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Abstract

Understanding trends of land use land cover (LULC) changes is important for
biodiversity monitoring and conservation planning, and identifying the areas
affected by change and designing sustainable solutions to reduce the changes.
The study aims to evaluate and quantify the historical changes in land use and
land cover in Mukumbura (Ward 2), Mt Darwin, Zimbabwe, from 2002 to
2022. The objective of the study was to analyse the LULC changes in Ward 2
(Mukumbura), Mt Darwin, Northern Zimbabwe, for a period of 20 years using
geospatial techniques. Landsat satellite images were processed using Google
Earth Engine (GEE) and the supervised classification with maximum likeli-
hood algorithm was employed to generate LULC maps between 2002 and
2022 with a five (5) year interval, investigating the following variables, forest
cover, barren land, water cover and the fields. Findings revealed a substantial
reduction in forest cover by 38.8%, water bodies (wetlands, ponds, and rivers)
declined by 55.6%, whilst fields (crop/agricultural fields) increased by 93.3%
and the barren land cover increased by 26.3% from 2002 to 2022. These find-
ings point to substantial changes in LULC over the observed years. LULC
changes have resulted in habitat fragmentation, reduced biodiversity, and the
disruption of ecosystem functions. The study concludes that if these deforesta-
tion trends, cultivation, and settlement land expansion continue, the ward will
have limited indigenous fruit trees. Therefore, the causes for LULC changes
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must be controlled, sustainable forest resources use practiced, hence the need
to domesticate the indigenous fruit trees in arborloo toilets.
Keywords

Anthropogenic Activities, Deforestation, Geospatial Analysis,
Land Use/Land Cover, Supervised Classification

1. Introduction

Land use and land cover (LULC) change is a complex and dynamic process influ-
enced by social, economic, and biophysical factors that can cause significant im-
pacts on ecological processes and biodiversity conservation [1]. Land cover refers
to the physical and biological cover on the Earth’s surface, including natural ele-
ments such as forests, wetlands, water bodies, and urban areas [2], while land use
describes how the land cover is modified (e.g., agricultural land, built-up area,
recreation area, wildlife management areas) [3]. Land use also refers to the land
that has been utilized by humans and their territory, commonly highlighting the
functional nature of land for economic activities [4]. LULC change reflects the
intricate interaction between climate action and intensive human activities and is
closely correlated to various terrestrial processes such as biodiversity, earth sur-
face energy balance, atmospheric circulation, and carbon cycle [5]. Therefore, an
understanding of LULC and its use has become an essential requirement for ful-
filling the needs of the growing population [6].

LULC change is the most prevalent and dynamic landscape phenomenon on
the surface of the planet, and it plays a key role in reflecting regional and global
environmental changes [7]. LULC change has become a fundamental and essen-
tial component in current strategies for monitoring environmental changes and
managing natural resources [8]. The impacts of LULC changes are of great con-
cern for community livelihood and conservation globally [9]. LULC changes have
become the main cause of global ecosystem service change, and Africa is experi-
encing substantial changes across the continent [10]. The LULC changes are trig-
gered by the interplay of socioeconomic and natural environmental factors [11].
LULC changes are the main drivers of environmental changes, therefore, studying
its dynamics is increasingly essential for land management [12]. In recent decades,
there has been a sharp increase in LULC change in Africa, mainly due to rapid
population growth and the associated overexploitation of natural resources [13].
The main driving forces of the LULC transition might be connected to multiple
factors, such as the increasing human population and accompanying consump-
tion demands, rapid socio-economic development, policies, and institutional fac-
tors [14]. Population growth coupled with high demand for food, charcoal, tim-
ber, and poles in urban areas are the key drivers contributing to natural resource

degradation in rural areas [10]. In many parts of the world, anthropogenic activities
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such as mining, deforestation, fires, human settlements, and agricultural intensi-
fication have been reported as the major drivers of LULC [15]. The bulk of human
operations are carried out on lands that in turn consume natural resources, affect
the environment, and lead to LULC change [16]. These LULC changes and their
effects are mostly discernible over regions having higher population density, de-
forestation, and agricultural diversification [17]. The current LULC changes are
carried out in an unsustainable manner and thus negatively endangering posterity
[18]. The LULC change process has a negative impact on biodiversity, climate,
soil, air, and the ecosystem in general, and it has become the most serious envi-
ronmental concern for humans in recent years [19]. One of the most significant
global challenges is related to the management of the transformation of the earth’s
surface that occurs due to changes in land use [20].

LULC is under continuous change mainly because of societal development and
natural causes [21]. However, climate-induced changes (e.g., drought, precipita-
tion variability, forest fire, invasive species, and other disturbances) can also pres-
sure LULC alterations [14]. Analyzing LULC changes is one of the most precise
techniques to understand how the land was used in the past, what types of changes
are to be expected in the future, as well as the forces and processes behind the
changes [22]. Understanding changes in LULC is one of the most important as-
pects of managing the earth’s resources and hence, acquired much attention from
researchers, environmentalists, and decision-makers [23]. LULC can be used to
assess ecosystem changes and their environmental implications at various tem-
poral and spatial scales, making it useful for understanding environmental changes
[19]. The LULC changes have directly or indirectly contributed to a decrease in
the availability of natural resources [24], which have ultimately compromised the
ability of the ecosystem to provide goods and services for human sustenance in
communities that are heavily and directly dependent on natural resources.

The ecosystem health and natural resource management are influenced by the
social, political, economic system, and institutional framework in a region [25].
Thus, LULC changes play an important role in the study and analysis of global
environmental changes [26]. Making data available on LULC changes is essential
for providing critical input to decision-making on ecological management and
environmental planning for the future [26]. Several researchers have addressed
the problem of accurate monitoring of LULC changes in numerous environments
using different techniques [26]. LULC change, where forest cover change is the
main feature, is recognized as the main driving force of global environmental
change and is thus central to the sustainable development debate [27]. The timely
and accurate detection of LULC change is important for the macro and micro-
level sustainable development of any region [28]. LULC is vital to investigate land
use patterns and help forecast future sustainable land management [29].

There has been an increase in studies on LULC changes following Zimbabwe’s
fast-track land reform program on the country’s ecological environment since the

year 2000. One such research was to establish the status of land use and land cover
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changes for the Shurugwi district as well as to determine the extent of these changes
in three different years (1991, 2000, and 2009) using Geographic Information Sys-
tem and remote sensing techniques [30]. Timely and precise information about
LULC change detection of the Earth’s surface is extremely important for under-
standing relationships and interactions between human and natural phenomena
for better management of decision-making [31], and for understanding the con-
tribution of forest products to household income. There has been an annual nat-
ural forest loss of 10.6 million ha per year globally for the period 1990 to 2000
[32]. The LULC changes cause the loss of 13 million ha of the world’s tropical
forest each year including 14,000 and 40,000 species [9]. (It is estimated that global
LULC changes have caused ecosystem service values to decrease from US $145
trillion year™ in 2007 to US $125 trillion year in 2011 [14]. In Africa, 5% of wood-
lands and grasslands and 16% of natural forest cover disappeared from 1975 to
2000; more than 50,000 km? of natural vegetation was lost per year [10]. The ma-
jority of vegetation cover has been changed into agricultural and settlement land
covers [23]. The data available on LULC changes and the rate of change provide
critical information to aid in the decision-making of ecological management and
environmental planning for the future [18].

Major direct causes of forest clearance and degradation include: the expansion
of agricultural land, over-harvesting of industrial wood, fuelwood, and other for-
est products, and overgrazing [19]. Hence, there is a need to restore the degraded
forests using the arborloo toilet technology and the Ziziphus mauritiana tree spe-
cies, the main Indigenous fruit tree in the ward. The main drivers of LULC changes
include poverty, population growth, and trade in forest products so the need to
domesticate the multipurpose, Ziziphus mauritiana fruit tree species [33] in ar-
borloo toilets to reduce poverty levels in the ward.

The contribution of forest products to household income showed that forest
products are vital in sustaining rural household needs [34] [35]. Forests remain
an important source of products and services that are critical to household liveli-
hood support and emergency safeguards [36]. Access to these forest products is
associated with individual characteristics such as gender, age of the household
head, household size, education level, and total household income, among others
[36]. Natural processes like floods, landslides, droughts, and climate change affect
LULC, although they are induced by anthropogenic activities to a certain degree
[37]. The availability of precise and reliable LULC change information is critical
for environmental planning for sustainable development as it enhances under-
standing of the anthropogenic influence on the terrestrial ecosystem [38]. Analyz-
ing LULC change is therefore relevant to scientists, environmentalists, planners,
economiists, policymakers, and everyone who cares about the sustainability of nat-
ural resources [39]. Accordingly, this study analyses the status of LULC change in
Mukumbura Ward in northern Zimbabwe and, detects the rate of land use and
the changes that have occurred from 2002 to 2022 using geospatial techniques.
LULC changes play an important role in the study area and analysis of global
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changed scenarios today. The data available on such changes is essential for provid-
ing critical input to decision-making of ecological management and environmen-
tal planning for the future [26]. The other objective was to examine the temporal
dynamics of LULC changes, identifying trends, patterns, and the rate of change
over the study period from 2002 to 2022. LULC changes can be used to assess
ecosystem changes and their environmental implications at various temporal and
spatial scales, making it useful for understanding environmental changes [19].
Geospatial techniques such as GIS and remote sensing are an efficient tool for
developing land use classification maps. Satellite remote sensing and GIS are the
most common methods for the quantification, mapping, and detection of patterns
of LULC because of their accurate georeferencing procedures, the digital format
of data suitable for computer processing, and the repetitive data acquisition [23].
GIS offered an environment for gathering, storing, presenting, and examining
digital data for change discovery [40]. Hence the main objectives of the study
were, i) to analyze the changes in land use and land cover in Mukumbura (Ward
2) over the 20-year period from 2002 to 2022, ii) to identify the main trees being
targeted in deforestation. iii) to create detailed maps showing the spatial distribu-
tion of different land use and land cover types in 2002, 2007, 2012, 2017 and 2022
iv) to identify critical habitats and ecosystems that are under threat from land use
changes, and lastly, to use remote sensing and GIS tools to visualize and quantify

changes over time.

2. Materials and Methods
2.1. Study Area

Mt Darwin has a total population of 240,728 and 58,071 households [41], and is
the most populous and largest district in the province. Mt Darwin has forty wards,
accounting for 20% of the provincial population [42]. The Lower Zambezi Valley
in Mt Darwin is bounded by latitude 16.30S, longitude 31.57E, and latitude 16.17S,
longitude 31.30E, and covers an area of about 153 square kilometers (GIS, 2023).
It is a semi-arid to arid region located in the agro-ecological regions 4 and 5 which
is characterized by low annual rainfall of between 450 to 650 millimeters [43]. The
area receives its rainfall from November to March and is usually associated with
mid-season dry spells that affect crop growth and maturity. The region is charac-
terized by very high temperatures. Minimum temperatures in the area range be-
tween 15 to 25 degrees Celsius during the winter in June to July and maximum
ranges between 35 to 40 degrees Celsius during summer in September and Octo-
ber [44]. The area is largely composed of flat undulating terrain, clay loams soils
which are fertile for agricultural production [44] (Figure 1). Mukumbura is in the
Zambezi Valley with a total population of 12 954 and 3247 households [41].
Mukumbura has a total area of 15 345.601 hectares (GIS, 2023). The 2002 popu-
lation for the ward was 13,078 and 2,916 households [45], which showed a de-
crease in total population and an increase in the households. There was an in-
crease of 331 households from 2002 to 2022, an increase of about 11.4%. The Ward
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has a total area of 15,345.60 hectares (GIS, 2023) and is made up of 23 villages.
The Ward is popularly known as the Mukumbura or Gombe by the locals because
of availability of Masawu tree species.
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Figure 1. Location of Mukumbura (Ward 2), Mt Darwin District, Northern Zimbabwe.

2.2. Research Approach

The image classification for the study period was performed by supervised classi-
fication using a maximum likelihood classifier. The classified images were as-
signed to the respective classes which are forest land, water body, cultivated land
and bare land. The satellite images for the years 2002 to 2022 were used to identify
the LULC in the ward and a ground truthing and Focus Group Discussions
(FGDs) were done to the identify the possible reasons. Satellite images were pro-
cessed using Google Earth Engine (GEE) cloud computing software. GEE was pre-
ferred due its computation power, hence a powerful tool for processing large Earth
observation data [46]. A java script and Google Earth Engine (GEE) java script
were used for the classification. Using the GEE we selected the random forest clas-
sifier algorithm. Random forest is reported to be robust to outliers, and noise, and
it is computational lighter than decision tree methods such as gradient boosting
[47]. To perform a supervised classification of Landsat 7 and 8 images in GEE, the
following steps were employed to 1) collect training data: this was done by draw-
ing polygons on the map to represent different land cover classes or by importing
predefined training data from an Earth Engine table asset. Training data is instru-
mental in supervised image classification. The training dataset is a labeled set of
data that is used to inform or “train” a classifier. The trained classifier can then be
applied to new data to create a classification. In the study, land cover training data

contained examples of each class in the study’s legend. Based on these labels, the
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classifier can predict the most likely land cover class for each pixel in an image.
The categorical classification and the training labels are therefore categorical. 2)
Assemble features: We selected the bands that we wanted to use as predictors and
created a feature collection that includes the class labels and predictor variables.
3) Instantiate a classifier: We then choose a classifier from the ee.Classifier pack-
age, such as ee.Classifier.cart or a Classification and Regression Trees (CART)
classifier. 4) Train the classifier: The next step was to use the train method to train
the classifier on the training data. 5) Classify the image: Finally, we used the clas-
sify method to classify the image or feature collection. To extract the area of each
class in hectares, we employed the ee.Image. pixel Area method to calculate the
area of each pixel in square meters, then multiply by the number of pixels in each
class and divide by 10,000 to convert to hectares. The methodology used was
adopted to obtain land use land cover changes in Mukumbura is illustrated in
Figure 2.

Landsat 2002 Landsat 2007 Landsat 2012 Landsat 2017 Landsat 2022

l l l

_| Image Pre processing and Sub
setting

Classification

Scheme 17 Training Sites

Image Processing

High Resolution

Classification
image

Post Classification
l i

Accuracy Change detection
—
Assessment {
‘ l l Comparison
LULC Map 2002 LULC Map 2007 LULC Map 2012 LULC Map 2017 LULC Map 2022 l
‘ Results and
Conclusion

Figure 2. Flow chart showing the methodology of LULC change detection in Mukumbura
(Ward 2) Mt Darwin, Northern Zimbabwe. Source: [29].

2.2.1. Landsat Data Acquisition

Spatial land use land cover dynamics were derived from Landsat satellite data for
a 5-year interval between the years 2002 to 2022 using the maximum likelihood
classification technique. Landsat images were used because they are freely availa-
ble and have relatively moderate resolution considering the size of the study [48].
The Landsat satellite imagery for the study area was divided into wet (November-
March), transitional (April-June), and dry periods (July-October). LULC changes
for the three categories from 2002 to 2022 were compared. The reason was that

there are changes in LULC throughout the year and need to identify the possible
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reasons in the next objective. Medium resolution Landsat imagery with a spatial
resolution of 30 m x 30 m was obtained for the years 2002, 2007, 2012, 2017 and
2022 to comprehensively cover the study area. These datasets were sourced from
the United States Geological Survey (USGS) EarthExplorer website

(https://earthexplorer.usgs.gov/) ensuring reliable and consistent data for analy-

sis. Specifically, the study utilized a series of images captured by Landsat 7 (En-
hanced Thematic Mapper, ETM), and Landsat 8 (Operational Land Imager, OLI),
providing a robust temporal dataset for detailed assessment of surface water
changes over two decades. The specifics of the datasets used are elaborated in Ta-
ble 1, illustrating the extensive temporal and spectral coverage provided by these

satellite missions.

2.2.2. Pre-Processing

Layer stacking was performed using Google Earth Engine (GEE) cloud computing
software to combine three bands of each Landsat image representing the red,
green, and blue (RGB) wavelengths of the electromagnetic spectrum. For Landsat
7, the bands 4 (near-infrared, NIR), 3 (red), and 2 (green) were used. For Landsat
8, bands 5 (NIR), 4 (red), and 3 (green) were utilized. As Landsat Level-2 images
were used, no atmospheric correction was necessary (USGS, 2024). The Landsat
images, originally in Universal Transverse Mercator (UTM) zone 35N for the
scenes in Zimbabwe, required reprojection. The stacked image layers were repro-
jected to the WGS84/UTM zone 35S coordinate system. Subsequently, a shapefile
of Mukumbura was employed to subset the study area from the reprojected image

layers.

2.2.3. Classification

The study utilized supervised classification within the Google Earth Engine (GEE)
cloud computing platform. GEE was chosen for its substantial computational
power, making it an effective tool for processing extensive Earth observation data
[46]. The Random Forest classifier algorithm was employed to generate Land
Use/Land Cover (LULC) maps for the years 2002, 2013, and 2022. Random Forest
is noted for its robustness to outliers and noise and is computationally more
efficient than decision tree methods such as gradient boosting [47]. Training sites

were selected, and spectral signature files for chosen LULC classes—including

Table 1. Specifications of landsat satellite data used in this study.

Satellite/Sensor

Date Path/Row Spatial Resolution Spectral Resolution

Landsat 7 (ETM+)

2002/07/11

169/071

30 m

Multispectral (8 bands)

Landsat 7 (ETM+) 2007/07/17 169/071 30 m Multispectral (11 bands)
Landsat 7 (ETM+) 2012/08/19 169/071 30 m Multispectral (11 bands)
Landsat 8 (OLI/TIRS) 2017/08/19 169/071 30 m Multispectral (11 bands)
Landsat 8 (OLI/TIRS) 2022/08/19 169/071 30m Multispectral (11 bands)
DOI: 10.4236/0je.2024.149041 713 Open Journal of Ecology
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vegetation, built-up areas, bare soil, and water bodies—were created using GEE
software (Table 2). The resulting classified images were validated through ground-
truthing, involving field visits to the study area. For each predetermined LULC
type, training samples were obtained by delineating polygons around representa-
tive sites [19]. Spectral signatures for these land cover types were extracted from
the satellite imagery using the pixels within these polygons [49]. In cases where
ground truth data was unavailable, training sites were identified based on infor-

mation from Google Earth.

Table 2. Detail disruption of Land Use Land Cover (LULC) classes.

LULC Types LULC Description
Water Rivers, dams, dams, ponds
Forest Forest, vegetated lands, parks, etc.

Barren land Open land, unused and empty areas, fallow areas, bare soil,
Fields Crop fields

2.2.4. Accuracy Assessment

In the accuracy assessment, QGIS software was employed to compare supervised
image pixels with reference pixels representing specific land cover classes. Satellite
imagery, utilizing a Stratified Randomization Technique (SRT), was utilized to
classify various Land Use and Land Cover (LULC) categories within the study area
[50]. Each class underwent evaluation using 120 points derived from both visual
interpretation and ground-truth data. The process included the application of er-
ror matrices to statistically evaluate the classification results against reference
data, a widely accepted method in accuracy assessment. Additionally, Kappa sta-
tistics were computed using the confusion matrix to assess agreement between
identified and reference pixels for each land cover class, while also determining

user and producer accuracy [51].

3. Results and Discussion
3.1. Analysis

In this study, comprehensive data analysis was conducted to assess changes in
Land Use and Land Cover (LULC) over the years 2002, 2007, 2012, 2017, and
2022. Tables and pie charts were constructed to systematically compare the areas
occupied by different land use types across these years. This approach enabled a
detailed examination of trends and shifts in LULC patterns over time. Addition-
ally, percentage changes in land area were calculated, providing quantitative in-
sights into the magnitude of these changes.

To visually depict temporal trends, multiple line graphs were employed. These
graphs effectively illustrated the dynamic nature of LULC changes from 2002 to
2022, offering a clear visualization of how specific land use categories evolved over

the studied period. This combined analytical approach, utilizing both tabular and
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graphical representations, facilitated a robust understanding of the spatial and
temporal dynamics of LULC within the study area.

The images for Mukumbura (Ward 2) from 2002 to 2022 were first independently
classified, and afterwards, change detection processes were performed. The per-
centage of land use/land cover change detection was made using the following

formula:

Area final year — Area initial year x100

Percentage LULC Change = —
Area initial year

If the Percentage LULC Change < 0, the land cover type is in a state of depletion.
The larger the absolute value of Percentage LULC Change, the more intensively
land has been depleted. Percentage LULC Change > 0 means just the opposite (the
land cover type is in a state of expansion) [19]. Finally, a Chi-Square test was con-
ducted to investigate the potential dependence between land cover and changes in
the year. The Null Hypothesis (HO) stated that land cover and year are independ-
ent variables, while the Alternative Hypothesis (H1) suggested that they are de-
pendent. The test statistic for this analysis was achieved by summing the squared
differences between the observed and expected frequencies of land cover types for

each year, divided by the expected frequencies.

3.2. LULC Changes in Mukumbura (Ward 2) from 2002 to 2022

LULC change is the human modification of Earth’s terrestrial surface by direct
and indirect activities of human actions when securing essential resources [39].
Ward 2’s economy and Mt Darwin at large rely to a great extent on the use of
natural resources and therefore has land use and cover issues. Human well-being
and the functioning of the global economy depend on ecosystem services, but
these services are under threat because of the intricate interplays between people
and the environment, which result in ecosystem degradation and biodiversity loss,
and lead to economic impoverishment [14]. Results from the Maximum likeli-
hood techniques indicate that during the wet season of 2002 to 2007, the forest
declined by 1412.97 hectares which was equivalent to 19.38% of the total area.
There were several anthropogenic activities which resulted in the decline of for-
ests, so the need to domesticate the indigenous trees being removed. During the
same period, the barren land increased by 1,330.58 hectares which was 26.46%
whilst the fields increased by 628.65 hectares which was equivalent to 29.55%. The
transitional period (April to June) was characterized by a decline in the forest by
4784.10 hectares (65.61%), barren land increase by 6339.58 hectares (125.98%,
water declined by 422.36 hectares (47.23%) and the fields declined by 1130.08 hec-
tares (53.12%). During the dry period (July to October), the forest decreased by
5690.30 hectares (78.04%), the barren land increased by 5022.25 hectares (99.8%),
which was almost 100% increase. The increase in barren land has severe impacts
to biodiversity in the area. The marginalised community also rely on ecosystem
goods for survival hence the need to domesticate Ziziphus mauritiana fruit trees
in arborloo toilets. The water decreased by 249.43 hectares (27.89%) whilst the
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fields also decreased by 692.68 hectares (32.56%) (Figures 3-5).
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Figure 3. 2002 land use land cover for Mukumbura (Ward 2), Mt Darwin District, Northern Zimbabwe.
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Figure 4. 2007 land use land cover for Mukumbura (Ward 2), Mt Darwin District, Northern Zimbabwe.
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Figure 5. LULC changes for Mukumbura (Ward 2) from 2002 to 2007.

The results indicate that during the dry period, forest cover was cleared to pave
the way for fields as well as new settlements according to the results from the
fieldwork. The barren land increased during the same time and the fields de-
creased. In 2002, the fields were concentrated in the Southern part of the ward and
spread to the central part in 2007. This suggests that the community was shifting
from their fields along Mukumbura and Nyautande Rivers to fields around their
homesteads. The study area has witnessed an increase in field cover and a reduc-
tion in forest and water bodies. Human activities such as extending fields, settle-
ments, and grazing lands have resulted in massive land use changes in the area.
Several studies have witnessed the same trends. The case study of Islamabad, Pa-
kistan from 1992 to 2012 showed that the increase in deforestation was mainly
due to increased agricultural use of land but some of the forest areas were shifted
to different gardens in the region [26]. LULC change has seriously affected agri-
cultural development in various African countries over the past three decades and
this has also impacted rural livelihoods and the overall food security situation in
sub-Saharan Africa [52]. This reveals the need to domesticate these indigenous
fruit trees for food security and biodiversity. Research carried out in Northern
Ethiopia to assess the domestication process of indigenous fruit and fodder
trees/shrubs and to analyze their potential contribution to food security [53],
showed that marginalised communities benefit from the programs. Mukumbura
(Ward 2) has the potential to domesticate the Ziziphus mauritiana tree species in
arborloo toilets as well. The research carried out by [54] in Western Doon Valley,
India, indicated that during the 2001 to 2010 period, the agriculture forest and
settlement area increased by 6.22% while the area under other land categories such
as water bodies decreased by 6.16%. The rate at which the forests are decreasing
shows the need to domesticate the indigenous trees.

Maximum likelihood techniques indicated that during the wet period (Novem-
ber to March) of 2007 to 2012, the forest cover decreased by 559.70 hectares
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(9.52%), the barren land increased by 1,690.65 hectares (0.03%), and the fields
increased by 2128.02 hectares (77.28%). During the 2007 to 2012 period, the fields
increased by almost 48% from the period from 2002 to 2007 (Figure 6). The in-
crease in fields showed that more land was converted into agricultural use. During
the same period, water cover decreased by 253.07 Hectares (34.93%). The conver-
sion of forest cover into field was supported by evidence of high silt, sand and
other sediments deposits along the banks of Mukumbura and Nyautande rivers,
which could have resulted in the decrease in water cover in the ward. During the
dry season, the forest increased by 950.10 hectares (59.35%), the barren land in-
creased by 794.68 (7.9%), water decreased by 365.88 (56.75%) and the fields in-
creased by 232.37 (16.2%) (Figure 5, Figure 7).
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Figure 6. LULC changes for Mukumbura (Ward 2) from 2007 to 2012.
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Figure 7. 2012 land use land cover for Mukumbura (Ward 2), Mt Darwin District, North-
ern Zimbabwe.
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During the transitional period, the forest cover increased by 1023.77 hectares
(40.85%), barren land decreased by 2814.68 (24.75%), water decreased by 3.49
hectares (0.74%) and the fields increased by 1793.46 hectares (179.86%). The in-
crease in the fields was mainly due to the preparation for the next season. The field
observations showed that the farmers were carrying out winter ploughing in prep-
aration to the next growing season. The study carried out by [55] ascertained that
in Beshillo catchment of the Blue Nile Basin, North Eastern Highlands of Ethiopia,
though there was a change in all land use types, the major change detected was a
consistent expansion of farmland/settlements area mainly at the expense of Afro/
sub Afro-alpine vegetation areas. LULC in developing countries is characterized

by expansion in settlements, barren lands, and fields.
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Figure 8. LULC changes from 2012 to 2017.

During the 2012 to 2017 wet period, the forest cover increased by 1651.55 hec-
tares (31.05%), the barren land decreased by 509.32 hectares (10.9%), water sur-
faces decreased by 133.62 hectares (28.35%) and the fields decreased by 1008.61
hectares (20.65%) (Figure 8). During the transitional period, the forest increased
by 452.74 hectares (12.83%), mainly because the hedges were planted during the
transitional and the dry periods. This is because the hedges contain a milky poi-
sonous sap which will be low in concentration during the transitional and dry
periods. The barren land decreased by 1882.45 hectares (21.99%) due to vegeta-
tion re-growth in the fields as the villages are shifting to backyard farming. Water
increased by 355.99 (76.01%) and fields increased by 1073.72 hectares (38.48%)
during the same period. During the dry period, the forest also increased by 713.03
(27.95%), and barren land increased by 84.38 (0.78%) (Figure 9). The increase in
barren land was due to the cutting of thorn trees to protect the newly grown hedge
plants from being destroyed by domestic animals. Water increased by 158.21 hec-
tares (56.73%) and the fields decreased by 955.62 hectares (57.33%) as the villagers
abandoned them to backyard farming (Figure 9).
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Figure 10. LULC changes for Mukumbura (Ward 2) from 2017 to 2022.

During the period 2017 to 2022, the forest cover further declined by 2509.05
hectares (35.99%), the barren land increased by 2192.32 hectares (52.66%) and the
fields increased by 257.82 hectares (6.65%) for the period 2017 to 2022 (Fig. 10).
During the transitional period, the forest decreased by 66.08 hectares (1.66%), the
barren land increased by 2307.72 hectares (34.57%), water decreased by 389.06
hectares (47.2%) and the fields decreased by 1852.58 (47.94%) (Figure 10). During
the dry period, the forest decreased by 451.63 (13.84%), and barren land also de-
creased by 886.08 (8.1%) however water and fields decreased by 8.3% and 55.98%

respectively (Figure 11).
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Figure 11. 2022 land use land cover in Ward 2 (Mukumbura), Mt Darwin District, North-
ern Zimbabwe.

The deterioration and decline rate of vegetation cover occurred throughout the
Ward from 2017 to 2022 (Figure 11). The vegetation was cleared to expand fields
and promote increased cultivation of sesame crops (Figure 11). The farmers
cleared the land to meet the rising demand for sesame, a versatile and valuable
crop with a high demand in Mozambique. Clearing forest and grassland conver-
sion into agricultural lands is a common practice in many developing countries.
This is supported by [56] who reported that the present natural forest in Sudan is
estimated to have declined to approximately 0.8 billion m? standing crop, while it
was 2.4 billion m? in the mid-seventies. The decline in forests was because of an

increase in agricultural land.

3.3. Overall LULC Changes in Ward 2 (Mukumbura) from 2002 to
2022

The findings revealed that there has been a significant change in LULC over the
observed years (P < 0.05). The Null and Alternative hypotheses for the study were:
HO: There was no statistically significant difference in land use and land cover in
Mukumbura Ward between 2002 and 2022 and H1: There was a statistically sig-
nificant difference in land use and land cover in Mukumbura Ward between 2002
and 2022. Consequently, the Null Hypothesis (HO0) was rejected hence providing
strong evidence to accept the Alternative Hypothesis (H1), indicating that there
was a statistically significant dependence between land cover and changes in years.
This finding leads to the conclusion that there has been a substantial change in
land cover over the observed years. The results from the images showed that the
fields and barren land had increased from 2002 to 2022 whilst the forests and wa-

ter cover changes reduced. The barren land cover increased by 26.3% in the study
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area. This may be due to increased agricultural land and other anthropogenic ac-
tivities contributing to deforestation. The forest cover declined by 38.8% and the
fields increased by 93.3% during the 2002 to 2022 period, the reason behind the
changes was the increase in agricultural land, population, and settlements. Hence
there is a need to replace the indigenous trees which are being cut for various
purposes. The most dominant tree species in the area is Ziziphus mauritiana, so
the next objective of the thesis is to domesticate Ziziphus mauritiana tree species
in arborloo toilets. It has been calculated that the water cover has decreased by
55.6% maybe due to the pattern of human encroachment. For the ground truth
verification, the researchers used FDGs and questionnaire surveys. A total of 200
households were involved in the questionnaire surveys, which revealed that the
Ziziphus mauritiana tree species was the main tree endangered as a result of de-
forestation. In many developing countries, land degradation as a result of unde-
sired LULC change has led to a reduction in food production and threatened live-
lihoods [57]. The changes in LULC hinge on human activities that people under-
take to earn their living and make their environment comfortable; by so doing,
end up transforming their land and land cover and this eventually affects food
production [52]. So, there is need to domesticate these trees in used arborloo toi-
lets, which is the main focus of the thesis. Table 3 shows the actual changes in

hectares for the variables, forest, barren land, water, and fields from 2002 to 2022.

3.3.1. Wet Season Changes for Mukumbura (Ward 2) from 2002 to 2022

During the wet season, barren land was more in 2007, and in 2022, the fields were
greater in 2012. The fields were less in 2002 and increased during the 2007 to 2012
period. During these years the community relied on cotton as their cash crop.
Cotton was grown extensively, and large pieces of land were cleared. The other
reason for the increase in fields from 2002 to 2022 (Figure 12) was due to the
increase in households by 331 from 2002 to 2022 [41]. More fields were cleared by
the new households. The forests increased from 2012 to 2017 (Figure 8) and de-
creased from after 2017 to 2022 (Figure 10). The fields were cleared to pave the

way for the new cash crop, the Sesame seed (Figure 11).

3.3.2. Transitional Period Changes for Mukumbura (Ward 2) from
2002 to 2022

The barren land increased in the 2007 transitional period, and the forests and

Table 3. Land use land cover change in Hectares from 2002 to 2022.

2002 Area (Ha)
Variable
Wet Trans Dry

2007 Area (Ha) 2012 Area (Ha) 2017 Area (Ha) 2022 Area (Ha)

Wet

Trans  Dry Wet  Trans Dry Wet Trans Dry Wet Trans Dry

Forest 7291.243299.63 1795.8 5878.27 2506.14 1600.94 5318.57 3529.91 2551.04 6970.13 3982.66 3264.07 4461.08 3916.57 2812.44

Barren

5032.198021.6111490.79 6362.77 11371.7710054.44 4672.12 8557.01 10849.13 4162.8 6674.65 10933.51 6355.11 8982.37 11819.59

land

Water 894.19 451.04 627.22 724.43 471.83 644.76 471.36 468.34 278.87 337.74 824.33 437.07 396.66 435.27 400.81

Fields 2127.233574.61 1433.1 2755.88 997.15 1434.55 4883.89 2790.60 1666.92 387529 3864.32 711.31 4133.10 2011.74 313.11
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Figure 12. Wet season LULC changes for Mukumbura (Ward 2) from 2002 to 2022.

fields also decreased during the same period. From the ground truthing, during
2007 to 2008, political violence was high in the ward, which forced many people
to flee to safer places. Most of the fields were not cultivated as a result of political
violence (Figure 6). The period 2002 to 2022, saw an increase in barren land and
forest cover (Figure 13). The barren land during the transitional period increased
from 8021.61 hectares in 2002 to 8982.37 hectares in 2022 (Figure 13).
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Figure 13. Transitional period LULC changes for Mukumbura (Ward 2) from 2002 to 2022.

3.3.3. Dry season LULC changes for Mukumbura (Ward 2) from 2002 to
2022

During the 2002 to 2022 dry seasons, there were fewer LULC changes. The forest
cover increased during the 2012 to 2017 dry season. The barren land decreased
during the 2007 dry season (Figure 4). During the 2002 to 2022 dry seasons, the
barren land increased from 11490.79 in 2002 to 11819.59 in 2022, an increase of
2.9% (Figure 14).
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Figure 14. Dry season LULC changes for Mukumbura (Ward 2) from 2002 to 2022.

3.4. Implications for Conservation

Human forces are now known to be altering the natural global landscape at un-
precedented magnitudes and different spatial-temporal scales [57]. Population
pressure and other socioeconomic and natural drivers lead to unprecedented
LULC changes at different spatial and temporal scales in Ward 2, Mt Darwin.
While environmental conditions set the stage, human activities, driven by eco-
nomic needs and population pressures, are the primary forces altering land cover
in Ward 2 in Mt Darwin District. Monitoring and mapping of LULC dynamics
are crucial as changes observed reflect the status of the environment and provide
input parameters for optimum natural resources management and utilization
[55]. LULC changes have significant implications for conservation efforts as it
leads to the loss and fragmentation of natural habitats. Habitat loss and fragmen-
tation can result in the displacement of wildlife, reduced biodiversity, and in-
creased vulnerability of species to extinction [58]. Changes in land use can disrupt
ecosystems, leading to the decline of various plant and animal species. Altering
land use can affect the provision of ecosystem services such as water purification,
pollination, and climate regulation [59]. Deforestation and changes in land use
contribute to greenhouse gas emissions and alter local climate patterns. Changes
in land use can affect water quality and quantity, leading to altered hydrological
cycles. Conservation strategies should aim to maintain or restore natural land-
scapes to ensure the continued provision of ecosystem services. Conservation ef-
forts need to address the protection and restoration of critical habitats to maintain
biodiversity. LULC changes and land degradation were shown to be the main
cause of rural poverty and a threat to sustainable resource utilization in the ward,
hence the need to domesticate the Ziziphus mauritiana fruit tree in arborloo toi-
lets. LULC changes in response to natural factors and human activities constitute
a pressing issue for the conservation of fragile environments, like the agroecolog-

ical region 5 of Zimbabwe, where the ward is found. Human activities have
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resulted in increased environmental degradation by causing competition among
different land users [60], hence the need to domesticate household Ziziphus mau-

ritiana fruit trees in arborloo toilets.

4. Research Gap and Future Scope

Indigenous fruits comprise a critical piece of human diets in numerous African
countries, especially during droughts [61]. The domestication of important indig-
enous trees/shrubs (fruits and fodder species) and their integration in agroforestry
practices have been one of the most important forms of biodiversity conservation
[53]. The ground truth verification and surveys revealed that Ziziphus mauritiana
tree species were the highest tree species being cut in the ward.

The overall Thesis aims to advance the use of integrated arborloo toilet design
and Indian jujube (Ziziphus mauritiana or Masawu) tree species planting as a con-
tribution towards resilience in marginalized communities of Ward 2, Mt Darwin
District, Zimbabwe. The overall objective is to evaluate the feasibility of integrat-
ing the arborloo toilet design and Indian jujube tree species planting initiatives in
promoting holistic rural community well-being in Ward 2. The thesis recom-
mends for Sustainable land management through the promotion of agroforestry
to improve soil health and productivity. The arborloo toilets can constructed in
the fields for use when working in the fields and avoid open defecation. Ziziphus
mauritiana tree species are planted when the toilet is full. The integration of the
arborloo toilet technology and Ziziphus mauritiana tree species can be used to
develop community-based reforestation projects to restore degraded lands.

In Asian countries, the tree has been widely used in traditional medicine for its
therapeutic properties, including the treatment of asthma, anxiety, depression, fe-
ver, inflammation, and ulcers [62]. Ziziphus mauritiana tree parts, such as leaves
and fruits, have been traditionally used to treat diarrhea, wounds, abscesses, swell-
ing, gonorrhea, liver diseases, and asthma. Ziziphus mauritiana fruits are widely
recognized and valued for their nutritional and nutraceutical properties and are

consumed in various forms such as dried, candied, pickled, and juice.

5. Conclusion

The results of this study show that there has been a change in LULC over the ob-
served years. The forest cover declined by 38.8%, water cover declined by 55.6%,
whilst fields increased by 93.3% and the barren land cover increased by 26.3%
from 2002 to 2022 (Figures 12-14). The findings of this study highlight the need
for a comprehensive assessment of the socio-economic factors that influence LULC
dynamics in the study area and the adaptation of sustainable LULC practices
such as close supervision of bare land and forest restoration. Detailed research
of the links between land-cover classes that increased in hectares and those that
declined is recommended to establish the real drivers of LULC changes in the

study area.
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