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Abstract: Migrant remittances play a vital role in Sub-Saharan African economies, significantly contributing
to household income, supporting small businesses, alleviating poverty, and playing a crucial role in advancing
health, education, and economic development for low-income households. However, the relationship between
migrant remittances and environmental degradation remains a subject of intense debate in the literature, with
many studies yielding mixed results. This study investigates the impact of migrant remittances on the
ecological footprint in Sub-Saharan African countries. It also aims to test the validity of the remittances-
induced Environmental Kuznets Curve (EKC) hypothesis, focusing on the impact of migrant remittances on
the ecological footprint in Sub-Saharan Africa. This study applies a method of moments quantile regression
(MMQR) approach, a pioneering study for Sub-Saharan African countries between 2008 and 2023. The
findings reveal that both the estimating coefficient and the squared term of migrant remittances are statistically
significant across all quantiles, with migrant remittances having a positive coefficient and the squared term
having a negative coefficient. This model confirms the existence of a remittances-induced EKC hypothesis. In
other words, as migrant remittances increase in Sub-Saharan Africa, ecological footprint levels clearly show
an inverted U-shaped trend. Policymakers in Sub-Saharan Africa can leverage migrant remittances for
environmental sustainability, increasing the use of cleaner energy, reducing reliance on fossil fuels, and
aligning with global sustainable development goals.

Keywords: Migrant Remittances, Ecological Footprint, Environmental Kuznets Curve, Sub-Saharan Africa,
MMQR.

Oz: Gogmen doviz transferleri, Sahra-Alt1 Afrika ekonomilerinde hayati bir rol oynamakta, hane halki gelirine
6nemli 6lgiide katkida bulunmakta, kiigiik isletmeleri desteklemekte, yoksullugu hafifletmekte ve diisiik gelirli
haneler i¢in saglik, egitim ve ekonomik gelismeyi ilerletmede hayati bir role sahip olmaktadir. Diger yandan,
goemen doviz transferleri ile ¢evresel bozulma arasindaki iliski, literatiirde hald yogun tartisilan bir konu olup,
calismalarin ¢ogu karigik sonuglar sunmaktadir. Bu ¢alisma, Sahra-Alti Afrika iilkelerinde gégmen doviz
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transferlerinin ekolojik ayak izi iizerindeki etkisini arastirmaktadir. Ayrica, Sahra- Alt1 Afrika’da gdgmen
doviz transferlerinin ekolojik ayak izi tizerindeki etkisine odaklanan doviz kaynakli Cevresel Kuznets Egrisi
(EKC) hipotezinin gegerliligini test etmeyi amaglamaktadir. Bu ¢aligmada, 2008-2023 yillar1 arasinda Sahra-
Alt1 Afrika iilkeleri i¢in Oncii bir aragtirma niteliginde olan momentler yontemi kantil regresyon (MMQR)
yaklagimi uygulanmistir. Calismanin bulgulari hem gégmen doviz transferlerinin tahmini katsayisinin hem de
karesel teriminin biitiin kantillerde istatistiksel olarak anlamli oldugunu, gé¢gmen doéviz transferlerinin pozitif
bir katsaytya, karesel terimin ise negatif bir katsayiya sahip oldugunu ortaya koymaktadir. Bu model, doviz
kaynakli bir EKC hipotezinin varligin1 dogrulamaktadir; yani Sahra-Alt1 Afrika iilkelerinde gogmen doviz
transferleri arttik¢a, ekolojik ayak izi seviyeleri acik ve net bir sekilde ters U seklinde bir egilim gostermektedir.
Sahra-Alt1 Afrika bolgesindeki politika yapicilar, gogmen doviz transferlerini gevresel siirdiiriilebilirlik i¢in
kullanarak, daha temiz enerji kullanimini artirabilir, fosil yakitlara bagimliligi azaltabilir ve kiiresel
stirdiiriilebilir kalkinma hedefleriyle uyum saglayabilir.

Anahtar Kelimeler: Go¢men Déviz Transferleri, Ekolojik Ayak izi, Cevresel Kuznets Egrisi, Sahra Alt1
Afrika, MMQR.
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Structured Abstract

The primary aim of this study is to examine the economies of 23 Sub-Saharan Africa (Angola, Benin,
Botswana, Burkina Faso, Cameroon, Ivory Coast, Eswatini, Ghana, Kenya, Lesotho, Liberia, Madagascar,
Mali, Marityus, Namibia, Niger, Nigeria, Senegal, Sierra Leone, South Africa, Togo, Uganda and Zambia) for
which data are available for the years 2008-2023. To determine the impact of remittance transfers on the
ecological footprint and whether the environmental Kuznets curve (EKC) hypothesis arising from remittances
is valid. When the literature is examined, there are various studies revealing the relationship between migrant
remittances and ecological footprint. While some of these studies reveal that remittance transfers contribute to
environmental degradation by increasing the ecological footprint, others show that remittance transfers reduce
the ecological footprint. However, there are also studies in the literature that test the validity of the EKC
hypothesis arising from remittances, which explains the non-linear relationship between remittances and
ecological footprint. However, studies explaining the relationship between these two have not been examined
sufficiently. Similarly, demographic and macroeconomic variables such as population, foreign direct
investment, economic growth, and the potential effects of remittances on the ecological footprint have not been
considered together. Therefore, the non-linear structure of remittances and their square on the ecological
footprint in Sub-Saharan African countries, many of which have low income levels, are discussed together with
both demographic and macroeconomic variables. Considering their size and importance for the development
process, it is aimed to investigate the impact of remittances on the ecological footprint of Sub-Saharan African
countries and to make appropriate policy recommendations.

To achieve this objective, the MMQR estimator was used. Before applying the MMQR estimator, the
basic characteristics of the variables used in the study and the correlation relationships between the variables
were determined. Subsequently, the presence of multicollinearity was evaluated using the variance inflation
factor test. Afterwards, cross-sectional dependence, slope homogeneity, and unit root tests were performed.
Finally, the model was analyzed using the MMQR estimator, which effectively reveals the effects at low,
medium, and high ecological footprint levels. The research data, covering 16 years for 23 Sub-Saharan African
countries, was obtained from the databases of internationally recognized institutions such as the Global
Footprint Network and the World Bank.

Research findings indicate that migrant remittances (LREM) have a devastating effect on the
ecological footprint (LEF). Indeed, remittances exert their influence through various mechanisms, including
their impact on growth and industrialization. The LREM coefficient was found to have a positive and
statistically significant effect on LEF, indicating that migrant remittances are harmful to the environment in
Sub-Saharan Africa. The detrimental effect of migrant remittances on environmental quality is felt more
strongly from low to high quantiles.

On the other hand, findings from the MMQR estimator show that the relationship between the square
of migrant remittances (LREM?) and ecological footprint is negative and statistically significant across all
quantiles. This reveals that as migrant remittances increase, the ecological footprint decreases in Sub-Saharan
Africa. As one moves from low to high quantiles, the increase in migrant remittances leads to a greater
improvement in environmental quality.

Furthermore, the findings showed that migrant remittances (LREM) have a positive and significant
relationship with ecological footprint, while the square of migrant remittances (LREM?) has a negative and
significant effect. The findings demonstrate the existence of a nonlinear structure between migrant remittances
and ecological footprint. This structure reveals the EKC hypothesis, which is located in an inverted U shape.
The inverted U-shaped structure shows that rising migrant remittances initially lead to consumption-oriented
pollution, but higher levels of remittances are increasingly directed towards sustainable investments and
facilitate the transition to a cleaner environment. This shows that higher migrant remittances in Sub-Saharan
Africa contribute to sustainability by reducing environmental degradation.

In contrast, a positive and significant relationship between economic growth, foreign direct
investment, and ecological footprint increases from low to high quantiles. Economic growth and foreign direct
investment inflows lead to an increase in the ecological footprint in Sub-Saharan Africa. The findings reveal
that economic growth in Sub-Saharan Africa occurs at the expense of environmental degradation. However,
foreign direct investment inflows also support the validity of the "pollution haven" hypothesis in these
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countries. In other words, the operation of polluting firms located in developed countries in Sub-Saharan
Africa, where environmental regulations are less strict and weaker, leads to an increase in the ecological
footprint. This shows that foreign direct investment, which is thought to contribute economically, actually
reduces environmental quality and causes environmental pollution in Sub-Saharan Africa.

The findings also show that the impact of population on the ecological footprint is negative and
statistically significant at all quantiles except the 0.95 quantile level. This suggests that migrant remittances
play a significant role in boosting economic prosperity and development in Sub-Saharan Africa, and that
individuals become more conscious and environmentally aware over time. It can even be argued that migrants
transfer not only money but also ideas, knowledge, and standards adopted in host countries to their own
countries.

Overall, the findings of this research provide important insights into the impact of migrant remittances,
as well as macroeconomic and demographic factors, on the ecological footprint in Sub-Saharan African
countries. The study highlights the potential of remittances as a financing mechanism for energy transition in
Sub-Saharan African countries, offering an opportunity to integrate these flows into broader environmental
policies.

Keywords: Migrant Remittances, Ecological Footprint, Environmental Kuznets Curve, Sub-Saharan
Africa, MMQR.
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Résumé Structuré

L'objectif principal de cette étude est d'examiner les économies de 23 pays d'Afrique subsaharienne
(Angola, Bénin, Botswana, Burkina Faso, Cameroun, Cote d'Ivoire, Eswatini, Ghana, Kenya, Lesotho, Libéria,
Madagascar, Mali, Maurice, Namibie, Niger, Nigeria, Sénégal, Sierra Leone, Afrique du Sud, Togo, Ouganda
et Zambie) pour lesquelles des données sont disponibles pour les années 2008 a 2023. 11 s’agit de déterminer
I’impact des transferts de fonds des migrants sur I’empreinte écologique et de vérifier si I’hypothése de la
courbe de Kuznets environnementale (EKC) découlant de ces transferts est valable. L’examen de la littérature
révele I’existence de diverses études mettant en évidence la relation entre les transferts de fonds des migrants
et ’empreinte écologique. Alors que certaines de ces études montrent que ces transferts contribuent a la
dégradation de I’environnement en augmentant I’empreinte écologique, d’autres indiquent qu’ils la réduisent.
Cependant, certaines études testent la validité de I’hypothése de la courbe de Kuznets environnementale (EKC)
liée aux transferts de fonds, qui explique la relation non linéaire entre ces transferts et I’empreinte écologique.
Or, les études expliquant cette relation n’ont pas fait I’objet d’une analyse suffisante. De méme, les variables
démographiques et macroéconomiques telles que la population, les investissements directs étrangers, la
croissance économique et les effets potentiels des transferts de fonds sur ’empreinte écologique n’ont pas été
prises en compte conjointement. Par conséquent, la structure non linéaire de I’influence des transferts de fonds
et de leur carré sur I’empreinte écologique dans les pays d’ Afrique subsaharienne, dont beaucoup ont de faibles
niveaux de revenus, est analysée conjointement avec les variables démographiques et macroéconomiques.
Compte tenu de leur ampleur et de leur importance pour le processus de développement, 1’objectif est d’étudier
I’impact des transferts de fonds sur I’empreinte écologique des pays d’Afrique subsaharienne et de formuler
des recommandations politiques appropriées.

Pour atteindre cet objectif, I’estimateur MMQR a été utilisé. Avant d’appliquer I’estimateur MMQR,
les caractéristiques de base des variables utilisées dans 1’étude et les relations de corrélation entre ces variables
ont ét¢ déterminées. Par la suite, la présence de multicolinéarité a été évaluée a I’aide du test du facteur
d’inflation de la variance. Ensuite, des tests de dépendance transversale, d’homogénéité des pentes et de racine
unitaire ont été effectués. Enfin, le modele a été analysé a 1’aide de 1’estimateur MMQR, qui met efficacement
en évidence les effets aux niveaux faible, moyen et élevé de I’empreinte écologique. Les données de recherche,
couvrant 16 années pour 23 pays d’Afrique subsaharienne, ont ét¢ obtenues a partir des bases de données
d’institutions internationalement reconnues telles que le Global Footprint Network et la Banque mondiale.

Les résultats de la recherche indiquent que les transferts de fonds des migrants (LREM) ont un effet
dévastateur sur I’empreinte écologique (LEF). En effet, les transferts de fonds exercent leur influence par le
biais de divers mécanismes, notamment leur impact sur la croissance et I’industrialisation. Il a été constaté que
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le coefficient LREM avait un effet positif et statistiquement significatif sur le LEF, ce qui indique que les
transferts de fonds des migrants sont néfastes pour I’environnement en Afrique subsaharienne. L’effet néfaste
des transferts de fonds des migrants sur la qualité de I’environnement se fait davantage sentir des quantiles bas
aux quantiles élevés.

En revanche, les résultats obtenus a 1’aide de I’estimateur MMQR montrent que la relation entre le
carré des transferts de fonds des migrants (LREM?) et I’empreinte écologique est négative et statistiquement
significative sur I’ensemble des quantiles. Cela révele que, a mesure que les transferts de fonds des migrants
augmentent, I’empreinte écologique diminue en Afrique subsaharienne. A mesure que I’on passe des quantiles
bas aux quantiles élevés, I’augmentation des transferts de fonds des migrants entraine une amélioration plus
marquée de la qualité de I’environnement.

De plus, les résultats ont montré que les transferts de fonds des migrants (LREM) présentent une
relation positive et significative avec I’empreinte écologique, tandis que le carré des transferts de fonds des
migrants (LREM?) a un effet négatif et significatif. Ces résultats démontrent 1’existence d’une structure non
linéaire entre les transferts de fonds des migrants et 1’empreinte écologique. Cette structure confirme
I’hypothése EKC, qui se présente sous la forme d’un U inversé. La courbe en U inversé montre que
I’augmentation des transferts de fonds des migrants entraine dans un premier temps une pollution liée a la
consommation, mais que des niveaux plus élevés de transferts sont de plus en plus orientés vers des
investissements durables et facilitent la transition vers un environnement plus propre. Cela montre que des
transferts de fonds plus élevés en Afrique subsaharienne contribuent a la durabilité en réduisant la dégradation
de I’environnement.

En revanche, une relation positive et significative entre la croissance économique, les investissements
directs étrangers et I’empreinte écologique s’accentue des quantiles bas vers les quantiles élevés. La croissance
économique et les flux d’investissements directs étrangers entrainent une augmentation de I’empreinte
écologique en Afrique subsaharienne. Les résultats révelent que la croissance économique en Afrique
subsaharienne se fait au détriment de la dégradation de I’environnement. Cependant, les flux d’investissements
directs étrangers confirment également la validité de I’hypothése du « refuge de pollution » dans ces pays. En
d’autres termes, I’implantation en Afrique subsaharienne d’entreprises polluantes originaires de pays
développés, ou les réglementations environnementales sont moins strictes et moins contraignantes, entraine
une augmentation de I’empreinte écologique. Cela montre que les investissements directs étrangers, censés
apporter une contribution économique, réduisent en réalité la qualité de I’environnement et sont a I’origine de
la pollution environnementale en Afrique subsaharienne.

Les résultats montrent également que 1’impact de la population sur I’empreinte écologique est négatif
et statistiquement significatif a tous les quantiles, a I’exception du quantile 0,95. Cela suggere que les transferts
de fonds des migrants jouent un role significatif dans la stimulation de la prospérité économique et du
développement en Afrique subsaharienne, et que les individus deviennent, au fil du temps, plus conscients et
plus sensibilisés aux questions environnementales. On peut méme affirmer que les migrants transférent non
seulement de 1’argent, mais aussi des idées, des connaissances et des normes adoptées dans les pays d’accueil
vers leur propre pays.

Dans I’ensemble, les résultats de cette recherche apportent des éclairages importants sur I’impact des
transferts de fonds des migrants, ainsi que sur les facteurs macroéconomiques et démographiques, sur
I’empreinte écologique dans les pays d’Afrique subsaharienne. L’étude met en évidence le potentiel des
transferts de fonds en tant que mécanisme de financement de la transition énergétique dans les pays d’Afrique
subsaharienne, offrant ainsi une opportunité d’intégrer ces flux dans des politiques environnementales plus
larges.

Mots-clés: Transferts de fonds des migrants, empreinte écologique, courbe de Kuznets
environnementale, Afrique subsaharienne, MMQR.

Resumen Estructurado

El objetivo principal de este estudio es analizar las economias de 23 paises del Africa subsahariana
(Angola, Benin, Botsuana, Burkina Faso, Camerun, Costa de Marfil, Esuatini, Ghana, Kenia, Lesoto, Liberia,
Madagascar, Mali, Mauricio, Namibia, Niger, Nigeria, Senegal, Sierra Leona, Sudafrica, Togo, Uganda y
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Zambia) de los que se dispone de datos para el periodo 2008-2023. Determinar el impacto de las remesas en la
huella ecoloégica y si es valida la hipotesis de la curva de Kuznets medioambiental (EKC) derivada de las
remesas. Al examinar la bibliografia, se observan diversos estudios que revelan la relacion entre las remesas
de los migrantes y la huella ecoldgica. Mientras que algunos de estos estudios revelan que las remesas
contribuyen a la degradacion medioambiental al aumentar la huella ecoldgica, otros muestran que las remesas
reducen la huella ecoldgica. Sin embargo, también hay estudios en la bibliografia que ponen a prueba la validez
de la hipdtesis de la EKC derivada de las remesas, la cual explica la relacion no lineal entre las remesas y la
huella ecologica. No obstante, los estudios que explican la relacion entre ambos aspectos no se han analizado
lo suficiente. Del mismo modo, no se han considerado conjuntamente variables demograficas y
macroeconomicas como la poblacion, la inversion extranjera directa, el crecimiento econdmico y los posibles
efectos de las remesas sobre la huella ecoldgica. Por lo tanto, se analiza la estructura no lineal de las remesas
y su cuadrado sobre la huella ecologica en los paises de Africa subsahariana —muchos de los cuales presentan
bajos niveles de renta— junto con variables tanto demograficas como macroeconémicas. Teniendo en cuenta
su magnitud e importancia para el proceso de desarrollo, el objetivo es investigar el impacto de las remesas en
la huella ecoldgica de los paises de Africa subsahariana y formular recomendaciones de politica adecuadas.

Para alcanzar este objetivo, se utilizo el estimador MMQR. Antes de aplicar el estimador MMQR, se
determinaron las caracteristicas basicas de las variables utilizadas en el estudio y las relaciones de correlacion
entre ellas. Posteriormente, se evaluo la presencia de multicolinealidad mediante la prueba del factor de
inflacion de la varianza. A continuacion, se realizaron pruebas de dependencia transversal, homogeneidad de
las pendientes y de raiz unitaria. Por tltimo, se analizo el modelo utilizando el estimador MMQR, que revela
de manera eficaz los efectos a niveles bajos, medios y altos de huella ecologica. Los datos de la investigacion,
que abarcan 16 afios para 23 paises del Africa subsahariana, se obtuvieron de las bases de datos de instituciones
reconocidas internacionalmente, como la Global Footprint Network y el Banco Mundial.

Los resultados de la investigacion indican que las remesas de los migrantes (LREM) tienen un efecto
devastador sobre la huella ecologica (LEF). De hecho, las remesas ejercen su influencia a través de diversos
mecanismos, entre ellos su impacto en el crecimiento y la industrializacion. Se constatd que el coeficiente de
las remesas de los migrantes (LREM) tiene un efecto positivo y estadisticamente significativo sobre la huella
ecologica (LEF), lo que indica que las remesas de los migrantes son perjudiciales para el medio ambiente en
el Africa subsahariana. El efecto perjudicial de las remesas de los migrantes sobre la calidad medioambiental
se percibe con mayor intensidad de los cuantiles bajos a los altos.

Por otra parte, los resultados obtenidos con el estimador MMQR muestran que la relacion entre el
cuadrado de las remesas de los migrantes (LREM?) y la huella ecolégica es negativa y estadisticamente
significativa en todos los cuantiles. Esto revela que, a medida que aumentan las remesas de los migrantes, la
huella ecoldgica disminuye en el Africa subsahariana. A medida que se pasa de los cuantiles bajos a los altos,
el aumento de las remesas de los migrantes conduce a una mayor mejora de la calidad medioambiental.

Ademas, los resultados mostraron que las remesas de los migrantes (LREM) tienen una relacion
positiva y significativa con la huella ecoldgica, mientras que el cuadrado de las remesas de los migrantes
(LREM?) tiene un efecto negativo y significativo. Los resultados demuestran la existencia de una estructura no
lineal entre las remesas de los migrantes y la huella ecologica. Esta estructura confirma la hipotesis EKC, que
presenta una forma de U invertida. La estructura en forma de U invertida muestra que el aumento de las remesas
de los migrantes conduce inicialmente a una contaminacion orientada al consumo, pero que los niveles mas
altos de remesas se destinan cada vez mas a inversiones sostenibles y facilitan la transicién hacia un medio
ambiente méas limpio. Esto demuestra que unas remesas de los migrantes mas elevadas en el Africa
subsahariana contribuyen a la sostenibilidad al reducir la degradacién medioambiental.

Por el contrario, la relacion positiva y significativa entre el crecimiento econémico, la inversion
extranjera directa y la huella ecologica aumenta de los cuantiles bajos a los altos. El crecimiento econémico y
las entradas de inversion extranjera directa provocan un aumento de la huella ecolégica en el Africa
subsahariana. Los resultados revelan que el crecimiento econdémico en el Africa subsahariana se produce a
costa de la degradacion medioambiental. Sin embargo, las entradas de inversion extranjera directa también
respaldan la validez de la hipotesis del «refugio de la contaminacion» en estos paises. En otras palabras, la
actividad de las empresas contaminantes con sede en paises desarrollados que operan en el Africa subsahariana
—donde las normativas medioambientales son menos estrictas y mas débiles— provoca un aumento de la
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huella ecoldgica. Esto demuestra que la inversion extranjera directa, de la que se cree que contribuye al
desarrollo econdmico, en realidad reduce la calidad medioambiental y causa contaminacion ambiental en el
Africa subsahariana.

Los resultados también muestran que el impacto de la poblacion en la huella ecologica es negativo y
estadisticamente significativo en todos los cuantiles, excepto en el nivel del cuantil 0,95. Esto sugiere que las
remesas de los migrantes desempeian un papel significativo a la hora de impulsar la prosperidad econdémica y
el desarrollo en el Africa subsahariana, y que las personas se vuelven mas conscientes y sensibles a las
cuestiones medioambientales con el paso del tiempo. Incluso se puede argumentar que los migrantes transfieren
a sus propios paises no solo dinero, sino también ideas, conocimientos y normas adoptadas en los paises de
acogida.

En general, los resultados de esta investigacion aportan informacion importante sobre el impacto de
las remesas de los migrantes, asi como de los factores macroeconémicos y demograficos, en la huella ecologica
de los paises del Africa subsahariana. El estudio destaca el potencial de las remesas como mecanismo de
financiacion para la transicion energética en los paises del Africa subsahariana, lo que ofrece una oportunidad
para integrar estos flujos en politicas medioambientales mas amplias.

Palabras clave: Remesas de los migrantes, Huella ecoldgica, Curva de Kuznets medioambiental,
Africa subsahariana, MMQR.
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CrpykrypupoBanHoe Pe3rome

OcHOBHasl 11eJIb JAHHOTO MCCJIEIOBAHSI 3aKITI0UACTCS B aHAJIM3€ SKOHOMUKH 23 cTpaH A(QpHUKH K 0Ty
ot Caxapsl (Anrona, beann, borcBana, Bypkuna-®aco, Kamepyn, Kor-n’UByap, JcBatinu, ['ana, Kenus,
Jlecoro, JIubepusi, Manarackap, Manu, MaBpukuii, Hamubus, Hurep, Hurepus, Ceneran, Creppa-Jleone,
OxHnas Adpuka, Toro, Yranaa u 3am0usi), mo KoTopsiM uMeroTcs nanHbie 3a 2008—2023 roapl. Onpenenuts
BJIMSHHE JCHE)KHBIX IIEPEeBOAOB Ha OKOJOTHYECKHH CleJ M MPOBEPHUTH OOOCHOBAHHOCTH THIIOTE3BI
skonorndeckoi kpuBoil Kysmena (EKC), cBsf3aHHOI C AeHEXHBIMH NepeBOdaMH. AHAIHM3 JUTEPaTypHI
MIOKA3BIBAET, YTO CYIIECTBYIOT Pa3JIMYHbIE HCCIEIOBAHMS, PACKPHIBAIOIIIE B3aUMOCBSA3b ME&XIY JICHEKHBIMH
NIepeBOIAMI MUTPAHTOB ¥ 3KOJIOTHUECKUM CJIeI0M. B TO BpeMst Kak OJJHU U3 3THX UCCIIEIOBaHHH II0Ka3bIBAIOT,
YTO JICHE)KHBIE NIEPEBOJIBI CIIOCOOCTBYIOT YXYALICHHUIO COCTOSHHS OKPYKAafOLIEH Cpelbl 3a CUeT YBEeJIMYCHHUS
9KOJIOTHYECKOTO CJIe/a, OPYrue NEMOHCTPHPYIOT, YTO JICHE)KHBIE NEePEeBOJbl YMEHBIIAIOT HKOJIOTHYECKUI
cien. OIHAKO B JUTEpaType TAKKe MMEIOTCS HCCIEOBAaHMs, IPOBEPAIOIINEe 0OOCHOBAaHHOCTh THIOTE3BI
skonorndeckoii kpuBor Kysnema (EKC), cBs3aHHOW C IEHEKHBIMH MEpPEBOJAMH, KOTOpas OOBSICHSET
HEJIMHEWHYI0 B3aMMOCBS3b MEXIy NCHEXHBIMH II€PeBOJAMH M JKOJOTHYECKUM cieloM. TeM He MeHee,
HCCIIeZI0OBaHMs, OOBACHAIOIINE B3aHMOCBS3b MEXIY OSTUMH ABYMS (akTopamu, He OBUTM H3y4YeHBl B
JOCTaTOYHOU Mepe. AHATOTHYHBIM 00pa3oM, JeMorpadyecKie 1 MaKpOIKOHOMHYECKUE IIEPEMEHHBIC, TAKHE
KaK YUCJICHHOCTb HaceJIeHHs, NPsAMbIe HHOCTPAaHHbIC WHBECTUIINH, SKOHOMHYECKHI POCT M MOTCHIUAIBHOE
BJIMSIHHE JICHE)KHBIX MEPEBOJIOB Ha AKOJOTHYECKHH Ciie], He PacCMaTpUBAJIUCh B COBOKYITHOCTH. [1oaTOMY
HeJIMHEeWHas CTPYKTYpa BIHMSHHS JCHE)KHBIX MEPEBOIOB M MX KBaJpaTa Ha HKOJIOTUYECKUIl Cliell B CTpaHax
Adpukn x rory or Caxapbl, MHOTHE U3 KOTOPBIX MMEIOT HU3KHH YPOBCHB JOXOJOB, pacCMaTpUBaeTCs B
COBOKYITHOCTH C JEMOTPapUIECKUMHU U MaKPOIKOHOMHYECKHMH ITEPEMEHHBIMH. YUYHTBIBAas X MaciuTad u
B)XHOCTh JUISl HPOLIECCAa Pa3BHUTHs, LENb HCCICIOBAHUS 3aKIOYaeTCd B M3YYCHUH BIIMSHHS JICHEKHBIX
MIEPEeBOJOB Ha JKOJOTMUECKHi ciex crpaH Adpuku k tory or Caxapbl M BBIpaOOTKE COOTBETCTBYIOIINX
peKOMeHIanui Mo (OPMUPOBAHHUIO MOTHTHKH.

Jus mocTmkeHus 3TOW menw ucmonb3oBaics oneHmmk MMQR. Tlepen mpuMmeHeHreM OIEHIIAKA
MMQR 0bpu OmpeieTIeHbB OCHOBHBIE XapaKTEPUCTHKY MTEPEMEHHBIX, MCIOJIF30BAaHHEBIX B HCCIICIOBAHHH, a
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TaKkKe KOPPEJIIMOHHBIE CBSI3M MEXJy HHMH. 3aTeM C IMOMOUIbI0 TecTa Ha KO3(D(GHUIMEHT WHQISINU
qucnepcuy OblIa OIEHEHa HAMYMe MYJNBTHKOJUIMHeapHOCTH. Ilocime 3Toro ObIIM NpOBENEHBI TECTHI Ha
TIOTIEPEYHYI0 3aBUCUMOCTD, OJTHOPOTHOCTh HAaKJIOHOB M HaJIM4Ke eJMHIYHOTO KopHs. Hakonern, Monens Oblia
MIpOaHANM3UPOBaHa C UCTONb30BaHKeM oleHka MMQR, koTopsiii 3¢ dhexkTrBHO BBISBISET 3G HEKTH IpH
HU3KOM, CpPEeTHEM U BBICOKOM YPOBHSX 3KOJIOTMYECKOTO ciena. JlaHHble Mccel0BaHus, oXBaTheIBaronme 16
net no 23 crpanam Adpuku K 1ory ot Caxapsl, ObUIM MOJTy4eHBI M3 0a3 NaHHBIX TaKUX MEXKIYHAPOIHO
MIpU3HAHHBIX opraHu3anyi, kak Global Footprint Network 1 BecemupHnblii 6aHK.

PesynbTaThl MCCIeIOBaHUS TTOKA3BIBAIOT, YTO ICHEKHBIC TepeBo bl MurpanToB (LREM) oka3siBaroT
paspyummTenbHoe Bo3jaelicTBue Ha skonoruueckuii cien (LEF). [leficTBUTENBHO, JECHEKHBIC MEPEBOIBI
MHTPAHTOB OKa3bIBAIOT BIUSHUE Yepe3 pa3MuHble MEXaHW3MBI, B TOM YHCJIE MOCPEJICTBOM BO3ICHCTBHUS HA
SKOHOMHUYCCKUI POCT W MHAYCTpHAIU3aIHio. bbuto ycraHomieHo, uto koddduipment LREM oka3biBacT
MOJIOXKUTENLHOE U CTATUCTUYECKH 3HaunMoe BinsHue Ha LEF, 94To yka3bIBaeT Ha TO, YTO IEHEKHBIE TIEPEBO/IBI
MUTPAaHTOB HaHOCAT ymepd OKpykaromeil cpeae B crpaHax A¢puku k rory ot Caxapel [laryOHoe
BO3JICUCTBUE JIEHEKHBIX MEPEBOJIOB MUTPAHTOB HA KAYECTBO OKPYXAIOIIEH Cpe/bl OIILYIIAETCsl CUJIbHEE B
JMana3oHe OT HU3KUX JI0 BBICOKUX KBAaHTHIICH.

C npyroii CTOPOHBI, pe3yJIbTAaThI OIIEHKHU ¢ HcIoiab30BaHneM MMOQR moka3bIBatOT, 4TO B3aMMOCBSI3b
MEXKIy KBaJpaTOM JEHEXHBIX IepeBooB MuUrpanToB (LREM?) M 3KONOTHYECKHM CIIEJOM SBISETCS
OTPHUIIATENHHON M CTATUCTUYECKH 3HAYMMON BO BCEX KBAaHTHJIAX. DTO CBUAETENBCTBYET O TOM, UTO IO Mepe
YBEJIMUYECHUS ICHEXKHBIX MIEPEBOAOB MUTPAHTOB SKOJIOTMYECKHIl ciiesl B cTpaHax A¢puku K rory oT Caxapsl
yMmenbuaerca. Ilpu nepexoze OT HM3KMX K BBICOKMM KBAaHTWJISIM YBEIMYEHUE JCHEKHBIX IIEPEBOJOB
MUTPAHTOB MTPUBOJUT K O0Jiee 3HAYUTENFHOMY YIIYUILIEHHUIO KaYeCTBa OKPYIKAIOIIEeH Cpelibl.

Kpome TOro, pe3ymbraThl IOKa3aid, 4YTO JeHEXHBIE mepeBoabl MmurpantoB (LREM) umeror
MOJIOKUTEIBHYO ¥ 3HAUUMYIO CBSI3b C SKOJIOTHUECKUM CIIEJIOM, B TO BpeMsI Kak KBaJpaT ACHEKHBIX IIEPEBOIOB
murpantoB (LREM?) oka3blBaeT OTpULATEILHOE M 3HAYAMOE BJIMsAHHE. [loJydeHHbIE JAHHBIE
JEMOHCTPUPYIOT HAJIMYNE HEIMHEHHONW CTPYKTyphl MEXIY JEHEKHBIMH II€PEeBOJAMHM MHIPAHTOB U
9KOJIOTHYECKHUM CJIeIoM. DTa CTpyKTypa noarsepskaaet runoresy EKC, koTopas umeeT Gpopmy nepeBepHyTOi
OykBbl U. OOpatHas U-oOpa3Has CTpyKTypa IIOKa3bIBaeT, YTO POCT JACHEKHBIX INEPEBOLOB MHIPAHTOB
W3HAYaJIbHO IPHBOMUT K 3arpsi3HEHHUI0, 00YCIOBICHHOMY HOTpeOJieHHeM, OfAHAaKo 0ojee BBICOKHE YPOBHHU
JIEHEe)KHBIX IIEPEBOJIOB BCE B OOJBILICH CTEIIEHN HAIPABIIAIOTCS Ha yCTOMYMBBIE HHBECTULIUH U CIIOCOOCTBYIOT
nepexomy K 0oJiee YHCTOH OKpysKaroliei cpenie. T0 CBUIETEIBCTBYET O TOM, YTO O0jIee BEICOKHE ACHEKHBIE
[IepeBOIBI MUTPAHTOB B CTpaHaX AQpHKH K 1ory oT Caxapbl CIOCOOCTBYIOT YCTOWYMBOMY Pa3BUTHIO 3 CHET
CHIDKEHUS JIETPaiallii OKPY>KaIoIIeH cpeapl.

Hanpotus, monoxuTenbHas ¥ 3HaYMMasi B3aMMOCBS3b MEKIY 3KOHOMHYECKHUM POCTOM, HMPSIMBIMU
HMHOCTPaHHBIMH MHBECTHULIMSIMU M IKOJIOTHUECKUM CIIEJIOM YCUIMBACTCSA OT HU3KUX K BBHICOKHM KBaHTHIISAM.
OKOHOMUYECKHH pPOCT M TPUTOK MPSIMBIX WHOCTPAHHBIX MHBECTUIMH IPUBOMAT K YBEIHYEHHIO
9KOJIOTHYECKOTO ciIefa B cTpaHax Adpuku K rory oT Caxapsl. Pe3ynbTaThl Hcclie1OBaHHS TOKa3bIBAIOT, UTO
9KOHOMHUYECKHH pOCT B cTpaHax A¢puku K rory oT Caxapbl MPOUCXOMUT 3a CUET YXYyIIICHHS COCTOSHHS
OKpyKaromed cpenpl. OIHAKO TNPHUTOK TPSAMBIX WHOCTPAHHBIX HWHBECTHLMI TaKKe IOITBEPKIACT
000CHOBAaHHOCTh THUIOTE3bI «yOESKHIA OT 3arpsA3HEHUSD B ITHX CTpaHax. MIHBIMH cloBaMu, AESTEIBHOCTD
3arpsA3HAIONMX OKPY)KAIOIIYIO CPELy IPEINIPHUSITHH, PACIIONOKEHHBIX B Pa3BUTHIX CTPAaHAX M PAOOTAIOIINX B
cTpaHax Adpuku k rory ot Caxapsl, TAe 9KOJIOTHYECKHE HOPMBI MEHee CTporue U MeHee d(QeKTHBHBIE,
MIPUBOJUT K YBEJMYCHHIO 3KOJIOTHUECKOTO ClIeAa. DTO CBHAETENBCTBYET O TOM, YTO MPSMbIE HHOCTPAHHbIE
WHBECTHUINH, KOTOPbHIE, KAK CUMTACTCS, BHOCAT BKJIaJ B SKOHOMHKY, HA CAMOM JIeJie YXY[IIAIOT KauecTBO
OKpY>KaroIel Cpeibl ¥ BBI3BIBAIOT 3arPs3HEHNE OKPYKAIOIIEH cpepl B cTpaHax Adpuku K ory ot Caxapsl.

Pe3ynpTaThl Takke MOKA3bIBAIOT, YTO BIMSHHWE YMCICHHOCTH HACENICHUS Ha HKOJOTMYECKUU creq
SIBIISIETCS] OTPULIATENIEHBIM M CTATHCTHYECKH 3HAUYMMBIM Ha BCEX KBAaHTHIIAX, 3a UCKIIFoUeHneM ypoBHs 0,95-To
KBaHTHIIS. DTO CBUAETEIBCTBYET O TOM, UTO JACHEKHBIE IEPEBOABI MUTPAHTOB UIPAIOT 3HAYUTEIHHYIO POJIb B
CTHUMYJIMPOBAaHUN SKOHOMHYECKOTO IPOLBETAHMS U Pa3BUTHA B cTpaHax Adpukn k rory ot Caxapsl, a TaKxke
0 TOM, YTO C TeYEHHEM BPEMEHH JIFOJIM CTAHOBSTCS O0Jiee CO3HATENLHBIMU 1 HKOJIOTHYECKH OCBEIOMIICHHBIMH.
MoHO Jake yTBEPXKAaTh, UTO MUTPAHTHI IEPEAAIOT B CBOU CTPAHBI HE TOJIBKO JI€HBIU, HO U UJIEH, 3HAHHS U
CTaHIAPTHI, IPUHATHIE B CTPaHaX MPeObIBaHMS.
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B uenom, pe3ynbTaThl JAHHOTO HCCIEJOBAHUS JIAIOT BAXKHBIE CBEACHUS O BIUSHUM JIEHEXKHBIX
MIePEBOJIOB MUTPAHTOB, a TAK)KE MAaKPO3KOHOMUYECKHX M JeMorpaduueckux (HaKTOpOB Ha SKOJIOTHUCCKHUMA
cien B ctpanax Adpuku k rory oT Caxapsl. VcciieqoBaHHe O TYEPKUBACT TOTCHIMAN JCHEKHBIX MEPEBOIOB
B KaUeCTBE MEXaHM3Ma (PMHAHCHPOBAHUS YHEPTETHUCCKOTO Mepexoa B cTpaHax Adpuku k rory ot Caxapsl,
OTKPBIBast BO3MOYKHOCTh HHTETPUPOBATH 3TH MOTOKH B 00JICe MIMPOKYIO IKOJOTHUYCCKYIO TTOJUTHKY.

Kuro4eBbie c10Ba: qeHEXHbBIE IEPEBOABI MUTPAHTOB, SKOIOTUYECKUN ClIe], SKOJIOTHYECKasi KpUBas
Kysnena, Adppuxka k rory ot Caxaps, MMQR.
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Yapilandirilmis Ozet

Bu calismanmin temel amaci, 2008-2023 yillart igin verilerine ulasilabilen 23 Sahra-Alti Afrika
(Angola, Benin, Botsvana, Burkina Faso, Kamerun, Fil Disi Sahilleri, Eswatini, Gana, Kenya, Lesotho,
Liberya, Madagaskar, Mali, Marityus, Namibya, Nijer, Nijerya, Senegal, Sierra Leone, Giiney Afrika, Togo,
Uganda ve Zambiya) ekonomilerinde go¢men doviz transferlerinin ekolojik ayak izi tizerindeki etkisini ve
goecmen dovizleri kaynakli cevresel Kuznets egrisi (EKC) hipotezinin gegerli olup olmadigim belirlemektir.
Literatiir incelendiginde, gogmen doviz transferleri ile ekolojik ayak izi arasindaki iliskiyi ortaya koyan cesitli
calismalar bulunmaktadir. Bu ¢alismalardan bazilar1 gégmen doéviz transferlerinin ekolojik ayak izini artirarak
cevresel bozulmaya katki sagladigini ortaya koyarken, bazilar1 da gégmen doviz transfelerinin ekolojik ayak
izini azalttifin1 gostermektedir. Bununla birlikte, ggmen doviz transferleri ile ekolojik ayak izi arasindaki
dogrusal olmayan iligkiyi agiklayan gogmen doviz transferleri kaynakli EKC hipotezinin gecerliligini test eden
calismalar da literatiirde yer almaktadir. Ancak bu ikili arasindaki iligkiyi aciklayan ¢aligmalar yeterince
incelenmemigtir. Benzer sekilde, niifus, dogrudan yabanci yatirim, ekonomik biiyiime gibi demografik ve
makro iktisadi degiskenler ile gogmen doviz transferlerinin ekolojik ayak izi {izerindeki potansiyel etkileri
birlikte ele alinmamuistir. Dolayistyla, birgogu diisiik gelir diizeyine sahip Sahra-Alt1 Afrika iilkelerinde gogmen
doviz transferlerinin ve karesinin ekolojik ayak izi tizerindeki dogrusal olmayan yapisi hem demografik hem
de makro ekonomik degiskenlerle birlikte ele alimmustir. Biiyiikliikleri ve kalkinma siireci i¢in 6nemleri goz
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Oniline alindiginda, gogmen doviz transferlerinin Sahra-Alt1 Afrika iilkelerinde ekolojik ayak izi tizerindeki
etkisini aragtirmak ve uygun politika 6nerilerinde bulunmak amaglanmaktadir.

Bu amaci gergeklestirmek icin MMQR tahmincisinden yararlanilmigtir. MMQR tahmincisinden dnce
calismada kullanilan degiskenlerin temel oOzellikleri, degiskenler arasindaki korelasyon iligkileri ortaya
konulmustur. Akabinde, varyans biiyiitme faktorii testi ile ¢oklu dogrusal baglanti probleminin olup olmadig1
degerlendirilmistir. Sonrasinda, yatay kesit bagimlilik, egim homojenlik, birim kok testleri ger¢eklestirilmistir.
Son olarak, diisiik, orta ve yiiksek ekolojik ayak izi seviyelerindeki etkileri etkili bir sekilde ortaya koyan
MMQR tahmincisi ile modelin analizi gergeklestirilmistir. 23 Sahra Alt1 Afrika iilkesi i¢in 16 yili kapsayan
aragtirma verileri, Kiiresel Ayak izi Ag1 ve Diinya Bankasi gibi uluslararasi gegerliligi olan kurumlarin veri
tabanlarindan elde edilmistir.

Aragtirma bulgulari, gogmen doviz transfelerinin (LREM) ekolojik ayak izi (LEF) tizerinde yikici bir
etkiye sahip oldugunu gostermektedir. Gergekten de doviz transferi; bilylime ve sanayilesme tizerindeki etkisi
de dahil olmak tizere cesitli mekanizmalar aracilifiyla etki etmektedir. LREM katsayisinin LEF tizerindeki
etkisinin pozitif ve istatistiksel olarak anlamli etkiye sahip oldugu belirlenmistir; bu da gé¢men doviz
transferlerinin Sahra-Alt1 Afrika’daki ¢evre i¢in zararli oldugunu gostermektedir. Gd¢men doviz transferlerinin
cevre kalitesini azaltic1 etkisi diigiik kantillerden yiiksek kantillere dogru gidildikce daha fazla hissedilmektedir.

Ote yandan MMQR tahmincisinden elde edilen bulgular, biitin kantillerde gd¢men doviz
transferlerinin karesi (LREM?) ile ekolojik ayak izi arasindaki iliskinin negatif ve istatistiksel olarak anlamli
oldugunu gostermektedir. Bu, gé¢men doviz transferleri arttikca ekolojik ayak izinin Sahra-Alti Afrika
tilkelerinde azaldigim ortaya koymaktadir. Diisiik kantillerden yiiksek kantillere dogru gidildik¢e gdgmen
doviz transferlerinin artisi ile gevre kalitesi daha fazla artis gdstermektedir.

Ayrica bulgular, gogmen doviz transferlerinin (LREM) ekolojik ayak iziyle pozitif ve anlamli bir
iliskiye sahip oldugunu, gégmen déviz transferlerinin karesinin (LREM?) ise negatif ve anlamli bir etkiye sahip
oldugunu gostermistir. Bulgular, gogmen doviz transferleri ile ekolojik ayak izi arasinda dogrusal olmayan bir
yapinin varligini kanitlamaktadir. Bu yapi, ters U seklinde yer alan EKC hipotezini ortaya koymaktadir. Ters
U seklindeki yapi, yiikselen gégmen doviz transferlerinin baglangigta tilketim odakl kirlilige yol agtigini, ancak
daha yiiksek seviyelerde doviz transferlerinin giderek siirdiiriilebilir yatirimlara yonlendirildigini ve daha temiz
bir ¢cevreye gecisi kolaylastirdigini gostermektedir. Bu, Sahra-Alt1 Afrika iilkelerinde daha yiiksek gogmen
doviz transferlerinin ¢evresel bozulmayi azaltarak siirdiiriilebilirlige katki sagladigimi gostermektedir.

Buna karsilik, ekonomik biiyiime ve dogrudan yabanci yatirimlar ile ekolojik ayak izi arasinda pozitif
ve anlaml iligki diigiik kantillerden yiiksek kantillere dogru artmaktadir. Ekonomik biiyiime ve dogrudan
yabanci yatinm girigleri Sahra-Alt1 Afrika iilkelerinde ekolojik ayak izinin artmasina neden olmaktadir.
Bulgular, ekonomik biiylimenin Sahra-Alt1 Afrika iilkelerinde ¢evresel bozulma pahasina gerceklestigini
ortaya koymaktadir. Bununla birlikte dogrudan yabanci yatirrm girisleri de bu tilkelerde “kirlilik cenneti”
hipotezinin gecerliligini ortaya koymaktadir. Bir diger ifadeyle, gelismis iilkelerde yer alan ve kirlilige neden
olan firmalarin gevresel diizenlemelerin daha az kati1 ve zayif oldugu Sahra-Alt1 Afrika {ilkelerinde faaliyet
gostermesi ekolojik ayak izinin artmasina neden olmaktadir. Bu, ekonomik yonden katki sagladigi diisiiniilen
dogrudan yabanci yatinmlarin aslinda Sahra-Alt1 Afrika iilkelerinde ¢evresel kaliteyi azalttigini ve gevresel
kirligine sebep oldugunu ortaya koymaktadir.

Bulgular ayrica, niifusun ekolojik ayak izi lizerindeki etkisinin 0,95 kantil diizeyi hari¢ diger
kantillerde negatif ve istatistiksel olarak anlamli oldugunu gostermektedir. Bu durum, Sahra-Alt1 Afrika
iilkelerinde go¢cmen doviz transferlerinin ekonomik refahi ve kalkinmayi artirmada énemli bir rol oynadigini
ve bireylerin zaman i¢inde daha bilingli ve ¢evreye karst daha duyarlt hale geldigini gostermektedir. Hatta,
goemenlerin sadece para degil, ayn1 zamanda ev sahibi iilkelerde benimsenen fikirleri, bilgiyi ve standartlari
da kendi iilkelerine aktardig1 kabul edilebilir.

Genel olarak, bu aragtirmanin bulgulari, Sahra-Alt1 Afrika iilkelerinde go¢gmen doviz transferlerinin
yant sira makro iktisadi ve demografik faktorlerin ekolojik ayak izi tizerindeki etkilerine yonelik 6nemli bilgiler
sunmaktadir. Caligma, Sahra-Alt1 Afrika iilkelerinde enerji gegisi i¢in bir finansman mekanizmasi olarak déviz
transferlerinin potansiyelini vurgulayarak, bu akislart daha genis c¢evre politikalarina entegre etme firsati
sunmaktadir.
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Introduction

Over the past thirty years, the pursuit of improving environmental quality (EQ) has attracted
the attention of most governments, policymakers, and researchers worldwide. This follows the
realization that rapid urbanization, increased energy use, and population growth continue to cause
global warming and environmental degradation (ED) in most countries (Mensah & Abdul-Mumuni,
2023, p. 865). Globally, climate change and warming present numerous challenges, ranging from
deforestation and biodiversity loss to natural disasters, increased frequency of extreme weather
events, food and water insecurity, conflict, and terrorism (Ayad et al., 2025, p. 1296). The situation
has become so dire that estimates suggest more than 80% of the global surface area is currently
ecologically exposed (Arogundade et al., 2022, p. 440).

ED is a real problem for the world, and therefore many studies have focused on the
determining factors of ED. These determining factors include many variables such as natural
resources, economic growth, foreign direct investment, energy consumption, and urbanization. In
addition to these factors, migrant remittances have recently attracted significant attention from
researchers and policymakers, particularly regarding developing countries, due to their increasing
importance in the development process (Arogundade et al., 2022, p. 440). Migrant remittances refer
to money sent by citizens living abroad to their families and home countries (Mensah & Abdul-
Mumuni, 2023, p. 866). Migrant remittances play a crucial role in the growth of national economies;
they constitute a primary and most important source of foreign funds (Dash et al., 2024, p. 2).

Migrant remittances serve as a significant income stream contributing to the socio-economic
structure by providing numerous economic benefits, including poverty reduction and a low-cost
source of financing. Furthermore, many studies have argued that migrant remittances play a
fundamental role in enhancing economic well-being and development (Biyase et al., 2024, p. 1).
However, the impact of migrant remittances on environmental sustainability (ES) is complex and
warrants closer examination. One way migrant remittances may contribute to ED is by increasing
demand through increased household income levels (Amuedo-Dorantes & Pozo, 2004, p. 1411;
Biyase et al., 2024, p. 1; Zafar et al., 2022, p. 166). With higher purchasing power, households can
afford energy-intensive products such as air conditioners, vehicles, computers, and other electronic
devices; all of which can significantly contribute to CO; emissions and cause ED (Biyase & Kirsten,
2025, p. 2). Furthermore, migrant remittances provide financing to businesses that face various
difficulties in obtaining financial support from commercial banks (Motelle, 2011, p. 241). In this
way, migrant remittances support small businesses by increasing the level of investment, which
ultimately increases the level of capital formation. Therefore, the role of migrant remittances in
improving business activity also harms EQ (Chishti, 2023, p. 2; Jahanger et al., 2022, p. 522).
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Furthermore, migrant remittances drive the movement of productive capital from rural to urban areas
(Manic, 2016). This increases the structure of urban clustering, concentrating more people and
economic activity, and increasing CO, emissions (Ali et al., 2019). Moreover, in regions where
electricity is primarily generated from fossil fuels, the increased energy demand from households
receiving migrant remittances leads to increased environmental pressures (Biyase & Kirsten, 2025,

p. 2).

Migrant remittances have both negative and positive impacts on EQ. It has been documented
that migrant remittances significantly reduce volatility in household consumption, particularly in
developing countries (Mondal & Khanam, 2018). This creates significant changes in consumption
patterns, enabling recipient households to install solar panels, purchase modern and more energy-
efficient appliances, or even electric vehicles (Chen et al., 2023). Therefore, when migrant
remittances are used to purchase environmentally friendly goods and services, they reduce energy
consumption and thus mitigate environmental problems (Sharma et al., 2019, p. 136). On the other
hand, the increase in savings due to migrant remittances increases bank deposits. This process
enhances financial development and triggers Gross Domestic Product (GDP) growth. In this way,
migrant remittances contribute to the improvement of EQ (Chishti, 2023, pp. 4-5). Finally, by
positively impacting human capital (Mishra et al., 2022), it can increase environmental awareness;
this translates into a change in the attitudes and behaviors of consumers and producers towards
sustainability. In this way, migrant remittances are positioned as “green resources” that can be
proactively allocated to climate change-resilient economic and social activities and projects (Mills,
2023).

Although the African continent accounts for only 2-3% of global CO, emissions caused by
energy and industrial sources, it is one of the regions most vulnerable to the negative consequences
of climate change (Asongu, 2018). It is generally believed that the primary determinant of climate
change is the increase in greenhouse gases, particularly CO, emissions, and this increase is currently
at its highest level (Alola et al., 2021). Therefore, prioritizing environmental pollution issues in
economies is crucial for achieving sustainable development goals (SDGs). In recent years, migrant
remittances have become increasingly important in global economies, including African countries.
Migrant remittances play a vital role in Sub-Saharan African economies, significantly contributing
to household income, supporting small businesses, alleviating poverty, and advancing health,
education, and economic development for low-income households (Ahmad et al., 2019, p. 2100;
Biyase & Kirsten, 2025, p. 1; Ratha, 2013). Given the economic importance of migrant remittances
in Sub-Saharan Africa, studies are increasingly linking them to ES (Arogundade et al., 2022, p. 441;
Awad et al., 2024, p. 2). In light of this scenario, a fundamental question arises: What is the impact
of migrant remittances on EQ in Sub-Saharan Africa? Accordingly, the main objective of this study
is to investigate the impact of migrant remittances on the ecological footprint in 23 Sub-Saharan
African economies (Angola, Benin, Botswana, Burkina Faso, Cameroon, Ivory Coast, Eswatini,
Ghana, Kenya, Lesotho, Liberia, Madagascar, Mali, Mauritius, Namibia, Niger, Nigeria, Senegal,
Sierra Leone, South Africa, Togo, Uganda, and Zambia) for which data are available during the
period 2008-2023. Furthermore, testing the environmental Kuznets curve (EKC) hypothesis related
to migrant remittances constitutes another objective of this study. Thus, revealing the nonlinear
nature of the relationship between ED and migrant remittances, and investigating whether the
inverted U-shaped structure of the EKC hypothesis explaining the relationship between migrant
remittances and EQ is valid, highlights the importance of this study.
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Figure 1: Migrant remittances in Sub-Saharan Africa (billion dollars)

2008 2011 2014 2017 2020 2023

Source: This text was created by the author based on World Bank (2025) data.

This study is significant in two respects. Firstly, migrant remittances to Sub-Saharan African
countries, which were around $28.4 billion in 2008, have approximately doubled to $56 billion by
the end of 2023 (Figure 1), and are projected to increase further in the coming years (World Bank,
2026). Secondly, Sub-Saharan African countries face a serious environmental problem, and their
global ecological footprint has been steadily increasing since 2006. Consequently, Sub-Saharan
African countries have been confronted with an ecological deficit for the past 20 years (Yadou et al.,
2024, p. 2). Given their magnitude and importance for the development process, it is essential to
investigate the impact of migrant remittances on the ecological footprint in Sub-Saharan African
countries and to make appropriate policy recommendations.

This study contributes to the existing literature in four ways. First, it considers the ecological
footprint (EF), one of the indicators of EQ. The EF, which is thought to be a better measure to reflect
the true picture of ED, includes agricultural land, fisheries, forestry, grazing areas, and CO..
Therefore, using the EF as an indicator of environmental pollution may yield better and more reliable
results. Second, the potential impacts of migrant remittances on ED will be revealed, particularly in
Sub-Saharan African countries, where low-income countries constitute the majority. Furthermore,
the validity of the remittance-driven ecological footprint hypothesis will be tested, revealing the
asymmetric relationship between migrant remittances and ED, and determining the turning point.
Third, the study uses a Method of Moments Quantile Regression (MMQR) estimator to determine
the effect of explanatory variables on different levels of the EF. This approach effectively captures
the effects at low, medium, and high EF levels, increasing the robustness of the findings. Finally, the
study analyzes the impact of migrant remittances on ED using the most recent data from 2008-2023,
and makes recommendations to policymakers.

The remainder of the study is structured as follows: Chapter 2 provides a brief overview of
the literature, while Chapter 3 highlights key points regarding data, models, and econometric
strategies. Empirical findings are presented in Chapter 4, and Chapter 5 concludes with results and
policy recommendations.

Literature Review

This section covers a review of previous studies on the relationship between migrant
remittances and ED. This review includes both time series and cross-country studies.
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Starting with studies addressing the symmetrical link between migrant remittances and ED,
Yang et al. (2021) examined the impact of migrant remittances on EQ, represented by their ecological
footprint, in BICS countries (Brazil, India, China, and South Africa) between 1990 and 2016 using
DOLS and FMOLS techniques, and found that migrant remittances worsened EQ. Umair et al. (2023)
examined the impact of migrant remittances, economic growth, renewable and non-renewable energy
on ED from the perspective of CO, emissions and ecological footprint for the 50 countries receiving
the most migrant remittances between 1991 and 2018 using PM-ARDL, FMOLS, and DOLS
techniques. The findings show that, in the long term, migrant remittances contribute to ED by
increasing both CO, emissions and ecological footprint. In another study, Li et al. (2022) examined
whether migrant remittances harmed EQ in Ghana during the period 1980-2020 using FMOLS,
DOLS, and CCR techniques and found that migrant remittances worsened ecological quality in
Ghana through high CO, emissions. Olajuwon (2024) investigated the relationship between migrant
remittances and EF for 19 African countries between 1990 and 2021 using AMG and CCEMG
techniques. The findings show that migrant remittances harm ES in Africa. Ozsahin & Ucler (2025)
examined the impact of migrant remittances on EF, an indicator of EQ, in India using nonlinear time
series methods covering the period 1975-2022. The empirical results show that migrant remittances
contribute to environmental pollution and degrade EQ in India in both the short and long term. Based
on the findings, they suggest that remittance transfers in India could be used as a useful policy tool
to support demand for energy-efficient products and environmentally friendly investments.

Sadekin (2025) investigated the short- and long-term dynamics of remittance transfers,
globalization, urbanization, and electricity consumption on the EF in South Asian countries using
panel ARDL and MMQR frameworks on data from 2000-2021. The findings show that remittance
transfers improve EQ by reducing the EF. Arogundade et al. (2022) investigated the relationship
between migrant remittances and environmental performance indicators in 22 African countries. The
findings show that remittance transfers improve EQ. Usama et al. (2020), using an ARDL model on
annual data from 1981 to 2015 in Ethiopia, concluded that migrant remittances reduce ED because
families receiving remittances shift their attention to renewable energy electricity consumption. In a
recent study, Biyase et al. (2026) concluded that migrant remittances significantly reduced their EF
and improved EQ in the long term in nine major remittance recipient countries (Bangladesh, China,
Egypt, France, Germany, India, Mexico, Nigeria, and Pakistan) between 1990 and 2020 using panel
ARDL estimation methods. They suggest that these findings not only strengthen the long-term
evidence that migrant remittances can support ES but also encourage policymakers to redirect these
transfers towards green investments and awareness initiatives.

According to the studies reviewed, there is no consensus among researchers regarding the
link between migrant remittances and ED. Empirical findings are mixed, with some studies finding
positive associations while others find negative ones. However, a small number of studies have tested
the validity of the modified EKC hypothesis related to migrant remittances. In one such study, Biyase
et al. (2024) investigated the validity of the modified EKC hypothesis using the CS-ARDL method
in countries receiving the most migrant remittances in the Southern African Customs Union (SACU)
region. The findings revealed that migrant remittances had a positive effect on CO; emissions, while
the square of the remittances had a negative effect on CO; emissions. In another study, Yadou et al.
(2024) examined the nonlinear relationship between migrant remittances and ED in 30 African
countries between 2000 and 2021 using two-stage least squares (2SLS) and quantile methods.
Reaching the same findings as Biyase et al. (2024), Yadou et al. (2024) stated that migrant
remittances initially cause ED, but increasing migrant remittances improve EQ. Similar results can
be seen in the studies of Brown et al. (2020) and Biyase & Kirsten (2025). Both studies concluded
that the EKC hypothesis stemming from migrant remittances is valid. In conclusion, the scarcity of
existing studies testing the validity of the EKC hypothesis stemming from migrant remittances
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necessitates a more detailed examination of the relationship between migrant remittances and ED,
specifically in Sub-Saharan Africa.

Methodology
Data and Model

The study data and model are explained in detail in this section. The research uses annual
panel data from 2008 to 2023 for 23 Sub-Saharan African countries for which data is available. The
analysis period was set for 2008-2023 to allow for the examination of more countries, due to missing
observations in some Sub-Saharan African countries, and to ensure data integrity. The empirical data
analyzed include: The “Ecological Footprint” variable was selected as the dependent variable in the
model and considered as an indicator of ES. Data for this variable, measured in per capita hectares
globally, was obtained from the “Global Footprint Network” database. “Ecological Footprint” serves
as an important metric that explains the scope of natural resources a society or country needs and the
environmental consequences of using these resources (Ayvaz Giiven, 2026, p. 2193). The
independent variables, namely migrant remittances (REM), economic growth (GDP), foreign direct
investment (FDI), and population data, were collected from the World Bank’s World Development
Indicators database. The REM independent variable consists of all current cash or in-kind transfers
made to or received from resident households by non-resident households (World Bank, 2025). Gross
domestic product (GDP) represents the total income generated from the production of goods and
services within a country’s borders during an accounting period (typically one year). Per capita
income, obtained by dividing GDP by the total population, is an indicator of economic growth
(GDP), one of the independent variables used in the study. FDI represents net investment inflows
made by an investor to acquire a permanent management stake in a business operating in an economy
different from their own (World Bank, 2025). Finally, the NUF independent variable included in the
model represents the actual population, i.e., the total population, counting all residents regardless of
legal status or citizenship (World Bank, 2025). Basic information about the variables used in the
study (variable name, abbreviation, description, source, and expected effects) is detailed in Table 1.

This study has two main objectives: firstly, to examine the impact of migrant remittances on
EQ; secondly, to investigate the inverse relationship between remittances and ecological footprint
caused by migrant remittances. The relationship between migrant remittances and ecological
footprint is shown in Equation (1). The equation provides a framework for assessing the impact of
remittances on the EF in Sub-Saharan Africa countries by including relevant control variables.
Equation (1) is derived from the model of Biyase et al., (2024) and Yadou et al. (2024). In addition,
some control variables such as FDI and population, which affect ES and are included in many studies,
are also included in the model:

EF = f(REM,REM?,GDP, FDI,NUF) (1)

In Equation (1), EF represents the ecological footprint (global hectares per capita), REM and
REM? represent migrant remittances (current US dollars) and the square of migrant remittances,
respectively, GDP represents Gross Domestic Product (GDP) per capita (constant 2015 US dollars),
FDI represents foreign direct investment (percentage of GDP) and NUF represents the total
population.

The functional forms represented in Equation (1) are expressed in the logarithmic form of
the econometric model in Equation (2). Data for all variables except the FDI variable have been
converted to logarithmic form. Since the FDI variable contains negative values, logarithmic
conversion was not applied to avoid excluding observations. This aims to increase consistency and
obtain more accurate, reliable and effective empirical findings (Dai et al., 2024, p.455).
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LEF; = By + B1LREM;; + B,LREM}+ B3LGDP;y + B4FDI;y + BsLNUF; + & (2)

Here, the subscript i represents a cross-section of Sub-Saharan African countries (23
countries) included in the panel data analysis; t indicates the number of years considered in this study
(2008-2023). B, is the intercept parameter; Sy (K=1,2,3,4,5) are the parameters for estimating the
LEF. The study’s primary objective is to explain the relationship between migrant remittances and
EF and the expected sign of the f3; coefficient is positive (£;>0). However, for the migrant
remittance-driven ecological footprint hypothesis to be valid in Sub-Saharan Africa, both ($;>0) and
(82<0) must be true. Therefore, §;>0 and [,<0 are expected in this study.

Table 1: Description of Variables

Variable Abbr. Definition Source Expected
Ecological Footprint EF Global hectares per capita Global Footprint -
Network (2025)
Migrant Remittances REM Received migrant remittances World Bank WDI )
(current US dollars) (2025)
Squared of Migrant REM? Squared of received migrant World Bank WDI =)
Remittances remittances (current US (2025)
dollars)
Economic Growth GDP Per capita income (constant World Bank WDI )
2015 US dollars) (2025)
Foreign Direct FDI Net inflows (percentage of World Bank WDI (+/-)
Investment GDP) (2025)
Population NUF Total Population World Bank WDI (+/-)
(2025)

Econometric Estimation

In this study, 5 steps are used to estimate Equation (2). First, descriptive statistics including
mean, standard error, minimum, maximum, number of observations, correlation matrix of variables
and variance inflation factor (VIF) revealing the presence of multicollinearity will be performed.
Then, cross-sectional dependence (CSD) test will be conducted. In the third step, slope heterogeneity
test will be applied. Following the slope heterogeneity test, a unit root test will be performed to
capture the dependencies present in the data between panels. Finally, the MMQR model will be used
to estimate the effect of migrant remittance transfers on ED.

Figure 2: Steps of the Forecasting Strategy

Panel
estimator
* Descriptive +«(SD +CIPS  second- *MMQR
Statistics +Slope unit root test
+Correlation heterogeneity
Matrix

*Multicollinarity

———o )

Source: Created by the author.
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Empirical Findings
Descriptive Statistics, Correlation Matrix, and Multicollinearity

Table 2 shows the descriptive statistics of the variables used in this study. The statistics for
the relevant variables show that the mean value of the ecological footprint (LEF) is 0.3588, its
standard deviation is 0.4216, and its minimum and maximum values are -0.2357 and 1.4374,
respectively; the mean value of migrant remittances (LREM) is 19.5231, its standard deviation is
1.8755, and its minimum and maximum values are 11.9975 and 23.9142, respectively. Furthermore,
the fact that the number of observations is equal for all variables (368, N:23, T:16) indicates that the
model consists of a balanced panel dataset.

Table 2: Descriptive Statistics

Variables Obs. Mean Std. Error Min Max
LEF 368 0.3588 0.4216 -0.2357 1.4374
LREM 368 19.5231 1.8755 11.9975 23.9142
LREM? 368 384.6623 71.1661 143.9415 571.8888
LGDP 368 7.3425 0.8344 6.0441 9.3368
FDI 368 3.9791 9.3363 -8.7669 103.3374
LNUF 368 16.3510 1.2846 13.9090 19.2443

Table 3 shows the correlation between the variables. While the relationship between the
dependent variable, ecological footprint (LEF), and economic growth (LGDP) is positive, the
correlation between LEF and migrant remittances (LREM), foreign direct investment (FDI), and
population (LNUF) is negative. The positive (0.7117) and significant relationship between LEF and
LGDP indicates that higher economic activity contributes to increased ED. On the other hand, the
negative correlation between LREM, FDI, and LNUF and LEF suggests that higher migrant
remittances, foreign direct investment inflows, and increased population may lead to a lower
ecological footprint.

Table 3: Correlation Matrix

LEF (1) LREM (2) LGDP (3) FDI (4) LNUF (5)
(1) 1.0000

©) -0,2759 1.0000

3) 0,7117 -0,2683 1.0000

) -0,0109 0,0311 -0,1899 1.0000

) -0,5226 0,5515 -0,2721 -0,1354 1.0000

Table 4 shows the results of the variance inflation factor (VIF) which tests for the presence
of multicollinearity problems among the variables. The findings show that all variables used in the
analysis and the mean VIF (1.32) are less than 10. This indicates that there is no serious problem
with multicollinearity in the model (Akpanke et al., 2024, p.15295).

Table 4: VIF test
Variables VIF 1/VIF
LNUF 1,55 0,646805
LREM 1,48 0,674406
LGDP 1,16 0,860759
FDI 1,09 0,917471
Mean VIF 1,32

Cross-Sectional Dependence (CSD) Test

One of the biggest problems in panel data analysis is the cross-sectional dependence (CSD)
problem. In econometric analyses, CSD can occur between series because a shock from one variable
to another affects the units (Dam et al., 2024, p. 5). The CSD problem arises from the close
similarities between cross-sectional units in the panel dataset in terms of geographic factors, resource
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availability, trade, laws, culture, and other factors (Olajuwon, 2024, p. 31). Failing to account for
CSD in panel data can affect the estimation results (Baltagi et al., 2007). Therefore, Pesaran’s (2004)
CD test is used to determine whether individual variables show dependence. Pesaran’s (2004) CD
test is superior to other CSD tests because it is applicable to different variable lengths (Biyase et al.,
2024, p. 4). The null hypothesis for Pesaran’s CD test is “there is no cross-sectional dependence”

and is defined as follows:
N-1 N
o= [rs(3 5o
= W=D\ & Z pij | 3)
i=1 j=i+1

Table 5 shows the results of Pesaran’s CD test statistics, and at a 1% significance level, the
hypothesis that there is no cross-sectional dependence is rejected. Therefore, the existence of some
kind of CSD between the series is confirmed. In other words, variables such as LEF, LREM, LREM?,
LGDP, FDI, and LNUF exhibit strong evidence of CSD (CD test values are significant with p-values
of 0.000). This is true for the Sub-Saharan African countries included in this study, which have
similar economic structures and belong to the same regional blocs, and often implement policies
jointly.

Table 5: CSD test

Variables CD-test P-value
LEF 14.798 0.000
LREM 25.103 0.000
LREM? 24.874 0.000
LGDP 24.685 0.000
FDI 5418 0.000
LNUF 61.385 0.000

Slope Heterogeneity Test

Determining slope heterogeneity in the series is the second important issue in panel data.
Given the presence of CSD in the dataset, slope heterogeneity should also be determined because the
slope coefficients of the variables may differ between cross-sectional units, and failing to account
for this will lead to biased elasticity estimates in the model (Munir et al., 2020). Due to the variability
in the economic structure of Sub-Saharan African countries, examining the heterogeneity of slopes
is important. To test for slope heterogeneity, this study uses delta tests developed by Pesaran &
Yamagata (2008). This test investigates whether a change in one of the panel countries affects the
others to the same degree (Ertiirkmen & Konuk, 2025, p. 326; Nuta et al., 2024, p. 18691). The Delta
test is a two-stage test (Agy ve A,sy). The null hypothesis of this test is that the slope coefficients
are homogeneous, while the alternative hypothesis is that the slope coefficients are heterogeneous
(Ertirkmen & Konuk, 2025, p. 326). The mathematical expression of these test statistics is as
follows:

jSH =N (N_\/lz—ik) 4)

~ N71$-E(Z;t)
AAS”:‘/N( Joar ) ) )
The results in Table 6 show evidence of slope heterogeneity in the dataset, as indicated by

the Delta statistic values for both the original (4gy) and adjusted tests (d45y). Low probability (P)
values (0.000 and 0.000, respectively) suggest that the hypothesis of homogeneous slopes among
cross-sectional units can be rejected. This means that the effect of the independent variables on the
dependent variable differs among the units in the dataset. In other words, it reveals that Sub-Saharan
African countries are economically diverse and that a shock or change occurring in any one Sub-
Saharan African country may affect other Sub-Saharan African countries to varying degrees.
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Table 6: Slope Heterogeneity Test

Test Test score P-value
Ay 6.948 0.000
Aoy 9.265 0.000

Sokok

, 1% represents a significance level.

Unit Root Test

The evidence regarding CSD and slope heterogeneity obtained from Tables 5 and 6 shows
that it is not possible to apply first-generation unit root tests. Therefore, the cross-sectional extended
Im-Pesaran-Shin (CIPS) test, developed by Pesaran (2007), a second-generation unit root test, was
used. The CIPS test allows for obtaining country-specific results by taking into account cross-
sectional dependence and heterogeneity (A¢ikgdz & Oncel, 2024). The CIPS unit root test is
calculated as follows:

N
cIpS = %z t (N, T) (6)
i=1
The results of the unit root test based on CIPS are reported in Table 7. CIPS is useful for
determining the degree of integration in the presence of CSD. The findings reveal that all variables
(LEF, LREM, LREM? LGDP, FDI, and LNUF) exhibit stationarity at the level.
Table 7: Panel unit root test (CIPS)

Constant + Trend

Variable Level I (0) 13 Diff. I (1)
LEF -2.973 -4.572
LREM -2.865 -4.129
LREM? -2.857 -4.176"
LGDP -2.629* -2.976
FDI -3.159 -5.063
LNUF -2.863 -1.176
Critical Values %10: -2.58, %5:-2.67, %1: -2.83

. %1; ", %10 represent a significance level.

MMQR Results

Numerous econometric methods exist for estimating long-term coefficients, including panel
FMOLS, DOLS, GMM, and others, but their ability to detect nonlinearity is limited, potentially
leading to inefficient estimations (Zheng et al., 2023). The MMQR estimator, first proposed by
Machado & Silva (2019), overcomes several challenges in panel data analysis and outperforms
previous techniques such as PMG-ARDL and CS-ARDL. Therefore, the use of MMQR helps prevent
misleading results that may arise due to non-normal distribution of data, CSD, outliers, heterogeneity,
heretoskedasticity, and endogenity (Ayad et al., 2025, p. 1305). Furthermore, the MMQR method
enhances the robustness of results by allowing the determination of the impact of explanatory
variables at different ecological footprint levels, capturing the effects at low, medium, and high
ecological footprint levels. In other words, this approach enables the estimation of the effects of
explanatory variables on ecological footprint in countries with different ecological footprint
densities.

The MMQR results in Table 8 show that migrant remittances (LREM) have a destructive
effect on the ecological footprint (LEF). Indeed, remittances act through various mechanisms,
including their impact on growth and industrialization. The effect of the LREM coefficient on LEF
is positive and statistically significant, indicating that migrant remittances are harmful to the
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environment in Sub-Saharan Africa. The detrimental effect of LREM on EQ is felt more strongly as
one moves from lower to higher quantiles. For example, at 0.25 quantile, each 1% increase in LREM
increases environmental degradation (LEF) by 0.262%, while this rate increases by 0.409% at 0.50
quantile, 0.571% at 0.75 quantile, and finally by 0.797% at the highest quantile of 0.95. The findings
are consistent with Zhang et al. (2022), the findings of Karasoy (2022) for Egypt, Biyase & Kirsten
(2025) for Kenya (which uses ecological footprint as a dependent variable), and Jafti et al. (2022)
for China, confirm the findings of the top 10 countries receiving the most migrant remittances. The
similarity of these findings stems from the fact that these regions, which have been exposed to
increasing migrant remittance inflows over the years, are still largely dependent on fossil fuels and
are unwilling to strike a balance and transition between economic growth and ES (Olajuwon, 2024,
p. 36). Indeed, migrant remittances can increase ED through various mechanisms, including financial
development, growth, and industrialization (Asongu & Odhiambo, 2020, pp. 98-99; Efobi et al.,
2019, p. 55). At the same time, remittances from migrants increase household consumption
(Eftimoski & Josheski, 2021, p. 1893; Zarate-Hoyos, 2004, p. 559). This, to some extent, either
accelerates the industrialization of the receiving countries through increased demand or increases
their dependence on imported goods (Yadou et al., 2024, p. 4). Consequently, if left unchecked, this
leads to ED.

On the other hand, MMQR findings show that the relationship between LREM? and LEF is
negative and statistically significant at all quantiles. This reveals that as migrant remittances increase,
the ecological footprint decreases in Sub-Saharan Africa. As we move from lower to higher quantiles,
the increase in migrant remittances leads to a greater increase in EQ. For example, a 1% increase in
LREM? at the 0.25 quantile level reduces the ecological footprint by 0.006%, while this rate increases
to 0.021% at the 0.95 quantile level, further improving EQ. Furthermore, the findings show that
migrant remittances (LREM) have a positive and significant relationship with the ecological
footprint, while the square of migrant remittances (LREM?) has a negative and significant effect.
This nonlinear structure confirms the existence of the modified environmental Kuznets curve (EKC)
hypothesis, meaning it exhibits a clear inverted U-shaped trajectory, consistent with the findings of
Brown et al. (2020). Initially, the increase in migrant remittances leads to higher ED in Sub-Saharan
African countries. This is associated with higher consumption levels resulting from migrant
remittances. Higher consumption, in turn, translates into increased energy consumption and carbon
emissions (Biyase et al., 2024, p. 6). However, after a certain turning point, further increases in
migrant remittances lead to a decrease in ecological footprint and improve EQ. In other words, it
shows that rising migrant remittances initially lead to consumption-oriented pollution, but higher
levels of remittances are increasingly directed towards sustainable investments and facilitate the
transition to a cleaner environment. This demonstrates that higher migrant remittances contribute to
sustainability by reducing ED. The findings are consistent with those obtained by Yadou et al. (2024),
Biyase et al. (2024), and Biyase & Kirsten (2025). This study also aimed to determine the turning
point at which the relationship between migrant remittances and ecological footprint shifts from
positive to negative. Table 8 shows that the relationship encounters a turning point at each quantile
(21.625 at 0.25, 19.877 at 0.50, 19.089 at 0.75, and 21.625 at 0.95). After this turning point, a 1%
increase in migrant remittances leads to a decrease in ecological footprint of between 0.006% and
0.0215%, thus improving the level of EQ.

The findings show that the coefficient associated with economic growth (LGDP) is positive
and statistically significant at the 1% level across all quantiles. The impact of economic growth on
ED increases from low to high quantiles, indicating that economic growth is detrimental to the
environment in Sub-Saharan Africa. Indeed, in most low-income and developing countries,
economic growth occurs at the expense of ED. This is because most African countries prioritize
combating poverty, unemployment, political instability, increasing economic productivity, and
boosting local production, while paying little attention to ES (Olajuwon, 2024, p. 37). The findings
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regarding the negative impact of economic growth on the ecological footprint obtained from the
MMQR estimator are consistent with the results obtained by Ahmad et al. (2020), Umair et al. (2023),
Yang et al. (2021), Sadekin (2025), Oprea et al. (2025), and Mohamed et al. (2025). Consequently,
economic growth is being sustained in Sub-Saharan Africa, even at the expense of environmental
pollution.

Table 8: MMQR results

Quantiles
Variable Location Scale 0.25 0.50 0.75 0.95
LREM 0.41853 0.17037 0.26296* 0.40948 0.57191* 0.79798**
(0.098412)  (0.060887) (0.107002) (0.098481) (0.119102) (0.181821)
LREM? -0.01056  -0.00490* -0.00608* -0.01030" -0.01498 -0.02150*
(0.002646) (0.0016376) (0.002878) (0.002650) (0.003205) (0.004907)
LGDP 0.36027 0.08544* 0.28225 0.35573" 0.43719 0.55056"
(0.025161)  (0.015567) (0.027522) (0.025495) (0.030870) (0.049533)
FDI 0.00277+ 0.00162" 0.00128* 0.00269* 0.00424* 0.00640*
(0.001589)  (0.000983) (0.001726) (0.001586) (0.001917) (0.002887)
LNUF -0.10295* 0.05454 -0.15275* -0.10584 -0.05384* 0.01852
(0.017790)  (0.011006) (0.019432) (0.017971) (0.021749) (0.034465)
Constant -4.71962  -2.76811* -2.19216* -4.57271 -7.21166" -10.88464
(1.200234) (0.74258) (1.30704) (1.205272) (1.458222) (2.259599)
Turning 19.816 17.384 21.625 19.877 19.089 18.557
point
Obs 368 368 368 368 368 368

sk kK %

indicate significance levels of 1%, 5%, and 10%, respectively. The numbers in parentheses represent standard errors-

Regarding the foreign direct investment (FDI) coefficient, there is a significant positive
impact on environmental pollution in Sub-Saharan Africa. This positive impact is statistically
significant at all quantiles and increases with higher quantiles. More specifically, a 1% increase in
FDI will lead to an increase in ED of 0.0012% at the 0.25 quantile level, 0.0027% at the 0.50 quantile
level, 0.0424% at the 0.75 quantile level, and finally 0.0064% at the 0.95 quantile level. These
findings also support the “pollution haven hypothesis.” This impact of FDI on environmental
degradation confirms fears regarding trade openness and the free flow of foreign investment.
Multinational firms (heavy or polluting industries) are moving from developed countries to
developing or least developed countries via FDI because the country’s environmental regulations are
less strict and weaker (Jahanger 2021, p. 18977; Yang et al. 2020, p. 1322). This reveals that FDI,
which is thought to contribute economically, actually reduces EQ and causes environmental pollution
in Sub-Saharan Africa. The findings regarding FDI causing ED are also consistent with the findings
of Al Numan et al. (2025), Apergis et al. (2023), Shahbaz et al. (2018), Bulut et al. (2021), Ugur
(2022), and Balli et al. (2023).

Finally, in Sub-Saharan Africa, the environmental impact of population (LNUF) was found
to be negative and statistically significant at all quantiles except the 0.95 quantile level. In these
countries, population density improves the environment by reducing the per capita ecological
footprint. This suggests that migrant remittances play a significant role in boosting economic well-
being and development, and that individuals become more conscious and environmentally sensitive
over time. It can even be argued that migrants transfer not only money but also ideas, knowledge,
and standards adopted in host countries to their own countries (Yadou et al., 2024, p. 5). The findings
are consistent with studies by Dam et al. (2024), Cabas et al. (2025) for OECD countries and Nuta
et al. (2024) for emerging European countries.
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Conclusion and Policy Recommendations

This study examines the effects of migrant remittances on the ecological footprint of Sub-
Saharan African countries during the period 2008-2023, while also testing the validity of the
remittance-driven environmental quality (EKC) hypothesis. The model, using economic growth,
foreign direct investment, and population as control variables, was analyzed using the MMQR
estimator. The findings show that remittances from migrants worsen environmental quality by
increasing the ecological footprint in Sub-Saharan Africa across all quantiles. Furthermore, the
Kuznets curve hypothesis of remittances is confirmed. Therefore, the greater the increase in migrant
remittances, the better the ecological footprint becomes. However, it is concluded that economic
growth and foreign direct investment cause environmental degradation, while population growth,
except for 0.95 quantiles, positively impacts environmental quality by reducing environmental
degradation.

This study highlights the potential of remittances as a financing mechanism for energy
transition in Sub-Saharan Africa, offering an opportunity to integrate these flows into broader
environmental policies. Policymakers in Sub-Saharan Africa should encourage the use of migrant
remittances for long-term environmentally friendly investments by creating financial instruments and
incentives. This could include financial assistance for eco-friendly technologies, sustainable
agricultural practices, and housing designed to have minimal environmental impact. By using
migrant remittances for environmental sustainability, Sub-Saharan Africa can increase the use of
cleaner energy, reduce reliance on fossil fuels, and align with global sustainable development goals.
Consequently, this study not only validates the EKC hypothesis stemming from migrant remittances
in the context of Sub-Saharan Africa but also positions migrant remittances as an accelerator for
environmental sustainability and economic development. The findings signal a paradigm shift where
migrant remittances are viewed not merely as financial transfers but as strategic investments in the
green economy of Sub-Saharan Africa. However, it should be considered that remittances from
migrants play a significant role in increasing economic prosperity and development. Migrant
remittances should be channeled into the education sector to ensure individuals become more aware
over time, thereby increasing enrollment rates and developing policies aimed at enhancing human
capital. Policies that prioritize economic growth at the expense of environmental degradation should
be abandoned, and steps should be taken towards green growth, encouraging incoming foreign
investments to utilize more environmentally friendly practices.

While this study contributes to the literature, it also has certain limitations, like other studies.
The generalizability of the results of this study, conducted within the scope of Sub-Saharan Africa,
to developing countries where environmental pressures and policy decision-makers differ
significantly is limited. This is because almost all of the countries included in the analysis are low-
income countries. Furthermore, the analysis could not distinguish whether migrant remittances were
spent on consumption, saving, or investment; this limits the precision of policy recommendations.
Future research could re-examine the issue by considering variables that take into account both the
supply and demand sides of nature, such as the load capacity factor; expand the scope of countries,
and investigate long-term impacts by adding macro-level data such as urbanization, renewable
energy, and globalization, as well as more micro-level data such as household and sectoral data to
the model. The regional impacts of migrant remittances on environmental sustainability (Asia,
Europe, America, etc.) could be addressed in more detail. Finally, country-specific results could be
obtained by conducting analyses using different econometric methods such as AMG, CCEMG, Panel
ARDL, and CS-ARDL, considering more countries and observation years.
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Gocmen Déviz Transferleri Ekolojik Ayak izi iligkisi: Sahra Alt1 Afrika Ulkeleri icin Déviz
Kaynakh Cevresel Kuznets Egrisinin Test Edilmesi

Giris

Son otuz yilda, ¢evre kalitesini iyilestirme arayisi, diinya genelindeki cogu hiikiimetin,
politika yapicinin ve arastirmacinin dikkatini ¢ekmistir. Bu durum, hizli kentlesme, enerji
kullanimindaki artis ve niifus artigimin diinyanin ¢ogu iilkesinde kiiresel i1sinmaya ve g¢evresel
bozulmaya neden olmaya devam ettiginin farkina varilmasinin ardindan gelmektedir (Mensah &
Abdul-Mumuni, 2023, s.865). Kiiresel olarak, iklim degisikligi ve ismmma; ormansizlagsmaya,
biyogesitlilik kaybina, dogal afetlere, asir1 hava olaylarinin artan sikligina, gida ve su giivensizligine,
catisma ve terdrizme kadar bir¢ok zorlugu ortaya ¢ikarmaktadir (Ayad vd., 2025, s.1296). Durum o
kadar zor bir hal almis ki, yapilan tahminlere gore kiiresel alanin %80’inden fazlasi su anda ekolojik
acikta bulunmaktadir (Arogundade vd., 2022, s.440).

Cevresel bozulma diinya igin ger¢ek bir sorundur ve bu nedenle bir¢cok calisma, ¢evresel
bozulmanin belirleyici faktorlerine odaklanmistir. Bu belirleyici faktorler arasinda dogal kaynaklar,
ekonomik biiylime, dogrudan yabanci yatirimlar, enerji titkketimi, kentlesme gibi bir¢ok degisken yer
almaktadir. Belirtilen faktorlere ek olarak son zamanlarda, gé¢cmen doviz transferleri, ozellikle
gelismekte olan iilkelerle ilgili olarak kalkinma siirecindeki artan 6nemi nedeniyle arastirmacilar ve
politika yapicilar tarafindan biiyiik ilgi gérmektedir (Arogundade vd., 2022, 5.440). Gé¢men doviz
transferleri, yurtdisinda yasayan vatandaslarin kendi {ilkelerindeki ailelerine, memleketlerine
gonderdikleri paralar1 ifade etmektedir (Mensah & Abdul-Mumuni, 2023, 5.866). Go¢men doviz
transferleri, lilke ekonomilerinin biiylimesinde ¢ok dnemli bir rol oynamaktadir; zira bunlar yabanci
fonlarin birincil ve en 6nemli kaynaklarini olusturmaktadir (Dash vd., 2024, s.2).

Gogmen doviz transferleri, yoksullugun azaltilmas: ve diisiikk maliyetli finansman kaynagi
dahil olmak iizere sayisiz ekonomik fayda saglayarak sosyo-ekonomik yapiya katkida bulunan
onemli bir gelir kaynagi olarak hizmet vermektedir. Ayrica, bir¢ok ¢alisma gogmen doviz girislerinin
ekonomik refah1 ve kalkinmay1 artirmada temel bir rol oynadigini savunmustur (Biyase vd., 2024,
s.1). Bununla birlikte, go¢gmen doviz transferlerinin c¢evresel siirdiiriilebilirlik iizerindeki etkisi
karmasiktir ve daha yakindan incelenmeyi hak etmektedir. Go¢men doviz transferlerinin ¢evresel
bozulmaya katkida bulunabilecegi yollardan birisi, hane halkinin gelir diizeyini arttirarak talebi
yiikseltmesidir (Amuedo-Dorantes & Pozo, 2004, s.1411; Biyase vd., 2024, s.1; Zafar vd., 2022,
s.166). Daha yiiksek satin alma giiciiyle, hane halklar1 klima, arag, bilgisayar ve diger elektronik
cihazlar gibi enerji yogun iiriinleri karsilayabilir; bunlarin tiimii CO; emisyonlarina énemli 6l¢iide
katkida bulunarak ¢evresel bozulmaya neden olabilir (Biyase & Kirsten, 2025, s.2). Ayrica, gogmen
doviz transferleri, ticari bankalardan finansal destek almakta ¢esitli zorluklarla kargilasan isletmelere
finansman saglamaktadir (Motelle, 2011, s.241). Bu sekilde, gégmen doviz transferleri, yatirim
diizeyini artirarak kiiclik isletmeleri desteklemekte ve bu da nihayetinde sermaye olusum diizeyini
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arttirmaktadir. Dolayisiyla, gogmen doviz transferlerinin is faaliyetlerini iyilestirmedeki rolii, gevre
kalitesine de zarar vermektedir (Chishti, 2023, s.2; Jahanger vd., 2022, s.522). Ayrica, gogmen doviz
transferleri, liretken sermayenin kirsal alanlardan kentsel bolgelere hareketini yonlendirmektedir
(Manic, 2016). Bu, kentsel kiimelenmenin yapisini artirarak daha fazla insan ve ekonomik faaliyeti
yogunlastirmakta ve CO, emisyonlarini arttirmaktadir (Ali vd., 2019). Dahasi, elektrigin oncelikle
fosil yakitlardan tretildigi bolgelerde, gogmen doviz transferleri alan hane halklarindan gelen artan
enerji talebi, ¢cevresel baskilarin artmasina neden olmaktadir (Biyase & Kirsten, 2025, s.2).

Gogmen doviz transferlerinin ¢evresel bozulmayi arttirici etkilerinin yani sira gevresel
kalitenin yiikselmesine yonelik etkileri de bulunmaktadir. Gégmen ddviz transferlerinin, 6zellikle
gelismekte olan iilkelerde hane halki tiiketiminin oynakligini 6nemli dl¢iide azalttigi belgelenmistir
(Mondal & Khanam, 2018). Bu, tiiketim kaliplarinda 6nemli degisiklikler yaratmakta ve alict
hanelerin giines panelleri kurmasina, modern ve daha enerji verimli cihazlar veya hatta elektrikli
araclar satin almasina olanak tanimaktadir (Chen vd., 2023). Dolayisiyla, gogmen doviz transferleri
cevre dostu mal ve hizmetlerin satin alinmasinda kullanildiginda, enerji tiiketimini azaltmakta ve bu
nedenle gevresel sorunu hafifletmektedir (Sharma vd., 2019, s.136). Ote yandan, gocmen doviz
transferleri nedeniyle tasarruftaki artig, banka mevduatlarii arttirmaktadir. Bu siire¢ finansal
kalkinmay1 arttirmakta ve Gayri Safi Yurtici Hasila (GSYIH) biiyiimesini tetiklemektedir. Bu
sekilde, gogmen doviz transferleri ¢evre kalitesinin iyilestirilmesine katkida bulunmaktadir (Chishti,
2023, ss.4-5). Son olarak, insan sermayesini olumlu yonde etkileyerek (Mishra vd., 2022), ¢evresel
farkindalig1 artirabilmekte; bu da tiiketicilerin ve {ireticilerin siirdiiriilebilirlige yonelik tutum ve
davraniglarinda bir degisiklige doniismektedir. Bu sekilde, gb¢men doviz transferleri, iklim
degisikligine dayanikli ekonomik ve sosyal faaliyetlere ve projelere proaktif olarak tahsis edilebilen
“yesil kaynaklar” olarak konumlandirilmaktadir (Mills, 2023).

Afrika kitasi, enerji ve endiistriyel kaynaklarin sebep oldugu kiiresel CO, emisyonlarinin
yalnizca %2-3’iinli olusturmasina ragmen, iklim degisikliginin olumsuz sonuglarma karsi en
savunmasiz bolgelerden birisini olusturmaktadir (Asongu, 2018). Iklim degisikliginin temel
belirleyicisinin genellikle sera gazlarindaki, 6zellikle de CO, emisyonlarindaki artis olduguna
inanilmaktadir ve bu artis su anda en yiiksek seviyededir (Alola vd., 2021). Bu nedenle, ekonomilerin
cevresel kirlilik  sorunlarma  Oncelik  vermesi  siirdiiriilebilir  kalkinma  hedeflerinin
gerceklestirilebilmesi icin ¢ok 6nemlidir. Son yillarda, Afrika tilkeleri de dahil olmak iizere kiiresel
ekonomilerde go¢cmen doviz transferleri giderek daha 6nemli hale gelmektedir. Go¢men doviz
transferleri, Sahra-Alt1 Afrika ekonomilerinde hayati bir rol oynamakta, hane halki gelirine 6nemli
Olciide katkida bulunmakta, kiiciik isletmeleri desteklemekte, yoksullugu hafifletmekte ve diisiik
gelirli haneler icin saglik, egitim ve ekonomik gelismeyi ilerletmede hayati bir role sahip olmaktadir
(Ahmad vd., 2019, 5.2100; Biyase & Kirsten, 2025, s.1; Ratha, 2013). Sahra-Alt1 Afrika’da, gogmen
doviz transferlerinin ekonomik 6nemi goz oniine alindiginda, calismalar gogmen doviz transferlerini
cevresel siirdiiriilebilirlikle giderek daha fazla iliskilendirmektedir (Arogundade vd., 2022, s.441;
Awad vd., 2024, s.2). Bu senaryo goz oniine alindiginda, temel bir soru ortaya ¢ikmaktadir: Go¢men
doviz transferlerinin Sahra-Alt1 Afrika’daki ¢evre kalitesi tizerindeki etkisi nedir? Bu dogrultuda
caligmanin temel amaci, 2008-2023 donemi boyunca verilerine ulasilabilen 23 Sahra-Alt1 Afrika
(Angola, Benin, Botsvana, Burkina Faso, Kamerun, Fil Disi Sahilleri, Eswatini, Gana, Kenya,
Lesotho, Liberya, Madagaskar, Mali, Marityus, Namibya, Nijer, Nijerya, Senegal, Sierra Leone,
Giiney Afrika, Togo, Uganda ve Zambiya) ekonomilerinde gd¢gmen doviz transferlerinin ekolojik
ayak izi lizerindeki etkisini aragtirmaktir. Ayrica, gogmen dovizleri kaynakli gevresel Kuznets egrisi
(EKC) hipotezinin test edilmesi de bu ¢alismanin diger amacini olusturmaktadir. Boylece ¢evresel
bozulma ile gogmen dovizleri arasindaki iliskinin dogrusal olmayan yapisini ortaya ¢ikarmak ve
gbemen dovizleri ile gevresel kalite arasindaki iliskiyi agiklayan EKC hipotezinin ters U seklindeki
yapisinin gegerli olup olmadigini arastirmak bu ¢alismanin 6nemini ortaya koymaktadir.

Turkish Studies — Economics, Finance, Politics 21(3)



The Nexus Between Migrant Remittances and Ecological Footprint 4665

Sekil 1: Sahra- Alt1 Afrika’da gogmen doviz transferleri (milyar dolar)

2008 2011 2014 2017 2020 2023

Kaynak: Diinya Bankasi (2025) verileri dikkate alinarak yazar tarafindan olusturulmustur.

Bu ¢alisma iki agidan 6nem kazanmaktadir. Sahra-Alt1 Afrika iilkelerine gergeklestirilen
gdcmen doviz transferi 2008 yilinda 28,4 milyar dolar civarinda iken bu rakam 2023 yili sonunda
yaklasik olarak 2 kat artarak 56 milyar dolara ulasmustir (Sekil 1) ve 6niimiizdeki yillarda da artacagi
ongoriilmektedir (Diinya Bankas1, 2026). Ikinci olarak, dzellikle Sahra-Alt1 Afrika iilkelerinde ciddi
bir ¢evresel sorun bulunmakta ve kiiresel ekolojik ayak izi 2006 yilindan beri siirekli olarak artis
gostermektedir. Dogal olarak da Sahra-Alt1 Afrika iilkeleri son 20 yildir ekolojik agik sorunu ile karsi
karsiya kalmaktadir (Yadou vd., 2024, s.2). Biiytikliikleri ve kalkinma siireci i¢in dnemleri g6z oniine
alindiginda, gogmen doviz transferlerinin Sahra-Alt1 Afrika iilkelerinde ekolojik ayak izi tizerindeki
etkisini arastirmak ve uygun politika 6nerilerinde bulunmak esastir.

Bu calisma, mevcut literatiire dort acidan katkida bulunmaktadir. Ilk olarak bu calisma,
cevresel kalite gostergelerinden biri olan ekolojik ayak izini dikkate almaktadir. Cevresel
bozulmanin ger¢ek resmini yansitmak i¢in daha iyi bir 6l¢iit olabilecegi diisiiniilen ekolojik ayak izi;
tarim arazilerini, balikeiligi, ormanciligi, otlak alanlarin1 ve CO>’yi kapsamaktadir. Bu nedenle,
ekolojik ayak izini ¢evresel kirliligin bir gostergesi olarak kullanmak daha iyi ve daha giivenilir
sonuglar verebilir. ikinci olarak, ézellikle diisiik gelirli iilkelerin cogunlugunu olusturdugu Sahra-
Alt1 Afrika iilkelerinde gogmen doviz transferlerinin ¢evresel bozulma {izerindeki potansiyel etkileri
ortaya konulacaktir. Bununla birlikte doviz kaynakli EKC hipotezinin gegerliligi test edilerek
gdcmen doviz transferleri ve gevresel bozulma arasindaki asimetrik iligki ortaya konulacak ve doniim
noktasi belirlenecektir. Ugiincii olarak, ¢alismada agiklayic1 degiskenlerin ekolojik ayak izinin farkli
seviyeleri iizerindeki etkisini belirlemek i¢in momentler yontemi kantil regresyon (MMQR)
tahmincisi kullanilmaktadir. Bu yaklasim, diisiik, orta ve yiiksek ekolojik ayak izi seviyelerindeki
etkileri etkili bir sekilde yakalayarak bulgularin saglamligim arttirmaktadir. Son olarak, ¢alisma
2008-2023 yillart arasindaki en giincel veriler ile analiz edilerek, go¢gmen doviz transferlerinin
cevresel bozulmaya olan etkilerini ortaya koyarak politikacilara 6nerilerde bulunmaktadir.

Calismanin geri kalani su sekilde diizenlenmistir: Boliim 2, literatiire kisa bir genel bakis
sunarken, Boliim 3 veri, model ve ekonometrik stratejilere iligkin 6nemli noktalar1 vurgulamaktadir.
Ampirik bulgular 4. boliimde sunulacak ve 5. Bolim ise sonu¢ ve politika Onerileri ile
tamamlanacaktir.
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Literatiir incelemesi

Bu boliim, go¢men doviz transferleri ile cevresel bozulma iizerine yapilan Onceki
caligmalarin incelenmesini kapsamaktadir. Bu inceleme hem zaman serisi hem de tlkeler arasi
caligmalar1 kapsamaktadir.

Gogmen doviz transferleri ve c¢evresel bozulma arasindaki simetrik baglantiyr ele alan
caligmalardan baglayarak, Yang vd. (2021), Brezilya, Hindistan, Cin ve Giiney Afrika’nin dahil
oldugu BICS iilkelerinde 1990 ile 2016 yillar1 arasinda gé¢men doviz transferlerinin ekolojik ayak
izi ile temsil edilen ¢evresel kalite iizerindeki etkisini DOLS ve FMOLS teknikleri ile incelemigler
ve gdcmen doviz transferlerinin gevresel kaliteyi kotiilestirdigini bulmuslardir. Umair vd. (2023),
1991-2018 yillar arasinda en ¢ok gocmen ddviz transferleri alan 50 iilke igin CO, emisyonlari ve
ekolojik ayak izi perspektifinden gdgmen doviz transferleri, ekonomik bilylime, yenilenebilir ve
yenilenemez enerjinin ¢evresel bozulma iizerindeki etkisini PM-ARDL, FMOLS ve DOLS teknikleri
ile incelemiglerdir. Bulgular, uzun vadede gé¢gmen doviz transferlerinin hem CO» emisyonlart hem
de ekolojik ayak izini arttirarak ¢evresel bozulmaya katki sagladigini gostermektedir. Baska bir
calismada Li vd. (2022), 1980-2020 donemi boyunca Gana’da gogmen doviz transferlerinin gevre
kalitesine zarar verip vermedigini FMOLS, DOLS ve CCR tekniklerini kullanarak incelemisler ve
gocmen doviz transferlerinin yiiksek CO, emisyonlar1 yoluyla Gana’daki ekolojik kaliteyi
kotiilestirdigini bulmuslardir. Olajuwon (2024), 1990 ile 2021 yillar1 arasinda 19 Afrika iilkesi i¢in
goecmen doviz transferleri ve ekolojik ayak izi arasindaki iligkiyi AMG ve CCEMG teknikleriyle
incelemistir. Bulgular, gogmen doviz transferlerinin Afrika’daki ¢evresel siirdiiriilebilirlige zarar
verdigini gostermektedir. Ozsaahin & Ucler (2025), 1975-2022 doénemini kapsayan dogrusal
olmayan zaman serisi yontemlerini kullanarak Hindistan’da gé¢men doviz transferlerinin gevre
kalitesinin bir gdstergesi olan ekolojik ayak izi tizerindeki etkisini incelemislerdir. Ampirik sonuglar,
goecmen doviz transferlerinin Hindistan’da kisa ve uzun vadede g¢evresel kirlilige katkida bulundugu
ve c¢evre Kkalitesini bozdugunu gostermektedir. Sonuglara dayanarak, Hindistan’da doviz
transferlerinin enerji verimli {irlinlere ve ¢evre dostu yatirimlara olan talebi desteklemek igin yararl
bir politika araci olarak kullanilmasini 6nermektedirler.

Sadekin (2025), 2000-2021 yillar1 arasindaki veriler iizerinde panel ARDL ve MMQR
cercevelerini  kullanarak Giiney Asya iilkelerinde doviz transferlerinin, kiiresellesmenin,
kentlesmenin ve elektrik tiiketiminin ekolojik ayak izi iizerindeki kisa ve uzun vadeli dinamiklerini
incelemistir. Bulgular, doviz transferlerinin ekolojik ayak izini azaltarak ¢evre kalitesini yiikselttigini
gostermektedir. Arogundade vd. (2022), gécmen transferlerinin 22 Afrika iilkesinin g¢evresel
performans gostergesi lizerindeki iliskisini aragtirmiglardir. Bulgular, doviz transferlerinin ¢evresel
kaliteyi arttirdigin1 gostermektedir. Usama vd. (2020), Etiyopya’da 1981°den 2015°e kadar olan
yillik veriler iizerinde ARDL modelini kullanarak gé¢men doviz transferlerinin ¢evresel bozulmay1
azalttigini, ¢iinkli doviz transferi alan ailelerin dikkatini yenilenebilir enerji elektrigi tiikketimine
kaydirdig1 sonucuna ulagsmislardir. Yakin zamanda gergeklestirilen ¢alismalardan birinde Biyase vd.
(2026), 1990-2020 y1llar1 arasinda dokuz biiyiik havale alan iilkede (Banglades, Cin, Misir, Fransa,
Almanya, Hindistan, Meksika, Nijerya ve Pakistan) panel ARDL tahmin yontemiyle uzun vadede
goecmen transfelerlerinin ekolojik ayak izini 6nemli Sl¢lide azaltarak cevresel kaliteyi arttirdigi
sonucuna ulagsmislardir. Elde edilen bu bulgularin, go¢men doviz transfelerinin cevresel
siirdiiriilebilirligi  destekleyebilecegine dair uzun vadeli kanitlari gliclendirmekle kalmamasi
gerektigini, politika yapicilara bu transferlerin yesil yatirimlara ve farkindalik girisimlerine
yonlendirmeleri gerektigini onermektedirler.

Incelenen calismalara gore, gdocmen ddviz transferleri ile cevresel bozulma arasindaki
baglant1 konusunda arastirmacilar arasinda fikir birligi bulunmamaktadir. Baz1 ¢alismalar olumlu
baglantilar bulurken, digerleri olumsuz baglantilar buldugu i¢in ampirik bulgularin karisik oldugu
goriilmektedir. Bununla birlikte, az sayida c¢alisma go¢men doviz kaynakli EKC hipotezinin
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gecerliligini test etmistir. Bu ¢alismalardan birinde Biyase vd. (2024), Giiney Afrika Glimriik Birligi
(SACU) bolgesinde en ¢ok gocmen doviz transferi alan iilkelerde CS-ARDL yontemi ile
degistirilmis EKC hipotezinin gegerliligini aragtirmiglardir. Elde edilen bulgular, gé¢men doviz
transferlerinin CO, emisyonlarn iizerindeki etkisinin pozitif, doviz transferlerinin karesinin CO»
emisyonlari lizerindeki etkisinin ise negatif oldugunu ortaya koymustur. Baska bir ¢aligmada Yadou
vd. (2024), 2000-2021 yillart arasinda 30 Afrika iilkesinde iki agsamali en kiiciik kareler (2SLS)
yontemi ve kantil yontemi kullanarak gogmen doviz transferleri ile ¢evresel bozulma arasindaki
dogrusal olmayan iligkiyi incelemislerdir. Biyase vd. (2024) ile ayn1 bulgulara ulasan Yadou vd.
(2024) gogmen transferlerinin ilk 6nce g¢evresel bozulmaya sebep oldugunu ancak artan gégmen
transferlerinin gevresel kaliteyi arttigini ifade etmislerdir. Benzer sonuglara Brown vd. (2020) ve
Biyase & Kirsten (2025)’in ¢alismalarinda da gérmek miimkiindiir. Her iki arastirmada da gégmen
doviz transferleri kaynakli EKC hipotezinin gegerli oldugu sonucuna varilmistir. Sonug olarak,
goemen doviz transferleri kaynakli EKC hipotezinin gegerliliginin test edildigi mevcut ¢aligmalarin
azlig1 gogmen doviz transferleri ile gevresel bozulma arasindaki iliskinin Sahra-Alt1 Afrika tilkeleri
0zelinde daha detayli olarak incelenmesini gerektirmektedir.

Metodoloji
Veri ve Model

Calisma verileri ve model bu béliimde ayrintili olarak agiklanmistir. Arastirma, verilerine
ulasilabilen 23 Sahra-Alt1 Afrika iilkeleri i¢in 2008’den 2023 yilina kadar uzanan yillik panel
verilerini kullanmaktadir. Analizin siiresi daha fazla tilkenin incelenebilmesi, bazi Sahra- Alt1 Afrika
iilkelerinde eksik gdzlemlerin olmasi ve veri biitiinliigiiniin saglanmasindan dolay1 2008-2023 yillar1
icin olusturulmustur. Analiz edilen ampirik veriler sunlar1 icermektedir: “Ekolojik Ayak izi”
degiskeni modelde bagimli degisken olarak segilmis ve gevresel siirdiiriilebilirligin bir gostergesi
olarak dikkate alinmistir. Kiiresel kisi basina diisen hektar cinsinden 6l¢iilen bu degiskene ait veriler
“Kiiresel Ekolojik Ayak Izi Ag1 (Global Footprint Network)” veri tabanindan elde edilmistir.
“Ekolojik Ayak izi”, bir toplumun veya iilkenin gereksinim duydugu dogal kaynaklarin kapsamini
ve bu kaynaklarin kullaniminin gevre iizerindeki sonuglarini agiklayan onemli bir dlgiit gorevi
gormektedir (Ayvaz Giliven, 2026, s. 2193). Bagimsiz degiskenler olan gogmen doviz transferleri
(REM), ekonomik biiylime (GDP), dogrudan yabanci yatirimlar (DYY) ve niifusa ait veriler ise
“Diinya Bankasi’nin Diinya Kalkinma Gostergeleri (World Development Indicators)” veri
tabanindan toplanmistir. REM bagimsiz degiskeni, yerlesik hanehalklar tarafindan yerlesik olmayan
hanehalklarina yapilan veya onlardan alinan tiim cari nakit veya ayni transferlerden olusmaktadir
(Diinya Bankas1, 2025). Gayri safi yurtici hasila (GSYIH), iilke siirlar icerisinde bir muhasebe
donemi (genellikle 1 yil) boyunca mal ve hizmet iiretiminden elde edilen toplam gelir ifade
etmektedir. GSYIH’nin toplam niifusa boliinmesiyle elde edilen kisi basma diisen gelir ¢aligmada
kullanilan bagimsiz degiskenlerden olan ekonomik biiyltime (GDP) gostergesidir. DY'Y, yatirimcinin
kendi ekonomisinden farkli bir ekonomide faaliyet gosteren bir isletmede kalic1 bir yonetim pay1
edinmek i¢in yapilan net yatirnm girislerini ifade etmektedir (Diinya Bankasi, 2025). Son olarak
modele dahil edilen NUF bagimsiz degiskeni, yasal statii veya vatandaglik durumuna bakilmaksizin
tiim sakinleri sayan fiili niifusu yani toplam niifusu ifade etmektedir (Diinya Bankasi, 2025).
Calismada kullanilan degiskenlere ait temel bilgiler (degisken adi, kisaltma, aciklama, kaynak ve
beklenen etkileri) Tablo 1’de detayli olarak yer almaktadir.

Bu ¢alismanin iki temel amaci vardir: Birincisi, gogmen doviz transferlerinin ¢evresel kalite
iizerindeki etkisini incelemek; ikincisi, gd¢men dovizleri kaynakli EKC’yi (doviz transferleri ve
ekolojik ayak izi arasindaki ters iligki) aragtirmaktir. Go¢men doviz transferleri ile ekolojik ayak izi
arasindaki iligki Denklem (1)’de gosterilmistir. Denklem, ilgili kontrol degiskenlerinin dahil
edilmesiyle Sahra-Alt1 Afrika tlkelerinde doviz girislerinin ekolojik ayak izi lizerindeki etkisini
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degerlendirmek i¢in bir ¢ergeve sunmaktadir. Denklem (1), Biyase vd., (2024) ve Yadou vd.
(2024)’nun modelinden tiiretilmistir. Ayrica, modele gevresel siirdiiriilebilirlige etki eden ve birgok
calismada yer alan dogrudan yabanci yatirnm ve niifus gibi bazi kontrol degiskenler de dahil
edilmigtir:

EF = f(REM,REM?,GDP,DYY,NUF) (1)

Denklem (1)’de EF ekolojik ayak izini (kiiresel kisi basina diisen hektar), REM ve REM?
sirastyla gogmen doviz transferlerini (cari ABD dolar1) ve gogmen doviz transferlerinin karesini,
GDP kisi basma diisen Gayri Safi Yurtici Hasila’yr (GSYIH) (sabit 2015 ABD dolarr), DYY
dogrudan yabanc1 yatirimlar1 (GSY1H nin yiizdesi) ve NUF ise toplam niifusu ifade etmektedir.

Denklem (1)’de temsil edilen fonksiyonel formlar, Denklem (2)’deki ekonometrik modelin
logaritmik formunda ifade edilmektedir. DY'Y degiskeni harig tiim degiskenlere ait veriler logaritmik
forma doniistiiriilmiistiir. DYY degiskeni negatif degerler igerdiginden, gozlemlerin diglanmasini
onlemek amaciyla logaritmik doniisiim uygulanmamuistir. Bu, tutarliligi artirmay1 ve daha dogru,
giivenilir ve etkili ampirik bulgular elde etmeyi amaglamaktadir (Dai vd., 2024, s.455).

LEF; = By + f1LREM;; + ﬁzLREMi2t+ B3LGDP; + B4DYY; + BsLNUF; + & (2)

Burada i alt indisi, panel veri analizine dahil edilen Sahra-Alt1 Afrika iilkelerinin (23 {ilke)
bir kesitini temsil ederken; t, bu ¢alismada dikkate alman yil sayisin1 (2008-2023) gostermektedir.
Bo kesisim parametresidir; B, (K=1,2,3,4,5) ise tahmin edilecek olan LEF’nin tahmini i¢in
parametrelerdir. Calismanin temel amacini olusturan gé¢men doviz transferleri ile ekolojik ayak izi
arasindaki iliskiyi aciklayan 8, katsayisinin isaretinin pozitif (8;>0) olmas1 beklenmektedir. Bununla
birlikte, gogmen doviz kaynaklt EKC hipotezinin Sahra-Alt1 Afrika iilkelerinde gecerli olabilmesi
igin (81>0) ve ($,<0) olmalidir. Bu sebeple, calismada ;>0 ve $,<0 beklenmektedir.

Tablo 1: Degiskenlerin Agiklamasi

Degisken Kisaltma Aciklama Kaynak Beklenen
isaret
Ekolojik Ayak Izi EF Kiiresel kisi basina diisen Kiiresel Ekolojik Ayak -
hektar Izi Ag1(2025)
Gogmen Doviz REM Alman gégmen doviz Diinya Bankasi Diinya (+)
Transferleri transferleri Kalkinma Gostergeleri
(Cari ABD dolari) (2025)
Gogmen Doviz REM? Alman gégmen doviz Diinya Bankasi Diinya =)
Transferlerinin transferlerinin karesi Kalkinma Gostergeleri
Karesi (Cari ABD dolar1) (2025)
Ekonomik Biiyiime GDP Kisi bag1 gelir (sabit 2015 Diinya Bankas1 Diinya (+)
ABD dolar1) Kalkinma Gostergeleri
(2025)
Dogrudan Yabanci DYY Net girisler (GSYIH nin Diinya Bankasi Diinya ~ (+/-)
Yatirimlar yiizdesi) Kalkinma Gostergeleri
(2025)
Niifus NUF Toplam Niifus Diinya Bankasi Diinya ~ (+/-)
Kalkinma Gostergeleri
(2025)

Ekonometrik Tahmin

Bu calismada, Denklem (2)’yi tahmin etmek igin 5 adim kullanilmaktadir. ilk olarak,
ortalama, standart hata, minimum, maksimum, gézlem sayilarini iceren tanimlayici istatistikler,
degiskenlere ait korelasyon matrisi ve ¢oklu dogrusal baglantinin varligimi ortaya koyan varyans
biiytitme faktorii (VIF) gergeklestirilecektir. Daha sonra, yatay kesit bagimlihigi (CSD) testi
yapilacaktir. Uglincii asamada, egim heterojenligi testi uygulanacaktir. Egim heterojenligi testini
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takiben, paneller arasinda verilerde mevcut olan bagimliliklar yakalamak i¢in bir birim kok testi

gerceklestirilecektir. Son olarak, gogmen doviz transferlerinin gevresel bozulma tizerindeki etkisini
tahmin etmek i¢in MMQR modeli kullanilacaktir.

Sekil 2: Tahmin Stratejisinin Adimlart

On Testler Birim kik testi Pane] tahminci
* Tanmlayica *Yatay  Kesit o(IPS  Ikinci *Momentler
istatistikler Bagmltlik Nesil  Bitim Kantil
Korelasyon Testi (Pesaran Kok Testi Regresyon
matrisi (D) (MMQR)
+Coklu dogrsal *Egim Yonten
badlantt heferojenlik

) festi  (Pesaran
& Yamagata)

Kaynak: Yazar tarafindan olusturulmustur.
Ampirik Bulgular
Tammlayic Istatistikler, Korelasyon Matrisi ve Coklu Dogrusal Baglant:

Tablo 2, bu ¢alismada kullanilan degiskenlerin tanimlayict istatistiklerini géstermektedir.
Ilgili degiskenlere iliskin istatistikler, ekolojik ayak izinin (LEF) ortalama degerinin 0,3588, standart
sapmasinin ise 0,4216, minimum ve maksimum degerlerinin sirasiyla -0,2357 ve 1,4374 oldugunu;
gdcmen doviz transferlerinin (LREM) ortalama degerinin 19,5231, standart sapmasinin 1,8755,
minimum ve maksimum degerlerinin ise 11,9975 ve 23,9142 oldugunu gostermektedir. Ayni
zamanda, gozlem sayisinin biitiin degiskenlerde esit ve 368 (N:23, T:16) olmasi kurulan modelin
dengeli bir panel veri setinden olustugunu gostermektedir.

Tablo 2: Aciklayici Istatistikler

Degiskenler Gozlem sayisi Ortalama Standard Hata Minimum Maksimum
LEF 368 0,3588 0,4216 -0,2357 1,4374
LREM 368 19,5231 1,8755 11,9975 23,9142
LREM? 368 384,6623 71,1661 143,9415 571,8888
LGDP 368 7,3425 0,8344 6,0441 9,3368
DYY 368 3,9791 9,3363 -8,7669 103,3374
LNUF 368 16,3510 1,2846 13,9090 19,2443

Tablo 3, degiskenler arasinda korelasyon iliskisini gostermektedir. Bagimli degisken olan
ekolojik ayak izi (LEF) ile ekonomik biiylime (LGDP) arasindaki iliski pozitif yonde iken, LEF ile
goecmen doviz transferleri (LREM), dogrudan yabanci yatirnmlar (DYY) ve niifus (LNUF) arasindaki
korelasyon iligkisi ise negatif yondedir. LEF ile LGDP arasindaki pozitif (0,7117) ve anlamli iligki,
daha yiiksek ekonomik aktivitenin c¢evresel bozulmanin artmasina katkida bulundugunu
gostermektedir. Ote yandan, LREM, DYY ve LNUF ile LEF arasindaki negatif korelasyon, daha
yiiksek gogmen doviz transferleri ve dogrudan yabanci yatirim girislerinin ve artan niifusun daha
diisiik ekolojik ayak izine yol agabilecegini diigiindiirmektedir.
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Tablo 3: Korelasyon Matrisi

LEF (1) LREM (2) LGDP (3) DYY (4) LNUF (5)
(1) 1.0000
©) -0,2759 1.0000
3) 0,7117 -0,2683 1.0000
(4) -0,0109 0,0311 -0,1899 1.0000
) -0,5226 0,5515 -0,2721 -0,1354 1.0000

Tablo 4, degiskenler arasinda ¢coklu dogrusal baglanti probleminin varligini test eden varyans
bliylitme faktoriine (VIF) ait sonuglar1 gostermektedir. Bulgular, analizde kullanilan biitiin
degiskenlerin ve ortalama VIF (1,32) degerinin 10’dan kii¢iik oldugunu gostermektedir. Bu, modelde
coklu dogrusallik konusunda ciddi bir sorun olmadigimi gostermektedir (Akpanke vd., 2024,
s.15295).

Tablo 4: VIF testi

Degiskenler VIF 1/VIF
LNUF 1,55 0,646805
LREM 1,48 0,674406
LGDP 1,16 0,860759

DYY 1,09 0,917471
Mean VIF 1,32

Yatay Kesit Bagimlihigi (CSD) Testi

Panel veri analizinin en biiyiik sorunlarindan biri, yatay kesit bagimlilik (CSD) sorunudur.
Ekonometrik analizlerde, bir degiskenden digerine gelen bir sokun birimleri etkilemesi nedeniyle
seriler arasinda CSD sorunu olabilmektedir (Dam vd., 2024, s.5). CSD sorunu, panel veri setindeki
kesitsel birimler arasinda cografi faktorler, kaynak donanimu, ticaret, yasalar, kiiltiir ve diger faktorler
acisindan yakin benzerliklerden kaynaklanmaktadir (Olajuwon, 2024, s.31). Panel verilerde CSD'yi
hesaba katmamak, tahmin sonuglarini etkileyebilmektedir (Baltagi vd., 2007). Bu nedenle, bireysel
degiskenlerin bagimlilik gosterip gostermedigini belirlemek icin Pesaran (2004) CD testi
kullanilmaktadir. Pesaran (2004) CD testi, farkli degisken uzunluklarina uygulanabilir oldugu i¢in
diger CSD testlerinden iistiindiir (Biyase vd., 2024, s.4). Pesaran’in CD testi i¢in sifir hipotezi “yatay
kesit bagimlilig1 yoktur” ve su sekilde tanimlanmistir:

N-1 N
o (55 )
i=1 j=i+1

Tablo 5, Pesaran’in CD test istatistiklerinin sonug¢larmni gostermektedir ve %1 anlamlilik
diizeyinde, yatay kesit bagimlilig1 yoktur hipotezi reddedilmistir. Bu nedenle, seriler arasinda bir tiir
kesitsel bagimliligin var oldugu dogrulanmustir. Bir diger ifadeyle, LEF, LREM, LREM? LGDP,
DYY ve LNUF gibi degiskenler, yatay kesit bagimliliginin giiglii kanitlarini sergilemektedir (CD
testi degerleri 0,000'lik p degerleriyle anlamlidir). Bu durum, ekonomik yapilar1 benzer olan ve
cogunlukla politikalar ortaklasa uygulanan ayni bolgesel bloklara ait olan bu ¢alismaya dahil edilen
Sahra-Alt1 Afrika {ilkeleri i¢in gecerlidir.

Tablo 5: CSD testi

Degiskenler CD-test Olasilik (p-degeri)
LEF 14,798 0,000
LREM 25,103 0,000
LREM? 24,874 0,000
LGDP 24,685 0,000
DYY 5,418 0,000
LNUF 61,385 0,000
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Egim Heterojenligi Testi

Serideki egim heterojenliginin belirlenmesi, panel verilerinde ikinci énemli konudur. Veri
kiimesinde CSD’nin varlig1 gbz oniine alindiginda, degiskenlerin egim katsayilar1 kesitsel birimler
arasinda farklilik gosterebileceginden ve bunu hesaba katmamak modelde yanli esneklik
tahminlerine yol agacagindan egim heterojenligi de belirlenmelidir (Munir vd., 2020). Sahra-Alti
Afrika iilkelerinin ekonomik yapisindaki degiskenlik nedeniyle, egimlerin heterojenligini incelemek
onemlidir. Egim heterojenligini test etmek icin bu ¢aligma, Pesaran & Yamagata (2008) tarafindan
gelistirilen delta testlerini kullanmaktadir. Bu test, panel {ilkelerinden birindeki degisimin digerlerini
ayni diizeyde etkileyip etkilemedigini arastirmaktadir (Ertiitkmen & Konuk, 2025, 5.326; Nuta vd.,
2024, 5.18691). Delta testi iki asamali (Agy ve A,gy) bir testtir. Bu testin temel hipotezi, egim
katsayilart homojendir seklinde iken, alternatif hipotezi ise egim katsayilar1 heterojendir seklinde
kurulmaktadir (Ertiirkmen & Konuk, 2025, s.326). Bu test istatistiklerinin matematiksel ifadesi
asagidaki gibidir:

jSH =N (N:/lz—g,;k) (4)

= N71S-E(Zy)
BV (i) ©
Tablo 6’daki sonuglar hem orijinal (Asy) hem de ayarlanmus testler (As5y) icin Delta
istatistik degerlerinin gosterdigi gibi, veri setinde egim heterojenligine dair kanit oldugunu
gostermektedir. Disiik olasilik (p) degerleri (sirasiyla 0,000 ve 0,000), kesitsel birimler arasinda
homojen egimler hipotezinin reddedilebilecegini géstermektedir. Bu, bagimsiz degiskenlerin bagimli
degisken {izerindeki etkisinin veri setindeki birimler arasinda farklilik goésterdigi anlamina
gelmektedir. Bir diger ifadeyle, Sahra-Alt1 Afrika iilkelerinin ekonomik yonden farklilik gosterdigini
ve herhangi bir Sahra-Alt1 Afrika tilkesinde meydana gelen bir sokun ya da degisimin diger Sahra-
Alt1 Afrika iilkelerini farkli 6l¢iide etkileyebilecegini ortaya koymaktadir.
Tablo 6: Egim Heterojenlik Testi

Test Test degeri Olasilik degeri (p-value)
Agy 6,948 0,000
Ao 9,265 0,000

**. %1 anlamlilik diizeyini ifade etmektedir.

Birim Kok Testi

Tablo 5 ve Tablo 6’dan elde edilen CSD ve egim heterojenligine dair kanitlar, birinci nesil
birim kok testlerinin uygulanmasimin miimkiin olmadigin1 géstermektedir. Bu nedenle, ikinci nesil
bir birim kok testlerinden olan, Pesaran (2007) tarafindan gelistirilen kesitsel olarak genisletilmis
Im-Pesaran-Shin (CIPS) testi kullanilmistir. CIPS testi yatay kesit bagimliligin1 ve heterojenligi
dikkate alarak iilke bazli sonuglarin da elde edilmesine imkan vermektedir (A¢ikgdz & Oncel, 2024).
CIPS birim kok testi su sekilde hesaplanmaktadir:

N
1
CIPS = Nz t; (N, T) (6)
i=1

CIPS’e dayal1 birim kok testinin sonuglart Tablo 7°de raporlanmistir. CIPS, yatay kesit
bagimliliginin varliginda entegrasyon derecesini belirlemek i¢in kullanishdir. Bulgular, biitiin
degiskenlerin (LEF, LREM, LREM? LGDP, DYY ve LNUF) diizeyde duraganlik gdsterdigini
ortaya koymaktadir.
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Tablo 7: Panel birim kok testi (CIPS)

Sabit + Trendli
Degiskenler Diizey I (0) Birinci Fark I (1)
LEF -2,973 -4,572
LREM -2,865 -4,129
LREM? -2,857 -4,176™
LGDP -2,629° -2,976"
DYY -3,159 -5,063
LNUF -2,863 -1,176
Kritik Degerler %10: -2,58, %5: -2,67, %1: -2,83

%15 ", %10 anlamlilik diizeyini ifade etmektedir.

MMQR Tahmin Sonuclari

Uzun vadeli katsayilar1 tahmin etmek igin ¢ok sayida ekonometrik yontem bulunmaktadir;
panel FMOLS, DOLS, GMM ve digerleri dahil olmak iizere, dogrusal olmayanlig1 tespit etme
yetenekleri sinirlidir ve bu da potansiyel olarak verimsiz tahminlere yol acabilmektedir (Zheng vd.,
2023). Ilk olarak Machado & Silva (2019) tarafindan ortaya atilan MMQR tahmincisi, panel veri
analizindeki c¢esitli zorluklarin iistesinden gelmekte ve PMG-ARDL ve CS-ARDL gibi 6nceki
tekniklerden daha iyi performans gostermektedir. Bu nedenle, MMQR kullanimi, verilerin normal
dagilim gostermemesi, CSD, aykir1 degerler, heterojenlik, heretoskedasite ve endojenlik nedeniyle
ortaya ¢ikabilecek yaniltict sonuglari dnlemeye yardimeci olmaktadir (Ayad vd., 2025, s.1305).
Ayrica, MMQR yo6ntemi, agiklayici degiskenlerin farkli ekolojik ayak izi seviyelerindeki etkisini
belirlemeye olanak taniyarak, diisiik, orta ve yiiksek ekolojik ayak izi seviyelerindeki etkileri
yakalayarak sonuglarin saglamligini arttirmaktadir. Baska bir ifadeyle, bu yaklasim, farkli ekolojik
ayak izi yogunluklarina sahip iilkelerde agiklayict degiskenlerin ekolojik ayak izi tizerindeki etkilerin
tahmin edilmesini saglamaktadir.

Tablo 8’deki MMQR sonuglari, gogmenlerden gelen doviz transferlerinin (LREM) ekolojik
ayak izi (LEF) iizerinde yikict bir etkiye sahip oldugunu gostermektedir. Gergekten de doviz
transferi; biiylime ve sanayilesme iizerindeki etkisi de dahil olmak {iizere ¢esitli mekanizmalar
araciligiyla etki etmektedir. LREM katsayisinin LEF {izerindeki etkisi pozitif ve istatistiksel olarak
anlamlidir; bu da gé¢men doviz transferlerinin Sahra-Alt1 Afrika’daki gevre igin zararli oldugunu
gostermektedir. LREM’in ¢evre kalitesini azaltici etkisi diisiik kantillerden yiiksek kantillere dogru
gidildikce daha fazla hissedilmektedir. Ornegin, 0,25 kantilde, LREM’de meydana gelecek her
%1’lik artis ¢evresel bozulmay1 (LEF) %0,262 oraninda arttirirken, bu oran 0,50 kantilde %0,409,
0,75 kantilde %0,571 ve son olarak en yiiksek kantil olan 0,95’te ise 9%0,797 oranina kadar
arttirmaktadir. Bulgular, Zhang vd. (2022) tarafindan gerceklestirilen en cok gogmen doviz transferi
alan 10 tilkenin, Karasoy (2022) tarafindan gerceklestirilen Misir’in, Kenya’daki ekolojik ayak izini
bagimli degisken olarak alan Biyase & Kirsten (2025)’in ve Jaftri vd. (2022)’nin Cin i¢in elde edilen
bulgularin1 dogrulamaktadir. Bu bulgularin benzerligi, yillar iginde artan gogmen doviz girisine
maruz kalan bu bolgelerin hala fosil yakitlara biiyiik 6l¢iide bagimli olmalar1 ve ekonomik biiytime
ile gevresel siirdiiriilebilirlik arasinda bir denge kurmaya ve gecis yapmaya istekli olmamalarindan
kaynaklanmaktadir (Olajuwon, 2024, s.36). Gergekten de gocmen doviz transferleri, finansal
kalkinma, biiylime ve sanayilesme de dahil olmak {izere ¢esitli mekanizmalar araciligiyla gevresel
bozulmay artirabilmektedir (Asongu & Odhiambo, 2020, ss.98-99; Efobi vd., 2019, s.55). Ayni
zamanda, gégmenlerden gelen doviz transferleri hane halk: tiiketimini arttirmaktadir (Eftimoski &
Josheski, 2021, s.1893; Zarate-Hoyos, 2004, s.559). Bu da bir 6l¢iide ya artan talep yoluyla doviz
transferi alan iilkelerin sanayilesmesini hizlandirmakta ya da ithal mallara bagimlilig1 arttirmaktadir
(Yadou vd., 2024, s.4). Sonu¢ olarak, bu durum kontrol edilmezse c¢evresel bozulmaya yol
acmaktadir.
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Ote yandan MMQR bulgulari, biitiin kantillerde LREM? ile LEF arasindaki iliskinin negatif
ve istatistiksel olarak anlamli oldugunu gostermektedir. Bu, gogmen doviz transferleri arttikca
ekolojik ayak izinin Sahra-Alt1 Afrika iilkelerinde azaldigini ortaya koymaktadir. Diisiik kantillerden
yiiksek kantillere dogru gidildikge gogmen doviz transferlerinin artisi ile ¢evre kalitesi daha fazla
artis gostermektedir. Ornegin, 0,25 kantil diizeyinde LREM*’de meydana gelecek %1°lik bir artis
ekolojik ayak izini %0,006 oraninda azaltirken, bu oran 0,95 kantil diizeyinde %0,021 oranina
yiikselerek ¢evresel kaliteyi daha fazla arttirmaktadir. Ayrica bulgular, gogmen doviz transferlerinin
(LREM) ekolojik ayak iziyle pozitif ve anlamh bir iliskiye sahip oldugunu, gdg¢men doviz
transferlerinin karesinin (LREM?) ise negatif ve anlaml1 bir etkiye sahip oldugunu gostermistir.
Dogrusal olmayan bu yapi, Brown vd. (2020) bulgulariyla tutarli olarak acik bir ters U seklinde bir
yoriinge sergiledigi anlamina gelen degistirilmis ¢evresel Kuznets egrisi (EKC) hipotezinin varligini
dogrulamaktadir. Baglangigta, gogmen doviz transferlerindeki artis, Sahra-Alt1 Afrika iilkelerinde
daha yiiksek ¢evresel bozulmaya yol agmaktadir. Bu da gogmen doviz transferlerinden kaynaklanan
daha yiiksek tiiketim seviyeleriyle iligkilidir. Daha yiiksek tiiketim ise daha fazla enerji tiikketimine
ve karbon emisyonlarina doniismektedir (Biyase vd., 2024, s.6). Ancak belirli bir déniim noktasindan
sonra, gogmen doviz transferlerinin daha fazla artis1 ekolojik ayak izinde azalmaya sebep olmakta
ve cevre kalitesini artirmaktadir. Bir diger ifadeyle, yiikselen gdégmen doviz transferlerinin
baslangigta tiiketim odakli kirlilige yol agtigini, ancak daha yiiksek seviyelerde doviz transferlerinin
giderek siirdiiriilebilir yatirimlara yonlendirildigini ve daha temiz bir ¢evreye gegisi kolaylagtirdigini
gostermektedir. Bu, daha yiiksek gé¢men doviz transferlerinin ¢evresel bozulmayi azaltarak
siirdirilebilirlige katki sagladigim gostermektedir. Elde edilen bulgular, Yadou vd. (2024), Biyase
vd. (2024) ve Biyase & Kirsten (2025) tarafindan elde edilen sonuglarla oOrtiismektedir. Aym
zamanda bu c¢alismada, gé¢gmen doviz transferleri ve ekolojik ayak izi arasindaki iliskinin pozitiften
negatife gecis yaptigi doniim noktasi belirlenmeye c¢alisilmistir. Tablo 8, iliskinin her kantilde bir
donlim noktastyla (0,25’te 21,625, 0,50°de 19,877, 0,75’te 19,089 ve 0,95’te 21,625) karsilagtigini
gostermektedir. Bu doniim noktasindan sonra, go¢men doviz transferlerinde %1°lik bir artis, ekolojik
ayak izinde %0,006 ile %0,0215 arasinda bir azalmaya yol agarak cevresel kalite diizeyini
yiikseltmektedir.

Bulgular, ekonomik biiytimeyle (LGDP) iliskili katsaymin biitiin kantillerde pozitif ve %1
diizeyinde istatistiksel olarak anlamli oldugunu gostermektedir. Ekonomik biiylimenin g¢evresel
bozulma iizerindeki etkisi diisiik kantillerden yiiksek kantillere dogru gidildikce artmaktadir. Bu da
Sahra-Alt1 Afrika iilkelerinde ekonomik biiylimenin cevreye zararli oldugunu gostermektedir.
Gergekten de diisiik gelirli ve gelismekte olan {ilkelerin ¢ogunda ekonomik biiylime, cevresel
bozulma pahasina gerceklesmektedir. Ciinkii cogu Afrika {ilkesi yoksullukla, issizlikle, siyasi
istikrarsizlikla, ekonomik verimlilikle ve yerel iiretimin artirilmasiyla miicadeleye 6ncelik verirken,
cevresel siirdiiriilebilirlige cok az 6nem vermektedir (Olajuwon, 2024, s.37). MMQR tahmincisinden
elde edilen ekonomik biiyiimenin ekolojik ayak izi iizerindeki olumsuz etkisine yonelik bulgular,
Ahmad vd. (2020), Umair vd. (2023), Yang vd. (2021), Sadekin (2025), Oprea vd. (2025) ve
Mohamed vd. (2025) tarafindan elde edilen sonuglar ile uyumludur. Sonug olarak, ekonomik biiytime
cevresel kirlilik pahasina da olsa Sahra-Alt1 Afrika tilkelerinde siirdiiriillmektedir.
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Tablo 8: MMQR sonuglari

Kantiller
Degisken Location Scale 0,25 0,50 0,75 0,95
LREM 0,41853 0,17037 0,26296™ 0,40948* 0,57191 0,79798
(0,098412)  (0,060887) (0,107002) (0,098481) (0,119102) (0,181821)
LREM? -0,01056" -0,00490* -0,00608* -0,01030* -0,01498 -0,02150*
(0,002646) (0,0016376) (0,002878) (0,002650) (0,003205) (0,004907)
LGDP 0,36027 0,08544" 0,28225** 0,35573 0,43719~ 0,55056
(0,025161)  (0,015567) (0,027522) (0,025495) (0,030870) (0,049533)
DYY 0,00277 0,00162" 0,00128 0,00269* 0,00424 0,00640*
(0,001589)  (0,000983) (0,001726) (0,001586) (0,001917) (0,002887)
LNUF -0,10295" 0,05454 -0,15275 -0,10584 -0,05384* 0,01852
(0,017790)  (0,011006) (0,019432) (0,017971) (0,021749) (0,034465)
Sabit -4,71962" -2,76811" -2,19216* -4,57271* -7,21166™ -10,88464
(1,200234) (0,74258) (1,30704) (1,205272) (1,458222) (2,259599)
Dontim 19,816 17,384 21,625 19,877 19,089 18,557
Noktasi
Gozlem 368 368 368 368 368 368

sk Kok sk

strastyla %1, %5 ve %10 anlamhilik diizeyini ifade etmektedir. Parantez igerisindeki rakamlar standart hatalart
gostermektedir.

Dogrudan yabanci yatirim (DYY) katsayisina iligkin olarak, Sahra-Alt1 Afrika iilkelerinde
cevresel kirlilik iizerinde 6nemli bir pozitif etkisi vardir. Bu pozitif etki biitiin kantillerde istatistiksel
olarak anlamlilik gostermekte ve yiiksek kantillere dogru gidildikge de etkisi artmaktadir. Daha 6zel
olarak, DY'Y’deki %1'lik bir art1s, ¢evresel bozulmada 0,25 kantil diizeyinde %0,0012 oraninda, 0,50
kantilde %0,0027,0,75 kantilde %0,0424 ve son olarak 0,95 kantil diizeyinde ise %0,0064 oraninda
artisa yol acacaktir. Bu bulgular ayrica “kirlilik cenneti hipotezini” de desteklemektedir. DY Y nin
cevresel bozulma {izerindeki bu etkisi, ticaret agikligi ve yabanci yatirim akiglarinin serbest akisina
iliskin korkular1 dogrulamaktadir. Cokuluslu firmalar (agir veya kirlilige neden olan endiistriler),
iilkenin cevresel diizenlemeleri daha az kat1 ve zayif oldugu icin DYY yoluyla gelismis iilkelerden
gelismekte olan veya az gelismis iilkelere hareket etmektedir (Jahanger 2021, s.18977; Yang vd.
2020, s.1322). Bu, ekonomik yonden katki1 sagladig1 diisiiniilen DY Y ’lerin aslinda Sahra-Alt1 Afrika
iilkelerinde cevresel kaliteyi azalttigini ve g¢evresel kirligine sebep oldugunu ortaya koymaktadir.
DY Y ’nin ¢evresel bozulmaya neden olduguna yonelik elde edilen bulgular, Al Numan vd. (2025),
Apergis vd. (2023), Shahbaz vd., (2018), Bulut vd. (2021), Ugur (2022), Balli vd. (2023)’nin
bulgulartyla da ortiismektedir.

Son olarak, Sahra-Alt1 Afrika iilkelerinde niifusun (LNUF) ¢evre iizerindeki etkisinin 0,95
kantil diizeyi hari¢ diger kantillerde negatif ve istatistiksel olarak anlamli oldugu bulunmustur. Bu
iilkelerde, niifus yogunlugu kisi basina diisen ekolojik ayak izini azaltarak ¢evreyi iyilestirmektedir.
Bu durum, gé¢men doviz transferlerinin ekonomik refahi ve kalkinmay1 artirmada énemli bir rol
oynadigini ve bireylerin zaman i¢inde daha bilingli ve ¢evreye karsi daha duyarli hale geldigini
gostermektedir. Hatta, gogmenlerin sadece para degil, ayni zamanda ev sahibi iilkelerde benimsenen
fikirleri, bilgiyi ve standartlar1 da kendi {ilkelerine aktardigi kabul edilebilir (Yadou vd., 2024, s.5).
Bulgular, OECD iilkeleri 6zelinde Dam vd. (2024), Cabas vd. (2025) ve yiikselen Avrupa iilkeleri
icin Nuta vd. (2024) tarafindan gergeklestirilen ¢alismalarla uyumludur.

Sonug ve Politika Onerileri

Bu calisma, 2008-2023 donemi boyunca Sahra-Altt Afrika iilkelerinde gé¢men doviz
transferlerinin ekolojik ayak izi {izerindeki etkilerini incelerken, doviz kaynakli EKC hipotezinin
gegerliligini de test etmektedir. Ekonomik biiytime, dogrudan yabanci yatirimlar ve niifusun kontrol
degisken olarak kullanildigt model MMQR tahmincisi ile analiz edilmistir. Bulgular, biitiin
kantillerde go¢menlerden gelen dovizlerin Sahra-Alt1 Afrika’da ekolojik ayak izi arttirarak ¢evresel
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kalitenin kétiilestigini gostermektedir. Dahas1, doviz kaynakli ¢evresel Kuznets egrisi hipotezinin
dogrulandigi goriilmektedir. Dolayisiyla, gogmenlerin doviz transferleri ne kadar artarsa, ekolojik
ayak izi de o kadar iyilesmektedir. Bununla birlikte, ekonomik biiyiime ve dogrudan yabanci
yatirimlarin ¢evresel bozulmaya sebep oldugunu, buna ragmen niifusun 0,95 kantil hari¢ ¢evresel
bozulmay1 azaltarak ¢evre kalitesini olumlu etkiledigi sonucuna varilmigtir.

Calisma, Sahra-Alt1 Afrika tilkelerinde enerji gegisi icin bir finansman mekanizmasi olarak
doviz transferlerinin potansiyelini vurgulayarak, bu akislar1 daha genis ¢evre politikalarina entegre
etme firsati sunmaktadir. Sahra-Alti Afrika bolgesindeki politika yapicilar, finansal araglar ve
tesvikler olusturarak, gocmen doviz transferlerinin uzun vadeli ¢evre dostu yatirimlar igin
kullanilmasini tesvik etmelidir. Bu, ¢evre dostu teknolojiler, siirdiiriilebilir tarim yontemleri ve
¢evreye minimum etki edecek sekilde tasarlanmis konutlar i¢in finansal yardimi igerebilir. Go¢men
doviz transferlerini ¢evresel siirdiiriilebilirlik i¢in kullanarak, Sahra-Alt1 Afrika tilkeleri daha temiz
enerji kullanimim artirabilir, fosil yakitlara bagimlilig1 azaltabilir ve kiiresel siirdiiriilebilir kalkinma
hedefleriyle uyum saglayabilir. Sonu¢ olarak, bu calisma yalnizca Sahra-Alt1 Afrika iilkeleri
baglaminda gé¢men doviz transferleri kaynakli EKC hipotezini dogrulamakla kalmayip, gé¢men
doviz transferlerini gevresel siirdiiriilebilirlik ve ekonomik kalkinma igin bir hizlandirici olarak
konumlandirmaktadir. Bulgular, go¢men doviz transferlerinin sadece finansal transferler olarak
degil, Sahra-Alt1 Afrika iilkelerinin yesil ekonomisine yonelik stratejik yatirimlar olarak goriildiigii
bir paradigma degisimine isaret etmektedir. Bununla birlikte, gé¢gmen dovizlerinden elde edilen
gelirlerin ekonomik refah1 ve kalkinmayi artirmada 6nemli bir rol oynadigi g6z Oniinde
bulundurulmalidir. Gégmen doviz transfelerinin uzun vadede bireylerin zaman iginde daha bilingli
olmalarini saglayabilmek i¢in egitim sektoriine aktarimi saglanmali, bu sayede okullasma oraninin
artis1 saglanarak beseri sermayeyi arttirmaya yonelik politikalar gelistirilmelidir. Cevresel bozulma
pahasina ekonomik biiylimeyi siirdiirme politikalari terk edilerek yesil biiyiimeye yonelik adimlar
atilmali, gelen yabanci yatirrmlarin daha ¢evreci uygulamalar kullanmalari yoniinde Onlemler
alimmalidir.

Caligsma literatiire katkida bulunmakla birlikte, diger ¢calismalar gibi belirli kisitlamalara da
sahiptir. Sahra-Alt1 Afrika iilkeleri kapsaminda yiiriitiilen bu calismanin sonuglarinin, ¢evresel
baskilarin ve politika karar vericilerinin 6nemli dl¢iide farklilik gosterdigi gelismekte olan iilkelere
genellenebilirligi sinirhidir. Cilinkii analize dahil edilen iilkelerin neredeyse tamami gelir diizeyi
diisiik iilkelerden olusmaktadir. Ayrica analiz, gogmen ddviz transfelerinin tiiketim, tasarruf veya
yatirima harcanip harcanmadigini ayirt edememistir; bu da politika Onerilerinin kesinligini
kisitlamaktadir. Gelecekteki arastirmalar, yiik kapasite faktorii gibi doganin hem arz hem de talep
tarafin1 dikkate alan degiskeni dikkate alarak yeniden inceleyebilir, iilke kapsami genisletilerek ve
kentlesme, yenilenebilir enerji, kiiresellesme gibi makro diizeyde ve hane halki ve sektorel veriler
gibi daha mikro veriler modele eklenerek uzun vadeli etkiler arastirilabilir. Gogmen doviz
transferlerinin ¢evresel siirdiiriilebilir tizerindeki bolgesel etkileri (Asya, Avrupa, Amerika vb.) daha
ayrintili ele almabilir. Son olarak, daha fazla iilke ve gozlem yili dikkate alinarak AMG, CCEMG,
Panel ARDL, CS-ARDL gibi farkli ekonometrik yontemlerle analiz gerceklestirilerek iilkelere 6zgii
sonuglar elde edilebilir.
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ETIK BEYANLAR
Arastirma ve Yayn Etigi

Yazar(lar), bu makalenin 6zgiin bir ¢alisma oldugunu ve bilimsel arastirma ve yayin
etigi ilkelerine uygun olarak hazirlandigin1 beyan eder. Makale daha dnce herhangi
bir yerde yayimlanmamis olup baska bir dergide degerlendirme siirecinde degildir.

Calismada kullanilan tiim kaynaklar akademik kurallara uygun bi¢cimde atiflanmastir.
Yazar(lar), ¢alismanin intihal, veri uydurma, veri tahrifi veya manipiilasyon
icermedigini; arastirma bulgularmin bilimsel diiriistliik ilkelerine uygun sekilde
sunuldugunu beyan eder.

Yazar Katkis1

Tim yazarlar caligmanin tasarlanmasi, yiriitilmesi, analizi ve makalenin
hazirlanmasina 6nemli dl¢iide katki saglamistir. Tiim yazarlar makalenin son halini
okuyup onaylamis ve yayimlanmasini kabul etmistir.

Cikar Catismasi

Yazar(lar), bu makalenin yayimlanmasimna iliskin herhangi bir ¢ikar catismasi
bulunmadigini beyan eder.

Finansal Destek

Bu arastirma herhangi bir kamu kurumu, ticari kurulus veya kar amaci giitmeyen
kurulus tarafindan finansal olarak desteklenmemistir.

Yapay Zeka Kullanim Beyani

Makalenin hazirlanmasi siirecinde yapay zeka araglarindan yalnizca dil diizenleme,
ceviri destegi ve anlatim iyilestirmesi amaciyla sinirli 6l¢lide yararlanilmis olabilir.
Yapay zeka aracglar1 tarafindan yapilan g¢eviri ve dil diizenlemeleri yazar(lar)
tarafindan dikkatle kontrol edilmistir. Yapay zeka araglar1 ¢alismanin bilimsel
iceriginin, aragtirma tasariminin, analizlerinin veya akademik sonuglarinin
olusturulmasinda kullanilmamistir. Makalenin igerigine iligkin tiim akademik
sorumluluk yazar(lar)a aittir.

Telif Haklar1 ve izinler

Yazar(lar), telif hakki gerektiren materyaller kullanilmigsa gerekli izinlerin alindigini
ve ¢alismanin herhangi bir fikri miilkiyet hakkini ihlal etmedigini beyan eder.

Yazar Onay1

Tiim yazarlar makalenin son hélini okuduklarini, onayladiklarini1 ve yayimlanmasini
kabul ettiklerini beyan eder.
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