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Abstract. This research explores how long-term land use and cover changes affect urban
ecosystems and local livelihoods. It is focused on the impact of rapid urban expansion on
sustainable urban planning. The study has been conducted in Nkonko and Sasilo Wards,
Manyoni District, Tanzania, from 1993 to 2023. Remote sensing, GIS, satellite imagery,
participatory methods, and field surveys have been used to examine deforestation, urban-
ization, and ecosystem services, detailing land use and land cover and their impact on lo-
cal environments and livelihoods. The study has revealed significant urban expansion and
increased forest cover, accompanied by a decline in agricultural lands, indicating a shift
towards urbanization. The landscape has experienced a 2.88 % rise in forest cover, add-
ing 246.82 km?, and a 9 % increase in urban areas, expanding by 222.76 km?. In contrast,
agricultural lands have decreased by 17.17 %, a reduction of 119.72 km?. These changes
highlight a transformation in land use patterns, demonstrating a change from traditional
agriculture towards urban development and reforestation, reshaping the region’s topog-
raphy and land use dynamics. The research has demonstrated that urbanization and land
fragmentation in the Manyoni District has disturbed the ecosystem and the community’s
socioeconomic structure. It highlights the need for coherent urban planning and sustainable
land management. It has emphasized advanced remote sensing and GIS skills in planning
and conservation strategies.
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Annomayus. VI3yueHo BIVSIHUE TOITOCPOYHBIX M3MEHEHHH 36 MJICTIONIb30BAHHS U PACTUTEIb-
HOTO TIOKPOBA Ha FOPOACKNE SKOCUCTEMBI M 00pa3 >ku3HH HaceneHnsi. OCHOBHOE BHUMAHHE
yAeIsIeTCsl ObICTPOMY PACIIMPEHUIO TOPOIOB U BO3/ICHCTBHIO ATOTO Mpoliecca Ha YCTOHYHBOE
rOpocKOe IIaHnpoBanue. ViceaeoBanne mpoBoAMIOCh B paiionax Hronko n Cacuio okpyra
Maubonu, Tanzanus, ¢ 1993 mo 2023 rr. [{ns ananuza o0e3seceHus, ypOaHH3AMUNA U KO-
CHCTEMHBIX YCIIYT HCIIOJIB30BAIMCh METO/bI TUCTAHIIMOHHOTO 30HaupoBanus, I IC-TexHo-
JIOTHH, CITyTHUKOBBIC CHUMKH, APTUCHUIIATUBHBIE METOABI ¥ MPOBOIMIKCE TIOJIEBBIE HCCIIe-
JIOBaHUS, N€TAIN3UPYIOIINE H3MEHEHUS 3eMJIETIONb30BAHUS U PACTUTEIBHOTO MTOKPOBA U UX
BIIMSTHAE Ha MECTHYIO OKPY’KaloOIIyI0 Cpely W HaceJeHHe. BISBICHO 3HAUNTENEHOE PACIIH-
pEeHME TOPOIOB U YBEIMUYCHHE JICCHOTO MOKPOBA, COMPOBOXKIAIOIEECS COKPAILICHUEM Cellb-
CKOXO3STIICTBEHHBIX 3€MEJIb, UYTO yKa3bIBA€T Ha CIBUT B CTOPOHY ypOanmzanmu. Ilmomans
JIECHOTO TIOKpOBa TMoBBIcHIach Ha 2,88 %, nmm Ha 246,82 kM2, a ToponoB — Ha 9 %, win
222,76 xm2. Tepputopusi CenbCKOXO3SNCTBEHHBIX YTOAWM, HANpOTHB, YMEHBIIWIACh Ha
17,17 %, nnmn wa 119,72 kM2, DTH N3MEHEHHS CBHICTENBCTBYIOT O TpaHC(OPMAIIMK MOjie-
JIel 3eMJIeTIONB30BaHus, MepexoAe OT TPATUIMOHHOTO CEIbCKOTO XO3SHCTBAa K FOPOJICKOMY
Pa3BUTHIO U JIECOBOCCTAHOBICHUIO. [Ipy 3TOM penbed pernoHa u IUHAMHUKA 3E€MJICTIONb30-
BaHMs CTaHOBsITCs ipyrumu. [TokazaHo, 4o ypOanuzanus u parMmeHTaIys 3eMejb B OKpyre
MaHBOHN HapyHIMIA 3KOCHUCTEMY M COIMAJIbHO-?KOHOMHUYECKYIO CTPYKTYpY COOOIIECTBa.
IToguepkuBaeTcs HEOOXOAUMOCTD MOCIIE0BATENILHOTO TOPOJCKOTO [UIAHUPOBAHUS U yCTOM-
YHMBOTO yIPAaBJICHUsI 3eMeIbHBIMU pecypcamu. Ocoboe BHUMaHHE yAEIeHO MeToaM, 0a3upy-
IOMIMMCS Ha MCHOIB30BaHNH MaTepHalioB AUCTAHIIMOHHOTO 30HANpoBanus u ' IC-texnomno-
M TIpH pa3pabOTKe CTpaTEerii PUPOIOTIONb30BAHNSI.

Knroueswvie cnosa: odpas xxu3Hu cooliiecTsa, m3MeHeHus B ecax, | IC, m3MeHeHne B 3eM-
JIETIOJIB30BaHUH, TUCTAHLIMOHHOE 30HIUpOBaHue, TaH3aHUs

Bnazooapnocmu: ABTOPHI BEIpaXKaroT OmarogapHocTh KuTaiickoil HaIMOHAIEHOW MTPOTpaM-
Me KJIFOUEBBIX UCCIIEIOBAaHUI 1 pa3paboToK 3a (PMHAHCHPOBAHUE JTAHHOTO MCCIIET0BAHUS 10
rpanty Ne 2022YFF1300503-06.

/s wumuposanus: Sagali H.L., Huang Y. Remote Monitoring of Land Use in Fragmented
Urban Green Space Landscapes in Central Tanzania // 13B. By30B. JlecH. xypH. 2026. Ne 1.
C. 9-29. https://doi.org/10.37482/0536-1036-2026-1-9-29

© Sagali H.L., Huang Y., 2026
Crarbst OITyOJIMKOBaHA B OTKPBITOM JIOCTYIIC U pactpocTpansercs Ha ycinosusx auiensun CC BY 4.0


https://www.webofscience.com/wos/author/record/1695530
https://orcid.org/0000-0003-2103-1482
https://orcid.org/0000-0002-0168-1536
mailto:e-mail@e-mail.com
mailto:hlhuangnefu@163.com
mailto:heri.sagali@mipango.ac.tz
https://doi.org/10.37482/0536-1036-2026-1-9-29

ISSN 0536-1036 «H3BecTus By30B. JlecHoii skypHam». 2026. Ne 1 11

Introduction

Urban development issues and environmental sustainability are closely re-
lated to changes in land use and land cover (LULC), a crucial aspect of the world-
wide environmental transformation. The surface of the Earth is significantly altered
by this intricate dynamics, which is emphasized by both natural occurrences like
floods and wildfires and human activities like agriculture, urbanization, deforesta-
tion, and industrialization. LULC changes have far-reaching effects on biodiversity,
climatic patterns, soil health, water and air quality, and ecological balance, ulti-
mately affecting the resilience and ecological balance of natural systems [15, 17].
People’s quality of life and access to resources are directly impacted by the changes
in spatial organization of the cities and regions [4, 58]. The necessity for sustain-
able urban planning becomes evident when considering how to manage the chang-
es in LULC to accommodate urban expansion, especially given that the world’s
population is expected to approach 10 bn people by the middle of the 21st century
[34]. Understanding land-atmosphere interactions in depth is crucial, as evidenced
by the complex relationship between land use and climate change. Because of their
complexity, LULC changes must be efficiently monitored, predicted, and managed
using advanced tools such as remote sensing, Geographic Information Systems
(GIS), and modelling methodologies [28, 33]. This body of research is essential in
linking environmental science and policy-making to create pathways for achieving
sustainable development goals. It contributes to promoting a mutually beneficial
interaction between human communities and natural ecosystems even as we negoti-
ate increasingly severe changes in the global environment. [9, 13, 24], providing us
with new perspectives on creative approaches to socioeconomic development and
ecological preservation, both of which are crucial for fostering peaceful cohabita-
tion in a world undergoing fast change.

Urban planning, biodiversity, climate control, and human well-being are all
impacted by changes in LULC, and these effects are complex and require careful
analysis to be fully comprehended. Using a GIS-based analysis, Shah et al. [56] il-
lustrate how LULC changes impact the values of urban ecosystem services in Chan-
digarh, India. This highlights the importance of incorporating the changes into urban
planning to guarantee sustainable development. In a similar way, Shah et al. [56] ar-
gue for strategic land management to maintain biodiversity by highlighting the grave
effects of LULC changes on ecosystem services and biodiversity. In order to im-
prove climate resilience and mitigate the negative consequences of LULC chang-
es, the importance of green infrastructure in urban development is highlighted [55].
Additionally, overviews by Pereira et al. [48] and Pugara et al. [49] provide insight
into the ways in which LULC dynamics impact ecosystem services and climate man-
agement, highlighting the critical role LULC research plays in developing policies
promoting both socioeconomic success and ecological preservation. The importance
of LULC research in promoting a sustainable coexistence between human activity
and natural ecosystems is highlighted by these observations taken as a whole.

A gap in the understanding of the complex connections between urban growth,
environmental sustainability, and ecosystem services across fragmented landscapes
has been brought to light by the study of LULC changes in Central Tanzania during
the past 30 years. There is still an urgent need for a localized, in-depth analysis de-
spite a large body of research demonstrating substantial global impact of LULC
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changes caused by a confluence of natural phenomena and human activities on bio-
diversity, climatic patterns, soil health, water and air quality, and ecological balance
as a whole. This is necessary because of the complex ways in which these changes
impact the services provided by urban ecosystems and, consequently, the means of
subsistence for people living in certain geographical and socioeconomic circum-
stances. The literature indicates that, in order to promote both socioeconomic growth
and ecological preservation, there is widespread agreement on the significance of
incorporating LULC dynamics into sustainable urban planning and policy-making.
Nevertheless, there aren’t many in-depth case studies that connect these alterations to
the delivery of urban ecosystem services and their effect on local lives, particularly
in developing countries like Tanzania. Previous research is important for frequently
highlighting the necessity for strategic land management and the incorporation of
green infrastructure into urban development plans, however it does not offer specific
data or techniques for evaluating these effects locally. In addition, while acknowl-
edged, the role the cutting-edge technologies like remote sensing and GIS play in
tracking, forecasting, and managing LULC changes has not received enough atten-
tion in terms of how well they can be applied to the particular problems that Central
Tanzania’s fragmented landscapes face. This research attempts to close these gaps
by providing a thorough analysis of LULC variations, their direct consequences on
ecosystem services and local livelihoods, and identifying the main factors underlying
these changes. The Manyoni District from 1993 to 2023 has been chosen as its object.
A study with this level of focus is essential for developing evidence-based, targeted
policies for sustainable development and for the larger conversation about striking
a balance between human progress and the preservation of natural ecosystems in
a world that is changing quickly.

The aim of the research has been to study LULC changes in the Manyoni
District from 1993 to 2023 and their effects on urban ecosystem services and local
livelihoods. This has required the fulfilling of the following objectives:

1. To evaluate the variations in LULC that emerged from 1993 to 2023;

2. To assess the impact of LULC on ecosystem and community livelihood in
the study area;

3. To identify the primary driving factors for the changes within the study area.

Different studies [42, 63, 64] have focused on the changes in LULC in tropical
and fragmented landscapes. Their findings and methods shed light on the intricate
dynamics in these ecosystems. In order to record and analyze the changes in LULC,
deforestation, urban growth, and agricultural methods, remote sensing and GIS have
proven essential. In addition to using the cutting-edge instruments like NDVI to
evaluate the dynamics of land cover and vegetation health, these studies also make
use of field surveys and participatory techniques to gather firsthand information and
comprehend socioeconomic factors. The studies highlight how these landscapes are
significantly impacted by both natural and human-caused processes. For instance, as
the study by Miringay et al. [42] points out, deforestation is mostly caused by logging
and agricultural expansion, which results in habitat fragmentation and biodiversity
loss. Increased urbanization, especially in peri-urban areas as another research by
this team of scientists [41] shows, brings impermeable surfaces that interfere with
soil permeability and water movement. Zella et al. [63] and Zhang et al. [64], on
the other hand, highlight the adaptability and resilience of some ecosystems focus-
ing on the regions of natural regeneration and regrowth. To lessen the negative ef-
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fects of LULC changes, sustainable land management and conservation measures are
desperately needed. In addition, combining LULC data with socioeconomic factors
provides deeper understanding of the relationship between humans and the environ-
ment, which helps shape planning and policy for sustainable development. Together,
the methods and results which are reported in the previous studies [42, 59, 64] high-
light the significance of continuous observation and all-encompassing management
strategies for preserving the ecological integrity and welfare of human populations
relying on tropical and fragmented landscapes.

Ecosystem service theories have been developed to provide a thorough un-
derstanding of the various advantages that ecosystems offer human society, with
an emphasis on urban environments. The idea, which can be generally divided into
providing, regulating, sustaining, and cultural services, emphasizes the intrinsic
importance of ecosystems in urban settings where human activity has dramatically
changed the natural landscape [36]. The influence of changes in LULC on urban eco-
system services has been the subject of more research using these frameworks. For
example, the studies have demonstrated that the loss of biodiversity, the reduction
of carbon sequestration, and the elimination of green spaces due to urban growth
all have an adverse effect on the quality of life and environmental sustainability in
metropolitan areas [35, 61]. On the other hand, it has been shown that the incorpo-
ration of green infrastructure and strategic planning into urban landscapes improves
ecosystem services, including air and water quality, urban biodiversity, and aesthetic
and recreational advantages. In order to maintain and improve the well-being of ur-
ban populations, the studies emphasize how crucial it is to include ecosystem service
considerations in decisions about land use and urban planning [8, 62].

Today, to monitor LULC, environmental studies and urban planning mostly
rely on remote sensing technology. Because remote sensing provides timely, accurate,
and wide spatial coverage of the Earth’s surface, it makes tracking the dynamics of
LULC changes conceivable [7]. Advanced methods such as LIDAR (Light Detection
and Ranging), SAR (Synthetic Aperture Radar), and multispectral and hyperspectral
imaging can provide comprehensive insights on vegetation cover, urban sprawl, and
landscape fragmentation. Since remote sensing data has a temporal component that
helps us understand the pattern and velocity of change, we are able to study LULC
trends [27]. This capacity allows for the detection of deforestation, urbanization, and
agricultural expansion, making it simpler to assess the impact of these changes on
ecosystem services and biodiversity. Research using data from remote sensing has
identified areas vulnerable to ecological deterioration, quantified the amount of agri-
cultural land lost, and shown how urban areas are encroaching on natural ecosystems
[38, 57]. With remote sensing technology providing a thorough awareness of chang-
ing landscapes, it is easier to create targeted therapies aimed at ecosystem conserva-
tion and restoration in the face of rapid LULC changes [5].

Research Objects and Methods

The research has been done in the Nkonko and Sasilo Wards located in the Man-
yoni District as one of the districts in the Singida Region [54].

The Nkonko and Sasilo Wards are situated in the Manyoni District’s southern
part (as shown in fig. 1), which is located at (—5°27'-6°92' S and 34°42'-35°36' E).
The Manyoni District has 3 distinct seasons: the cold dry (May—August), hot dry
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(August-November), and rainy (November—April) [53, 54]. The Manyoni District
experiences a uniform distribution of precipitation, with 49 rainy days on average and
an average annual rainfall of 624 mm on the higher elevations, where the majority of
thickets are found. Temperatures range from 19 °C in July to 24.4 °C in November
[39]. The borders of the Manyoni District Council are shared by the following dis-
tricts: the Ikungi District in the north-west; the Chemba District in the east; the Bahi
District in the east; the Chamwino District in the south-east; the Iringa District in
the south-west; and the Itigi Council in the west.

5.000 10.000 15.000
1 1

" ||Legend
) Ward boundary
Elevation (m.asl)
<= 1122
1122 - 1184
1184 - 1245
1245 - 1307 0 10 20 km
B > 1307
0

3 T T T ‘g
— |0 5.000 10.000 15.000

Fig. 1. The maps of the Sasilo and Nkonko Wards and their position in Tanzania

Over a 30-year period (1993, 2003, 2013, and 2023), the study has used a mul-
timodal research methodology to examine how the changes in the land use have af-
fected the livelihoods of those living in the Nkonko and Sasilo Wards. In addition
to supervised classification algorithms and satellite imagery analysis, a combination
of qualitative and quantitative methods have been used in this work. Using super-
vised classification approaches, patterns of land transformation have been identified
by carefully tracking the temporal changes in land use within the designated periods
through satellite pictures. Stakeholder meetings have been another way the research
has entailed interacting with the community. Professional groups from the study re-
gion have attended these meetings, which have offered a forum for exchanging ideas
about the potential impacts of changing land use on local livelihoods. A carefully
planned and carried out household survey has been conducted in addition to these
discussions with the aim of collecting information on the land ownership statuses and
socio-economic characteristics. 353 households including men and women 25 ye-
ars of age and older have been polled in total, providing a large dataset for further
study. Focus group discussions (FGDs) have been conducted in order to get further
insight into the subtleties of livelihood transitions and to corroborate the results of
household surveys. A wide range of viewpoints has been ensured by the fact that
the participants in these talks have not been the same as those who have taken part
in the household surveys. The goal of the FGDs has been to investigate the different
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aspects and changes in livelihood strategies, supporting the information from the sur-
vey. Meticulous data processing protocols have served as the foundation for this
methodological approach. IBM SPSS 27 has been used to process the quantitative
data obtained from the surveys. A comprehensive picture of the dynamic interaction
between the changes in land use and livelihood adjustments throughout time has been
provided by this combination of approaches, which has included direct community
engagement through surveys and conversations and the study of satellite images.

Results and Discussion

In this study, we have used Landsat images that have spanned a 30-year period
from 1993 to 2023. The selected images have been represented by the geometrically
corrected Level 1T (L1T) scenes, acquired from the Operational Land Imager (OLI)
sensor, offering cloud-free operational land image data. Specifically, the images have
been captured along Worldwide Reference System (WRS) path 169 and row 064,
with a spatial resolution of 30 m accessed from the USGS Earth Explorer platform.

Multiple satellite images have been used in the study to capture LULC changes
over time. Specifically, Landsat images from the years 1993 (Landsat 5), 2003 and
2013 (Landsat 7), and 2023 (Landsat 9) have been acquired (Fig. 2). Each image rep-
resents a different time point in the 30-year analysis period. These images have not been
merged across years, but analyzed separately to compare LULC transitions between
time intervals. The selection of images has prioritized those acquired during the dry
season months (June to August) to ensure minimal cloud cover and consistency in veg-
etation phenology for accurate comparison. All the images have been Level 1T scenes,
geometrically corrected, and accessed from the USGS Earth Explorer platform.

Remote sensing data collection

v
v ' !

L Landsat 5. 1993 1 L Landsat 7, 2003 and 2013 ] L Landsat 9, 2023 1

v v
v

Radiometric and geometric calibration
= Data classification
=  Data accuracy
|

' 3 .
[ LULC classification | | NDVI NDMI [ Road density |
i ¥
v

[ LULC maps ]—'[ LULC changes ]

v -
[ Anthropogenic factors ] [ Natural factors ]
v
[ Key factors of LULC changes ]

Fig. 2. The methodology and diagram structure framework of the study
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We have analyzed the vegetation change cover where for accurate land cover
analysis reflective of accurate land cover change, Landsat 5, 7, 8 and 9 image bands
have been utilized, as recommended by Thonfeld et al. [60]. Prior to the Landsat
image classification process, various preprocessing steps have been implemented to
enhance imagery quality, as outlined by John and Ngondo et al. [21, 46]. Radiometric
corrections have been applied using semi-automatic classification plugin of QGIS
3.28.2 to calibrate the data, eliminate atmospheric effects, and normalize the impact
of light factors [10]. The classification of Landsat images has employed a supervised
classification method known as Maximum Likelihood, conducted with ArcGIS 10.5
software. To validate the land cover classification, a 2-fold approach has been em-
ployed. The 1st step has been to do ground truthing during the 2023 field survey. This
has involved utilizing GPS to find reference sites in different types of land cover, such
as farmland, settlement, forest and barren land. These observations in the field have
given us precise information for judging the 2023 categorization [43, 44]. Second,
Google Earth’s high-resolution satellite photos have been utilized to visually inter-
pret land cover features and check the categorized outputs for years before 1993,
2003 and 2013. This made up for the lack of historical field data. [23, 60]. We have
utilized these reference sources to build confusion matrices and figure out the usual
accuracy measures.

The classification for 2023 has had an overall accuracy of 89.7 % and a Kappa
coefficient of 0.85, which shows that the classified data and reference inputs have
agreed with each other quite well. The fundamental attributes of the primary LULC
categories employed in the current investigation are following: farmland — agricultur-
al area, crop fields, fallow lands, vegetable lands; settlement — residential, commer-
cial, industrial + other built-up areas; forest — deciduous forest, mixed forest, palms,
conifers, shrubs, etc; barren land — land which has very limited or no trees/plants
(modified from Rahman, Huq and Mukul, 2023 [51]).

The land cover classification accuracy has been validated using ground truth
data and high-resolution Google Earth imagery. The overall classification accuracy
for 2023 has been 89.7 %, with a Kappa coefficient of 0.85, indicating strong agree-
ment between classified outputs and reference data. Similar accuracy levels have
been achieved for other years.

To assess vegetation dynamics and monitor changes over time, the NDVI has
been calculated using the spectral bands of red (Rred) and near-infrared (Rnir) of
the Landsat 5, 7 and 8 in QGIS 3.34.4 using the following equation [20, 31]:

Rnir — Rred
Rnir + Rred

This approach provides a robust tool for vegetation dynamics analysis, as-
sessment of environmental changes, and assistance with the management and pres-
ervation of natural resources by effectively distinguishing between vegetated and
non-vegetated areas. Differentiating between vegetated and non-vegetated regions is
within its analytical capabilities. Enhancing our awareness of environmental change,
improving our knowledge of vegetation dynamics, and contributing to conservation
strategies and natural resource management are all outcomes of this work.

The Key Forest Products as Drivers of Income and Forest Management.
The regression study has looked at how different factors that lead to changes in forest
cover affect the major source of income (Table 1). The parameter “Most important

NDVI =
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forest products” has proved the only one to have major effect (B = 0.994, p = 0.000),
which suggests that it is strongly linked to revenue. This implies that some forest
products are particularly vital for people’s livelihoods. If forest cover goes down
and makes them difficult to access, it might have a strong influence on income, but
the fact that people depend on important forest products shows how important it is to
manage forest resources in a way that is good for the environment.

Table 1
The regression coefficients affecting forest cover change
Coefficient™®
Model unstandardized standardized t Sig.
B Std. Error Beta
Constant 0.032 0.034 — 0.938 0.349
Education level —0.006 0.007 —0.004 —0.924 0.356
Sex of respondents 0.002 0.008 0.001 0.244 0.807
Reasons for decline —0.003 0.003 —0.006 -1.210 0.227
Current availability status -0.010 0.032 —0.002 —0.327 0.744
Firewood and charcoal 0.003 0.003 0.005 0.963 0.336
Most important forest products | 0.994 0.005 0.996 215.478 0.000

*Dependent variable: The main source of income.

The Evaluation of Variations in LULC from 1993 to 2023. Over the past 30 ye-
ars, the study region has experienced considerable changes in land use and land cov-
er, altering as much as 31.46 % of the region’s landscape, equivalent to 440.48 km?
(Figs. 3, 4 and 5). These transformations are characterized by a 2.88 % increase in
forest cover, adding up to 246.82 km?, alongside a 9.09 % growth in settlements,
which expands the urban area by 222.76 km?. Additionally, barren lands have seen
a 5.20 % rise, growing by 98.07 km?. Conversely, farmland has witnessed a signif-
icant reduction, decreasing by 17.17 % or 119.72 km? (Table 2). Collectively, these
changes signal a dynamic evolution in the region’s landscape, marked by the decline
in agricultural areas and expansion of both urban and forested zones.
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Fig. 3. The LULC change for the period from 1993 (a) to 2003 (b)
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Fig. 5. The LULC change for the period from 1993 (a) to 2023 (b)
Table 2
The changes in LULC from 1993 to 2023
Land cover 1993, km? | 2023, km? A, km? 1993, % 2023, % A, %

Forest 596.00 842.82 246.82 43.40 46.28 2.88
Barren land 10.14 108.21 98.07 0.74 5.94 5.20
Settlement 175.59 398.35 222.76 12.79 21.87 9.09
Farmland 591.41 471.69 —119.72 43.07 25.90 -17.17

The Impact on Ecosystem and Community Livelihood. Over the past 30 years,
from 1993 to 2023, the NDVI has consistently and significantly increased, show-
ing that the study area’s vegetation health and density have significantly improved
(Table 3). In addition to correlating well with the observed increase in forest cover
in the area, the steady rise in NDVI values over the period indicates a strengthen-
ing of vegetation growth and biomass build-up. Areas with higher NDVI indicators
appear to have had considerable gains in vegetation health and density, as indicated
by the positive trend in NDVI values, which indicates a strong link. Consistent with
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conservation initiatives and shifts in land use, this enhancement is more noticeable
in vegetated regions. This research shows that changes in land cover have a direct
impact on ecosystem health, as measured by NDVI.

Table 3
The NDVI with Standard Deviation from 1993 to 2023
Year NDVI Standard deviation
1993 0.28 0.14
2003 0.33 0.13
2013 0.38 0.12
2023 043 0.11

The mean and standard deviation of NDVI values in Table 4 and Fig. 6 have
been calculated for each time period (1993, 2003, 2013, and 2023, respectively).
The results have shown a consistent upward trend in vegetation health over the 30-year
period. Specifically, in Table 4 the mean NDVI has increased from 0.28 in 1993 to
0.43 in 2023, indicating a significant improvement in vegetation density and greenness.
The standard deviation has decreased slightly from 0.14 to 0.11, suggesting a more uni-
form vegetation distribution across the study area in recent years. These values support
the observed forest cover expansion and reinforce the findings of improved ecosystem
conditions due to conservation efforts and land management policies.
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Fig. 6. The NDVI for the period from 1993 to 2023: a — 1993; b — 2003; ¢ — 2013; d — 2023
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Table 4
The percentage of land area by the NDVI class (1993-2023)

NDVI range Vegetation Status 1993, % 2003, % 2013, % 2023, %
<0.1 Non-vegetated/Bare 18.2 13.5 10.9 8.1
0.1-0.3 Sparse 34.6 31.2 26.7 18.7
0.3-0.5 Moderate 30.1 34.8 38.4 43.0
>0.5 Dense 17.1 20.5 24.0 30.2

The analysis of the NDVI from 1993 to 2023 exposes a substantial improve-
ment in vegetation cover across the study area of the Sasilo and Nkonko Wards in
the Manyoni District (Fig. 7). The proportion of land with dense vegetation (NDVI >
> (.5) has increased from 17.1 % in 1993 to 30.2 % in 2023, while the areas with
sparse or no vegetation (NDVI < 0.3) has decreased from 52.8 to 26.8 %. These re-
sults confirm that vegetation recovery is not limited to isolated pixels but represents
a widespread ecological improvement, reflecting the impact of conservation efforts
and changing land use practices over 30 years.
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Fig. 7. The NDVI minimum and maximum values graph
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The benefit of the NDVI chart is that it provides a clear temporal trend of
vegetation change across the entire study area, complementing the spatial insights
from the maps. To address the concern about isolated high values, we have included
the percentage distribution of NDVI ranges, which more accurately reflects broad-
scale vegetation improvement rather than relying on extreme pixel values.

The Primary Driving Factors for LULC Changes. The changes in LULC ob-
served in the area over the past 30 years can be attributed to a complex mixture
of contributing factors. Notably, conservation policies enacted after 2003 aimed at
protecting community forests near the Rungwa-Kizigo-Muhesi Game Reserves have
significantly influenced the rejuvenation of forest cover, highlighting the critical role
of legislative frameworks in land use management and conservation efforts. Concur-
rently, the growth of settlements driven by population expansion and the desire for
new sources of income has put greater demands for land resources, resulting mostly
in the conversion of farmland into settlement areas, while protected forested areas
have been recovering and expanding.
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Settlement expansion has primarily transformed farmland, while protected for-
est areas have been experiencing recovery due to conservation policies. This resolves
the earlier contradiction and distinguishes between the areas of pressure and regen-
eration.

Additionally, agricultural practices have adapted to the shifting availability of
arable land, with the changes in land use patterns emerging from both settlement ex-
pansion and conservation measures. The temporary halt in the decrease of farmland
areas observed in 2013 and 2023 illustrates the community’s adaptive strategies to
overcome the challenges posed by restricted land availability.

Forest Products Status in the Study Area. The residents of the Nkonko and
Sasilo Wards are obviously significantly dependent on forest products for a variety
of needs connected to their livelihood, as seen by the staggering 98 % of community
members using these resources (Table 5). The tiny minority of 2 % who do not use
forest resources contrasts sharply with the large majority, signifying unusual circum-
stances or non-normative preferences. The primary usage of firewood and charcoal
by over half of the respondents (51.3 %) highlights the vital role that these resources
play in providing families with the energy they need on a daily basis. There is a need
for improvement in community education and awareness of sustainable forest utili-
zation, as evidenced by the acknowledgement of non-timber forest products (NTFPs)
and the slight uncertainty (2.3 %). A few more forest products that demonstrate the di-
verse range of uses for forest resources are grass for livestock (12.3 %), timber and
bamboo (13.9 %), and honey (11.3 %).

Table 5
The forest products status in the study area
Variables Items Frequency, N freiﬁi:arfg;? o frCe 121?11:112;,‘/‘;)
Constant use of forest Yes 346 98.0 98.0
products No 7 2.0 100
Firewood and 181 51.3 513
charcoal
) Grass for livestock 44 12.3 63.6
Zr"er‘t’lslzlgl‘;‘:‘tlﬁpgr}t‘ﬁt‘ Timber and bamboo| 49 13.9 775
Honey 40 11.3 88.8
Other NTFPs 31 8.2 97.0
Do not know 8 2.3 100
R Declined 345 97.7 97.7
NTFPs availability Increased 0 0 977
status
Do not know 8 2.3 100
Agriculture 196 55.5 55.5
. Charcoal burning 78 22.1 77.6
Reasons for increase Bush burning e 12.2 89.8
or decline - :
Timber harvesting 32 9.1 98.9
Do not know 4 1.1 100

Significant changes in LULC over the last 30 years, primarily due to conserva-
tion initiatives, population shifts, and changes in agricultural methods, are intersect-
ed with this deep community engagement with forest resources. Land use patterns
have been permanently altered by the 1990s extension of the Rungwa-Kizigo-Muhesi
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Game Reserves, which has forced the migration of communities that had previously
been involved in agriculture inside these boundaries. This expansion has acted as
a contributing factor to the observed decline in farmland areas and demonstrated
the importance of conservation and legislative initiatives in influencing land use pat-
terns. The community’s adaptive methods in response to shifting land availability and
conservation policies are further reflected in the modifications made to agricultural
practices and the rise of settlements, which are driven by population increase and
the pursuit for new chances for livelihood. A complex interaction between conserva-
tion efforts, land use management, and community livelihoods is highlighted by these
developments as well as the community’s reliance on forest products. This emphasiz-
es the need for well-balanced approaches that support both ecological sustainability
and human well-being.

A regression investigation has shown that the variable “Most important forest
products” is the only one that significantly predicts income (B = 0.994, p < .001).
This shows that people depend on crucial forest products for their livelihoods. This is
similar to what happened in Liberia, where activities related to forest products have
raised household income by up to 167 % for non-timber items [1, 2]. A research from
Malawi has also shown that reliance goes beyond money and includes time and ac-
cess issues [45]. When the forest cover declines, it becomes much harder for people
to get crucial materials, as it one way or another can directly affect various sources of
income. This shows the importance of long-term sustainable forest management plan
for environment and people who depend much on these forests.

There have been noticeable changes to the study area’s geography over the past
30 years, with more urban areas and forests appearing, less farmland disappearing, and
more desolate terrain spreading out. Because of urbanization, changes in agriculture,
and conservation efforts, land use is changing all throughout the world, and these move-
ments reflect that. The significance of satellite imagery in monitoring environmental
changes is underscored by the fact that the increase in forest cover, as confirmed by
Loépez-Amoedo et al. [32], may indicate the success of afforestation and reforestation
initiatives or even natural regrowth [52]. At the same time, the larger tendencies of
urbanization, as those seen in Jodhpur city, where the social, economic, and ecological
effects of growing cities are being observed, are consistent with the 9 % growth in ur-
ban settlements [19]. This demonstrates the increasing urbanization of the research area
and highlights the need for environmentally responsible approaches to city planning.

There is an urgent need for more sophisticated methods such as object-based
image analysis (OBIA), multi-temporal change detection techniques, LiDAR,
high-resolution satellite data, and machine learning-based classification for detecting
changes in LULC if we are to solve the mystery of the increasing number of desolate
landscapes, which may be the result of overexploitation or the negative impact of
climate on soil quality. Simultaneously, the decrease in farmlands is in line with pre-
dictions made for Dongying City, China, which shows that agricultural land is being
replaced by urban one according to the results of predictive modelling. This tendency
is also mirrored in the research area [65]. Furthermore, studies that utilize Normal-
ized Difference Built-up Index (NDBI) to forecast changes in LULC raise concerns
about the growing demands for natural ecosystems, as evidenced by the shrinkage of
naturally vegetated lands [26]. NDBI is an index used to detect built-up or urbanized
areas [25]. Incorporating findings from the current research to situate the conver-
sation within Tanzania framework of land use dynamics, these findings emphasize



ISSN 0536-1036 «H3BecTus By30B. JlecHoii skypHam». 2026. Ne 1 23

the need for careful oversight and control of land cover changes to prevent detrimen-
tal environmental effects.

The strong rise in NDVI values from 1993 to 2023 in the study area is con-
sistent with the current scientific findings and highlights the impact of conservation
efforts and careful land management on plant dynamics. This increase indicates bet-
ter plant health and density. According to dos Santos et al. [14], who has examined
the NDVI and its use in human health research, this upward tendency reflects the mul-
tidisciplinary nature of NDVI, which expands its utility beyond ecological studies to
human health consequences. Simultaneously, changes in NDVI estimation methods,
like the ones described by A.L.P. De Ocampo [12], using NDVI estimation based
on filter augmented imaging, corroborate our findings, confirming that technological
advancement is crucial for improving the accuracy of vegetation monitoring. The re-
search by de la Iglesia Martinez et al. [11] and other studies on policy interventions
allude to the use of NDVI in urban greening policies, which supports our findings
on its positive effects on ecosystems. Consistent with the encouraging trends in veg-
etation that have been found, these references show that NDVI is valuable in many
ecological, technological, and socioeconomic contexts, and that it plays an essential
role in fostering environmental sustainability and urban well-being.

LULC changes in the study area over the past 30 years reflect broader world-
wide trends found in present research. These changes have been determined by
the dynamic interplay of conservation policies, settlement growth, and agricultural
adaptations. These findings are in line with the ones by Gaur et al. [18] insisting on
the significance of policy in sustainable land management, as the legislative frame-
works passed after 2003 to save community forests close to Game Reserves, have
been crucial in enabling the restoration of forest cover. The ecological consequences
brought up by Anthony et al. [3] are echoed by the pressures caused by population
development and settlement expansion, which result in the conversion of agriculture
and forested areas for human consumption. This case study, together with the tech-
nological developments in monitoring LULC changes that Karandikar et al. [22] an-
alyze, highlights the precarious equilibrium between protecting natural ecosystems
and allowing for human population growth. Through the temporary stabilization of
farmland areas, the community has been able to adapt to the changing availability
of arable land, which mirrors the hydrological and environmental impacts on LULC
dynamics studied by Lazurca (Andrei) et al. and Mekonnen et al. [30, 40]. These
studies shed light on the many facets of LULC changes and show how important it is
to have policies that drive comprehensive solutions combining human socioeconom-
ic requirements with ecological sustainability.

Based on their almost universal use (98 %) and dependence on forest products,
people living in the Nkonko and Sasilo Wards share views found in the current re-
search on sustainable forest utilization. The studies by E.R. Eslit [16] and M. Qanitha
et al. [50] shed light on the complex interplay between livelihoods and forest con-
servation. These researches support integrated strategies that, by using sustainable
practices, not only improve community welfare but also protect ecosystems. These
references emphasize conservation partnerships, the application of sustainable liveli-
hood frameworks, and the influence of community narratives in designing conserva-
tion strategies all of which are pertinent to the needs and reality of the Nkonko and
Sasilo Wards. The recognition of NTFPs and the wide range of uses of forest prod-
ucts, particularly the heavy reliance on firewood and charcoal, highlight the need for
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integrated forest management approaches. In order to guarantee that communities’
means of subsistence are sustainable and compatible with conservation efforts, these
tactics ought to involve and instruct local populations to follow the best sustainable
forest management practices.

The comparison demonstrates a general agreement regarding the crucial equi-
librium between utilizing forest resources for community sustenance and applying
sustainable methods to guarantee long-term ecological and economic well-being.

A complicated situation that is consistent with findings in current academic liter-
ature is presented by the large changes in LULC. This has been seen over the previous
30 years due to conservation programs, demographic shifts, and agricultural revolu-
tions. The 1990s development of the Rungwa-Kizigo-Muhesi Game Reserves, which
has forced agricultural villages to migrate and resulted in a reduction of arable areas,
highlights the significant influence of conservation and legal measures on patterns of
land use. The complex link between conservation efforts, land use management, and
community livelihoods that is highlighted in the studies [6, 29], is reflected in this
scenario. The study clarifies how forest conservation efforts might change the use of
agricultural land, requiring impacted communities to find alternate means of subsis-
tence. Longitudinal studies like the one by Nigussie et al. [47] show how conservation
policies change land use over time. These changes affect not just the physical land-
scapes but also the ways communities adapt. Also studies like the one by Masayi et al.
[37] show how these kinds of changes directly influence the livelihoods of households.
This shows how important it is to make sure that conservation efforts are in line with
regionally feasible and sustainable ways to make a living.

The state of the Rungwa-Kizigo-Muhesi Game Reserves and the aggregate
results from these studies highlight the urgent need for balanced approaches to land
use planning and conservation that take into account both ecological sustainability
and the welfare of local residents. In the face of shifting land use and conservation
landscapes, they support laws and procedures that guarantee ecological preserva-
tion while also enabling communities to develop adaptable livelihood alternatives.
Achieving long-term ecological integrity and socioeconomic stability requires this
dual approach.

Conclusion

The landscape of the area under study has undergone major changes over
the past 30 years, as evidenced by a thorough examination of changes in LULC. No-
tably, there has been a considerable expansion of urban settlements and forest cover,
combined with a notable drop in cropland. These alterations highlight how dynami-
cally population expansion, agricultural adaptations, and conservation initiatives in-
teract within the research region. The expansion of settlements brought about by de-
mographic changes and the rise in forest cover, which is attributable to conservation
measures implemented close to the Rungwa-Kizigo-Muhesi Game Reserves, serve
as an example of the many variables influencing LULC changes. The group’s heavy
reliance on forest resources for subsistence, together with the noted LULC changes,
emphasizes how closely land management strategies, conservation initiatives, and
community livelihoods are intertwined. This study clarifies not just how the environ-
ment is changing but also how important it is to implement sustainable management
practices that balance environmental preservation with human welfare.
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Policymakers and urban planners must devise and put into action plans that im-
prove urban ecosystem services while meeting the increasing needs of urbanization
in the light of the findings. In order to fully comprehend the effects of LULC changes,
future studies should concentrate on the in-depth evaluation of particular ecosystem
services, such as carbon sequestration and biodiversity protection. Innovative remote
imaging technologies and GIS may also make it easier to track the health of ecosys-
tems over time and give us a better understanding of how LULC changes over space.
Policymakers should consider including community-based conservation programs
that leverage regional knowledge and traditions in order to guarantee the sustainable
use of forest resources. Urban planning frameworks should prioritize the protection
of green spaces and stimulate the rehabilitation of damaged lands in order to maintain
ecological balance and enhance the quality of life for urban inhabitants.
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