Geology, =613
and Landscapes | - Geology, Ecology, and Landscapes

ISSN: 2474-9508 (Online) Journal homepage: www.tandfonline.com/journals/tgel20

Taylor & Francis

Taylor & Francis Group

The paradox of the land use/land cover change
in Kipengere ranges in southern highlands of
Tanzania

Faraja Sanga & Evaristo Haulle

To cite this article: Faraja Sanga & Evaristo Haulle (2025) The paradox of the land use/land
cover change in Kipengere ranges in southern highlands of Tanzania, Geology, Ecology, and
Landscapes, 9:4, 1507-1514, DOI: 10.1080/24749508.2024.2429206

To link to this article: https://doi.org/10.1080/24749508.2024.2429206

8 © 2024 The Author(s). Published by Informa
UK Limited, trading as Taylor & Francis
Group on behalf of the International Water,
Air & Soil Conservation Society(INWASCON).

@ Published online: 14 Nov 2024.

\J
C)/ Submit your article to this journal &

||I| Article views: 629

A
& View related articles &'

(&) View Crossmark data &'

@ Citing articles: 4 View citing articles (&

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journallnformation?journalCode=tgel20


https://www.tandfonline.com/journals/tgel20?src=pdf
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/24749508.2024.2429206
https://doi.org/10.1080/24749508.2024.2429206
https://www.tandfonline.com/action/authorSubmission?journalCode=tgel20&show=instructions&src=pdf
https://www.tandfonline.com/action/authorSubmission?journalCode=tgel20&show=instructions&src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/24749508.2024.2429206?src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/24749508.2024.2429206?src=pdf
http://crossmark.crossref.org/dialog/?doi=10.1080/24749508.2024.2429206&domain=pdf&date_stamp=14%20Nov%202024
http://crossmark.crossref.org/dialog/?doi=10.1080/24749508.2024.2429206&domain=pdf&date_stamp=14%20Nov%202024
https://www.tandfonline.com/doi/citedby/10.1080/24749508.2024.2429206?src=pdf
https://www.tandfonline.com/doi/citedby/10.1080/24749508.2024.2429206?src=pdf
https://www.tandfonline.com/action/journalInformation?journalCode=tgel20

GEOLOGY, ECOLOGY, AND LANDSCAPES
2025, VOL. 9, NO. 4, 1507-1514
https://doi.org/10.1080/24749508.2024.2429206

e Taylor & Francis
INWASCON Taylor & Francis Group
8 OPEN ACCESS | ™ check forupdstes

The paradox of the land use/land cover change in Kipengere ranges in
southern highlands of Tanzania

RESEARCH ARTICLE

Faraja Sanga(®? and Evaristo Haulle (»°*

aDepartment of Humanities, Ruaha Catholic University, Iringa, Tanzania; "Department of Geography and Economics, Mkwawa University
College of Education, Iringa, Tanzania

ABSTRACT

This article examines spatial dynamics in Land Use/Land Cover (LU/LC) change in Kipengere
ranges in the southern highlands of Tanzania. Though humans have been modifying land to
obtain food and other essentials for thousands of years, the current trends, extents, and
intensities of land-use change are far greater than ever in history. The trends seem to be
unique. The Geographical Information System (GIS) was employed to track land use/land cover
from 1984 to 2014. Household surveys, in-depth interviews, field observations, and Focus
Group Discussions (FGDs) supplemented the information generated by the geographical
information system. The data were collected from 104 respondents. Through the geographical
information system, six land use classes namely: agriculture with scattered settlements, bush-
lands, woodlands, grasslands, plantation forests, and native trees were identified. All land use/
land cover classes changed over time. Changes in land use were caused by out-migration, the
decline in soil fertility, the absence of a land use plan, and campaigns for planting invasive tree
species mainly pines and eucalyptus. The study, thus, recommends the introduction of a land-
use plan in each village to enhance natural resource management and reduce conflicting land
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uses in a specific area.

1. Introduction

Land Use/Land Cover (LU/LC) change is not a new
phenomenon it existed since time immemorial.
However, the current change in land use differs from
the previous in terms of its magnitude. The current
changes in land use are intensive and have been inten-
sified by increased human demands from the environ-
ment (Mligo, 2020). The changes in land use are
mainly driven by population growth that puts more
pressure on available natural resources. Population
growth causes an increase in demand for agricultural
land (both for crop production and livestock keeping)
and built-up land classes in expenses of other land
cover classes (Simon, Lyimo, et al., 2023). Dynamics
in land use and land cover are mainly caused by two
main factors, namely anthropogenic and natural fac-
tors. These factors cause alteration of ecological pro-
cesses and global loss of biological diversity (Elagouz
et al., 2020; Msofe et al., 2019).

The most worrying factors are the human-induced
factors because they are very active, and they may
bring a substantial change in a short period. Human
activities like, the construction of infrastructures,
expansion of farmland, and charcoal making just to
mention a few play a central role in changing land
cover (Elagouz et al., 2020; Mligo, 2020). The human

population has some demands from the land, which
causes land transformation. Natural resources are
mainly used to sustain the livelihood of humankind.
For instance, forests are converted to cropland to
ensure food security. Human demands from nature
trigger the transformation of land use from one class
to the other (Molla, 2015). Changes in land use and
coverhave in most cases reduced forest cover and pose
risks like increased temperatures, erosion, water scar-
city, air pollution, and biodiversity loss (Simon,
Lyimo, et al., 2023; Simon, Yamungu, et al., 2023).
Land use change is one of the key drivers affecting
ecological services such as loss of biodiversity
because land use change causes forest degradation
and deforestation consequently affecting habitat
(Rai et al., 2018). In addition, land use and land
cover change may intensify soil degradation which
impacts food security (Molla, 2015). The Kipengere
ranges face a significant change in land use and cover.
Changes in land cover if not well-addressed affect the
livelihood of the resources in the biosphere. In this
case, the study was carried out to track and establish
land use classes in the study area, to find out how
land use change affected the biosphere in the
Kipengere ranges and to ascertain the influence of
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one land use class on the other land category. The
output of this study is expected to have a significant
contribution to land-use planning and the manage-
ment of natural resources.

2. Materials and methods

The data on understanding the paradox of LU/LC was
collected in the Kipengere ranges southern highlands
of Tanzania. The area for the study was selected pur-
posely because it was dominated by invasive tree spe-
cies, mainly pines. The dominance of invasive tree
species has an impact on the landscape of the study
area (Private Forestry Program, 2017; Sanga et al.,
2022). Kipengere Mountain ranges are located entirely
in the Njombe region in Southwest Tanzania at the
northern end of Lake Nyasa. The ranges are covered
largely with montane grassland. Near Lake Nyasa, the
Kipengere ranges are called the Livingstone ranges.
The area is surrounded by two main climatic zones,
namely highlands and midlands zone (Manga &
Mahenge, 2023). The study area is dominated by forest
plantations, mainly pines and eucalyptus. In terms of
the land cover classes, grassland, plantation forests,
bushland, and agriculture dominated the Kipengere
ranges. The study employed a mixed research
approach in collecting data to address the problem.
The approach was employed to serve the purpose of
triangulation. One research method cannot provide
valid and reliable information (Almalki, 2016;
Creswell, 2014).

In tracking LU/LC change, a Geographical
Information System (GIS) was applied to track land
use change. Analysis of LU/LC change covered
a period of 30 (1984-2014) years. The period of thirty
years was convenient for different changes in land use
to have taken place. The time (years) was selected
based on two main reasons. First, is the influence of
liberalization policies that intensified land use in
Tanzania. Liberalization policies had some impact on
land use/land cover change. Second, the selection of
the cited years was based on the availability and qual-
ity of LandSat images. Supervised classification was
employed to establish land use classes. This method
was chosen because it can produce accurate and con-
sistent results that match the expectations and objec-
tives of the user. On top of that, the supervised
classification produces excellent results for the larger
areas compared to unsupervised and object-based
classification (Kafy et al., 2021). To obtain the training
sites, samples of different land use cover were collected
in the study area. Training sites were collected in the
field using a pre-calibrated Global Positioning System
and in the lab by downloading high-resolution images
from Google Earth through the aid of QGIS v3.16
open-source software.

Two different satellite images were obtained by
downloading from the United States Geological
Survey geoportal (https://earthexplorer.usgs.gov):
Landsat 5 Thematic Mapper (TM) was employed in
1984, 1994, and 2004; Landsat 8 Operation Landsat
Imager (OLI) captured spatial data for 2014, all in
path/row 169 and 67, respectively, with a spatial reso-
lution of 30 m. The accuracy and kappa coefficient for
1984 data were found to be 86.62% and 0.8273, respec-
tively, while for 2004 data, the accuracy and kappa
coefficient were 71.48% and 0.7397, respectively. To
establish drivers for LU/LC changes four methods
were adopted: Focus Group Discussion (FGDs), in-
depth Interviews, field observation and household
survey. These methods had some shortcomings. For
instance, it was difficult to administer the household
survey because it demanded some level of literacy. To
solve this problem, the questionnaires were adminis-
tered by the researcher. On top of that, it was difficult
to listen at the same time take notes on what was being
said by the interviewee during the in-depth interviews.
This problem was tackled by recording the conversa-
tion by the tape recorder under the consent of the
respondent.

A total of 104 respondents were involved in the
study. The Household survey involved 83 heads of
households, in-depth interviews involved 6 key infor-
mants and FGDs involved 15 respondents. To ensure
ethical issues, consent from the respondents and other
relevant stakeholders was highly observed during the
execution of the data.

3. Research findings and discussion

This section presents the research findings and discus-
sion. Specifically, it presents trends and the land use
classes identified through the application of GIS. The
section also presents findings on the influence of land
use classes on each other. All the presented findings
have been supported by the literature related to the
present study.

3.1. Trends in land use/land cover change in
Kipengere range from 1984 to 2014

To establish trends in land use change, GIS was
employed to track LU/LC change in the study area
from 1984 to 2014. Through the application of GIS, six
land cover classes were identified. The identified land
cover classes include agriculture with scattered settle-
ments, bushlands, woodlands, grasslands, plantation
forests, and native trees (Table 1). All the identified
land use classes experienced changes over time.
Findings presented in Table 1 indicate that in
the study area, land use/land cover changed nega-
tively and positively. Positive change implies that
LU/LC increased in size and this negatively
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Table 1. Land use change in the study area from 1984 to 2014.
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Year and size of land cover

Year: 1984 Year: 1994 Year: 2004 Year: 2014

Land Use/Cover Types Ha % Ha % Ha % Ha %

Agriculture with scattered settlements 619 3 907 5 2,206 12 1,815 10
Bushland 7,349 39 4,795 25 2,215 12 1,819 10
Grassland 1,472 8 3,309 18 415 2 636 3
Native trees 964 5 2161 1" 1126 6 1036 5
Woodland 8,388 44 7,582 40 6,920 37 12,324 65
Plantation forest 70 0 109 1 264 1 291 2
TOTAL 18,862 100 18,863 100 18,863 100 18,863 100

Source: Landsat TM (1984 & 2004), Landsat OLI (2014).

impacted other land classes. As one LU/LC class
increased in size, the other decreased because such
expansion did happen on the expenses of the other
land use classes. Likewise, Maitima et al. (2010)
found that in the Lake Victoria basin, Tanzania,
while the cultivated and grazing land expanded, the
other land use classes were intensifying. This
impacted the natural ecosystem where the liveli-
hood depended. For instance, the study by Abiye
et al. (2023) revealed that land use change caused
the decline in soil fertility hence lowering the crop
yield in the Maybar watershed, Awash Basin,
Ethiopia. In terms of negative change, implies
that land cover in a respective land class declined
in size. Concerning these findings, one of the par-
ticipants of FGDs at Ukwama village insisted on
the following:

... human demands from nature cause land-use
change. Human beings transform nature to establish
cropland for food production. The land also is trans-
formed to establish a settlement. Generally, human
beings determine the type of land use and land cover
change positively or negatively.

The current study further found that some parts of
land that were used for food crop production were
transformed into tree plantations mainly pines. The
pines fall within the genus of pinus. On top of that,
pines are among the most invasive plants in the
study area. In most parts of the world pines have
invaded and colonized the native trees hence chan-
ging the land cover (Policelli et al., 2023; Sanga et al,,
2022). The impacts of pines result from increased
abundance in areas where initially they were absent
or less common. The pines are considered invasive
because they tend to colonize native trees (Global
Invasive Species Database, 2023). The pines are con-
sidered invasive species although the International
Union of the Conservation of Nature (IUCN) stan-
dards are not yet accepting pines to be invasive
species. In the Kipengere ranges, pines have invaded
and colonized the native trees. In this case, in
Kipengere ranges pines are considered invasive
species.

Through FGDs, it was found that the decrease in
land used for cultivation and settlement was attributed
to out-migration and the introduction of invasive
trees. People tend to migrate as a survival strategy.
One of the key informants insisted: “Most people
planted invasive trees in areas formally used for farm-
ing and settlement”. This explanation is captured in the
following Plate 1.

Plate 1. Invasive trees occupied area reserved for settlement.

The whitish/reddish objects on the fore, middle,
and rear parts of the plate are houses surrounded by
invasive trees, mainly pines.

Findings in Plate 1 reveal that invasive trees were
planted in areas reserved for settlements. That is why
houses were overcrowded and others were invisible.
Plate 1 further is an indication that change in land use
caused settlements to be invaded by invasive trees.
Likewise, the study by Lusasi et al. (2020) revealed
that the timber rush in the southern highlands of
Tanzania attracted urban-based investors without
local ties, urban-based investors originating in the
area in which the investments are taking place, resi-
dent villagers, government and religious institutions
and local leaders. This caused the intensification of
tree plantations in the southern highlands of
Tanzania. In the current study, the data from GIS
also indicated that in 1984 cultivated land and settle-
ment covered an area of 619 ha out of 18,862 ha of
land in the study area. This is equivalent to 3% of the
total land available in the area. Even so, ten years later,
land for agriculture and scattered settlement changed
to 907 ha. In terms of percentages, Table 1 indicates
that in 2004 the agriculture and settlement land



1510 e F. SANGA AND E. HAULLE

AN

1984

14,000
12,000
10,000
8,000
6,000
4,000
2,000
0

Hactares

1994 2004 2014

Years

m Bushland M Cultivatedland m Grassland

M Natural Forest M Plantation forest m Woodland

Figure 1. The trend of land cover change from 1984 to 2014.
Source: LandSat TM (1984 & 2004), LandSat OLI (2014).

covered 12% out of 100%. This implies that more land
was used for farming and settlement. However, in
subsequent years land used for farming and settlement
was invaded by invasive trees (Figure 1).

Findings presented in Figure 1 indicate that all the land
use classes experienced dynamics over time. The
dynamics were highly influenced by anthropogenic dri-
vers. In 2014, the researcher discovered that the cultivated
land decreased from 2,206 ha to 1,815 ha out of 18,863 ha
of the total land. Similar findings were reported by Abiye
et al. (2023) in the Maybar watershed, Awash basin,
Ethiopia cultivated land and native trees increased signifi-
cantly over time. However, the study is silent about the
cause of the increase in cultivated land and forests. Based
on the findings obtained through FGDs, land used for
agriculture and scattered settlement experienced positive
and negative changes. One of the key informants at
Utweve Village claimed that “dynamics in a population
of the study area caused fluctuations in land used for
cultivation and settlement”. In the population and housing
census of 2002, the study area had 105,775 people while in
the census of 2012, the study area had 97,266 people (The
United Republic of Tanzania [URT], 2013). The popula-
tion increased to 109,160 people in the study area (The
United Republic of Tanzania [URT], 2022). This trend of
the population from 2002 to 2022 shows fluctuations in
the population size. This influenced changes in the land
use/land cover in the Kipengere ranges. This is contrary to
what was reported by Msofe et al. (2019) who found that
in Kilombero Valley, Tanzania, from 1990 to 2016 agri-
cultural land kept increasing over time. This was caused
by increasing demands for land for farming activities.

With regards to change in land use and land cover,
the findings from the household survey indicate that
99% of respondents revealed that land cover in
Kipengere ranges changed significantly. Most of the
land uses were new. For instance, in the 1980s few
areas had invasive trees; the dominant trees were the
natural ones but during the time of conducting this
study areas were dominated by plantation forests.

Likewise, the study by Taiwo et al. (2023) revealed
that developmental processes changed the land cover.
New land cover mainly built up and bare land
emerged. So, the built-up and bare land became the
dominant land cover. This is different from what was
found in the current study in which the plantation
forests became the dominant land cover. Moreover,
only 1% of respondents reported that there was no
change in land cover. This category comprised respon-
dents who were not aware of the historical background
of their surroundings. LU/LC is dynamic how come in
the study area no land use changed from 1984 to 2014?
The period of thirty years is long for the area to
experience no land use change. However, 99% is
enough to conclude that LU/LC in the study area
changed over time as depicted in Figure 2.

The current study revealed that native trees experienced
changes from 1984 to 2014. For instance, in 1984 native
trees covered 964 ha in 1994 they increased to 2161 ha. In
2004, the native trees declined to 1126 ha. This trend
indicates that there were fluctuations in the area covered
by the native trees. Concerning the decline in the area
covered by the native trees one of the participants of
FGDs at Ukwama Village revealed that “some of the native
trees were invaded by invasive species while others were
cleared in favour of planting invasive trees and establishing
farms for food crop production”. This is in line with the
findings of Othow et al. (2017) who found that in the Gog
District, Gambella Regional State, Ethiopia, farmland
increased, while the native trees declined from 23% in
2002 to 18% in 2017. This implies that farming activities
affect the existence of native trees. In some places, such
land expanded at the expense of native trees (Plate 2).

Plate 2. Cultivated land with complete removal of native trees.

Plate 2 indicates that trees were cut in favour of estab-
lishing cropland. The stumps of trees existing in the
cultivated land served as evidence that initially the area
was covered by trees. Hence, farming activities threaten
native tree species. It will take a long time for cultivated
land to regenerate into native trees or woodland. The
respondents in FGDs revealed that farmers invaded the
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Figure 2. Maps for land cover change in the study area from 1984-2014. Source: Landsat TM (1984 & 2004), Landsat OLI (2014).

native trees due to a shortage of fertile land. The prepara-
tion of land for crop production sometimes involves the
complete removal of trees found in the given land needed
for farming. Through field observation, it was observed
that in some places farmers applied selective removal of
trees while preparing land for food crop cultivation. This
degraded the native trees, hence hampering their capacity
to function properly (Plate 3).

Plate 3. Cultivated land with partial removal of trees.

Plate 3 indicates that some of the trees were left during
farm preparation. Some of them were cleared. Leaving
trees in the cultivated land creates an environment for
land use changing to woodland or bushland. This kind of
farm preparation is somehow environmentally friendly.
Farmers consider the well-being of other living organisms
when they prepare the farming site. LU/LC change was
also driven by a decline in soil fertility. This affected the
area covered by native trees, bushland and woodland.
This is evident from GIS results in which the mentioned
LU/LC classes declined and increased over time (Table 1).
In support of this, one of the key informants at Utweve
Village had this to say:

Famers have developed a culture of abandoning the
lands which have lost soil fertility. Land loses soil
fertility due to continuous cultivation. After the soil
has become infertile is abandoned and farmers invade
other land use classes such as native trees, grassland
or bushland for establishing farmlands.
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Table 2. Land cover change matrix between 1984 and 1994.

Year: 1984
The year 1994 Bushland Cultivated land Grassland Native trees Plantation forest Woodland Total year 1994
Bushland 2,650 138 171 204 " 1,694 4867
Cultivated land 364 146 313 1 0 89 914
Grassland 1,746 254 848 2 15 418 3283
Native trees 323 12 7 406 0 1,468 2216
Plantation forest 60 2 4 0 45 0 110
Woodland 2,216 68 129 358 0 4,703 7474
Total in year 1984 7360 619 1471 971 72 8373 18865

Source: LandSat TM (1984 & 2004), LandSat OLI (2014).

3.2. Land cover change matrix between 1984 and
1994

The study through GIS analysis indicated that in 1984
cultivated land occupied 619 ha and about 146 ha of
cultivated land remained unchanged. The cultivated
land in 1984 was small since the area had few people.
The cultivated land experienced positive change over
time partly due to population increase. Out of 619 ha
of cultivated, 138 ha changed to bushlands (Table 2).

3.3. The land cover matrix between 1994 and
2004

In the Ukwama ward, the cultivated land in 1994
comprised 914 ha; the land that remained unchanged
comprised 647 ha. About 266 ha of cultivated land
changed and became part of other LU/LC classes.
About 199 ha of cultivated land changed to bushland,
52 ha changed to woodland, 1ha changed to planta-
tion forests, and 14 ha changed to grassland. No part
of cultivated land changed to a natural forest (Table 3).
Table 3 shows that native trees did not gain from
cultivated land. The reason for this could be that
farmers cleared all trees as they prepared croplands.
This caused a loss of natural trees that later could have
formed native trees. In FGDs, one of the key infor-
mants at Ukwama Village revealed this assertion by
saying:
It is rare to see a tree standing on cultivated land.
Farmers clear all the trees during the preparations of
their farms. The trees are cleared because once are left

in the cultivated land; they tend to lower the crop
yields.

Generally, the findings obtained through the applica-
tion of GIS revealed that the cultivated land expanded
and declined over time and place. Most of the

Table 3. Land use change matrix between 1994 and 2004.

cultivated land which lost soil fertility was abandoned
and the other was used for tree plantation. The current
study found that only infertile agricultural land was
transformed for other land use. This is contrary to the
study by Musakwa and Van Niekerk (2013) who
observed that in Stellenbosch, South Africa, the highly
productive agricultural land was transformed for other
land use. Such transformation reflects what Haulle
(2015) claimed in his study by documenting that
soils that failed to support other food crops could
support the growth of Jatropha to improve the income
and well-being of the community. For communities
engaging in agricultural activities, it was rare to see
fertile agricultural land transformed into other uses
because farmers needed fertile land for crop produc-
tion to yield more crops, for commercial and home
consumption. Generally, GIS analysis showed that all
land classes such as forest, woodland, bushland, grass-
land, and cultivated land experience gross loss and
gross gain.

4. Conclusions and recommendations

The study area experienced significant changes in
LU/LC from 1984 to 2014. The identified land use
classes (agriculture with scattered settlements,
woodlands, grasslands, plantation forests, native
trees, and bushlands) changed positively and nega-
tively over time. No land cover class kept increasing
over time; all land use classes experienced fluctua-
tions over time. Moreover, overdependence on
farming activities as a source of income influenced
immensely the land use and land cover change in
Kipengere ranges. It is further concluded that the
native trees experienced relatively positive changes
despite the increased demand for forest products.
The positive change was influenced by the role

Year: 1994
Year 2004 Bushland Cultivated land Grassland Native trees Plantation forest Woodland Total year 2004
Bushland 3,006 199 2,051 393 0 2,291 7941
Cultivated land 405 647 729 35 2 377 2195
Grassland 27 14 363 2 0 8 414
Native trees 136 0 3 362 0 627 1127
Plantation Forest 82 1 73 0 109 0 265
Woodland 1,210 52 60 1,424 0 4,169 6915
Total in year 1994 4865 914 3280 2216 110 7473 18858




played by indigenous knowledge in which the native
trees were used for traditional functions. The
anthropogenic factors were responsible for changes
in land use and land cover experienced in the study
area. For instance, overutilization of land for crop
production caused a decline in soil fertility. This was
the case because farmers used the same piece of land
without the application of the following. The land
which lost soil fertility was abandoned from farming
activities due to the inability to revitalise the soil.
High prices of inorganic fertilizers caused farmers to
abandon infertile soil and clear native trees to estab-
lish farms for food crops. Moreover, the expansion
of a given land use class occurred at the expense of
the other land use type. The absence of a land use
plan also caused land use change in the study area.

It is recommended that all study villages must
introduce a village land use plan. The plan has to
indicate different uses of land such as land for settle-
ment, land for farming activities and other related
uses. There is a need to introduce other income-
generating activities. This will reduce over-
dependence on farming activities as a source of liveli-
hood. For instance, they may establish beekeeping as
a source of income. There is also a need for the
government to impose subsidies on inorganic fertili-
zers. This will enable more farmers to access fertilizer
and hence reduce the invasion of native forests for
establishing farms. It is also important to create
a conducive environment for the operation of tradi-
tional functions because they facilitate forest conser-
vation. Finally, the study recommends that there is
a need to educate farmers on the use of manure as
an alternative way of revitalising soil that lost its ferti-
lity. This will help to reduce the abandonment of the
land that has lost soil fertility.

Acknowledgments

The authors acknowledge Ruaha Catholic University for
supporting the research financially.

Disclosure statement

No potential conflict of interest was reported by the
author(s).

Funding

This work was supported by the Ruaha catholic university.

ORCID

Faraja Sanga
Evaristo Haulle

http://orcid.org/0000-0002-5063-1682
http://orcid.org/0000-0002-7490-2838

GEOLOGY, ECOLOGY, AND LANDSCAPES . 1513

References

Abiye, W., Waltner, L., & Kindie, H. (2023). Spatiotemporal
dynamics of soil erosion response to land use land cover
dynamics and climate variability in Maybar watershed,
awash basin, Ethiopia. Geology, Ecology ¢ Landscapes,
1-23. https://doi.org/10.1080/24749508.2023.2256542

Almalki, S. (2016). Integrating quantitative and qualitative
data in mixed methods research — challenges and bene-
fits. Journal of Education & Learning, 5(3), 288-296.
https://doi.org/10.5539/jel.v5n3p288

Creswell, J. W. (2014). Research design: Qualitative, quanti-
tative, and mixed methods approaches (4th ed.). Sage
Publications.

Elagouz, M. H., Abou-Shleel, S. M., Belal, A. A., & El-
Mohandes, M. A. O. (2020). Detection of land use/cover
change in the Egyptian Nile delta using remote sensing.
Egyptian Journal of Remote Sensing and Space Science, 23
(1), 57-62. https://doi.org/10.1016/j.ejrs.2018.10.004

Global Invasive Species Database. (2023). Species Profile:
Pinus. http://www.iucngisd.org/gisd/species.php?sc=
8900n10-10-2023

Haulle, E. (2015). Community awareness and their response
to biofuel production in Tanzania: A case of Kisarawe and
Singida districts. International Journal of Research in
Pharmacy and Biosciences, 2(5), 40-57.

Kafy, A. A., Naim, M. N. H., Subramanyam, G., Faisal, A. A.,
Ahmed, N. U,, Rakib, A. A,, Kona, M. A,, & Sattar, G. S.
(2021). Cellular automata approach in dynamic model-
ling of land cover changes using RapidEye images in
Dhaka, Bangladesh. Environmental Challenges, 4
(March), 100084. https://doi.org/10.1016/j.envc.2021.
100084

Lusasi, J., Friis-Hansen, E., & Pedersen, R. H. (2020).
A typology of domestic private land-based investors in
Africa: Evidence from Tanzania’s timber rush. Geoforum,
116, 163-171. https://doi.org/10.1016/j.geoforum.2020.
07.009

Maitima, J., Olson, J., Mugatha, S., Mugisha, S., & Mutie, L
(2010). Land use changes, impacts and options for sus-
taining productivity and livelihoods in the basin of Lake
Victoria. Journal of Sustainable Development in Africa, 12
(3), 189-206.

Manga, F., & Mahenge, F. (2023). Sustainability of nundu
catchment forests under conventional forest management
in Njombe, Tanzania. Tanzania Journal of Forestry and
Nature Conservation, 92(1), 110-121.

Mligo, C. (2020). Analyses of land cover changes from 1981
to 2016 in pande game reserve. Tanzania Journal of
Science, 46(2), 303-316.

Molla, M. B. (2015). Land use/land cover dynamics in the
central rift Valley region of Ethiopia: Case of Arsi Negele
District. African Journal of Agricultural Research, 10(5),
434-449. https://doi.org/10.5897/AJAR2014.8728

Msofe, N. K., Sheng, L., & Lyimo, J. (2019). Land use change
trends and their driving forces in the Kilombero Valley
Floodplain, southeastern. Sustainability, 11(505), 1-27.
https://doi.org/10.3390/su11020505

Musakwa, W., & Van Niekerk, A. (2013). Implications of
land use change for the sustainability of urban areas:
A case study of Stellenbosch, South Africa. Cities, 32,
143-156. https://doi.org/10.1016/j.cities.2013.01.004

Othow, O. O, Sintayehu, L. G., & Gemeda, D. O. (2017).
Analyzing the rate of land use and land cover change and
determining the causes of forest cover change in Gog
District, Gambella Regional State, Ethiopia. Journal of


https://doi.org/10.1080/24749508.2023.2256542
https://doi.org/10.5539/jel.v5n3p288
https://doi.org/10.5539/jel.v5n3p288
https://doi.org/10.1016/j.ejrs.2018.10.004
http://www.iucngisd.org/gisd/species.php?sc=890on10-10-2023
http://www.iucngisd.org/gisd/species.php?sc=890on10-10-2023
https://doi.org/10.1016/j.envc.2021.100084
https://doi.org/10.1016/j.envc.2021.100084
https://doi.org/10.1016/j.geoforum.2020.07.009
https://doi.org/10.1016/j.geoforum.2020.07.009
https://doi.org/10.5897/AJAR2014.8728
https://doi.org/10.3390/su11020505
https://doi.org/10.3390/su11020505
https://doi.org/10.1016/j.cities.2013.01.004

1514 e F. SANGA AND E. HAULLE

Remote Sensing ¢, 06(4). https://doi.org/10.4172/2469-
4134.1000219

Policelli, N., Hoeksema, J. D., Moyano, J., Vilgalys, R., Vivelo, S.,
& Bhatnagar, J. M. (2023). Global pine tree invasions are
linked to invasive root symbionts. The New Phytologist, 237
(1), 16-21. https://doi.org/10.1111/nph.18527

Private Forestry Program. (2017). Forest plantation mapping
of the Southern Highlands. Final report. Iringa, Tanzania.

Rai, R., Zhang, Y., Paudel, B., Acharya, B. K., & Basnet, L.
(2018). Land use and land cover dynamics and assessing
the ecosystem service values in the transboundary
Gandaki River Basin, Central Himalayas. Sustainability
(Switzerland), 10(9), 1-22. https://doi.org/10.3390/
sul0093052

Sanga, F., Liwenga, E. T., & Haulle, E. (2022). Land-use
dynamics in lupila ward of makete District in Southern
Highlands of Tanzania. Journal of Land and Rural
Studies, 10(1), 124-144. https://doi.org/10.1177/
23210249211051117

Simon, O., Lyimo, J., & Yamungu, N. (2023). Land use and
cover change in Dar es Salaam metropolitan city: Satellite
data and CA - Markov chain analysis. Geo Journal, 88(6),
6119-6136. https://doi.org/10.1007/s10708-023-10960-0

Simon, O., Yamungu, N., & Lyimo, J. (2023). Influence of
Urban land use land cover changes on land surface

temperature in Dar es Salaam Metropolitan City,
Tanzania: The use of geospatial approach. Tanzania
Journal of Science, 49(2), 356-368. https://doi.org/10.4314/
tjs.v49i2.7

Taiwo, B. E., Kafy, A. A., Samuel, A. A,, Rahaman, Z. A,
Ayowole, O. E,, Shahrier, M., Duti, B. M., Rahman, M. T,
Peter, O. T., & Abosede, O. O. (2023). Monitoring and
predicting the influences of land use/land cover change
on cropland characteristics and drought severity using
remote sensing techniques. Environmental and
Sustainability Indicators, 18(August 2022), 100248.
https://doi.org/10.1016/j.indic.2023.100248

The United Republic of Tanzania. (2022). Ministry of
finance and planning, tanzania national bureau of statis-
tics and President’s office - finance and planning, office of
the chief government statistician, Zanzibar. The 2022
population and housing census: Administrative units
population distribution. National Bureau of Statistics
(NBS) and the Office of Chief Government Statistician
(OCGS).

URT. (2013). 2012 population and housing census:
Population distribution by administrative areas. In
National Bureau of Statistics Ministry of Finance.
National Bureau of Statistics (NBS) and the Office of
Chief Government Statistician (OCGS).


https://doi.org/10.4172/2469-4134.1000219
https://doi.org/10.4172/2469-4134.1000219
https://doi.org/10.1111/nph.18527
https://doi.org/10.3390/su10093052
https://doi.org/10.3390/su10093052
https://doi.org/10.1177/23210249211051117
https://doi.org/10.1177/23210249211051117
https://doi.org/10.1007/s10708-023-10960-0
https://doi.org/10.4314/tjs.v49i2.7
https://doi.org/10.4314/tjs.v49i2.7
https://doi.org/10.1016/j.indic.2023.100248
https://doi.org/10.1016/j.indic.2023.100248

	Abstract
	1. Introduction
	2. Materials and methods
	3. Research findings and discussion
	3.1. Trends in land use/land cover change in Kipengere range from 1984 to 2014
	3.2. Land cover change matrix between 1984 and 1994
	3.3. The land cover matrix between 1994 and 2004

	4. Conclusions and recommendations
	Acknowledgments
	Disclosure statement
	Funding
	ORCID
	References

