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Abstract

Mangroves are vital coastal ecosystems that serve as natural barriers against erosion, support diverse
marine life, and play a crucial role in mitigating climate change through carbon sequestration. This
study uses remote sensing techniques to examine land use and land cover (LULC) changes in Mjini
Magharibi, Zanzibar, from 1994 to 2024. The classification of LULC changes using Landsat images
achieved high accuracy in thematic mapping, with overall accuracy and kappa coefficients ranging from
79.7% to 92.5%. The results revealed significant landscape transformations with environmental
sustainability and coastal management implications. Furthermore, the results depicted a consistent
increase in areas covered with water bodies, from 20,736.27 ha in 1994 to 22,422.51 ha in 2024,
suggesting potential sea level rise and coastal land erosion. Concurrently, bare soil and built-up areas
expanded from 1,981.44 ha to 3,406.14 ha, indicating rapid urbanization. The study highlights a
substantial decrease in mangrove and dense forest cover, with a loss of approximately 35.5% over 30
years, posing significant ecological and socioeconomic challenges. Sparse vegetation and farmland
areas also decreased, while mixed land uses increased, reflecting the diversification of land use
patterns. These changes underscore the adverse pressure of urban expansion on natural resources,
including pristine beaches, mangrove areas, and marine ecosystems. The findings emphasise the
urgent need for sustainable management practices and conservation initiatives to protect the
remaining mangrove forests, mitigate land use change impacts, and ensure the long-term ecological
balance of Mjini Magharibi's mangrove ecosystems.
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1. Introduction and store significant amounts of carbon
Mangrove forests stand out as ecologically and (Hagger et al., 2022).

physically valuable resources, serving critical At the same time, their physical roles also
transitional ecosystems between land and sea safeguard coastlines against erosion and storm
(Mohamed et al., 2023). As highly productive impacts, aid in nutrient cycling, and maintain
ecosystems, their importance are recognized water quality (Afonso et al, 2021, Chang &
globally; consequently, their protection and Mori, 2021). Subsequently, stabilization of
wise management are central goals within shorelines has resulted in protection of coastal
international initiatives like the Ramsar communities and infrastructures from the
Convention and the UN  Sustainable damaging impacts of storms and high wave
Development Goals (SDGs) (Seto & Fragkias, energy (Omar et al,, 2019).

2007). The ecological functions of mangrove Despite these multifaceted roles played by
forests include their capability to form mangrove ecosystems, recent studies have
spawning areas, nurseries, and feeding reported the escalating and alarming pace of
habitats for various fish and invertebrate decline of mangrove coverage both at global
species, including those of commercial and local scales (Daulat et al,, 2019; Seto &
significance. Past studies have highlighted the Fragkias, 2007; Valderrama-Landeros et al,
role of mangrove forests in mitigating climate 2018). During the 1990’s alone, mangrove loss
change, as they demonstrate a greater capacity was estimated to decline by 35% worldwide
for carbon fixation than many terrestrial (Cao et al., 2021). In more recent decades, that
forests (Adanguidi et al., 2020). A previous is between 2000 and 2016, it was estimated
study has emphasized that mangrove that approximately 2.1% similar to 3,363 km?
conservation and restoration are strategies of of global mangrove coverage was lost,
paramount importance in addressing climate primarily driven by human activities (Hagger et
change, owing to their unique ability to absorb al,, 2022).
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However, another study conducted by
Mohamed et al. (2023) has reported a decline
of global mangrove at coastline coverage from
20.1 million ha in 2002 to 13.8 million ha by
2010 and further diminished to approximately
8.3 million ha by 2016. Multiple factors have
been recognized to drive the decline of
mangrove forests worldwide which scholars
have categorised into anthropogenic
disturbances and natural causes such as
climate change (Ellison, 2015). Anthropogenic
factors include rapid coastal development and
urbanization, harvesting of mangrove trees for
construction and firewood, and the conversion
of mangrove areas for salt farming, agriculture,
and aquaculture (Nair, 2015). Other activities,
including coastal pollution from sources like
plastic waste and industrial chemicals also add
to the pressure of the decline of mangrove
forests (Adanguidi et al., 2020; Mohamed et al,,
2023; Seto & Fragkias, 2007). Natural factors
such as climate change have been reported to
exacerbate the decline of mangrove forests, and
also its impacts, including sea-level rise, have
further accelerated its rate of decline (Hagger
etal, 2022).

In response to this alarming decline, numerous
initiatives have been undertaken worldwide to
tackle the decline of mangrove forests. For
instance, during 1992 the Convention on
Biological Diversity (CBD) established a goal
that targeted to protect 10% of the world’s
ecological regions; however, this target
remained unmet as of 2010 (Lopera et al,
2023). Furthermore, various countries and
conservation  practitioners  have  also
established various interventions, including
the adaptation of effective regulations,
socioeconomic incentives, and rehabilitation
programs, aiming to reverse declines by
reducing loss rates and increasing gains
(Hagger et al., 2022). These initiatives have,
however, faced various challenges, such as an
increase in adverse biophysical events which
exacerbate complexity in meeting conservation
efforts targets. In parallel with these
interventions, mapping of mangrove forests
has emerged as a vital effort for ensuring
effective protection by offering substantial data
through monitoring of mangrove distribution
(Mohamed et al, 2023; Omar et al, 2019;
Tuholske etal.,, 2017).

Tanzania has not been exempted from the
decline of mangrove forests. Mangrove forests
play a substantial role in Tanzania's
socioeconomic development, offering
necessary resources for local populations and
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significantly bolstering the fishing industry
(Afonso et al., 2021). Likewise, on islands like
Unguja, mangrove ecosystems are reported to
support tourism activities and coastal
agriculture (Mohamed et al., 2023). However,
in recent decades, Unguja Island has
experienced a surge in investments leading to
rapid urbanization along its coastlines. Such
development has brought potential threats to
both terrestrial and marine ecosystems,
leading to the decline of mangrove forests and
disruption of their associated ecosystem
functions (Mohamed et al., 2023). The Mjini
Magharibi region is among the hotspots of
significant mangrove forests, particularly in

Maruhubi Ward (Mchenga et al, 2015).
Maruhubi ward presents a distinctive
combination of wurban and natural

environments, making the balance between
development and ecological conservation
particularly challenging (Lee et al, 2016).
While other areas in Zanzibar, like Menai and
Chwaka bays, feature well-known mangrove-
protected areas (Mohamed et al, 2023), the
Mjini Magharibi region itself has received
comparatively less research focus regarding its
specific mangrove dynamics (Daud et al., 2022;
Islam Mchenga, 2015; Mohamed et al., 2023).
The rapid expansion of tourism and urban
infrastructure yields economic advantages but
simultaneously creates complex challenges
that threaten the region's fragile mangrove
ecosystems. Therefore, monitoring mangrove
forests in this specific region is vital for
informing  effective = management and
conservation efforts (Mohamed et al.,, 2023).
The availability of reliable, accurate, and
consistent data regarding mangrove coverage
and its spatial distribution patterns is essential
for successful conservation. Currently, the
absence of a robust monitoring system
specifically for Mjini Magharibi's mangrove
forests has created knowledge gaps concerning
their spatial patterns and extent, thereby
limiting effective management potential.

For decades, researchers have used various
methods to analyse satellite imagery for
vegetation cover estimation. While datasets
like the Moderate Resolution Imaging
Spectroradiometer (MODIS) provide extensive
insights globally (Wu et al., 2021), their coarse
resolution limits utility for detailed local-scale
assessments (Hamdi et al, 2022). Although
high-resolution images can detect mangroves
effectively, particularly along narrow coastlines
(Valderrama-Landeros et al., 2018), their cost
often restricts availability in regions like sub-
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Saharan Africa (Vahtmde et al, 2021).
Consequently, to monitor mangrove forests
accurately and cost-effectively in this context,
this study uses freely available medium-
resolution imagery from Landsat 5 TM and
Landsat 8 OLI. Combined with the Normalized
Difference Vegetation Index (NDVI) spectral
index, this approach allowed for the
assessment of Land Use and Land Cover (LULC)
changes in Mjini Magharibi over the past three
decades (1994-2024), following methods
suggested by previous studies (Akbar et al,
2020; Martinez & Labib, 2023; Valderrama-
Landeros et al., 2018).

2. Materials and Methods

2.1. The study area

This study was conducted in the Mjini
Magharibi region, Zanzibar, Tanzania, situated
between latitudes 6° 5'0" S and 6° 20'0" S and
longitudes 39°10'0"E and 39°15'0" E. The Mjini

Magharibi  region, which encompasses
Zanzibar's capital, Stone Town, has mangrove
ecosystems that are fundamental to the
district's environmental and economic
structure (Figure 1). However, urbanization
and other economic activities, such as tourism
have been reported to increase in this region,
thereby threatening the health of the mangrove
forests present in this area thus creating a
necessity of assessing the current situation
with regard to the mangrove sapling density.
The total area under this study was 46192.23
ha, including a part of the Indian Ocean. Among
the main mangrove creeks and protected bays
found in the Mjini Magharibi region is
Maruhubi (Islam et al., 2015) which is famous
for four types of mangrove species, namely C.
tagal, R. mucronata, and B. gymnorrhiza
(Mohamed et al., 2023) and A. marina sop
(Islam et al.,, 2015).
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Figure 1. Map of Unguja Island showing a study location

2.2. Data analysis

2.2.1. Data Acquisition and Pre-Processing
This study focused on using satellite imagery
datasets to analyse LULC and detect the
spatiotemporal dynamics of mangrove forests.
Moreover, this study has also applied high-
resolution imagery and a survey to collect
ground-truthing datasets for validation of
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classification results. We set the time series for
the mangrove forest analysis between 1994
and 2024. The type of image and its availability
were Landsat 5 Thematic Mapper (Landsat TM
5) images acquired in 1994 and 2003 and
Landsat 8 Operational Land Imager (Landsat
OLI 8) images for 2014 and 2024 were
acquired from the Google Earth Engine. To
overcome clouds in the study area, the use of a
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median script and filtering by clouds to < 10%
were executed to obtain cloud-free images (Noi
Phan et al., 2020). The Region of Interest (ROI)
for the Mjini Magharibi area was taken from the
official borders given by the National Bureau of

Statistics (NBS, 2022). Then changed to include
more coastal areas by stretching it out to the
ocean so it would cover regions not included in
the NBS maps. Table 1 displays the details of
the Landsat data used.

Table 1. Data used to analyse the patterns and dynamics of mangroves in Mjini Magharibi,

Zanzibar
Satellite imagery
Year Bands Datatype Sensor Resolution Path/Row Source
(m)
1994 3,4 Landsat5 TM 30 Path:166 & https://earthexplorerusgs.cov/
Row: 064
2003 34 Landsat5 TM 30 Path:166 & https://earthexplorerusgs.gov
Row: 064
2014 4,5 Landsat8 OLI 30 Path:166 & https://earthexplorer.usgs.cov
Row: 064
2024 45 Landsat8 OLI 30 Path:166 & https://earthexplorer.usgs.cov
Row: 064
2022 - Shapefile Vector - - https://www.nbs.go.tz
2.2.2. Estimation of Normalized Difference Where;
Vegetation Index (NDVI) NDVI: Normalized Difference
The normalised difference vegetation index Vegetation Index
was a key approach in this study. The NDVI is a NIR: Near-infrared reflectance,
widely used metric for assessing vegetation which is reflected off the leaves
health and density (Hu et al., 2018; Somayajula in healthy plants and is
etal., 2021; Zhao et al., 2017). It has long been therefore overly sensitive to
used to quantify various LULC types, including chlorophyll content in
mangrove forests (Akbar et al., 2020). In recent vegetation
years, NDVI datasets have been provided by the RED: Red reflectance, which is

Moderate Resolution Imaging
Spectroradiometer (MODIS) (Guerschman et
al, 2009). However, their coarse spatial
resolution (250 m) has limited the
effectiveness of detailed vegetation analyses in
regions with complex land cover or small-scale
disturbances (Cho & Ramoelo, 2019; Liu et al,,
2018; Sciortino et al., 2020). Therefore, using
Landsat 5 and 8 can offset this obstacle by
offering an opportunity to develop a medium-
resolution image with a 30 m resolution. The
NDVI metric has been widely validated because
of its proven effectiveness in extracting
relevant features for LULC classification
(Campos-Taberner et al., 2020), and it can be
adopted for mangrove ecosystems. The
scientific estimation of mangroves was
calculated using near-infrared (NIR) and red
(RED) bands of satellite imagery, as shown in
Equation 1 (Tempa et al., 2021). Therefore, in
this study for Landsat 5 TM and Landsat 8 OLI,
the selected bands (B3 and B4) and (B4 and
B5) were termed as RED and NIR, respectively.
NDVI
(NIR — RED)

= T .. (Equation 1
(NIR + RED) (Equation 1)
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absorbed by chlorophyll and
other pigments in vegetation

2.3. Definition and classification of LULC
using NDVI

In this study, mangrove forests were treated as
LULC categories classified using predefined
threshold values (Table 2). (Magidi et al., 2021)
described various approaches of applying NDVI
for LULC classification. The precise NDVI value
ranges typically from -1 to +1.

2.3.1. Classification of mangrove forest and
other LULC

Mangrove forests are among the vegetation
cover types with high chlorophyll content. The
ability of its leaf to reflect over near-infrared
(NIR) bands provides an opportunity for
researchers to extract spectral information
through its canopy chlorophyll (Zhen et al,
2021). However, estimations of vegetation
cover based on calculating photosynthetically
active NDVI can produce varying thresholds
across vegetation types (Huang et al., 2023).
Higher values for NDVI indicate denser and
healthier vegetation, which usually ranges
between 0.5 and 1 (Akbar et al, 2020).
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(Valderrama-Landeros et al., 2018) established
NDVI threshold values for three species of
mangrove, namely Rhizophora mangle,
Laguncularia, and racemosa, as well as those
from dead mangroves using medium- and high-
resolution images (Figure 2). The experiment
has managed to estimate ranges of NDVI
thresholds that mangrove forests can be
captured, which ranged between 0.5 and 1
under the Landsat 8 imagery (Valderrama-
Landeros et al., 2018). Therefore, in this study,

we adopted a similar classification threshold to
distinguish mangrove forests from other land-
use and land-cover types using Landsat 5 TM
and Landsat 8 OLI. The other land cover
classification was established based on the
expert view, whereby threshold values range
from water (0.28-0.015), built-up (0.015-
0.14), barren land (0.14-0.18), shrub and
grasses (0.18-0.27), sparse vegetation (0.27-
0.36), and dense vegetation (0.36-0.74)
(Daulat et al., 2019).

Table 2: Definition of LULC categories and threshold values

LULC Category Definition Threshold
value

Water/Mudflats Areas covered by water bodies, such as lakes, (-0.28-0.015)
rivers, and coastal mudflats.

Bare Soil/Built-up Areas with little to no vegetation, including urban (0.14-0.18)
areas, roads, and exposed soil surfaces.

Sparse Vegetation/Farms Areas with scattered vegetation, including (0.18-0.27)
agricultural lands with seasonal crops or
grasslands.

Mangrove Areas with dense and healthier vegetation indicate 05-1
mangrove forests.

Mixed Land Uses Areas with a combination of vegetation, including (0.27-0.36)

shrubs and other forest types.
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Figure 2. NDVI threshold value (0.5 to 1) that distinguishes mangrove forest from the rest of the
LULC categories (Valderrama-Landeros et al., 2018).

2.4. Validation data collection

This study applied the quantitative method to
assess the quality of the LULC thematic maps
produced using the NDVI algorithm (Mohamed
etal.,, 2023). This approach compared classified
LULC categories with ground truth points
gathered from high-resolution Google Earth
Pro (GEP) images (Ragheb & Ragab, 2015). GEP
is embedded with high-to-medium-resolution
pixel sizes (0.3 to >50 m) (Guerriero et al.,
2020), and its availability depends on the year
of access. GEP provided opportunities for
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conducting spatial inventory and is among the
reliable platforms for acquiring ground-truth
data (Adam & Heeto, 2018; Wang et al., 2022).
Therefore, ground-truthing sample points (30
for each LULC) were gathered from GEP.
However, during sample point collection, the
availability of high-resolution images within
GEP was predominantly between 2024 and
2014; however, the image sizes between 1994
and 2003 were similar to that of Landsat
production (30 m) resolution images and
therefore training samples were collected
using similar imagery. The collected samples
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were then exported to ArcGIS 10.8 as a Keyhole
Markup Language (KML) file, which was then
converted to a shapefile. The shapefile of the
ground-truth data was initially projected in the
World Geodetic System (WGS) 84 and,
therefore, re-projected to the Universal
Transverse Mercator (UTM) zone (Arc1960
South) to align the produced thematic maps.
Data cleaning was done for the collected
ground-truthing points, which were then
performed by editing LULC labels, and the
predicted rows were added through the
attribute table of the collected points (Behn et
al, 2018). The extracted raster values were
applied to the point tool in ArcGIS 10.8, which
extracted the predicted LULC category values
from the corresponding ground-truthing value.

2.5. Accuracy assessment

We evaluated the accuracy of the mangrove
classification results using standard remote
sensing validation metrics, specifically the
kappa coefficient and overall accuracy
(Mohamed et al., 2023; Rwanga & Ndambuki,
2017). It has been known that kappa and
overall statistics are metrics that provide a
robust measure of classification agreement
that accounts for chance (Ali et al,, 2021; Pan et
al, 2021). Therefore, the collected ground-
truth data, which were collected through GEP,
served as the reference for assessing map
accuracy. Subsequently, the calculated KC and
0A metrics were compared with the classified
thematic maps and verified ground reference
points using error matrices.

3. Results and Discussion

The quantitative results of the Land Use Land
Cover (LULC) classification for the study area
from 1994 to 2024 are shown in Table 3 and
Figure 3, while LULC maps are presented in
Figure 4. Classification was conducted for four
periods: 1994, 2003, 2014, and 2024. This
study created very accurate thematic maps,
with Overall Accuracy (OA) and kappa
coefficients ranging between 79.7% and 81.3%
(1994), 84.2% and 83.9% (2003), 87.4% and
84.7% (2014), and 89.8% and 92.5% (2024),
respectively. The results revealed notable
trends and significant changes in the landscape
of the Mjini Magharibi region over the past 30
years, as presented below.

3.1. Water/Mudflats

This study has revealed an alarming increase in
seawater within the study area over time, from
20,736.27 hain 1994 to 22,422.51 ha in 2024,
with slight fluctuations in between (Table 3).
The observed increase in seawater implies
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potential coastline changes in the Mjini
Magharibi, which can be attributed to sea level
rise, coastal erosion linked to depletion of
mangrove forests in the coastal area, or
changes in land-water interfaces. These results
are similar to the study by (Burger et al., 2017)
who divulged the rising of the sea level along
the Jersey shore in the United States. Similarly,
a study conducted in Chwaka and Menai Bay in
Zanzibar reported similar results, whereby
there is evidence of sea level rise due to former
mangrove forest areas being occupied by sea
water, registering a loss of 783.5 ha of
mangrove between 1973 and 1990 (Mohamed
et al,, 2023). Likewise, rising sea levels affect
substantial wave run-ups to land, especially on
exposed open coasts (Almar et al,, 2021). For
small islands like Zanzibar, which are highly
susceptible to climate change impacts,
especially rising sea levels and tropical
cyclones (Thomas et al, 2020), high
commitments to Nationally Determined
Contributions (NDCs) are essential. It has been
documented that these small islands have an
opportunity to employ blue carbon ecosystems
to make a substantial impact on the climate
change mitigation and adaptation goals, even
with small ecosystem ranges (Arkema et al,,
2023; Friess, 2023).

3.2. Bare Soil /Built-up area

Subsequently, the study findings revealed a
significant increase in bare soil and built-up
areas in the Mjini Magharibi region. The
estimated area of this LULC category increased
from 1,981.44 ha in 1994 to 3,406.14 ha in
2024, showing potential urban expansion or
land degradation. The study results imply that
there have been some new developments in the
Mjini Magharibi region over the past three
decades, including developing infrastructures
such as touristic resorts and other facilities.
Past studies have indicated that sea area edges
such as shorelines, beaches, and other nearby
interfaces are usually under intense
development pressure, attracting populations,
tourists, and investments (Burger et al,, 2017).
In Muara Gembong in Indonesia, significant
changes have been observed along the
shorelines due to coastal erosion and
subsequent land use conversions (Sofue et al.,
2025). Similarly, the rapid urban expansion of
the Mjini Magharibi region has placed
unprecedented pressure on its natural
resources, including its pristine beaches,
mangrove area in Maruhubi ward, and diverse
marine life along Mjini Magharibi.
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3.3. Sparse Vegetation/Farms

Subsequently, the study revealed a substantial
reduction in the category of sparse vegetation
and farmlands within the Mjini Magharibi
administrative region. The area coverage
estimation shows a reduction from 4,071.42 ha
in 1994 to 1,589.13 ha in 2024 (Table 3). These
results also signify heightened urbanisation
and development pressures in Mjini Magharibi.
Previous studies have also indicated that, in
coastal areas, there are conflicts in the use of
coastal and marine resources in Tanzania,
where agricultural activities have been
replaced by other activities such as tourism,
fisheries, aquaculture, seaweed cultivation, and
shipping activities (Gates et al, 2021).
Elsewhere, in Indonesia nearly 1 million ha of
mangrove forest have been lost since 1800,
about 800,000 ha of which were transformed
to fishponds between 1970 and 2003 (Ilman et
al,, 2016).

3.4. Mangrove forest

Moreover, this study has revealed an alarming
decrease in mangrove forests, which over the
past 30 years has decreased from 18,438.57 ha
in 1994 to 11,892.33 ha in 2024 (Table 3),
representing a 35.5% decline. Analysis of the
rate of change has also revealed an average rate
of 1.29% over the past 30 years (Figure 5). The
spatial distribution of mangrove decline in the
Mjini Magharibi region is more prominent
along the shoreline of Maruhubi Ward, which
has recently experienced the construction of
hotels and other infrastructure developments.
This study's results also are in good agreement
with a previous study conducted in Zanzibar,
which suggested that mangrove deforestation
in Zanzibar is at a higher rate when compared
with a global average annual mangrove loss
rate of 0.21% (Mohamed et al, 2023). In
Bangladesh the mangrove forest in the
Sundarbans region has been reported to
decrease at a rate of 2.66% per year from 2004
to 2022, linked to deforestation and land
conversion for agricultural and infrastructure
development (Saoum & Sarkar, 2024).
Wartman et al. (2025) also reported a similar
situation in Seychelles, where Mah’e’s
mangrove forests are facing direct threats from
urban activities such as coastal development
and pollution. In the Philippines, Sofue et al.
(2025) recounted a decline in mangrove forest
due to urbanization and tropical cyclones in
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Balangkayan in Eastern Samar while Quevedo
etal. (2022) attributed the decline of mangrove
forests in the same area to urbanization, where
part of mangrove forests was dedicated for
residential areas from 2001 to 2012,

The decline in mangrove and dense forest areas
in the Mjini Magharibi region has several
implications  for  both  ecology and
socioeconomics (Afonso et al, 2021).
Ecologically, mangroves have a higher affinity
toward carbon sequestration than terrestrial
forests (Adanguidi et al., 2020). Therefore, a
decline of mangrove forests in the Mjini
Magharibi region has negative implications for
the global efforts to curb current climate
change trends. Moreover, mangroves play a
more significant role in protecting coastlines
(Tuholske et al., 2017); therefore, the decline of
mangrove forests in the Mjini Magharibi region
exposes its coastal zone to a range of risks, such
as hurricanes (Neumann et al,, 2015) and soil
erosion (Brunier et al, 2019 ). Moreover,
mangrove forests are key to aquatic ecosystems
and provide spawning sites for fish (Omar et al.,
2019), implying that their degradation may
have an adverse effect on the economy of the
island’s community since fishing is among the
key economic activities in Zanzibar. A study
conducted at Maruhubi Creek revealed that A.
marina, a mangrove species, plays a significant
role as a habitat for several crab species,
including N. meinerti crabs. (Islmail et al,
2015). Aye et al. (2019) reported that 28% of
the total income of local communities in the
Ayeyarwady Region in Myanmar was generated
from selling crabs sourced from the mangrove
forest.

3.5. Mixed Land Uses

The increase in bare soil/built-up areas and
mixed land use, coupled with the decrease in
sparse vegetation/farms, suggests ongoing
land-use changes that may have been triggered
by urbanisation and other anthropogenic
activities. The observed changes underscore
the need for sustainable management practices
and conservation initiatives to protect the
remaining mangrove forests and mitigate the
impacts of land-use changes on coastal
ecosystems in the study area. The study
revealed a substantial increase in mixed land
uses, from 964.53 ha in 1994 to 6,882.12 ha in
2024, as presented in Figure 6.
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Table 3. LULC Classification results (1994-2024) in hectares

LULC TYPE LULC (1994 - 2024)
1994 2003 2014 2024
Water/Mudflats 20736.27 22842.27 22976.37 2242251
Bare Soil/Built-up area 1981.44 3383.82 1922.58 3406.14
Sparse Vegetation/farms 4071.42 2794.14 4538.07 1589.13
Mangrove forest 18438.57 15530.22 15878.61 11892.33
Mixed Land Uses 964.53 1641.78 876.60 6882.12
Total area 46192.23 46192.23 46192.23 46192.23
25000
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Figure 5. Rate of change for mangrove forest in the Mjini Magharibi, Unguja Island, Tanzania

Figure. 6. Distribution of land use patterns in Mjini Magharibi (Source: Google Earth Pro: 2025):

(a). Built-up areas with mangrove forest, (b). Cleared mangrove forest for tourist hotel construction,
(c) Shoreline without mangrove forest (posing risk for beach inundation, d). A Gulf area with
mangrove forest
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4. Conclusion and Recommendations

4.1. Conclusion

In this study, LULC and its changes were
detected over the past 30 years (1994-2024)
using remote sensing datasets from Landsat 5
TM and Landsat 8 OLI in Mjini Magharibi,
Unguja Island, Zanzibar. The study categorized
LULC into five classes based on the
classification =~ of normalised different
vegetation index (NDVI) thresholds. These five
(5) classes were water/mudflats, bare
soil/built-up, sparse vegetation/farms, mixed
land uses, and mangrove forest. The findings
indicate that LULC changes have occurred over
the past three decades, revealing critical
insights into the region's environmental and
urban development trends. The study has
reached the following conclusions: -

Firstly, remotely sensed data, specifically the
freely available Landsat 5 TM and Landsat 8
OLI, are reliable medium-resolution images
that have produced LULC maps with acceptable
accuracy results. The produced maps have
proven useful in developing baseline and
precision time-series information about the
LULC of the Mjini Magharibi, Unguja.

Secondly, the study has revealed alarming LULC
dynamics with a notable decline in mangrove
forests, increased water coverage, and
increased bare/built-up areas within the Mjini
Magharibi region. The decline of mangrove
forests will likely pose severe ecological and
socioeconomic challenges, particularly along
the Mjini Magharibi's entire shoreline and the
Maruhubi ward's mangrove creeks. These
challenges include environmental concerns
such as reduced carbon sinks, compromised
coastline protection against climate hazards,
and disruption of aquatic ecosystems,
specifically at Maruhubi creeks.

Over the past three decades, the increase in
water coverage area indicates a potential sea-
level rise and shoreline erosion, exacerbating
the vulnerability of the Mjini Magharibi's
coastal zones. Also, the study has revealed a
rapid extension of bare soil and built-up LULC
category, implying rapid urbanization and
increased infrastructure development
pressure, such as hotel construction, which is
currently facing the Mjini Magharibi. Other
revealed changes, such as the reduction in
sparse vegetation and farmland, coupled with
the rise in mixed land uses, further emphasize
the ongoing LULC transformations that have
complex implications for local communities,
including food security. Based on the findings
of this study, the changes in mangrove forest
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cover and the expansion of bare soil and built-
up areas in the Mjini Magharibi necessitate
immediate attention toward mitigation and
adaptation of impacts associated with these
changes.

4.2. Recommendations
Based on the study findings, the following are
the recommendations:

. Based on these findings, it is
imperative to prioritize the protection
of the remaining mangrove forests
across the shorelines of the Mjini
Magharibi region. Timely interventions

that could secure  mangrove
degradation should be instituted to
realize sustainable coastline

management in the Mjini Magharibi
region. These initiatives are essential
for protecting the remaining mangrove
forests and mitigating the impacts of
land use changes on coastal mangrove
ecosystems in the Mjini Magharibi
region.

ii. ~ The application of remote sensing
technology has proven valuable for
analysing and estimating Land Use and
Land Cover (LULC) changes in the Mjini
Magharibi, Unguja Island, Zanzibar.
This technology has enabled the
establishment of baseline information
and facilitated time series analysis of
LULC changes. Based on the study's
findings, it is recommended that
responsible authorities in Zanzibar
adopt remote sensing (RS) technology
for continuous monitoring of LULC.
Incorporating RS is crucial for tracking
LULC changes and guiding adaptive
management practices for land
conservation. These findings serve as a
call to action for both local and
international communities to support
efforts in monitoring LULC in the Mjini
Magharibi, Unguja Island, Zanzibar.
Future research should focus on
integrating remote sensing data with
ground-based observations and socio-
economic factors to provide a more
comprehensive understanding of LULC
dynamics in the region. This integrated
approach could help identify the
drivers of land use changes and inform

more effective land management
policies.
il It is imperative to increase efforts to

conserve the remaining mangrove
forests in the Mjini Magharibi region,
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Unguja Island, Zanzibar. To achieve
this, responsible authorities should
collaborate and prioritize conservation
efforts across all shorelines of the
region. Key stakeholders include the
Zanzibar Environmental Management
Authority (ZEMA), the Ministry of
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