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This study examines the relationship between urban sprawl and environmental
sustainability in the West African Monetary Zone region for the period 2002-2022 using a
first-generation panel technique. Findings reveal that rapid urbanisation is a significant
driver of environmental degradation, and existing institutions have limited capacity to
mitigate these adverse effects. Strengthening institutional frameworks, improving urban
planning, and investing in environmental infrastructure are crucial for promoting

sustainable development in the region.

I. Introduction

Urban sprawl, characterized by the uncontrolled and of-
ten unplanned expansion of urban areas into surrounding
rural landscapes, has emerged as a critical environmental
challenge on a global scale (Hilili et al., 2024; Tule et al.,
2024). This phenomenon, often driven by population
growth, economic aspirations, and inadequate urban plan-
ning, leads to significant ecological consequences (Akadiri
et al., 2022). The West African Monetary Zone (WAMZ) re-
gion, experiencing rapid urbanization, is particularly sus-
ceptible to these adverse impacts. In WAMZ, urban sprawl
is not merely a byproduct of development but a critical is-
sue that demands urgent attention due to its environmen-
tal and socio-economic repercussions.

While the economic benefits of urbanization in WAMZ
(Gambia, Ghana, Guinea, Nigeria, Sierra Leone, and
Liberia), such as increased employment opportunities, en-
hanced infrastructure, and improved access to services, are
undeniable, the concomitant environmental costs are in-
creasingly alarming. Urban sprawl in this region has been
linked to a range of environmental issues, including air
and water pollution, deforestation, and the loss of biodi-
versity (Akadiri et al., 2024). The expansion of urban ar-
eas often leads to the encroachment on natural habitats,
disrupting ecosystems and contributing to climate change
(Johnson, 2018). Moreover, the spread of urban areas often
exacerbates the challenges of waste management and leads
to increased carbon emissions, further intensifying the re-
gion’s vulnerability to environmental degradation (Smith &
Brown, 2020).

This study aims to examine the intricate relationship
between urban sprawl and environmental sustainability
within the WAMZ region from an institutional perspective.
The role of institutional frameworks, policies, and gover-
nance structures in shaping urban development patterns
cannot be understated. Effective governance is crucial in
managing urban growth and ensuring that it aligns with
sustainable development goals. However, in many WAMZ
countries, weak institutional capacity, a lack of coordina-
tion among different levels of government, and inadequate
enforcement of environmental regulations have con-
tributed to unsustainable urban expansion (Nguyen et al.,
2019).

In this study, we employ a first-generation panel data
approach using data over the period 2002 to 2022. Findings
confirm that institutions have a direct effect on environ-
mental sustainability; however, their mediating role in mit-
igating the impact of urbanization on the environment re-
mains insignificant. Thus, we are of the opinion that
further efforts are needed to enhance institutional mecha-
nisms specifically aimed at managing the adverse effects of
urbanization on the environment, especially for the sam-
pled region.

II. Literature Review

The nexus between urban sprawl and environmental
sustainability has been extensively explored in global lit-
erature. However, the specific context of developing re-
gions, such as WAMZ, presents unique challenges and op-
portunities (Akadiri & Akadiri, 2020; Joshua et al., 2024).
While there is a growing body of research on urban sprawl
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in Africa, the focus on the WAMZ region remains limited.
Existing studies primarily concentrate on individual coun-
tries within the region with limited attention to regional
patterns and interconnections. For instance, (Adeleye et
al., 2019) examined the drivers of urban sprawl in Nigeria,
while (Danso et al., 2021) analyzed the environmental im-
pacts of urbanization in Ghana. While some research has
touched upon the role of governance and policy in shaping
urban development patterns (see Kennedy, 2012; Sorensen,
2011), a comprehensive analysis of the institutional factors
driving urban sprawl and its environmental consequences
in the region is still lacking. By building upon the existing
literature and addressing these research gaps, this study
aims to make a significant contribution to the understand-
ing of urban sprawl and environmental sustainability in the
WAMZ region.

II1. Data and Methodology
A. Model specification

To evaluate the role of institutions in the urbanization-
environmental sustainability nexus in WAMZ, we follow the
empirical literature (as in U. F. Akpan & Abang, 2015; U.
F. Akpan & Atan, 2016; Ali et al., 2019; Gaiya et al., 2024;
Hilili et al., 2024) to specify our model as follows:

EVSy =a+ B1URB; + BoINST;; + X{te (1)

+n; + )\t + Eit

Where EV S;; represents environmental sustainability indi-
cator, URB;; represents urbanization, INSTis the insti-
tutional quality indicators, X;; is a vector of control vari-
ables (namely economic activities and trade openness), 7;
captures the unobserved country-specific heterogeneity ef-
fects, A; captures the time-specific fixed effects, and ¢;; is
the error term with its well-behaved properties.

To evaluate the indirect impact of institutions on envi-
ronmental sustainability in WAMZ, we introduce interac-
tion terms in Equation (1) as follows:

EVSlt =a + ﬂlURBlt -+ /82INSTrLt
+ At + i
The coefficients 82 and §3 capture the direct and indirect
effects of institutions on environmental sustainability. The
direct and indirect effects of institutions on environmental
sustainability are captured through interaction terms, with
the model also accounting for country-specific heterogene-
ity and time-specific effects.

B. Data

The World Development and Governance Indicators
database provided the data for all variables except CO2
emissions, which came from Ritchie et al. (2023). CO2
emissions, urbanization, and six institutional measures
(COC, GOVE, REG, VOICE, POL, and ROL) were used as
proxies for environmental sustainability and institutions.
Economic activities and trade openness were included as
control variables. All variables except institutional ones
were natural log-transformed for interpretation. Urbaniza-
tion’s impact on environmental sustainability depends on

Figure 1: Co2 Emissions and Urbanization in WAMZ
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Figure 1. CO, Emissions and Urbanization in WAMZ

its management. Strong institutions are expected to pos-
itively influence environmental sustainability, while eco-
nomic activities can have both positive and negative ef-
fects. Trade openness may complicate the relationship
between economic activities and environmental sustain-
ability due to the pollution haven hypothesis (see Figure 1).

IV. Main Results

Table 1 presents the main estimated results excluding
the interaction term. Across all models (1-12), both random
and fixed effects were validated as indicated by the p-values
of the respective tests. However, the p-values from the
Hausman test favor the fixed-effect model as the more ap-
propriate choice. The findings from the fixed-effect models
provide strong evidence that institutions significantly in-
fluence environmental sustainability in WAMZ. Most insti-
tutional quality measures yielded negative and significant
coefficients, suggesting that improvements in institutional
quality are associated with reduced environmental degra-
dation. This aligns with the findings of Akpan & Kama
(2023) and Gaiya et al. (2024). Notably, government effec-
tiveness was the only institutional measure with an in-
significant impact. Additionally, the results reveal that ur-
banization in WAMZ is a major contributor to
environmental degradation, underscoring the need for ef-
fective urban planning and environmental governance
(Akadiri et al., 2024; Tule et al., 2024).

The results in Table 2, where interaction terms were in-
troduced, indicate that institutions in WAMZ do not exhibit
the expected mediating effect on the detrimental impact of
urbanization on the environment. This suggests that while
institutions are important for environmental sustainability,
their ability to mitigate the negative effects of urbaniza-
tion may be limited, revealing potential weaknesses in in-
stitutional effectiveness. These limitations may arise from
inadequate enforcement of environmental regulations, in-
sufficient resources, or ineffective governance structures.
Strengthening institutions and enhancing their capacity to
implement and enforce sustainable urban planning and en-
vironmental protection measures may, therefore, be crucial
for improving environmental outcomes in WAMZ.
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Table 1. Urbanization, Institutions and Environmental Sustainability in WAMZ: Results without Interaction Terms

(1) (2) (3 (4) (5) (6) 7 (8) (9) (10) (11) (12)

Variables FE RE FE RE FE RE FE RE FE RE FE RE
URB 0.08789*** 0.06620** 0.09265*** 0.06655** 0.12178*** 0.09583*** 0.08871*** 0.07011** 0.10398*** 0.08131*** 0.13648*** 0.09245***

(0.0283) (0.0278) (0.0300) (0.0294) (0.0267) (0.0268) (0.0280) (0.0276) (0.0295) (0.0287) (0.0274) (0.0276)
RGDG 0.55346*** 0.43547*** 0.53965*** 0.42043*** 0.65814*** 0.53090*** 0.59483*** 0.48115*** 0.61014*** 0.49807*** 0.76808*** 0.54840***

(0.0673) (0.0541) (0.0669) (0.0531) (0.0648) (0.0562) (0.0722) (0.0602) (0.0747) (0.0629) (0.0745) (0.0615)
OPEN 0.11769** 0.08813* 0.09757** 0.07163 0.13722*** 0.11140*** 0.09581** 0.07771* 0.07793* 0.06672 0.13881*** 0.09960**

(0.0487) (0.0489) (0.0463) (0.0466) (0.0419) (0.0431) (0.0445) (0.0448) (0.0442) (0.0446) (0.0416) (0.0438)
coc -0.07716* -0.04895

(0.0445) (0.0444)
GOVE -0.08483 -0.03930

(0.0702) (0.0694)
REG -0.25397*** -0.2087***
(0.0497) (0.0504)
pPoL -0.08304** -0.04883
(0.0374) (0.0359)
VOICE -0.14107** -0.09763
(0.0612) (0.0595)
ROL -0.29004*** -0.18052***
(0.0544) (0.0528)

Const. -14.7097*** -11.8752*** -14.3318*** -11.5067*** -16.788*** -13.790*** -15.568*** -12.906*** -15.684*** -13.114** -19.310*** -14.242**

(1.6303) (1.3286) (1.6131) (1.2951) (1.5408) (1.3555) (1.7145) (1.4572) (1.7222) (1.4710) (1.7389) (1.4555)
Observations 120 120 120 120 120 120 120 120 120 120 120 120
R-squared 0.382 0.374 0.487 0.392 0.395 0.496
Wald F-Test 58.770 40.360 72.720 65.720 68.230 73.360

(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Breusch-Pagan LM test 308.800 213.760 277.530 415.260 489.000 276.140
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Hausman test 9.57 9.57 13.32 8.09 7.76 19.67
(0.048) (0.043) (0.009) (0.088) (0.101) (0.001)
Number of Id 6 6 6 6 6 6 6 6 6 6 6 6
Standard errors are reported in parentheses for the estimated parameters while those for the diagnostic tests are p-values; ***, **
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In our robustness check, we followed the approach of
Gaiya et al. (2024) by constructing a composite index for
institutional quality through principal component analysis
(PCA), incorporating all six institutional measures used in
the baseline models. The re-estimated model using this
composite index yielded results consistent with our base-
line findings, as shown in Table 3. The analysis confirms
that institutions have a direct beneficial effect on environ-
mental sustainability. However, their mediating role in mit-
igating the impact of urbanization on the environment re-
mains insignificant. This suggests that further efforts are
needed to enhance institutional mechanisms specifically
aimed at managing the adverse effects of urbanization.

V. Conclusion

The findings of this study provide compelling evidence
for the significant influence of institutions on environmen-
tal sustainability within the WAMZ region. The empirical
results consistently demonstrate that improvements in in-
stitutional quality are associated with reduced environ-
mental degradation. Based on these findings, we propose
the following policy suggestions. First, this region should
invest in capacity-building programs to enhance the ability
of WAMZ countries to develop, implement, and enforce
effective environmental policies and regulations while
strengthening governance structures, promoting trans-
parency, and accountability in environmental management
to enhance institutional effectiveness. Additionally, WAMZ
should develop and implement comprehensive sustainable
urban planning strategies that incorporate environmental
considerations into urban development processes. Second,
policymakers should increase investments in environmen-
tal infrastructure, such as waste management systems,
wastewater treatment facilities, and public transportation,
to mitigate the environmental impacts of urbanization. The
region should encourage sustainable consumption and pro-
duction practices through awareness campaigns, education,
and policy incentives. Lastly, it is crucial to foster regional
cooperation and knowledge sharing among WAMZ coun-
tries to address common environmental challenges and
promote sustainable development.

Submitted: August 19, 2024 AEDT. Accepted: September 08,
2024 AEDT. Published: February 17, 2026 AEDT.
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Table 2. Urbanization, Institutions and Environment in WAMZ: with interaction terms

(1) (2) (3) 4 (5) (6)
Variables FE FE FE FE FE FE
URB 0.248** 0.042 0.038 0.128 -0.353** 0.115
(0.119) (0.093) (0.071) (0.085) (0.172) (0.088)
RGDP 0.517*** 0.569*** 0.708*** 0.582*** 0.702*** 0.779***
(0.072) (0.085) (0.076) (0.077) (0.080) (0.087)
OPEN 0.104** 0.102** 0.147*** 0.090* 0.082* 0.141**
(0.049) (0.047) (0.042) (0.046) (0.043) (0.043)
coc 0.138
(0.162)
URB*COC -0.056
(0.040)
GOVE -0.192
(0.199)
URB*GOVE 0.026
(0.045)
REG -0.412***
(0.133)
URB*REG 0.040
(0.031)
POL -0.029
(0.117)
URB*POL -0.016
(0.033)
VOICE -0.632***
(0.192)
URB*VOICE 0.138***
(0.051)
ROL -0.326**
(0.150)
URB*ROL 0.009
(0.035)
Const. -14.44>* -14.82*** -17.66*** -15.38*** -16.19*** -19.50***
(1.635) (1.831) (1.680) (1.765) (1.686) (1.884)
Observations 120 120 120 120 120 120
R-squared 0.393 0.376 0.494 0.394 0.432 0.496
Wald F-test 59.64 39.43 72.03 60.99 72.12 71.74
P-value (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
No.of Id 6 6 6 6 6 6
Standard errors are reported in parentheses. ***, **, and * denotes statistical significance at 1%, 5%, and 10% levels, respectively
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Table 3. Urbanization, Institutions and Environment in WAMZ: Using composite Index of Institution (INST)

computed with PCA
(1) (2)
Variables FE FE
Institutions (INST) -0.112*** -0.067
(0.029) (0.077)
Urbanization 0.116*** 0.092*
(0.028) (0.047)
INST*Urbanization -0.011
(0.017)
Real GDP 0.661*** 0.623***
(0.072) (0.093)
Trade Openness 0.128*** 0.123***
(0.044) (0.045)
Constant -17.618*** -16.645***
(1.778) (2.353)
Observations 120 120
R-squared 0.439 0.441
Wald F-test 59.02 58.78
P-value (0.000) (0.000)
Number of Id 6 6

Standard errors are reported in parentheses. *** *

* and * denotes statistical significance at 1%, 5%, and 10% levels, respectively

This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International License

(CCBY-SA-4.0). View this license’s legal deed at https://creativecommons.org/licenses/by-sa/4.0 and legal code at https://cre-

ativecommons.org/licenses/by-sa/4.0/legalcode for more information.

Energy RESEARCH LETTERS



Urban Sprawl and Environmental Sustainability in WAMZ: An Institutional Perspective

References

Adeleye, B., Popoola, A., Sanni, L., Zitta, N., &
Ayangbile, 0. (2019). Poor development control as
flood vulnerability factor in Suleja, Nigeria. Town and
Regional Planning, 74, 23-35. https://doi.org/
10.18820/2415-0495/trp74i1.3

Akadiri, S. S., & Akadiri, A. C. (2020). Interaction
between CO2 emissions, energy consumption and
economic growth in the Middle East: panel causality
evidence. International Journal of Energy Technology
and Policy, 16(2), 105-118. https://doi.org/10.1504,
IJETP.2020.105507

Akadiri, S. S., Apinran, M. O., & Usman, N. (2022). New
insight into Feldstein and Horioka Paradox:
Analyzing the mediating roles of globalization,
urbanization, and foreign direct investment. Journal
of Public Affairs, 22(2), e2472.

Akadiri, S. S., Olasehinde-Willams, G., Haouas, I.,
Lawal, G. O., Fatigun, A. S., & Sadig-Bamgbopa, Y.
(2024). Natural resource rent, financial globalization,
and environmental degradation: Evidence from a
resource rich country. Energy & Environment, 35(6),
2911-2934. https://doi.org/10.1177
0958305X231159446

Akpan, U. F.; & Abang, D. E. (2015). Environmental
Quality and Economic Growth: A Panel Analysis of
the “U” in Kuznets. Journal of Economic Research,
20(3), 317-339.

Akpan, U. F., & Atan, ]. A. (2016). Relationship between
Trade Openness, Institutions and Economic Growth
in Sub-Saharan Africa: A Further Look at the
Evidence. British Journal of Economics, Management
and Trade, 15(1), 1-20.

Akpan, U., & Kama, U. (2023). Does institutional quality
really matter for environmental quality? Energy &
Environment, 0958305X231180702. https://doi.org/
10.1177/0958305X231180702

Ali, H. S., Zeqiraj, V., Lin, W. L., Law, S. H., Yusop, Z.,
Bare, U. A. A., & Chin, L. (2019). Does quality
institutions promote environmental quality?
Environmental Science and Pollution Research, 26,
10446-10456. https://doi.org/10.1007
$11356-019-04670-9

Danso, G. K., Takyi, S. A., Amponsah, O., Yeboah, A. S.,
& Owusu, R. O. (2021). Exploring the effects of rapid
urbanization on wetlands: insights from the Greater
Accra Metropolitan Area, Ghana. SN Social Sciences,
1, 1-21. https://doi.org/10.1007/s43545-021-00218-2

Energy RESEARCH LETTERS

Gaiya, B. A., Akinwunmi, A. A., Akpan, U. F., Abel, A.,
& Etudaiye, I. M. (2024). External Debt, Institutions
and Economic Growth: New Evidence from Emerging
Markets and Low-Income Countries. Journal of Social
and Economic Development. https://doi.org/10.1007
$40847-024-00363-3

Hilili, M. J., Akadiri, S. S., & Eneanya, C. N. (2024).
Powering Nigeria’s future: balancing renewable and
non-renewable energy for environmental
sustainability. Energy Systems, 1-22. https://doi.org/
10.1007/s12667-024-00686-4

Johnson, R. C. (2018). Measuring global value chains.
Annual Review of Economics, 10(1), 207-236. https://
doi.org/10.1146/annurev-economics-080217-053600

Joshua, U., Akadiri, S. S., Sarkodie, S. A., & Meadows, O.
(2024). Accounting for sustainable economic growth
in Nigeria: the role of external factors. Journal of
Social and Economic Development, 1-18. https://
doi.org/10.1007/s12667-024-00686-4

Kennedy, D. (2012). Laws and Developments. In Law and
development (pp. 17-26). Routledge-Cavendish.

Nguyen, H. H., Recknagel, F., & Meyer, W. (2019).
Effects of projected urbanization and climate change
on flow and nutrient loads of a Mediterranean
catchment in South Australia. Ecohydrology &
Hydrobiology, 19(2), 279-288. https://doi.org/
10.1016/j.ecohyd.2018.10.001

Ritchie, H., Rosado, P., & Roser, M. (2023). CO; and
Greenhouse Gas Emissions: Data adapted from Global
Carbon Project. https://ourworldindata.org/grapher,
co-emissions-per-capita

Smith, B., & Brown, C. (2020). The Environmental Costs
of Urbanization in Africa®. African Journal of Ecology,
58(1), 67-82.

Sorensen, A. (2011). Uneven processes of institutional
change: path dependence, scale and the contested
regulation of urban development in Japan.
International Journal of Urban and Regional Research,
35(4), 712-734. https://doi.org/10.1111
j.1468-2427.2010.00975.x

Tule, J. M., Offum, P. F., Haouas, I., Akadiri, S. S., &
Meadows, O. (2024). Harmonizing renewable energy
and economic growth in Sub-Saharan Africa: the
transformative potential of ICT. International
Economics and Economic Policy, 1-32. https://doi.org/
10.1007/s10368-024-00617-9



https://doi.org/10.18820/2415-0495/trp74i1.3
https://doi.org/10.18820/2415-0495/trp74i1.3
https://doi.org/10.1504/IJETP.2020.105507
https://doi.org/10.1504/IJETP.2020.105507
https://doi.org/10.1177/0958305X231159446
https://doi.org/10.1177/0958305X231159446
https://doi.org/10.1177/0958305X231180702
https://doi.org/10.1177/0958305X231180702
https://doi.org/10.1007/s11356-019-04670-9
https://doi.org/10.1007/s11356-019-04670-9
https://doi.org/10.1007/s43545-021-00218-2
https://doi.org/10.1007/s40847-024-00363-3
https://doi.org/10.1007/s40847-024-00363-3
https://doi.org/10.1007/s12667-024-00686-4
https://doi.org/10.1007/s12667-024-00686-4
https://doi.org/10.1146/annurev-economics-080217-053600
https://doi.org/10.1146/annurev-economics-080217-053600
https://doi.org/10.1007/s12667-024-00686-4
https://doi.org/10.1007/s12667-024-00686-4
https://doi.org/10.1016/j.ecohyd.2018.10.001
https://doi.org/10.1016/j.ecohyd.2018.10.001
https://ourworldindata.org/grapher/co-emissions-per-capita
https://ourworldindata.org/grapher/co-emissions-per-capita
https://doi.org/10.1111/j.1468-2427.2010.00975.x
https://doi.org/10.1111/j.1468-2427.2010.00975.x
https://doi.org/10.1007/s10368-024-00617-9
https://doi.org/10.1007/s10368-024-00617-9

	Urban Sprawl and Environmental Sustainability in WAMZ: An Institutional Perspective
	I. Introduction
	II. Literature Review
	III. Data and Methodology
	A. Model specification
	B. Data

	IV. Main Results
	V. Conclusion
	References


