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Abstract: Migration-induced land degradation is a challenging environmental issue in Sub-Saharan
Africa. The need for expansion due to urban development has raised the question of effective sustain-
able measures. Understanding migration and land degradation links is paramount for sustainable
urban development and resource use. This is particularly true in Nigeria, where elevated migration
levels frequently result in accelerated land degradation due to urban expansion. Given the need to
understand the impact of migration on land degradation in the Savannah Region of Nigeria (SRN),
this study introduces a novel approach by integrating remote sensing data (NDVI, NDBI) with
local community perceptions (mixed-methods approach) to assess the impact of migration on land
degradation in four migration destination communities located in two local government areas (LGAs)
(Sabon Gari East and Sabon Gari West of Fagge LGA; Zuba and Tungamaje of Gwagwalada LGA).
We conducted focus group discussions and a semi-structured survey with 360 household heads to
obtain a comprehensive view of perceptions. Our findings revealed that 41.1% and 29.5% of the
respondents agreed and strongly agreed that migration significantly contributes to land degradation.
We analysed the spatiotemporal patterns of the Normalised Difference Vegetation Index (NDVI) and
the Normalised Difference Built-Up Index (NDBI) acquired from Landsat 8 datasets for 2014 to 2023.
While increasing NDBI values were observed in all communities, a slight decrease in NDVI was noted
in Sabon Gari East and Tungamaje. Our analyses highlighted activities leading to land degradation
such as land pressure due to built-up expansion at Sabon Gari East, Sabon Gari West, and Tungamaje,
and deforestation at Zuba. Based on the varying challenges of migration-induced land degradation,
we recommend adequate community participation in suggesting targeted interventions and policies
to foster various adaptive capacities and sustainable environments within SRN communities and
Sub-Saharan Africa.

Keywords: internal migration; vegetation loss; urban development; sustainable planning; land
degradation

1. Introduction

Globally, urban growth driven by migration has become a major driver of land degra-
dation, particularly in peri-urban areas [1,2]. Consequently, inadequate land planning
increases land degradation through pressure on available resources and habitat destruc-
tion [3-5]. The continuous influx of migrants into urban areas drives unplanned urban
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expansion, leading to encroachment of natural habitats and exacerbation of land degrada-
tion [5-7]. Effective land planning is essential for sustainable development, but migration-
driven urbanisation often challenges this endeavour [8,9].

In Sub-Saharan Africa, especially Nigeria, migration is a key driver of urban growth
and land degradation [10,11]. Climate change, population increase, and socioeconomic
conditions propel internal migration [12]. Over 70% of Nigerians live below the national
poverty line, and migration is often adopted as a way to escape poverty and conflict, further
intensifying urban expansion and land degradation [13]. This leads to the search for better
economic opportunities and higher standards of living [4,14,15]. Internal migration within
Nigeria often occurs across settlements, wards, local government areas (LGAs), and states
through rural-urban, rural-rural, urban-urban and urban-rural movements [16]. This
impacts the environment and livelihoods of the country by causing drought, erosion, food
insecurity, and unemployment [17]. Studies have shown that urban growth and industrial
activities contribute to land and environmental degradation [18-22], and attract migrants to
emerging urban centres, further intensifying urban expansion and land degradation [23-25].
The rapid and poorly managed transition from natural landscapes to built-up areas, driven
by increasing demographic pressure, plays a key role in vegetation loss and expansion of
impervious surfaces [26-28].

Poor land governance, characterised by inadequate incorporation of land users’ per-
ceptions and experiences, results in less efficient mitigation measures against land degra-
dation [29]. While remote sensing has been used for assessing urbanisation trends [30,31]
and land degradation [19,32], identifying actual land degradation processes from assess-
ments of a few land use change classes with comparatively low resolution remains chal-
lenging [33,34]. However, it can be suggested that integrating remote sensing with the
description of site-specific processes and local community perceptions could facilitate a
more comprehensive understanding of the negative trends induced by migration and the
necessity for mitigation measures. Understanding the views of communities regarding
who should lead such discussions can enhance the efficacy of these interventions. This will
foster sustainable development, improve resilience against environmental challenges, and
ensure the well-being of present and future generations [4,35]. Currently, no study in the
Savannah Region of Nigeria (SRN) has considered people’s perceptions of the impact of
migration on land degradation. This study significantly contributes to the existing litera-
ture by incorporating the experiences and perceptions of local communities, which have
been overlooked in previous research. This novel approach is crucial for urban planners
and policymakers to understand the link between migration and land degradation, espe-
cially in historically urbanised or settled areas. The absence of recent, accurate data from
regular population censuses in Nigeria has made it challenging to understand migration
patterns [24]. However, local knowledge and perception can provide valuable insights into
migration dynamics. Therefore, this study aims to evaluate the perception of the impact of
migration on land degradation in the Savannah Region of Nigeria.

The study objectives are to:

1. Identify land degradation processes through the analysis of remotely sensed data at
the migration hotspots;

2. Assess the perspectives of residents and migrants on the influence of migration on
land degradation;

3. Evaluate the link between community perceptions of activities leading to land degra-
dation and the remotely sensed land degradation processes;

4. Identify responsibilities in migration and land degradation interventions.

This research addresses the existing gap in understanding the complex relationship
between migration and land degradation, particularly through the lens of local knowledge.
Therefore, it contributes to developing sustainable practices and resilience against envi-
ronmental challenges, and provides insights for sustainable development and resilience
against environmental challenges. This will also contribute towards achieving the United
Nations” Sustainable Development Goals, particularly Goal 15—*“Life on Land”.
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2. Materials and Methods
2.1. Study Area

The study was conducted in four communities identified as major migration hotspots
in the SRN. The study locations were Sabon Gari East, Sabon Gari West, Zuba, and Tunga-
maje (Figure 1). The selection process is part of the survey, as described in Section 2.3. The
communities of Sabon Gari East and Sabon Gari West are located within the Fagge Local
Government Area (LGA) of Kano State and have long been known to be one of the oldest
immigrant settlements in Kano, dating back to the trans-Saharan trade in the 14th and 15th
centuries. Traders were attracted to the city’s strategic location along the trans-Saharan
trade routes and the economic opportunities it offered [36,37]. Sabon Gari East and Sabon
Gari West have been persistent destination hotspots for migrants to date [38]. In the indige-
nous language (Hausa), Sabon Gari is interpreted as “strangers’ quarters”, meaning an area
earmarked for the settlement of migrants in the community [38]. Like other communities,
they serve as major trade hubs. These communities are typical of settlements in Kano,
one of Nigeria’s most populous states. These areas comprise residential and commercial
areas that are mostly unplanned [39]. Zuba and Tungamaje are communities within the
Gwagwalada Area Council of the Federal Capital Territory. Both communities experienced
in-migration due to economic and job opportunities, urban infrastructure, and proximity
to the Federal Capital City of Abuja [40,41]. This has resulted in urban expansion and
the rapid development of housing and infrastructure, leading to the encroachment of
previously undeveloped land, loss of vegetation cover and an overall increase in land and
environmental degradation, as evidenced in other communities in Abuja [42].

Africa (a) Kano State Fagge

q
0 1,750 km % o ) 0 40 km
-
Nigeria (b) Federal Capital Territory (Abuja) Gwagwalada

~

Tungamaje ®

0 25 0 10 km
|

[T] state boundaries I ragge LGA N
[ KanoState [_] Gwagwalada LGA A
[] Federal Capital Territory ~ *  Study sites (communities)

Figure 1. Map of Nigeria showing the study areas. Maps in left column indicates location of Nigeria
(brown colour) in Africa and location of LGAs within Nigeria (bottom left). Central column highlights
the LGAs location within the respective state of Nigeria and right column shows location of study
areas within respective LGAs.

These study locations are in the Savannah Region of Nigeria (SRN). The SRN’s pre-
dominantly rain-fed agricultural economy contributes to the region’s livelihoods. It is
home to diverse food crops cultivated primarily during the rainy season, including corn,
sorghum, millet, rice, cowpea, groundnut, cassava, yam, and mango. Additionally, the re-
gion is a major producer of cash crops such as shea butter, citrus, acacia, and baobab [43,44].
Although the SRN is the food basket of the nation [45], it remains highly vulnerable to
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climate change and human-induced land degradation, thereby increasing food security
issues [46].

2.2. Geospatial Analysis of Land Degradation

To assess land degradation through the spatiotemporal changes of vegetation and
build-up within the last decade at the study locations, 30 m spatial resolution collection
1 tier remotely-sensed imagery scenes and data were obtained from Landsat 8 Operational
Land Imager (OLI) between 2014 and 2023 using the Google Earth Engine (GEE) platform
(https:/ /earthengine.google.org, accessed on 29 May 2024) [47]. Images were selected
from December, which represents the peak of the dry season, to obtain the highest quality,
consistent data, and the least cloud cover within the context of the regular yearly pattern
for locations in the tropical savannah [48]. The Fmask (Function of mask) algorithm was
employed to select Landsat scenes from a single date, thereby ensuring minimal influence
of cloud cover and shadows [49]. The mean of all values at each pixel across the stack
of all matching bands for the two scenes available for the December image collection
was then calculated. Then, the Normalised Difference Vegetation Index (NDVI) and
Normalised Difference Built-Up Index (NDBI) were generated using the spectral bands of
the Landsat 8 datasets. This was done to characterise the changing land degradation status
of the communities.

NDVI is a widely used indicator of vegetation health and land degradation [50]. This
is based on the difference between the near-infrared (ranging between 0.85 um and 0.88 um
for Landsat 8/9) and red reflectance (ranging between 0.64 um and 0.67 um), [51]. It is
calculated using Equation (1):

NIR — RED
NPVL= iR+ RED @

The NIR and RED spectral reflectance bands are the respective near-infrared and red
spectral reflectance bands of the Landsat 8 data.

In the range of —1 to +1, NDVI can be used to indicate the presence of healthy
vegetation and land degradation. NDVI values close to +1 indicate healthy and dense
vegetation, whereas low NDVI values characterise non-vegetated surfaces. NDVI values
close to zero are characteristic of bare soils and rocky and sealed surfaces, whereas water,
clouds, and snow produce negative values [48]. A decrease in NDVI over time indicates
loss of vegetation cover, a key indicator of land degradation.

The normalised difference built-up index (NDBI) is a useful metric for assessing the
intensity of urbanisation, land cover change and land degradation in an area [52]. It
is based on the difference between the shortwave infrared (SWIR) (wavelength ranging
between 1.57 um and 1.65 um for Landsat 8/9) and NIR reflectance (0.85 um-0.88 um). The
calculation of NDBI is expressed using Equation (2):

SWIR — NIR
NPBL= SWiR + NIR @

SWIR and NIR are the shortwave infrared and near-infrared spectral bands of the
Landsat 8 data, respectively.

NDBI values range from —1 to +1 and high NDBI values indicate large proportions of
built-up areas and impervious surfaces [53]. An increase in NDBI values depicts the conver-
sion of natural lands to urban or built-up areas, which is also a form of land degradation.

The analyses of changes in NDVI and NDBI complement each other to provide a
comprehensive understanding of land degradation trends by capturing vegetation loss and
expanding built-up areas [54].

2.3. Field Survey Data Collection and Analysis

We surveyed migration and land degradation using a purposive multi-stage random
sampling design. The first stage involved a purposive selection of locations undergoing
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rapid urbanisation (Kano and Abuja). Second, four communities were selected based on
official enumeration areas (EA) from two LGAs, Fagge (Kano) and Gwagwalada (Abuja),
as identified destination hotspots for migrants [36,55,56]. The survey was conducted in
enumeration areas (EA) as cluster communities, as adopted by (Oyeniyi, 2013) [16] and also
recommended by (Taiwo et al., 2023) [57] for enhanced information accuracy. These areas
were identified as in-migration hotspots by preliminary reconnaissance surveys. Finally, we
selected a sample size of 90 household heads for each EA (totalling 360 respondents). This
was due to the limited accessibility and availability of respondents (as utilised by (Oyeniyi,
2013) [16,58]. This approach ensured that a comprehensive picture of the different percep-
tions and experiences of the respondents was captured. Semi-structured questionnaires
were administered. The data collection process was conducted by digitally integrating
the questionnaire survey into the KoboToolbox application (Version 2.022.44) on mobile
devices to ensure the accuracy and integrity of the collected data.

In each community, joint interaction sessions were conducted as open-ended focus
group discussions (FGDs) (as suggested by Biaou et al., 2021 [59]) involving migrants,
non-migrants, community elders, and various household heads. The first section highlights
the respondents’ perceptions of the impact of migration on destination communities. The
second section presents how communities perceive the challenges of land degradation
posed by migration. The third section provides the level of agreement on the impact
of migration on land degradation on the scale of “strongly agree”, “agree”, “neutral”,
“disagree” and “strongly disagree”. The last section examines respondents” views on who
should take the lead in addressing migration-induced land degradation. The discussions
focused on the participants’ perceptions and opinions regarding the effects of migration on
the host communities, with a focus on the past twenty years.

The Statistical Package for the Social Sciences (SPSS 20) was used for coding, pro-
cessing descriptive statistical analysis of the obtained field survey data, and quantifying
the perceived activities leading to land degradation, among other parameters. The results
are presented as percentages, tables, and figures. The Kruskal-Wallis rank sum test, a
nonparametric alternative [60], was employed to determine differences in perceptions
of various communities. After the significant differences between communities were
identified, pairwise comparisons were conducted to determine how specific communi-
ties perceived activities differently. These included adjustments, such as the Bonferroni
correction, to control the overall Type I error rate (false positive) in the case of multiple
comparisons [61].

2.4. Linking Processes and Perceived Activities Leading to Land Degradation

This study employs a novel methodological approach, integrating remote sensing data
(NDVI and NDBI) with local community perceptions. This combination allows for a more
detailed analysis of land degradation processes driven by migration, particularly at the
community level. We evaluated the relationship between the remotely sensed processes
and activities leading to land degradation as perceived by the respondents using the
multinomial logistic regression model proposed by Hedeker (2003) [62], to analyse clustered
or longitudinal nominal or ordinal response data. This methodology has been previously
used to examine the relationship between land use changes (dependent) and socioeconomic
(independent) variables [63], as well as community perceptions of population growth,
economic activities, and climate (as independent variables) [64]. The factors (independent
variables) leading to land degradation were identified based on local knowledge from
field surveys at the study locations. The logistic regression model is often employed to
assess the probability of the effects of independent variables on dependent variables [63]
(Equation (3)).

Logit(Y) = oc+ B1Xq + B2Xo + B3Xz + ... + BrXn ©)
where Y is the dependent variable, « is the intercept, 31... fn are the coefficients of the

associated independent variables, and Xj... X, are the independent variables. In this
study, the NDVI and NDBI values as indicators of land degradation are the dependent
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variables, and the perceptions of activities leading to land degradation are the independent
variables. This implies that changes in vegetation and built-up areas occurred due to
identified activities that led to land degradation in each community.

The Akaike Information Criterion (AIC) and Bayesian Information Criterion (BIC)
were employed to determine the optimal model for regression analysis. In addition, the
strength of the relationship between the observed land degradation processes and the
perceived activities leading to land degradation was evaluated utilising the Nagelkerke
R?, as proposed in [65]. Nagelkerke R? represents an adjusted R? value that quantifies the
proportion of the overall variance in the dependent variable that can be explained by the
independent variables included in the logistic regression model [66]. The significance of
these tests was established at a confidence level of 95%.

2.5. Ethical Considerations

This study addressed ethical issues and strictly adhered to relevant considerations.
Efforts were made to ensure the cooperation of respondents in both interviews and focus
group discussions (FGDs) by clearly explaining the purpose and aim of the study. They
were also reassured of the utmost anonymity and confidentiality in their responses. Ver-
bal consent was obtained from the respondents before the interviews and discussions,
and they were informed that this study would not negatively impact the community or
any individual.

3. Results
3.1. Spatiotemporal Patterns of Land Degradation

The NDVI and NDBI in the Sabon Gari East and Sabon Gari West communities of Fagge
LGA exhibited spatial and temporal variations between 2014 and 2023 (Figures 2 and 3). A
decline in vegetation was observed in the northern region of the larger surroundings of the
investigated communities (in Fagge LGA) (Figure 2a,b). This development is also visible
in the western part of Sabon Gari East, where new buildings have been constructed along
a small body of water (Figure 3). Conversely, vegetation has increased slightly in Sabon
Gari West, although this is not reproducible in the Google Earth images (Figure 3). The
settlement areas in LGA Fagge underwent intense densification (Figure 2¢,d). Meanwhile,
both communities exhibited comparable temporal patterns of increased built-up areas,
with Sabon Gari West experiencing a notably larger proportion than Sabon Gari East.
The descriptive summary statistics of these indices (Table 1) and a view of the Google
Earth images of both communities in 2014 (Figure 3a) and 2023 (Figure 3b) confirm the
increase in the built-up areas, particularly in Sabon Gari West, and the minimal presence of
green spaces and changes in vegetation. On the other hand, the multiannual Landsat data
(2014-2023) of these communities demonstrate considerable variations in the utilisation of
NDVI and NDBI over the years (Figure 4). The well-known challenges associated with the
use of these indices (such as the varying quality of the atmospheric correction, alterations
in illumination and viewing geometries, and the dependency on seasonal meteorological
development) introduce an inherent degree of uncertainty to the indices. However, these
trends underpin the interpretation of the change analysis.

The vegetation patterns in the Zuba and Tungamaje communities of Gwagwalada
LGA (Figures 5 and 6) were similar to those observed in Fagge LGA. The NDVI indicated
a decline in vegetation cover in Zuba, whereas Tungamaje exhibited minimal changes in
vegetation between the study years. Despite the apparent stability of the vegetation cover,
Tungamaje exhibited a higher rate of built-up expansion and densification of settlement
bodies, a result similar to that observed in Sabon Gari West. In contrast, Zuba demonstrated
a slight increase in the expansion of built-up areas. The descriptive summary statistics of
these indices (Table 1) and a view of the Google Earth images of Zuba and Tungamaje in
2014 (Figure 7a) and 2023 (Figure 7b) indicate an increase in built-up areas, particularly in
Tungamaje. The built-up areas in Zuba were already well-established in 2014.
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2014 2023

0 1 2 KM
| I

Figure 2. Spatial distribution of NDVI (a,b) and NDBI (c,d) at the study locations in Fagge in 2014
and 2023.

Table 1. Summary of NDVI and NDBI distributions at the study locations.

Location Parameter Year Mean Minimum  Maximum SD
2014 0.05 0.02 0.15 0.02
NDVI
2023 0.05 0.00 0.19 0.03
Sabon Gari East
2014 0.02 —0.02 0.08 0.01
NDBI

2023 0.03 -0.07 0.11 0.02
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Table 1. Cont.

Location Parameter Year Mean Minimum  Maximum SD
2014 0.10 0.04 0.18 0.03

NDVI
2023 0.10 0.02 0.22 0.04

Sabon Gari West

2014 0.01 —0.07 0.08 0.02

NDBI
2023 0.03 —0.05 0.19 0.03
2014 0.16 0.04 0.28 0.05

NDVI
2023 0.14 0.03 0.32 0.05

Zuba

2014 0.02 —0.18 0.15 0.04

NDBI
2023 0.04 —0.14 0.15 0.03
2014 0.16 0.06 0.30 0.05

NDVI
. 2023 0.16 0.04 0.33 0.05

Tungamaje

2014 0.02 —0.16 0.20 0.04

NDBI
2023 0.02 —0.17 0.23 0.03

Figure 3. Built-up areas at Sabon Gari East and Sabon Gari West of Fagge LGA in (a) 2014 and (b) 2023

(Source: Google Earth, 2024).
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Sabon Gari West Sabon Gari East
(a) Lo L y = 0.0003x + 0.0541 (b) 0.07
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0.01 0.01
()} 0
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Year Year
@=NDVI —=Linear (NDVI) «=NDVI ==Linear (NDVI)
0.06 0.05
(c) y = 0.0008x + 0.0331 (d) y = 0.0022x + 0.0148
R? = 0.1077 R = 0.4595
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Figure 4. Temporal variations in NDVI (a,b) and NDBI (c,d) at Sabon Gari West and Sabon Gari East
in 2014 and 2023.

2014 2023

. (a) (b)

te Zuba ; “Zuba

A - Ay P
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= _0.10 | ' 3
s | .

Figure 5. Cont.
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Figure 5. Spatial distribution of NDVI (a,b) and NDBI (c,d) at the study locations in Gwagwalada in
2014 and 2023.
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Figure 6. Cont.
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(b)

Tungamaje'd

Google Earth
Figure 6. Built-up areas in Zuba and Tungamaje of Gwagwalada LGA in (a) 2014 and (b) 2023 (Source:
Google Earth, 2024).

Zuba Tungamaje
0.2 0.24
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o1 v\w - \/\R T

018 \/\/
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(=] 0no.12
Z o.08 z
0.08
0:04 0.04
o 0
2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
Year Year
«=NDVI —Linear (NDVI) ==NDVI —Linear (NDVI)
(C) 0.06 y = 0.0004x + 0.0447 (d) 0.06 y = 0.0009x + 0.0291
R? = 0.0522 Rz = 0.0497
0.05 0.05
0.04 g 0.04 /\ /\ / s
o A4 \
E 0.03 < 0.03 \
4 ; /
0.02 0.02
0.01 0.01
0 [}
2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
Year Year
«=NDBI —Linear (NDBI) «=NDBI —Linear (NDBI)

Figure 7. Temporal variations in NDVI (a,b) and NDBI (c¢,d) in Zuba and Tungamaje in 2014 and 2023.

3.2. Impacts of Migration on Destination Communities
3.2.1. Perceived Challenges of Communities Due to Migration

In each community surveyed, the respondents identified various challenges associated
with migration within the 500 m radius of where they lived. In Sabon Gari East, competition
for jobs was perceived as the most prominent challenge, (52.2%), followed by insecurity
(15.9%) (Figure 8). Insecurity was identified as the primary challenge in Sabon Gari West
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and Tungamaje, with 55.6% and 53.8% of respondents citing concerns about safety and
crime rates (Figure 6). Interestingly, Zuba residents expressed relatively lower levels of
concern about insecurity but highlighted issues such as land degradation (24.8%) and
pressure on agricultural lands (5.7%) (Figure 6). Insecurity was generally mentioned as
having the greatest migration challenge across communities, followed by competition
for jobs and land degradation. The Kruskal-Wallis test revealed a statistically significant
difference in the perception of various community challenges due to migration (H = 30.324,
p < 0.05) (Table A1l). The post hoc test identified significant pairwise variation between
the communities: Sabon Gari West-Tungamaje (H = —69.060, p < 0.05), Sabon Gari East-
Tungamaje (H = —64.840, p < 0.05), and Zuba-Tungamaje (H = 64.840, p < 0.05) (Table A2).

60
55.6
53.8
52.2

50

40 39
S
N
@
s 30 26.9
(% 24.8
4 22.2
x 20

20

15.9 14.5
11.6 11.111.1 10.5
10 7.7 1.7
5.8 5.7
l 3-8
0 []
Sabon Gari East Sabon Gari West Zuba Tungamaje
Community
Competition for jobs = Insecurity
Land degradation Pressure on environmental resources
= Pressure on agricultural lands

Figure 8. Perceptions of community challenges due to migration.

3.2.2. Perceptions of Land Degradation Challenges Due to Migration

In each surveyed community, respondents perceived different land-degrading activi-
ties within 500 m of where they lived. Pressure on land for development was the major
concern in Sabon Gari West and Sabon Gari East (59.5% and 71.7%, respectively) (Figure 9).
Deforestation and vegetation loss were also concerns in Sabon Gari West, with 35.1% of re-
spondents identifying this as a key issue (Figure 9). In Tungamaje, pressure on agricultural
lands and pressure on land for development were equally cited as the main challenges
by 50% of respondents (Figure 9). Notably, in Zuba, deforestation/vegetation loss was
overwhelmingly identified as the only challenge, with 100% of respondents expressing
concerns about this issue (Figure 9). On average, pressure on land for development and
deforestation/vegetation loss were the two highest factors of land degradation. There
was no significant difference in perceptions of migration as a reason for land degradation
(H =6.853, p=0.077) (Table A1), as the communities generally agreed on the common
activities leading to land degradation.
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Community

Zuba

Tungamaje

Sabon Gari East

Sabon Gari West

3
& |
N

o

10 20 30 40 50 60 70 80 90 100
Responses (%)
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Figure 9. Perception of land degradation challenges due to migration.

The average proportion of respondents who strongly agreed and agreed that migration
contributed to land degradation was 29.5% and 41.1%, respectively, while 18.4% were
neutral (Table 2). There was no significant difference in these levels of agreement among
respondents from the different communities (H = 4.010, p = 0.260) (Table A1). This was
confirmed by the participants at the FGDs, who unanimously agreed that most land
degradation activities were consequences of population pressure caused by the influx of
migrants into their communities.

Table 2. Perception of migration as a cause of land degradation.

Sabon Gari Sabon Gari

Option East West Zuba Tungamaje Average
Strongly agree 35.6% 33.3% 28.9% 20.0% 29.5%
Agree 42.2% 42.2% 37.8% 42.2% 41.1%
Neutral 15.6% 17.8% 20.0% 20.0% 18.4%
Disagree 4.4% 4.4% 11.1% 15.6% 8.9%
Strongly disagree 2.2% 22 2.2% 2.2% 2.2%

3.3. Effects of Perceived Land Degradation Activities on Land Degradation Processes

To reconcile the remotely sensed land degradation processes with local knowledge of
the various activities leading to land degradation, the multinomial logistic regression model
produced Nagelkerke R? values of 0.166 (Sabon Gari East), 0.225 (Sabon Gari West), 0.391
(Zuba), and 0.221 (Tungamaje) (Table A3). In Sabon Gari East, Sabon Gari West, and Tunga-
maje, the pressure on land for development (for urban growth and infrastructure expansion)
significantly contributed to land degradation. Meanwhile, deforestation/vegetation loss
substantially contributed to the observed land degradation at Zuba (Table A4). These
findings align with the local perceptions of land degradation, which identified built-up ex-
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pansion as a major issue in Sabon Gari East, Sabon Gari West, and Tungamaje. Meanwhile,
deforestation was a key concern in Zuba.

An FGD respondent from Sabon Gari East confirmed the pressure on land for devel-
opment (Figure 10a):

Figure 10. (a) Improper sewage disposal along a drainage system at Sabon Gari East. (b) Stacking
of chopped logs in Zuba. (c) Sale of charcoal, a major cooking fuel in Zuba. (Source: Author’s
fieldwork, 2023).

We often experience flooding because of the influx of traders and the rapid increase in
shopping complexes and business centres. This is worse because of the poor sewage
disposal system, which has blocked the waterways. The lack of proper drainage has
resulted in water runoff into our homes and businesses, and we cannot do anything about
it. A rainfall period of one hour can cause everywhere to be submerged in water.

Chopped logs and charcoal, the by-products of logging, were used to meet the growing
energy demands in Zuba (Figure 10b,c). One of the FGD participants confirmed this statement:

For some decades now, the increase in population due to the influx of migrants has led to
the cutting down of our trees to produce charcoal as fuel for cooking. This has exposed
our environment, and the temperature is increasing. We hope that the government will
do something about this situation.

At Tungamaje, the participants at the FGD explained:

Due to the rapid development rate in our community, migrants come in and buy our lands
from the government without our knowledge. We would wake up one day and discover that
our farmlands had been cleared, the trees had been removed, and a new owner was building
on it. We often have intense fights with impostors to defend our farmlands.

3.4. Perceptions of Responsibility for Leading Migration and Land Degradation Interventions

Most respondents opined that the government should lead discussions and interven-
tions on migration and land degradation, with percentages ranging from 43.7% to 59.2%
(Figure 11). While 16.5% of responses at Sabon Gari East indicated that community leaders
should be involved in leading land degradation interventions, this view was also sup-
ported by respondents at Sabon Gari West (16.4%), Zuba (22.7%), and Tungamaje (29.8%).
Notable mentions of politicians were made at Sabon Gari East (21.6%) and Sabon Gari
West (19.2%), while religious bodies and Non-Governmental Organizations (NGOs) were
perceived as less prominent factors for such interventions and discussions. Communities
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differed significantly in their perception of who takes the responsibility to lead discussions
and interventions on migration-induced land degradation (H = 12.973, p < 0.05) (Table A1),
with the post hoc test identifying significant pairwise variations between Tungamaje-Sabon
Gari West (H = 36.601, p < 0.05), Tungamaje—Sabon Gari East (H = 50.811, p < 0.05), and
Tungamaje-Zuba (H = —29.844, p < 0.05) (Table A5).
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Figure 11. Perceptions of Land Degradation Discussions and Interventions.

4. Discussion

Migration poses several challenges for destination communities. Internal migration,
particularly from less developed regions, negatively affects the social well-being of des-
tination communities [67]. Land degradation was the third most prominent effect of
in-migration on the destination communities, after competition for jobs and insecurity. On
average, 29.5% and 41.1% of respondents strongly agreed and agreed that migration con-
tributes to land degradation. Various stakeholders at the FGD echoed this sentiment, which
attributed land degradation to the consequences of population pressure, exacerbated by the
influx of migrants into their communities. Land degradation was confirmed through the
decrease in NDVI and increase in NDBI between 2014 and 2023, indicating the expansion of
built-up areas and a diminishing vegetation status at the study locations (Figures 3 and 4).
This is consistent with the findings of Koko et al. (2021) [68] who attributed the decline in
NDVI and increase in NDBI to urban expansion in Kano, northern Nigeria. The already
established and further development of built-up land is at variance with the decline in
vegetation, as indicated by the NDVI and NDBI analyses. The findings of the FGDs re-
vealed that deforestation was perceived as a significant contributor to land degradation,
particularly in Zuba and Sabon Gari West, where 100% and 35.1% of respondents, respec-
tively, identified deforestation as a major activity leading to this phenomenon. Meanwhile,
communities like Tungamaje, Sabon Gari East and Sabon Gari West identified pressure
on land for development (due to in-migration) in proportions of 50%, 71.7%, and 59.5%,
respectively, perceiving it as the major contributor leading to land degradation in their
communities (Figure 8). Migration-induced pressure on land for development indicates
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increased demand for land for housing and infrastructure. This can lead to the loss of
agricultural land, green spaces, and natural resources [69].

There was no significant difference in the perceptions of migration as a driver of land
degradation and the activities leading to land degradation in the various communities
(Table A1). This is consistent with findings that have attributed the existence of land
degradation to anthropogenic activities in the Guinea Savannah [18] and population influx
in Kano State of Nigeria [70]. The similar perceptions of most respondents establish the
existence of major activities leading to land degradation through deforestation and pressure
on land for development. While urban growth is associated with sustainable economic
development [71], it can also lead to land degradation through the loss of natural habitats,
soil sealing, and increased pollution, as highlighted by the focus group participants in all
the communities. To meet the energy needs associated with urban growth, community
members resort to felling of trees (deforestation), especially for cooking [72]. Further
analysis through the Nagelkerke R? confirms that major contributors to land degradation
depend on the activities peculiar to each community. Sabon Gari East, Sabon Gari West, and
Tungamaje are known for built-up expansion, while deforestation and vegetation loss are
prominent in Zuba and Sabon Gari West. The loss of vegetation through deforestation and
degradation of natural ecosystems and agricultural lands leads to environmental impacts
such as soil erosion, biodiversity loss, and climate change [73-75]. The rapid expansion of
built-up areas in Sabon Gari West can be attributed to the ever-increasing urban growth
typical of the Kano metropolis, as highlighted by [76].

The significant difference in the perception of who presides over interventions on
land degradation issues (Table Al) implies the need for all-inclusive decision-making.
All relevant stakeholders must be involved in the decision-making process to address
land degradation issues. It is also important to tailor these discussions based on specific
intervention modes and unique differences in each community, as shown in Table A5.

5. Limitations of the Approach and Implications for Future Research

Remote sensing techniques can provide valuable insights into the dynamics of land
degradation. However, the results of this study hinged on the temporal scope of the
available data. For example, urban development had already begun in all communities
before the availability of downloadable Landsat 8/9 data, which were accessible from
2014. We initially considered using a land use data transfer matrix for multiple periods.
The analysis yielded minimal results due to established extensive urban growth and land
use changes before adequate remote sensing data became available. The limitation of the
traditional land use and land cover change analysis informed the use of NDVI and NDBI,
which provided a better overview of the current state of land degradation at these locations.
To better understand the history of urban growth and the long-term migration patterns of
each community, it is essential to have access to archived historical information, which is not
readily available from consistent, remotely sensed data across all communities. Historical
city maps, plans, and official documents may compensate for this shortcoming. To obtain
the optimal image quality for this study, the geospatial and temporal assessments of urban
growth and vegetation changes were derived from December scenes, which correspond
to the peak of the dry season. This approach was used to minimise the effects of cloud
cover (which may distort the actual values). While this may provide good insight for the
analysis of urban growth, it may be inadequate for illustrating the vegetative health of
these locations because of the drastic decline in the vegetation properties characteristic
of dry seasons. In addition, the difficulty of attributing local development derived from
remote sensing to migration or other drivers of degradation, such as natural population
growth, must be acknowledged. In-depth land degradation studies on such communities
would require data with higher spatial resolution. One example is Sentinel-2 with a spatial
resolution of 10 m. However, this sensor is not appropriate for long-term studies because
the first Sentinel-2 platform was launched in 2015, and the earliest operational data available
for Africa is from 2017 [77].
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While efforts are continuously made to integrate remote sensing data into social
survey studies, empirical inferences from such a mixed-methods approach should be made
with caution due to the considerable differences in the scale and details of satellite-based
indicators and perception-based data. An empirical understanding of migration patterns,
dynamics and their impacts on the localised scale is important, in addition to adequate
population census data at the community level.

6. Conclusions

Migration-induced land degradation is a global concern, and this study confirms
its presence in the SRN, particularly in areas like Sabon Gari East, Sabon Gari (of Fagge
LGA), Zuba, and Tungamaje (of Gwagwalada LGA). Using a combination of geospatial
remote sensing techniques (NDVI and NDBI) and community perceptions, the study
reveals ongoing urban expansion and vegetation loss, which have serious implications if
not managed properly. Integrating remote sensing data with local community insights
represents a novel and innovative approach to studying land degradation in migration
hotspots. This approach offers valuable insights for urban planners and policymakers.

The major contributors to land degradation identified were built-up expansion and
deforestation. Community involvement is essential to create targeted interventions, and
migration governance should be integrated into urban planning and sustainable develop-
ment strategies. Implementing sustainable land management practices and monitoring
these trends through remote sensing and field surveys will help preserve land resources
for future generations.
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Appendix A

Table Al. Kruskal-Wallis test on different perceptions across communities.

Category

Test Statistic

Null Hypothesis H)

p-Value Decision

Perception of community
challenges due to in-migration

The distribution of challenges
encountered due to migration is the same  30.324 2 <0.001 *
across the communities.

Reject the null
hypothesis
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Table Al. Cont.

Test Statistic

Category Null Hypothesis H)

p-Value Decision

The distribution of perceptions that

in-migration has led to land degradation ~ 4.010 &P 0.260 Retain the null

Perception of migration as a

reason for land degradation is the same across the communities hypothesis.
Perception of land degradation The dlstr%butlon of the percep tion of l'and ab Retain the null
NS degradation challenges due to migration ~ 6.853 & 0.077 .
challenges due to migration ) or hypothesis.
is the same across the communities
Perception of land degradation The dlstr}butlc.)n of perception of land. a " Reject the null
. . . . degradation discussions and interventions  12.973 0.040 .
discussions and interventions hypothesis.

is the same across the communities

* Significant at p < 0.05. & The test statistic is adjusted for ties. > Multiple comparisons are not performed because
the overall test does not show significant differences across samples.

Table A2. Pairwise comparisons of community challenges due to in-migration.

Sample 1-Sample 2 Test Statistic Std. Error Std. Test Statistic p-Value Adj. Sig. @
Sabon Gari West-Sabon Gari East 4.198 13.853 0.303 0.762 1.000
Sabon Gari West—Zuba —4.220 12.837 —0.329 0.742 1.000
Sabon Gari West-Tungamaje —69.060 15.155 —4.557 <0.001 * <0.001 *
Sabon Gari, East-Zuba —0.022 11.582 —0.002 0.999 1.000
Sabon Gari East-Tungamaje —64.862 14.107 —4.598 <0.001 * <0.001 *
Zuba-Tungamaje 64.840 13.110 4.946 <0.001 * <0.001 *

* Significant at p < 0.05. * Significance values have been adjusted using the Bonferroni correction for multiple tests.

Table A3. Multinomial logistic regression model outcome for activities leading to land degradation.

Model Fitting Criteria Likelihood Ratio Test R2
Locati Model
ocation ode AIC BIC  —2LogLikelihood X2 df Sig. (Nagelkerke)
Intercept 255.65 148.21 327.18
iE 3665 12 <0.001* 0.166
Sabon Gari East Final 10832 39529 223.65
Intercept 235.08 145.08 198.35
i 4931 12 001 * 22
Sabon Garl West Final 14914  189.53 117.14 23 <000 0225
Intercept 21850 16445 230.30
Zuba : 7666 12 <0.001* 0.391
Final 15565 19524 123.65
) Intercept 335.48 245.08 227.08
Tungamaje - 69.91 12 <0.001 * 0.221
Final 23434 24897 130.33
* Significant at p < 0.05.

Table A4. Likelihood ratio tests of multinomial logistic regression for specific perceived activities
leading to land degradation in each community.

Effect Sabon Gari East Sabon Gari West Zuba Tungamaje

* 2 p- 2 p- 2 p- 2 p-
Y X df Value X df Value X df Value X df Value

Deforestation/Vegetation loss (X;) 15.79 5 0.257 22.92 5 0.546 12.59 6 <0.001 * - - -

Pressure on land for
development (X;)

Soil quality depletion (X3) 21.58 5 0.127 43.01 5 0.325 - - - 5623 9 0701

14.66 5 <0.001 ** 13.74 5 <0.001 * 15.82 - - - -
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Table A4. Cont.

Effect Sabon Gari East Sabon Gari West Zuba Tungamaje
* 2 p- 2 p- 2 p- 2 p-
Y X df Value X df Value X df Value X df Value

Pressure on agricultural

- - - - - - 2376 9 0.130

land (X4)

* Land degradation process (dependent variable). ** Significant at p < 0.05.

Table A5. Pairwise comparisons of the land degradation discussions and interventions.

Sample 1-Sample 2 Test Statistic Std. Error Std. Test Statistic p-Value Adj. Sig. 2

Tungamaje-Zuba —29.844 15.133 —1.972 0.049 * 0.292

Tungamaje-Sabon Gari West 36.601 14.527 2.519 0.012* 0.071

Tungamaje-Sabon Gari East 50.811 14.262 3.563 <0.001 * <0.001

Zuba-Sabon Gari West 6.757 12.885 0.524 0.600 1.000

Zuba-Sabon Gari East 20.968 12.585 1.666 0.096 0.574

Sabon Gari West—Sabon Gari East 14.211 11.849 1.199 0.230 1.000

* Significant at p < 0.05. * Significance values have been adjusted using the Bonferroni correction for multiple tests.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Nuissl, H.; Siedentop, S. Urbanisation and Land Use Change. In Sustainable Land Management in a European Context: A Co-Design
Approach; Springer: Cham, Switzerland, 2021; Volume 8, pp. 75-99.

Giineralp, B.; Reba, M.; Hales, B.U.; Wentz, E.A; Seto, K.C. Trends in Urban Land Expansion, Density, and Land Transitions from
1970 to 2010: A Global Synthesis. Environ. Res. Lett. 2020, 15, 044015. [CrossRef]

Asadzadeh, A.; Kotter, T.; Fekete, A.; Moghadas, M.; Alizadeh, M.; Zebardast, E.; Weiss, D.; Basirat, M.; Hutter, G. Urbanization,
Migration, and the Challenges of Resilience Thinking in Urban Planning: Insights from Two Contrasting Planning Systems in
Germany and Iran. Cities 2022, 125, 103642. [CrossRef]

Briassoulis, H. Combating Land Degradation and Desertification: The Land-Use Planning Quandary. Land 2019, 8, 27. [CrossRef]
Wassie, S.B. Natural Resource Degradation Tendencies in Ethiopia: A Review. Environ. Syst. Res. 2020, 9, 33. [CrossRef]
Rehman, F; Khan, A. Environmental Impacts of Urbanization Encroachment in the Lowlands of Khyber Pakhtunkhwa, Pakistan.
Sustainability 2022, 14, 11959. [CrossRef]

Jiang, S.; Zhang, Z.; Ren, H.; Wei, G.; Xu, M.; Liu, B. Spatiotemporal Characteristics of Urban Land Expansion and Population
Growth in Africa from 2001 to 2019: Evidence from Population Density Data. ISPRS Int. |. Geo-Inf. 2021, 10, 584. [CrossRef]
Anderson, T.S. Migration Patterns and Urbanization in Africa. Int. |. Bus. Manag. Vis. 2020, 3, 21-26.

Chisasa, J.; Khumalo, P. Exploring the Nexus between Migration and Urbanisation in the Southern Africa Region. Int. J. Res. Bus.
Soc. Sci. 2023, 12, 85-95. [CrossRef]

Sakketa, T.G. Urbanisation and Rural Development in Sub-Saharan Africa: A Review of Pathways and Impacts. Res. Glob. 2023, 6,
100133. [CrossRef]

Wolde, S.G.; D’Odorico, P.; Rulli, M.C. Environmental Drivers of Human Migration in Sub-Saharan Africa. Glob. Sustain. 2023,
6, €9. [CrossRef]

Teye, ].K; Nikoi, E.G. Climate-Induced Migration in West Africa. In Migration in West Africa: IMISCOE Regional Reader; Springer
International Publishing: Cham, Switzerland, 2022; pp. 79-105.

Ikuteyijo, L.O. Irregular Migration as Survival Strategy: Narratives from Youth in Urban Nigeria. In West African Youth Challenges
and Opportunity Pathways; Palgrave Macmillan: Cham, Switzerland, 2020; pp. 53-77.

Duru, I.U. Examination of the Causes and Consequences of International Migration in Nigeria. Asian Dev. Policy Rev. 2021, 9,
180-193. [CrossRef]

Schiirmann, A.; Kleemann, J.; Teucher, M.; Fiirst, C.; Conrad, C. Migration in West Africa: A Visual Analysis of Motivation,
Causes, and Routes. Ecol. Soc. 2022, 27, 16. [CrossRef]

Oyeniyi, B.A. Internal Migration in Nigeria: A Positive Contribution to Human Development; ACP Observatory on Migration
International Organization for Migration: Brussels, Belgium, 2013.

UNCCD Nigeria. Final Report of the Land Degradation Neutrality Target Setting Programme. 2018. Available online:
https:/ /www.unccd.int/sites /default/files /1dn_targets /Nigeria%20LDN%20TSP%20Country%20Report.pdf (accessed on 5
January 2024).

Adenle, A.A.; Eckert, S.; Adedeji, O.1; Ellison, D.; Speranza, C.I. Human-Induced Land Degradation Dominance in the Nigerian
Guinea Savannah between 2003-2018. Remote Sens. Appl. Soc. Environ. 2020, 19, 100360. [CrossRef]


https://doi.org/10.1088/1748-9326/ab6669
https://doi.org/10.1016/j.cities.2022.103642
https://doi.org/10.3390/land8020027
https://doi.org/10.1186/s40068-020-00194-1
https://doi.org/10.3390/su141911959
https://doi.org/10.3390/ijgi10090584
https://doi.org/10.20525/ijrbs.v12i10.3114
https://doi.org/10.1016/j.resglo.2023.100133
https://doi.org/10.1017/sus.2023.5
https://doi.org/10.18488/journal.107.2021.94.180.193
https://doi.org/10.5751/ES-13489-270316
https://www.unccd.int/sites/default/files/ldn_targets/Nigeria%20LDN%20TSP%20Country%20Report.pdf
https://doi.org/10.1016/j.rsase.2020.100360

Sustainability 2024, 16, 8157 20 of 22

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Adenle, A.A.; Ifejika Speranza, C. Social-Ecological Archetypes of Land Degradation in the Nigerian Guinea Savannah: Insights
for Sustainable Land Management. Remote Sens. 2021, 13, 32. [CrossRef]

Salami, W.A.; Tayo-Badru, M.A.; Adeofun, C.O.; Oguntoke, O. Effects of Urban Expansion on Vegetation Cover Loss in Lagos
State, Nigeria. Afr. J. Sci. Nat. 2020, 10, 146-163. [CrossRef]

Iortyom, E.T.; Semaka, ].T.; Kargbo, P. The Effect of Urban Expansion on Peripheral Agricultural Lands in Makurdi City. Eur. ].
Dev. Stud. 2022, 2, 100-108. [CrossRef]

Agboola, O.P; Alotaibi, B.S.; Dodo, Y.A.; Abuhussain, M.A.; Abuhussain, M. Built Environment Transformation in Nigeria: The
Effects of a Regenerative Framework. J. Asian Archit. Build. Eng. 2023, 23, 789-812. [CrossRef]

Roy, A K.; Saha, M. Emerging Trend and Pattern of Urbanization and Its Contribution from Migration in Gujarat: Evidence from
District Level Analysis. Front. Sustain. Cities 2023, 5, 985278. [CrossRef]

Chanysheva, A.; Kopp, P.; Romasheva, N.; Nikulina, A. Migration Attractiveness as a Factor in the Development of the Russian
Arctic Mineral Resource Potential. Resources 2021, 10, 65. [CrossRef]

Momoh, J.; Akor, O.; Haithem, A. Challenges Facing Nigeria’s Urban Environment: The Abuja Case; Clarion University of Pennsylvania:
Clarion, PA, USA, 2018.

Ferreira, C.S.; Walsh, R.P; Ferreira, A.]. Degradation in Urban Areas. Curr. Opin. Environ. Sci. Health 2018, 5, 19-25. [CrossRef]
Liu, F; Zhao, Y.; Muhammad, R.; Liu, X.; Chen, M. Impervious Surface Expansion: A Key Indicator for Environment and Urban
Agglomeration—A Case Study of Guangdong-Hong Kong-Macao Greater Bay Area by Using Landsat Data. . Sens. 2020, 2020,
3896589. [CrossRef]

Kaiser, M.S. Land Degradation: Causes, Impacts, and Interlinks with the Sustainable Development Goals. In Responsible
Consumption and Production. Encyclopedia of the UN Sustainable Development Goals; Springer: Cham, Switzerland, 2021. [CrossRef]
Les, Q.H.R. Les Paysages de I’ Afrique de I'Ouest—40 Années de Changement; USGS Publications Warehouse: Reston, VA, USA, 2017.
Ibrahim Mahmoud, M.; Duker, A.; Conrad, C.; Thiel, M.; Shaba Ahmad, H. Analysis of Settlement Expansion and Urban Growth
Modelling Using Geoinformation for Assessing Potential Impacts of Urbanization on Climate in Abuja City, Nigeria. Remote Sens.
2016, 8, 220. [CrossRef]

Gilbert, K.M.; Shi, Y. Urban Growth Monitoring and Prediction Using Remote Sensing Urban Monitoring Indices Approach and
Integrating CA-Markov Model: A Case Study of Lagos City, Nigeria. Sustainability 2023, 16, 30. [CrossRef]

Gilbert, K.M.; Shi, Y. Land Use/Land Cover Changes Detection in Lagos City of Nigeria Using Remote Sensing and GIS. Adv.
Remote Sens. 2023, 12, 145-165. [CrossRef]

Dubovyk, O. The Role of Remote Sensing in Land Degradation Assessments: Opportunities and Challenges. Eur. |. Remote Sens.
2017, 50, 601-613. [CrossRef]

Nkonya, E.; Mirzabaev, A.; von Braun, J. Economics of Land Degradation and Improvement: An Introduction and Overview. In
Economics of Land Degradation and Improvement—A Global Assessment for Sustainable Development; Springer: Cham, Switzerland,
2016; pp. 1-14.

Kouassi, J.-L.; Gyau, A.; Diby, L.; Bene, Y.; Kouamé, C. Assessing Land Use and Land Cover Change and Farmers’ Perceptions of
Deforestation and Land Degradation in South-West Céte d'Ivoire, West Africa. Land 2021, 10, 429. [CrossRef]

Koko, A.F; Bello, M.; Sadig, M.A. Understanding the Challenges of 21st Century Urbanization in Northern Nigeria’s Largest City,
Kano. In Sustainable Built Environment; IntechOpen: London, UK, 2023.

Odoemene, A. Patterns of Migration and Population Mobility in Sudanic West Africa: Evidence from Ancient Kano, c¢. 800-1800
AD. Afr. Zamani 2016, 24, 11-30.

Muhammad, D.; Abdulraman, D. The Role of Kano Industrial Economies, Urban Settlement and Migration in the West African
Integration. Int. ]. Humanit. Lit. Art Res. 2022, 1, 39-61.

Dankani, L.M.; Abubakar, S.D. Uncontrolled Urban Growth around Dorayi Area of Kano Metropolis: The Planning and Infrastruc-
tural Development Implications. Ife Res. Publ. Geogr. 2016, 10, 36—44.

Adikwu, V.O.; Edache, J.J.; Iji, M.E.; Ogar, E.N. Emotional Abuse and Mental Health of Women in Abusive Marriage in
Communities in Gwagwalada, Federal Capital Territory, Nigeria. Mattawang. . Pengabdi. Masy. 2021, 2, 36—45.

Igbolo, M.A.; Sunday, S. Labour Migration in The Federal Capital Territory: Examining Its Impact on The Socio-Economic
Development of Gwagwalada Area Council, Abuja 2017. IOSR J. Humanit. Soc. Sci. 2017, 22, 4-19. [CrossRef]

Enoguanbhor, E.C.; Gollnow, F.; Walker, B.B.; Nielsen, J.O.; Lakes, T. Simulating Urban Land Expansion in the Context of Land
Use Planning in the Abuja City-Region, Nigeria. GeoJournal 2022, 87, 1479-1497. [CrossRef]

Adedibu, P.A.; Opeyemi, A.A.; Lawrence, A.].; Paul, ].I.; Oguntoye, E. Savanna Biomes in Nigeria: Indicatzor Species and Plant
Adaptation Strategies. Sci. Prepr. 2022. [CrossRef]

Srivastava, A K.; Ewert, F; Akinwumiju, A.S.; Zeng, W.; Ceglar, A.; Ezui, K.S.; Adelodun, A.; Adebayo, A.; Sobamowo, J.; Singh,
M. Cassava Yield Gap—A Model-Based Assessment in Nigeria. Front. Sustain. Food Syst. 2023, 6, 1058775. [CrossRef]

Morgan, A.E.; Fanzo, J. Nutrition Transition and Climate Risks in Nigeria: Moving Towards Food Systems Policy Coherence.
Curr. Environ. Health Rep. 2020, 7, 392-403. [CrossRef] [PubMed]

Gitz, V.; Meybeck, A ; Lipper, L.; Young, C.D.; Braatz, S. Climate Change and Food Security: Risks and Responses; Food and Agriculture
Organization of the United Nations (FAO) Report; FAO: Rome, Italy, 2016; p. 110.

Long, X.; Li, X.; Lin, H.; Zhang, M. Mapping the Vegetation Distribution and Dynamics of a Wetland Using Adaptive-Stacking
and Google Earth Engine Based on Multi-Source Remote Sensing Data. Int. ]. Appl. Earth Obs. Geoinf. 2021, 102, 102453. [CrossRef]


https://doi.org/10.3390/rs13010032
https://doi.org/10.46881/ajsn.v10i0.188
https://doi.org/10.24018/ejdevelop.2022.2.4.145
https://doi.org/10.1080/13467581.2023.2238045
https://doi.org/10.3389/frsc.2023.985278
https://doi.org/10.3390/resources10060065
https://doi.org/10.1016/j.coesh.2018.04.001
https://doi.org/10.1155/2020/3896589
https://doi.org/10.1007/978-3-319-71062-4_48-1
https://doi.org/10.3390/rs8030220
https://doi.org/10.3390/su16010030
https://doi.org/10.4236/ars.2023.124008
https://doi.org/10.1080/22797254.2017.1378926
https://doi.org/10.3390/land10040429
https://doi.org/10.9790/0837-2202020419
https://doi.org/10.1007/s10708-020-10317-x
https://doi.org/10.14293/S2199-1006.1.SOR-.PPDXHKL.v1
https://doi.org/10.3389/fsufs.2022.1058775
https://doi.org/10.1007/s40572-020-00292-3
https://www.ncbi.nlm.nih.gov/pubmed/33006089
https://doi.org/10.1016/j.jag.2021.102453

Sustainability 2024, 16, 8157 21 of 22

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Idrees, M.O.; Omar, D.M.; Babalola, A.; Ahmadu, H.A,; Yusuf, A.; Lawal, EO. Urban Land Use Land Cover Mapping in Tropical
Savannah Using Landsat-8 Derived Normalized Difference Vegetation Index (NDVI) Threshold. S. Afr. J. Geomat. 2022, 11, 1.
[CrossRef]

Zhu, Z.; Qiu, S.; He, B.; Deng, C. Cloud and Cloud Shadow Detection for Landsat Images: The Fundamental Basis for Analyzing
Landsat Time Series. In Remote Sensing Time Series Image Processing; CRC Press: Boca Raton, FL, USA, 2018; pp. 3-23.

Yengoh, G.T.; Dent, D.; Olsson, L.; Tengberg, A.E.; Tucker, C.J. Applications of NDVI for Land Degradation Assessment. In Use of
the Normalized Difference Vegetation Index (NDVI) to Assess Land Degradation at Multiple Scales; SpringerBriefs in Environmental
Science; Springer International Publishing: Cham, Switzerland, 2015; pp. 17-25. ISBN 978-3-319-24110-4.

Gutman, G.; Skakun, S.; Gitelson, A. Revisiting the Use of Red and Near-Infrared Reflectances in Vegetation Studies and
Numerical Climate Models. Sci. Remote Sens. 2021, 4, 100025. [CrossRef]

Kebede, T.A.; Hailu, B.T.; Suryabhagavan, K.V. Evaluation of Spectral Built-up Indices for Impervious Surface Extraction Using
Sentinel-2A MSI Imageries: A Case of Addis Ababa City, Ethiopia. Environ. Chall. 2022, 8, 100568. [CrossRef]

Zheng, Y.; Tang, L.; Wang, H. An Improved Approach for Monitoring Urban Built-up Areas by Combining NPP-VIIRS Nighttime
Light, NDVI, NDWI, and NDBL J. Clean. Prod. 2021, 328, 129488. [CrossRef]

Kumar, K.P; Babu, K.R.; Anusha, B.N.; Rajasekhar, M. Geo-Environmental Monitoring and Assessment of Land Degradation and
Desertification in the Semi-Arid Regions Using Landsat 8 OLI/TIRS, LST, and NDVI Approach. Environ. Chall. 2022, 8, 100578.
[CrossRef]

Agu, C.C,; Ikwuka, I.; Hudu, A. Environmental Impact Analysis on the Increase in Temperature and Urban Heat Island: A Case
Study of Gwagwalada, Abuja. J. Oceanogr. Mar. Res. 2021, 4, 006.

Yusuf, D.A.; Zhu, J.; Nashe, S.A.; Usman, A.M.; Sagir, A.; Yukubu, A.; Hamma, AS.; Alfa, N.S.; Ahmed, A. A Typology for
Urban Landscape Progression: Toward a Sustainable Planning Mechanism in Kano Metropolis, Nigeria. Urban Sci. 2023, 7, 36.
[CrossRef]

Taiwo, O.; Addie, O.; Seun-Addie, K. A Local Government Area Based COVID-19 Vulnerability Analysis in Nigeria. GeoJournal
2023, 88, 4127-4141. [CrossRef]

Okeleye, S.O.; Okhimamhe, A.A.; Sanfo, S.; Fiirst, C. Impacts of Land Use and Land Cover Changes on Migration and Food
Security of North Central Region, Nigeria. Land 2023, 12, 1012. [CrossRef]

Biaou, S.; Gouwakinnou, G.N.; Biaou, H.S.S.; Tovihessi, M.S.; Awessou, B.K.; Ahononga, F.C.; Houéto, F.O. Identifying the Land
Use and Land Cover Change Drivers: Methods and Case Studies of Two Forest Reserves in Northern Benin. Environ. Dev. Sustain.
2021, 24, 9885-9905. [CrossRef]

Ostertagova, E.; Ostertag, O.; Kovac, ]. Methodology and Application of the Kruskal-Wallis Test. Appl. Mech. Mater. 2014, 611,
115-120. [CrossRef]

Hollander, M.; Wolfe, D.A.; Chicken, E. Nonparametric Statistical Methods; John Wiley & Sons: Hoboken, NJ, USA, 2013.
Hedeker, D. A Mixed-effects Multinomial Logistic Regression Model. Stat. Med. 2003, 22, 1433-1446. [CrossRef]

Bekere, J.; Senbeta, F.; Gelaw, A. Socioeconomic Drivers of Land Use and Land Cover Change in Western Ethiopia. Int. ]. For. Res.
2023, 2023, 8831715. [CrossRef]

Obateru, R.O.; Okhimamhe, A.A ; Fashae, O.A.; Aweda, E.; Dragovich, D.; Conrad, C. Community-Based Assessment of the
Dynamics of Urban Landscape Characteristics and Ecosystem Services in the Rainforest and Guinea Savanna Ecoregions of
Nigeria. J. Environ. Manag. 2024, 360, 121191. [CrossRef]

Nagelkerke, N.J. A Note on a General Definition of the Coefficient of Determination. Biometrika 1991, 78, 691-692. [CrossRef]
Pate, A.; Riley, R.D.; Collins, G.S.; Van Smeden, M.; Van Calster, B.; Ensor, ].; Martin, G.P. Minimum Sample Size for Developing a
Multivariable Prediction Model Using Multinomial Logistic Regression. Stat. Methods Med. Res. 2023, 32, 555-571. [CrossRef]
[PubMed]

Kfizkova, I.; Oufednitek, M. Immigrant Internal Migration in a New Destination Country: Do Immigrants Suburbanise in
Czechia and Why? Popul. Space Place 2020, 26, €2326. [CrossRef]

Koko, A.F; Wu, Y.; Abubakar, G.A.; Alabsi, A.A.N.; Hamed, R.; Bello, M. Thirty Years of Land Use/Land Cover Changes and
Their Impact on Urban Climate: A Study of Kano Metropolis, Nigeria. Land 2021, 10, 1106. [CrossRef]

Bendandi, B. Migration Induced by Climate Change and Environmental Degradation in the Central Mediterranean Route. In
Migration in West and North Africa and across the Mediterranean; International Organization for Migration: Rome, Italy, 2020; p. 318.
Barau, A.S.; Maconachie, R.; Ludin, A.N.M.; Abdulhamid, A. Urban Morphology Dynamics and Environmental Change in Kano,
Nigeria. Land Use Policy 2015, 42, 307-317. [CrossRef]

Nguyen, H.M. The Relationship between Urbanization and Economic Growth: An Empirical Study on ASEAN Countries. Int. .
Soc. Econ. 2018, 45, 316-339. [CrossRef]

Zubairu, S.M.; Isma’il, M,; Jibrin, A.; Emmanuel, O.; Abdulsalam, A.; Maiwada, A. Analysis of Fuelwood Consumption in
Pampaida (Millenium Village) of Kaduna State, Nigeria. Asian Bull. Energy Econ. Technol. 2014, 1, 17-23.

Kumar, R.; Kumar, A.; Saikia, P. Deforestation and Forests Degradation Impacts on the Environment. In Environmental Degradation:
Challenges and Strategies for Mitigation; Springer: Cham, Switzerland, 2022; pp. 19-46.

Bodo, T.; Gimah, B.G.; Seomoni, K.J. Deforestation and Habitat Loss: Human Causes, Consequences and Possible Solutions.
J. Geogr. Res. 2021, 4, 22-30. [CrossRef]


https://doi.org/10.4314/sajg.v11i1.8
https://doi.org/10.1016/j.srs.2021.100025
https://doi.org/10.1016/j.envc.2022.100568
https://doi.org/10.1016/j.jclepro.2021.129488
https://doi.org/10.1016/j.envc.2022.100578
https://doi.org/10.3390/urbansci7020036
https://doi.org/10.1007/s10708-023-10857-y
https://doi.org/10.3390/land12051012
https://doi.org/10.1007/s10668-021-01849-4
https://doi.org/10.4028/www.scientific.net/AMM.611.115
https://doi.org/10.1002/sim.1522
https://doi.org/10.1155/2023/8831715
https://doi.org/10.1016/j.jenvman.2024.121191
https://doi.org/10.1093/biomet/78.3.691
https://doi.org/10.1177/09622802231151220
https://www.ncbi.nlm.nih.gov/pubmed/36660777
https://doi.org/10.1002/psp.2326
https://doi.org/10.3390/land10111106
https://doi.org/10.1016/j.landusepol.2014.08.007
https://doi.org/10.1108/IJSE-12-2016-0358
https://doi.org/10.30564/jgr.v4i2.3059

Sustainability 2024, 16, 8157 22 of 22

75. Berenguer, E.; Armenteras, D.; Alencar, A.; Almeida, C.; Aragao, L.; Barlow, J.; Bilbao, B.; Brando, P.; Bynoe, P,; Fearnside, P.
Drivers and Ecological Impacts of Deforestation and Forest Degradation. In Amazon Assessment Report 2021; United Nations
Sustainable Development Solutions Network: New York, NY, USA, 2021.

76. Mohammed, M.U.; Hassan, N.I.; Badamasi, M.M. In Search of Missing Links: Urbanisation and Climate Change in Kano
Metropolis, Nigeria. Int. J. Urban Sustain. Dev. 2019, 11, 309-318. [CrossRef]

77. Phiri, D.; Simwanda, M.; Salekin, S.; Nyirenda, V.R.; Murayama, Y.; Ranagalage, M. Sentinel-2 Data for Land Cover/Use Mapping;:
A Review. Remote Sens. 2020, 12, 2291. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1080/19463138.2019.1603154
https://doi.org/10.3390/rs12142291

	Introduction 
	Materials and Methods 
	Study Area 
	Geospatial Analysis of Land Degradation 
	Field Survey Data Collection and Analysis 
	Linking Processes and Perceived Activities Leading to Land Degradation 
	Ethical Considerations 

	Results 
	Spatiotemporal Patterns of Land Degradation 
	Impacts of Migration on Destination Communities 
	Perceived Challenges of Communities Due to Migration 
	Perceptions of Land Degradation Challenges Due to Migration 

	Effects of Perceived Land Degradation Activities on Land Degradation Processes 
	Perceptions of Responsibility for Leading Migration and Land Degradation Interventions 

	Discussion 
	Limitations of the Approach and Implications for Future Research 
	Conclusions 
	Appendix A
	References

