

None * 0.890 158.795 69.819 0.001
Atmost 1*  0.633 79.332 47.856 0.003
Atmost2*  0.497 43.285 29.797 0.002
Atmost 3*  0.325 18.533 15.495 0.017
Atmost4*  0.115 4.397 3.841 0.036
Unrestricted cointegration rank test (maximum eigenvalue)
Hypothesized Eigenvalue Max-eigen 5% critical Prob.**
No. of CE(s) statistic value

None* 0.890 79.464 33.877 0.002
Atmost 1*  0.633 36.047 27.584 0.005
Atmost 2*  0.497 24752 21.131 0.015
At most 3 0.325 14.136 14.265 0.052
Atmost 4*  0.115 4.397 3.841 0.036

The trace tests indicate 5 cointegrating equations at the 0.05 level,
whilst the max-eigenvalue test indicates 4 cointegrating equations at
the 0.05 level

Also, * denotes rejection of the null hypothesis at the 0.05 level,
while ** represents the MacKinnon-Haug-Michelis (1999) p-values

correspondingly. This finding suggests that the influxes orF
remittances were not channelled to environment fpii hdly
activities in the country. The discovery also implicshren:

tances did not stimulate investments in activiti€s<jat could
boost EQ in the country. Moreover, remittaficCs infii hneed
people to buy more polluting home apfliances and/auto-
mobiles worsened EQ in the nation. Bes\ ‘es, the/itilization
of remittances through market regulationst@ not help to
improve the country’s quality of thig Ci. Jgasment. The find-
ing also suggests that remittances \{eteriorated ecological
quality in the nation by gScaliling hodsehold consumption
and savings that progote” Mergy atilization and financial

Table 7 FMOLS,"®OLS an< $CR estimation results

sector development, which are key agents of pollution. Addi-
tionally, remittances worsened environmental sustainability
in Ghana, because they stimulated the aggregate demand for
industrial productions, which are linked to the consumption
of dirty energies like fossil fuels that are ecologically dam-
aging. Most often, high polluting foreign industries make
their way into countries with many resources, butfwith weak
environmental regulations. Ghana is one of th& wpritshn
that, it has weak ecological measures and will ti zefore
advocate for such industries to be estdc ghed there. The
positive association between RI angd”"Q alig s with that of
Khan et al. (2020) and Jiang et al/(2020) but<ontrasts that
of Usama et al. (2020) and Ngbg a. ¥, Yadsva (2020).

Also, TI mitigated eaglozisal puilution in Ghana.
Specifically, a 1% surgglin TT imp pved EQ in the country
by 0.076%, 0.067% did 0-27% based on the results of the
three estimators, 2@ Mectively) « his finding means TI played
an essential ro{ %a 17 tigating environmental pollution in the
nation. Thus, proti )ting TI was an essential means through
which ec¢ isal quality in the nation could be improved. The
negative cqnicu on between TI and environmental pollution
supports thai of Adebayo et al. (2021a, b) who indicated that
mir ation paired with ecological conservation activities
help t\ minimize the emanation of carbon. According to the
«thgts, innovation is required for the efficient utilization
and development of clean energies. Besides, advancements
in technology help to boost the potential of green energies,
making them available to meet energy demand (Adebayo
et al. 2021a, b). The above assertion agrees with Sohag
et al. (2015) and Yang et al. (2021a, b) who postulated that
innovation propels the implementation of clean energies
to meet energy demand and shift energy utilization from
conventional to modern sources. The finding also aligns
with those of Chen and Lee (2020) and Yu and Du (2019)
who indicated that technology is one of the authentic means
to mitigate environmental pollution and boost economic

Variable YMORS DOLS CCR

it t-Statistic Prob Coeff t-Statistic Prob Coeff t-Statistic Prob
InRI 0.096 3.627 0.003%** 0.106 2.906 0.0027%#3%%* 0.079 1.944 0.001%**
InTI -0.076 —2.418 0.021%* —0.067 —1.743 0.089* —0.087 —2.256 0.034%%*
InPOP 1.920 3.331 0.0027%** 2.039 3.033 0.005%%%* 1.965 4.128 0.0027%**
InEC 0.119 4.039 0.003%#** 0.096 2.713 0.018%** 0.121 4.458 0.001%#**
Constant 1.506 3.526 0.012%** 1.444 2.817 0.0071#%* 1.551 4.223 0.0027%**
R? 0.778 0.779 0.772
Adjusted R? 0.753 0.755 0.746
Observation 41 41 41

InCO, is the response variable, std. error stands for standard error and the long-run variance estimate (Bartlett Kernel, Newey-West fixed band-

width) of the FMOLS, DOLS and CCR estimators =4.0000

Finally, ***, ** * denote significance at the 1%, 5% and the 10% levels, respectively
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viability in nations. The finding further supports the
assertion of Qayyum et al. (2021) that technology improves
the efficiency of energy leading to CO, abatement. As a
result, authorities should invest immensely in technology
to help attain minimal environmental pollution. The study’s
finding is contrasting the conclusion of Raiser et al. (2017)
that technology surrogated by patents aims to minimize
sustainable development, and is therefore considered as a
barrier to climate change abatement. Studies by Khattak et al.
(2020) and Villanthenkodath and Mahalik (2020) are also
conflicting with the above discovery.

Additionally, POP degraded ecological quality in Ghana.
Ceteris paribus, a percentage surge in POP degraded EQ by
1.92%, 2.039% and 1.965% based on the results of the three
estimators correspondingly. This suggests that POP played
an incremental role in worsening ecological quality in the
country. With the surge in POP, individuals consumed more
carbon-related resources to meet their overall demands and
therefore generated more CO, exudates in the country. Also,
the upsurge in POP led to a rise in high-polluting produc-
tion activities escalating the emissivities of carbon in the
country. Thus, higher levels of POP had severe impacts on
the emanation of carbon and posed a threat to the health of
people in the nation. The Global Footprint Network (2019}
estimates that 86% of the globe’s population lives in an g€o®
logical deficit. As a result, the increased populatigf puts
strain on the environment by increasing carbon#iresio:
The detrimental influence of POP on EQ suppafts he works
of Ruzi et al. (2021) and Guoyan et al. (2921) budevi-
ates from that of Lv and Xu (2018) and/“onchamnyc’et al.
(2021). Moreover, EC deteriorated Ghanz 5 EQ. Sylecifically,
a percentage rise in energy use psamoted “lifon exudates
by 0.119%, 0.096% and 0.121% bisce Mmthe results of the
three estimators, respectively. Thel¢ findings suggest that
the energy used to drivafecor omic J)¢tivities in the coun-
try was not from clean s¢yces“iat could help stimulate
ecological quality/the natic 971t is, therefore, critical for

the country to adopt renewable energy technologies to help
improve its EQ. The finding aligns with those of Musah et al.
(2022a) and Musah et al. (2021d) but contrasts those of Xue
et al. (2021) and Sharma et al. (2020). Lastly, the adjusted
R-squared values of 0.753, 0.755 and 0.746 for the three
estimators imply 75.3%, 75.5% and 74.6% of the variances in
the response variable were accounted for by thegredictors.
Comparatively, the coefficients under the thre’es Jp#atorskin
terms of the sign were the same. This justifies the row ystfiess
of the results.

At the last phase of the analysiggiite cat htigns amidst
the series were determined vialthe Engle 4nd Granger
(1987) VECM approach. Agfdep: ted inf Table 8, all the
ECTs are substantially pagati e, iniptying that, a long-
term association exis#\amidst . p”variables. Empirical
explorations by Islafa (Z¢3la, 2021b) and Quacoe et al.
(2021) are in supg@l; of the 4 ove discovery. On the short-
term causalitidt_ami/ ‘st.the, series, there was a bidirectional
causality betweeli RI and CO, effusions. This means the
two varis sawere Jater-reliant on each other such that a
rise in ong\ vArla e led to a rise in the other variable. An
exploratioriyby Khan et al. (2020) on BRICS economies
alig i the study’s discovery; however, those by Wang et al.
(20217 'and Yang et al. (2021a, b) are conflicting with the
eVt discovery. Also, there was no causality between TI
and CO, excretions. This implies the two series were not
dependent on each other. Explorations by Bashir et al.
(2020) and Abid et al. (2021) agree with the revelation of
this research. Moreover, POP and CO, emanations were
mutually interrelated. This indicates that POP caused CO,
secretions to rising and vice versa. Studies by Li et al.
(2021a, b) and Naseem et al. (2021) align the study’s dis-
covery. Lastly, causation from EC to CO, effusions was
discovered. This means, EC drove CO, emissivities in
the country, but not the opposite. The revelation is not
astounding in that Ghana is witnessing massive expan-
sion in the industrial and agricultural sectors, among

Table 8 VEL . Gpavgeg

; Variable InCO, InRI InTI InPOP InEC ECT
causality test rei s
InCO, - 3.848 0.567 3.545 0.198 -0.871
(0.003) ##* (0.423) (0.033)** (0.765) (0.006)***
InRI 4.476 - 5.253 4.114 0.284 -0.576
(0.002)*** (0.231) (0.053)* (0.136) (0.002)***
InTI 0.447 0.164 - 0.798 0.915 -0.678
(0.516) (0.061)* (0.426) (0.481) (0.041)**
InPOP 5.242 0.437 1.112 - 3.255 -0.712
(0.004)*** (0.022)** (0.483) (0.003)*** (0.005)7***
InEC 5.241 0.126 0.177 0.772 —-0.684
(0.0207)** (0.525) (0.346) (0.199) - (0.007)***

InCO, is the response variable, while values in parenthesis () represent probabilities

Finally, *#%*, **, * denote significance at the 1%, 5% and the 10% levels, respectively
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others. These expansions are executed via the utilization
of emission-intensive energies that worsen environmental
quality. This implies environmental quality and economic
development can both improve if Ghana embraces green
energy utilization. Studies by Doganlar et al. (2021) and
Ahmad et al. (2021) deviate from the discovery of the
study; however, those by Musah et al. (2021a) and Li et al.
(2020b) are in line with the study’s disclosure.

Conclusions and policy recommendations

This exploration examined the connection amidst remittance
inflows and environmental quality in Ghana from 1980 to
2020. In order to yield valid and reliable outcomes, robust
econometric methods that control for endogeneity, het-
eroscedasticity and serial correlation among others, were
engaged for the analysis. From the study’s discoveries, the
series was first differenced stationary and flanked by a long-
term cointegration association. The elasticities of the predic-
tors were estimated via the FMOLS, DOLS and CCR tech-
niques, and from the findings, remittance inflows degraded
ecological quality in Ghana through high carbon emissions.
Also, population growth and energy utilization were not
environment friendly; however, technological innovatigns
improved ecological quality in the nation. On the ¢4 »ali,
ties amidst the series, there were bidirectional céudaliti s
between remittance inflows and CO, effusions i hbetween
population growth and CO, emanations. Aljo,*energ hcon-
sumption caused CO, effluents, but thdre was no causal-
ity between technological innovations & \d the ¢/ ludates of
CO,. From the above revelationsgthe stua;@icludes that
remittances inflows, population grawe. Jmad energy utiliza-
tion deteriorate environmeptal quajily i’ Ghana; however,
technological innovatiop€imj ove e¢¥logical quality in the
country.

Based on the ab{ e, it is e pinmended that, even though
remittances aréikey heents of economic progress and
financial seglor developj ients, their adverse consequences
on the en" yofiment should be seriously addressed.
Autheaijies ca)astain this goal by enacting regulations
tontre | the activities of polluting industries that are
being" tnanced by remittances. Also, households and
individujis should minimize their use of remittances to
finance carbon-intensive items, like automobiles and air-
conditioners, among others, that add to environmental
pollution in the country. If the aforestated recommendations
are implemented, the damaging effects of remittances on
ecological quality will be minimized, thereby stimulating
sustainable development. Moreover, the government can
boost ecological quality in the country by advocating for
the adoption of environmentally friendly technologies in
all establishments. This objective can be achieved if the
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government gives incentives like tax rebates to local entities
to help them import modern technologies from other parts
of the world. The adverse consequences of population
growth on the environment suggest that the government and
policymakers should regulate the rate of population in the
country. As evidenced from the study, a rise in pooulation
growth escalated the rate of emissions in th€ cquntry.
Therefore, if the rate of population is wellr¢ yplatedit
will help curtail the emanation of carbga in the  ustry.
Additionally, the government should“ Mvocafy {or the
utilization of clean energies in all eg@idmic )tiyites in the
country. This goal can be attained by allocatirg substantial
financial resources into reseanth ai_jdevelspment linked to
the consumption of greengner . Thus, the pollution-free
growth process targets( by authuyfies of the nation can
be attained, if the cCuntr| ¥ransitions from conventional
energy sources 1@ ¥ossil fuc's to green sources like solar
and hydro amé& % ofirars_Furthermore, efforts to boost the
energy industry shi sld be undertaken with caution so as not
to jeopar. -mthe long-term goal of a carbon-free economy.
Besides, Wntfns, cying public awareness on ecological
quality, impgoying environmental monitoring, and applying
stir hecological measures are all means through which
envir¢ nmental pollution in Ghana could be minimized.
wrtermore, the quality of institutions in the nation
should be improved, because institutional quality helps
establishments to adopt green technologies, and also helps
to boost public awareness of a clean environment. According
to Jiang et al. (2020), green policies fail to succeed in
countries due to minimal support, involvement and cohesion
from key stakeholders. Therefore, policymakers should
actively engage and encourage all important stakeholders to
participate in the development and implementation of green
policies in the country. Finally, the IEA, UN and the World
Bank advise governments to embrace carbon pricing because
it has a lot of benefits than other options. The government of
Ghana should, therefore, include carbon pricing in its strive
towards a low-carbon economy.

The limitations of this exploration cannot be overlooked.
Firstly, the researcher had hoped to use a longer study period
for the analysis; however, because of data constraints, the
study covered the period 1980 to 2020. It is, therefore, pro-
posed that when more data become available, comparable
studies should be conducted to authenticate the study’s find-
ings. Also, the FMOLS, DOLS and CCR techniques were
used to estimate the parameters of the predictors. This sign-
posts that interpretation of the study’s results warrants some
caution because the adoption of other techniques might yield
different results. Moreover, the study was confined to only
Ghana. For comparison purposes, similar studies in different
geographical locations can be conducted to help authenticate
the study’s outcomes. In examining the nexus amidst remit-
tance inflows and environmental quality in Ghana, the study
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controlled for technological innovations, population growth
and energy utilization. It is, therefore, suggested that future
explorations should control for more macroeconomic vari-
ables to help minimize OVB issues. We finally suggest that
future explorations should consider adopting the quantile
regression technique because it will provide information on
the entire conditional distribution of environmental quality.
For instance, the influence of energy consumption on eco-
logical quality could differ at different quantiles, and it is the
only estimator that can provide such information.
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