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LAGOS STATE NIGERIA

Abstract

This paper presents a spatiotemporal assessment of sand-filling practices and
their environmental implications in eastern Lagos over a four-decade period
(1984-2024). Multispectral Landsat TM images at ten-year intervals namely,
1984, 1994, 2004 and 2024 were obtained from the Sentinel hub and subjected
to supervised classification to assess land area that was reclaimed over time.
The classification revealed a significant shift in land cover categories; areas
built-up, expanded from 6035.92 hectares in 1984 to 18002.77 hectares in 2024,
while vegetation and water bodies decreased from 19351.48 to 9180.79 and
from 29355.12 to 27341.49 hectares respectively. The area occupied by the
sand-filled category was 508.85 in 1984, 2528.79 in 1994, 943.19 in 2004,
600.50 in 2014 and 726.95 in 2024. The cumulative area of sand-filled in forty
years is 5308.28 hectares. Sand-filled areas were always converted to buildings
after some years of consolidation, hence the lack of a particular trend in
coverage over time. Sand filling activities are primarily driven by urbanization
and infrastructure development, and they are intensified along the eastern
coastline of Lagos, particularly from Victoria Island to Lekki. The ecological
and environmental consequences of sand filling, include habitat loss, shoreline
erosion, increased land surface temperatures (LST) and vegetation loss. The
regression coefficients showed that every unit increase in the LST led to a 0.08
unit reduction in the vegetation index for 2004 and 2014, and a one unit rise in
the LST led to a 0.1 unit reduction in the vegetation index value for 2024. This
paper concludes with emphasis on the key role of remote sensing in monitoring
sand-filling dynamics, guiding policy interventions, and promoting sustainable
urban growth.

1.0 INTRODUCTION

Lagos city in Nigeria, has been experiencing
population explosion due to human influx in the last
four decades [1, 2]. Problems related to the population
surges include difficulties in accommodating people
and industries. The increasing demand for accommaod-
ation has led to a search for land spaces in any
available quarter [3, 4]. Since the city is hedged in by
water and wetlands, the available option for creating
large accommodation spaces remains the opening of
surrounding wetlands and pushing back water bodies
through land reclamation and sand filling exercises [5,
6]. Thus, tremendous pressure on natural resources [7,
8] and ecosystems in Lagos have increased.
Interestingly, many city dwellers seem to welcome the
concept of developing estates on reclaimed land; they

pp. 577 — 586;
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perceive waterfront properties as assets of great value
due to scenic views, accessibility to waterways, and
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potential for high returns on building investments [9].
As such, many areas in Lagos city, including the
Snake and Banana Islands and Eko Atlantic, which
were created from water or swamps [10] have become
the most expensive residential areas today [11].

Sand filling involves the deposition of sand to reclaim
land from water bodies [12]. Sand-filling and land
reclamation activities have exacerbated environment-
tal degradation and habitat loss in many parts of the
Lagos metropolis [13-15]. It is important to note that,
weak enforcement of environmental regulations, lack
of proper monitoring and inadequate land use
planning are responsible for the damages recorded on
the fragile environment through unauthorized sand-
filling of wetlands and water bodies in Lagos [16].
Previous studies on sand-filling activities in Lagos,
have focused on understanding the drivers, impacts,
and management strategies associated with coastal
development and urbanization [17], while others have
investigated the socioeconomic factors associated
with sand-filling practices [18, 19]. A handful of
studies have also explored the environmental
consequences of sand filling, including habitat loss,
shoreline erosion [20, 21], and changes in coastal
hydrology [22, 23].

It is crucial to examining the ecological implications
and environmental consequences of any anthropo-
genic activity [24-26] including sand filling. This is
because, a good understanding of the extent,
frequency, and spatial distribution of sand-filling
activities is necessary for proper monitoring of land
reclamation activities and development of sustainable
coastal area management plans in Lagos. In the past,
conventional methods have been employed in such
monitoring, but have proven inadequate. They are
limited in spatial coverage and temporal resolution
[27]. Conversely, satellite remote sensing is another
monitoring method that has proven more effective. It
provides timely, and spatially explicit information on
land use changes, including sand filling, at varying
scales and in near real time.

In this study, remote sensing technique is useful in
mapping the spatial variability of environmental
parameters [28] and it has been adopted for the
progressive mapping of sand-filling activities in
eastern Lagos. The general objective of the study was
to examine the trends and changes in sand-filling
patterns over multiple years. It is believed that this
research will provide a deeper understanding of the
dynamics driving coastal development in Lagos and
help to identify the long-standing effects of sand
filling on the environment [29].

ma © 2024 by the author(s). Licensee NIJOTECH.

This article is open access under the CC BY-NC-ND license.
http://creativecommons.org/licenses/by-nc-nd/4.0/

This was done with the intention of developing
informed sustainable water-urban development
monitoring in Nigeria.

1.1 The Study Area

Lagos State southwest Nigeria, has a territorial area of
3, 577.28 km?, a solid landmass of 2797.72 km? and a
water coverage consisting of lagoons and creeks of
779.56 km?. A more recent assessment [30] revealed
that mangroves, swampy areas, marshland, and water
bodies, cover 400.16 km?, 747.11 km?, 405.26 km?
and 711.99 km? respectively. The population estimate
for the metro area of Lagos as of December 2023 was
15,946,000 [31]. The area is geographically bounded
by latitudes of 6°23'56.03"N and 6°30'32.69"N and
longitudes of 3°22'51.01"E and 3°53'19.31"E as
shown in Figure 1.

Figure 1: (a) Land use /Land cover map of the
study area and (b) High resolution image showing the
remaining vegetation in the study area
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Figure 2:

20 METHODOLOGY

Pre-processed multispectral Landsat images acquired
for 1984, 1994, 2004, 2014 and 2024, were
downloaded from the sentinel hub. The false colour
composites of the images were produced from the
respective bands and subjected to supervised image
classification to capture the spatiotemporal changes in
land cover types and the sand-filling activities. The
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information obtained from the ground truth was used
to create training sets for the supervised classification.
Spectral indices such as the NDVI and the MNDWI
were wused to investigate the environmental
consequences of the sand-filling activities. The
methodology has been described in subsequent
sections but can be summarised with a workflow
diagram as presented in Figure 2.

2.1 Data Acquisition

Multispectral Landsat data with not more than 5%
cloud cover were procured for five periods, namely,
Landsat 4/5 (1984); Landsat 7 (1994); Landsat 8 and
9 (2004, 2014 and 2024). The normalised difference
water index (NDWI) for 2022 and 2023, the
normalised difference vegetation index (NDVI) as
well as the land surface temperature (LST) for 2004,
2014, 2022 and 2024 were obtained from the Earth
Observation browser of the Sentinel hub. Table 1
describes these datasets and their applications in this
study.

Table 1: Dataset used, their sources and application in the study

S/N Datasets Description Sources/Universal Resource Resolution/ Precision Application in the study
Locator (URL) scale
1 Landsat Multispectral https://apps.sentinel-hub/eo- 30 m 50 m Land cover categorisation
4/5 &7 7 bands browser/
2 Landsat 8 Multispectral https://apps.sentinel-hub/eo- 30 m 12m Land cover categorisation
&9 9 bands browser/
3 NDVI Describes https://apps.sentinel-hub/eo- 30m 12m To check for effect of global
vegetation status browser/ warming on vegetation
4 MNDWI Detects water on https://apps.sentinel-hub/eo- 30m 12m To check effect of sand filling on
soil surface browser/ flooding in Lagos
5 LST Detects earth’s skin ~ www.modis.gsfc.nasa.gov/data/d 1 km 50mat To assess the effect of sand filling on
temperatures ataprod/mod11.php NADIR local climate alterations particularly

skin

2.2 Ground Checks and Satellite Data Validation
Ground truthing is important for the validation of land
cover classifications. Field observations were
conducted to verify the locations of sand filling,
vegetation, water bodies and built-up areas. This
information was useful for creating training sets for
supervised classification.

2.3 Image Registration

Radiometric correction was not necessary, the image
processing was performed via image registration and
False Colour Composites (FCC). The images were
imported into ArcGIS 10.4 software, where they were
geometrically corrected into zone 31 North of the
Universal Transverse Mercator (UTM) coordinate
system.

Figure 3:  (ato d) FCC of the satellite images used
for 1984, 2004, 2014 and 2024 respectively

e © 2024 by the author(s). Licensee NIJOTECH.
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2.4 False Colour Composites

The FCC for the respective years were produced by
stacking bands 2, 3, 4 of Landsat 7; bands 3, 4, 5 of
Landsat 8 and 9. It is the FCC that is subjected to
image classification. Figure 3 shows the FCCs for 4
reference years; 1984, 2004, 2014, and 2024.

2.5 Training Set Creation

Prior to supervised image classification, machine
learning is conducted to train the computer to
associate specific colours on the FCC image with a
particular land use /land cover category. A set of
polygons (regarded as the training sets) were digitised
around colours representing features (identified in the
real world). The polygons were assigned as sand-
filled, built-up, vegetation and water bodies. A 5%
maximum likelihood was specified to instruct the
computer to group any pixels with digital numbers 5%
outside that of the digitised polygons.

2.5 Land Cover Classification

The FCC subjected to supervised classification using
the 5% maximum likelihood method produced the
land use / land cover categories [32]. Sand-filled areas
were identified and quantified for their distribution
and spatial extent over the years.

2.6 Spectral Indices Calculation

NDVI and NDWI are obtained from red, green, near-
infrared and short-wave infrared bands of multispec-
tral Landsat imageries in the two equations below.
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Specifically, the NDVI is derived using the following
equation [33]:

__ (IR-R)
NDVI = (RTR) (1)

Where, R is the red band and IR is the Infra-Red band.
MNDWI, [34] is derived from the equation below:

MNDWI = (Green—SWIR) (2)
(Green+SWIR)

Where, Green is the green band, and SWIR is the
short-wave infra-red band.

The LST was used to reveal the contribution of sand
filling to the ambient temperature. The reflectance and
albedo from bare surfaces such as sand filled areas has
been shown to influence sensible heat [35, 36].

3.0 RESULTS AND DISCUSSION
Table 2 shows the land use /land cover classification
of the study area.

Table 2: Land use and land cover classification of the

study area
Categories Area Area Area Area Area
(Ha) in (Ha) in (Ha) in (Ha) in (Ha) in
1984 1994 2004 2014 2024
Built-up 6035.92 5164.80 11490.62  18008.89  18002.77
Sandfill 508.85 2528.79 943.19 600.50 726.95
Vegetation 19351.48 18202.31  14799.40 8729.15 9180.79
Water 29355.12 29355.12  28018.43 2791321  27341.49
Total 55251.37 55251.01  55251.64  55251.75  55251.99

The Table indicates a significant spatial and temporal
variability in the land cover classes over the forty
years  (1984-2024). This implies extensive
anthropogenic  activity within the period of
assessment. The observed trend for the four land cover
classes revealed that vegetation-cover steadily
decreased, water bodies decreased moderately, while
the built-up areas increased significantly.

The sand-filled areas are converted into built-up areas
after a few years of consolidation. Hence, the
difference of 218.10 hectares between the 1984,
508.85 hectares and 2024’s 726.95 hectares does not
reveal the cumulative size of sand-filled area over
forty years which is actually is 5, 308.28 hectares. The
largest sand-filled area occurred between 1990 and
1993, when the ‘on-water’ Maroko settlement was
filled with sand [37]. The deserted sand-filled Maroko
was built-up before 2004; explaining the reduction in
the 2004 sand-filled area. The Eko Atlantic project
commenced just before 2012. Here, the Atlantic
Ocean at the Bar beach was sand-filled 1.5 kilometres
seawards, explaining the 943 hectares recorded as
sand-filled areas in 2014. The success of the Eko
Atlantic spurred the shifting of sand-filling activities
from the mangrove swamps to the Lagos Lagoon. The
trend of land cover dynamics can be depicted more
clearly by a chart as presented in Figure 3.

@ © 2024 by the author(s). Licensee NIJOTECH.
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Figure4: Chart showing different land cover
categories for each decade

The spatial dimension of the city expansion in eastern
Lagos could be seen in maps. The expansion of
residential quarters as depicted in Figure 3, can be
seen as expanding into the area once occupied by
vegetation, and the area previously filled with sand
was also been built-up. Despite the extension of the
residential quarters into the vegetal areas, the 2024
land cover classification reveals that even portions
previously sand-filled are still been further extended
by more sand filling. The pattern of change in the size
of the sand-filled areas namely, an initial increase and
then a decrease can be seen as the conversion of the
sand-filled sites into buildings after a fallow period.
The maps in Figures 5(a-e) provide insights into the
historical evolution of sand-filling practices and the
intensity of coastal development over time.
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Figure 5(a-e):  Land use/land cover of the study
area for 1984, 1994, 2004, 2014 and 2024 showing
progressive increase in the size of built-up and sand
filled areas

The transition matrix in Table 3 shows the transforma-
tion of one category of land cover type to another. This
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result revealed that much of the water and vegetation
had been converted to sand-filled and built-up areas
respectively.

Table 3: The matrix of land cover transition over four

decades
Transition 1984 - 1994 1994 - 2004 2004 - 2014 2014 - 2024
(Ha) (Ha) (Ha) (Ha)
Sandfill to Built-up 0.00 Ha 755.29 938.51 474.19
Vegetation to Built-up  1491.33 4066.20 6343.56 1546.17
Vegetation to Sandfill ~ 164.02 0.00 76.77 25.21
Water to Sandfill 708.94 0.00 328.55 467.80

The transition of sand-filled areas to built-up areas had
no value because, reclaimed areas are usually given
time for consolidation before building projects can
commence [38]. Sand filling in the first few decades
was mainly performed in Maroko and for the Banana
Island on the Lagoon. The construction of physical
structures did not start until approximately 10 years,
when the locations were certified safe for holding
buildings. This kind of transition increased from 1,491
hectares to 6,343 hectares between 1984 and 2014.
However, where there are swamps and mangrove
vegetation, there was sand filling first. This kind of
transition was prevalent between 1984 and 1994, and
was not detected between 1994 and 2004. This was
probably because, Nigeria had just initiated land
reclamation activities and there were more solid lands
than wetlands and swamps. Similarly, the creation of
islands on water also just evolved in Nigeria. The
reclaimed land from water spiked between 2004 and
2014 to date as suggested by the figures (328.55 ha in
2014 and 467.80 ha in 2024) in the table. Sand filing
of water bodies will likely increase in the next
decades. Table 4 shows the cumulative incremental
progression of the sand-filled area from decade to
decade. There was a notable increase in sand-filled
areas over the study period.

Table 4: Cumulative incremental progression of the
sand-filled area from decade to decade

Reference year Area Sand-filled (Ha) % of area sand filled
1984 508.85 9.6
1994 2528.79 47.6
2004 943.19 17.8
2014 600.50 11.3
2024 726.95 13.7

From 1984 to 1994, little sand filling activity began;
however, the creation of Banana Island commenced as
a slight crescent, similar to the sand-filling of a portion
of Victoria Island above Kuramo waters and the
Maroko squatter settlements. The total land area
reclaimed in the first decade was 508.85 hectares. In
the second decade (1994-2004), a total of 2528.79
hectares were sand-filled because the creation of
Banana Island on Lagos Lagoon was completed, the
filling of the Maroko settlement was completed and

2
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even extended and then land reclamation activities
shifted eastwards into the mangroves and swamps of
Lekki. This was the beginning of the Lekki Peninsula
which later eradicated the entire ecosystem to create
the Lekki Phase 1 estate.

Figure 6 shows a panoramic representation of the
spatiotemporal progression of sand filling activities
over four decades in the Lagos coastal area. The
analysis shows that the expansion of residential areas
and need for infrastructural development projects
along the coastline is primarily responsible for the
sand filling of wetlands and waterbodies in Lagos. The
distribution of sand-filled areas varies, with
waterbodies namely, Lagos Lagoon and the Atlantic
Ocean experiencing more intensive sand filling than
others.

)‘l / )‘I %
- wui
: b
.
2 A - | \,.!ﬂ‘ ¥ 4 f\f‘
N, gl e
o~ | L) _;u)‘ o
) ¢ &
|| % "' d
. R /)l ! i i
) _;u)_‘_ —_’:* ! ¥

Figure 6(atod): The progression of sand-filling
activities in Lagos coastal areas from 1994 to 2024
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Identification of sand-filled areas: The applicati-
on of preprocessing techniques, image enhancement,
and spectral index calculations facilitates the
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identification and delineation of sand-filled areas
within the study area [39]. This will enable the
mapping of sand-filling hotspots and the
guantification of the extent of land reclaimed from
water bodies through sand-filling activities.

Spatial Analysis and Visualization: GIS tools were
used to delineate sand-filled areas, identify spatial
patterns, and quantify changes in sand-filling
distribution over time. Figure 7 shows trend for three
land cover categories in the coastal areas of Lagos
State.

The chart shows an upwards sloping trend for built-up
areas, indicating a very rapid increase per year - a
downwards sloping trend for vegetation indicates
rapid loss per year. The loss of water bodies is still
slow, because land reclamation activities in Lagos had
just shifted from swamps to water bodies. We can
calculate the vyearly rate of change using the
compound annual growth rate equation [40] stated as
follows:

xn)(l/n) 1

CAGR = (X—1 3)

Where, X is the land cover size at the beginning of the
period (year 1), Xn is the size of the land cover at the
end of 40 years and n is 40; the number of years during
the review period. However, a simpler equation was

developed in this study as stated below:

t,—xt,
R, = =) (4)
Where, R is the rate of change per year, Xto is the size
of the land cover category at time to; xt; is the size of
land cover category at time ti; to, is the base year and

t1 is the last year of review.

According to this equation, the rate of change per year
of built-up areas is [(18002.77-3,017.96)/40] = 374.62
Ha per year; that of vegetation is 292.52 Ha and that
of water bodies is 50.34 Ha. As explained earlier, the
sand filling rate of change is difficult to estimate
because of its ongoing conversion to buildings at no
specific rate. The rate at which water changes to sand-
filled land is likely to increase in the very near future.

Effects of sand filling on environmental and
ecological integrity: These land reclamation activit-
ies are not without dire consequences for the
environment and natural ecosystems. As previously
reported [1], sand filling in the Lagos State has
resulted in environmental problems such as flooding
and erosion. In some cases, water logging in many
parts of the city is suspected to contribute to structural
failure in Lagos [41]. The loss of vegetation namely,
forested fresh water swamps has aggravated urban

e © 2024 by the author(s). Licensee NIJOTECH.
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heat island effects and increased atmospheric carbon
[42].

Figure 8 is the NDWIs of the study area for 2022(left)
and 2023 (right).

Figure 8: (a) NDWI of 2022 and (b) 2023 showing
water marks in parts of Lagos

The red arrows in Figure 8(b) indicate the water
reflectance in parts of Victoria Island and Lekki in
2023. The 9 km? area reclaimed from the ocean and
sand filled areas around Kuramo waters; which is a
buffer to Lagos Lagoon is probably responsible for
flooding and waterlogging which has started to affect
the coastline of Lagos [20, 43]. This is part of the
environmental and ecological impacts of sand filling

Vegetation loss NDVI: Past studies have reported
on the loss of vegetation in Lagos as a result of land
clearing for residential and industrial quarters [44].
Recent NDVI of Lagos coastal areas provide good
evidence of the vegetation cover loss over the years.
Visual observation revealed that the populated
portions on the map had very low vegetation indices.
The 2020 lockdown was responsible for the greener or
high NDVI values in 2022. The vegetation indices of
the study area for 2014, 2019, 2022 and 2024 are
presented in Figure 9.

Figure 9:

Vegetation indices of the study area in
2004, 2014, 2022 and 2024

Vol. 43, No. 3, September 2024
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The vegetation indices obtained from specific
locations in the study area reveal that the trend has
been decreasing since 2004. The NDVI and LST
values from 9 locations across the study area are
presented in Table 5.

Table 5: The trend in the mean annual vegetation
index against the mean annual land surface
temperature at 9 locations

Location NDVI NDVI NDVI LST LST LST
2004 2014 2024 2004 (°C) 2014 (°C) 2024 (°C)

Lagos 0.44 0.37 0.29 29.23 31.15 31.97

Island

Victoria 0.02 0.00 0.08 30.15 31.73 33.93

Island

Banana -0.07 -0.18 0.04 30.15 31.73 33.93

Island

Lekki 0.29 0.31 0.30 28.23 30.85 32.31

Phasel

Eko 0.29 0.25 0.12 29.63 32.79 33.71

Atlantic

VGC 0.37 0.49 0.25 29.23 31.15 31.97

Ajah 0.51 0.56 0.36 29.23 31.15 31.97

Ibeju 0.32 0.26 0.21 30.59 33.67 33.37

Maroko 0.47 0.60 0.33 26.47 27.89 31.25

For every location, a unit rise in the land surface
temperature corresponds to decrease in the NDVI.
The degree of association between the two indices
(NDVI and LST) as ascertained by simple linear
regression revealed a strong inverse relationship.
Table 6 presents the statistics.

Table 6: The regression statistics of NDVI and LST
across the east-coastline during different periods

Statistics 2004 2014 2024
Coefficients -0.08 -0.08 -0.10
t Statistics -1.64 -1.51 -6.30
Standard Error 0.05 0.05 0.02
P-value 0.145 0.17 0.00
2 3
o i [ ]
S o I & A ] 7] =
g w A F [ [ [
-
25
20
15
10
o
Lagos Victoria Banana Lekki Eko VGC Ajah Ibeju Maroko
Island Island Island  Phasel Atlantic
Locations
mLST_2004 mLST_2014 ST 2024
Figure 9:  Trends in the LST across the study area

The coefficients show that every unit increase in LST
leads to a 0.08 reduction in the vegetation index value
in 2004 and 2014, by a 0.1 in 2024. The t-statistics
show that the results are significant for 2004 and 2014
at 1% and at 5% for 2024. Deforestation is associated
with an increase in earth surface temperatures [45].
The negative NDVI values at certain locations

2
m © 2024 by the author(s). Licensee NIJOTECH.

This article is open access under the CC BY-NC-ND license.
http://creativecommons.org/licenses/by-nc-nd/4.0/

indicate relatively high land surface temperatures.
Figure 9 illustrates that every location in the Lagos
coastal area is experiencing a progressive increase in
the land surface temperature on a decadal basis.

This partly provides evidence of the varying
dimensions of the ecological and environmental
impacts of land reclamation and sand filling activities
in Lagos.

40 CONCLUSION AND RECOMMENDATI-
ON

4.1 Conclusion

Over the four decades (1984-2024), significant
variability in land cover classes has occurred,;
highlighting intense human activities that are evident
from reduced vegetation and waterbodies, as well as
the expansion of built-up areas. Despite the lack of a
clear trend in cumulative sand-filled areas due to their
continuing conversion into built-up zones, for
example, the Maroko and Eko Atlantic project, the
cumulative computation shows a substantial
conversion of water and swamps to sand over 40
years. The transition matrices illustrate conversions
from water and vegetation to sand-filled and built-up
zones, which is indicative of shifting sand-filling
dynamics. The encroachment of built-up areas into
vegetated and sand-filled regions in Lagos,
underscores the desperation of space for urbanization.
The observed changes in LST and NDWI indicates the
impacts of sand filling including; flooding and
vegetation loss on the environment. Remote sensing
and GIS are crucial tools, that provide insights for
monitoring coastal changes and informing sustainable
urban development practices.

4.2  Recommendation

To promote sustainable development in coastal areas

of Lagos, while also preserving and safeguarding the

ecosystem integrity in Lagos, Nigeria, it is important
that:

1. Remote sensing monitoring is used for tracking
sand filling and land cover changes.

2. Regulatory frameworks for sand mining activities
should be strengthened.

3. government fosters community engagement that
empowers locals in decision-making.

4. Eco-friendly alternatives to sand-filling and
biodiversity conservation are encouraged. An
example is the suspension of cities on water
through pillars rather than through sand filling.
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