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ABSTRACT

Landslides are rapid movements of rock and soil on the Earth's surface, currently ranked among
the most catastrophic environmental disasters worldwide. Bududa district, located on the steep
slopes of Mount Elgon in eastern Uganda, has experienced a rising incidence of severe landslides.
However, the environmental and human-driven factors contributing to these disasters remain poorly
understood, hindering effective intervention strategies. This study investigated the causes,
intervention strategies, and impacts of the persistent landslides in Bududa, aiming to generate
insights for optimal solutions.

A descriptive cross-sectional study was conducted, utilizing pre-validated semi-structured
guestionnaires and Key Informant Interviews to collect data from a random sample of 212
respondents, including household heads and district leaders. Additionally, 38 soil samples from
landslide-affected sites in Bududa were analysed through experiments at Makerere University. This
was complemented by observational surveys and digital photography. Qualitative data were
analysed using thematic synthesis and photographic interpretation, while quantitative data were
processed with descriptive and inferential statistics in STATA version 15.0. Graphs were generated
using GraphPad Prism® version 9.0.0.

In the findings, factorial analysis of variance (FANOVA, p<0.05), showed that the high soil- organic
content (p<0.001), bulky density (p=0.002) and water saturation levels (p=0.011), in addition to
other environmental factors such as the steep terrain and heavy rains are the cardinal mediators of
landslide outbreaks in Bududa, while soil porosity (p=0.718) and permeability (p=0.267) were not
implicated. These environmental drivers were found to be noticeably moderated by the widespread
incidence of unregulated anthropogenic activities, primarily human settlement, infrastructural
development and monetary enterprises like agriculture and cutting of trees. While some positive
outcomes of landslides were acknowledged such as survivors improving their livelihoods after
relocation, there was strong consensus on the adverse impacts, including casualties and deaths,
and significant damage to infrastructure, agriculture, the economy, and social services. The majority
of respondents confirmed the widespread presence of awareness campaigns, multisectoral
collaborations, and mechanical preventive measures like physical mapping. Most participants
agreed that tree planting could reduce landslides and that external support would enhance coping
strategies in Bududa more effectively than local resources. However, they were uncertain about the
effectiveness of existing local defensive measures, such as slope geometry modification.
Additionally, monitoring for future outbreaks, household micro-land use interventions, and
promoting slope stability were perceived as inadequate.

Conclusively, reliable evidence was generated, indicating that the main factors enabling the
recurrent landslides in Bududa are tri-faceted. That is, natural topography and soil characteristics,
climate, and human influence. Consequently, strengthening the cooperative participation of
stakeholders from sectors related to those three facets may improve the results of interventions.

Keywords: Natural disasters; landslides; bududa district; eastern Uganda; mount elgon.
1. INTRODUCTION are the commonest category accounting for an
estimated loss of 4.4 million humans over the
past two decades and about $ 2 trillion colossal
economic loss. Among the natural disasters

Disasters are a major disruptive phenomenon to
the functionality of communities across the globe

given that they often lead to considerable losses
in human life and valuable assets. The burden
manifests more in resource-limited countries
especially in Africa where the coping capacity is
limited mainly by finances and technology deficits
[1]. Apparently, disasters are categorized with as;
natural disasters, environmental emergency
disasters, complex emergency disasters and
pandemic emergency disasters [2]. According to
the World Bank and Global Facility for Disaster
Reduction and Recovery [3], natural disasters

common globally include earthquakes, volcanic
eruptions, typhoons, drought, floods, landslides
and normally impact widescale suffering, misery
and damages [4]. This study however
concentrated on the landslide disaster. Globally,
landslides take place across developed and third
world countries due to several factors; physical,
human, geological and morphological in nature
[5]. They are common in areas of hilly and
mountainous terrain yet likely to negatively
impact upon humanity, economic property and

201



Namuenge et al.; Int. J. Environ. Clim. Change, vol. 14, no. 9, pp. 200-216, 2024; Article no.lJECC.122356

national and local economies [6]. Given the
colossal losses often registered as a result of
landslide occurrences due multiple factors [7], it
has become fashionable to make strategic
interventions  through collaborative  and
coordinated modalities at local, regional, national
and international levels [8]. The practice of
making interventions to mitigate disasters of all
kinds is magnified by the Hyogo Framework
Action, HFA of 2005 and carried forward by the
Sendai Framework for Disaster Risk Reduction
(SFDRR) of 2015.

On the international scale, the disaster trend in
terms of frequency and intensity continue to
manifest, culminating into big losses and
unprecedented damage of viable resources;
human, vegetation and infrastructure [7]. It is
argued that internationally, fatal landslides of
numerous extents took root with effect from the
second half of the 20" [9]. It is estimated that
over the past years, over 250 million people have
been displaced by conditions of climatic and
weather-related disasters; the numbers are
anticipated to surge in future given that disasters
are turning out to be more intense and severe
[10]. The disasters are both man-made and
natural. In particular, the frequency, severity and
extent of the landslide manifestation is rapidly
increasing in various countries in Asia, United
States of America, Europe and Africa [6]. Several
areas are identifiable with landslides; with Asian
parts like Himalaya, Taiwan, Sri Lanka,
Central China, India, Indonesia, Vietham [11],
and USA, parts like the Appalachian Mountains,
the pacific coastal ranges and Europe [12]. In the
eastern part of the Caribbean, landslides take
place in urban and rural areas losses of high
magnitude are often registered [13]. However,
landslide outbreaks and fatalities are more
pronounced in Asian nations like the
Philippines, India, Nepal, China and Indonesia

[14,15]. This trend continued in the new
millennium with numerous landslide
manifestations totalling to 4399

outbreaks [9,16], indicating an increment in
fatalities of damage. It has to be noted that Save
for the exposure to direct risks to human life and
health, it is argued that landslide disasters
culminate into gradual losses of property and
land which has a negative bearing upon
community livelihood in terms of food security
especially in mountain-like topographical areas
[17].

Africa is no exception from the vulnerability of
landslides, particularly areas of equatorial Africa,

East Africa in Kenya and Tanzania as well. In the
East African region particularly the highland
areas, landslides are a common
phenomenon given the wet climatic atmosphere,
population pressure, mountainous and hilly
topography  [18,19].  Anecdotal evidence
suggests that the highlands in East Africa have
witnessed numerous landslide outbreaks, some
of which with damage of great intensity [20]. In
Uganda, landslides are common the Western
and Eastern regions [21]. In Bugisu sub-region,
including the entire mount Elgon belt, is prone to
landslides, and the risk is more
pronounced in districts like Bulambuli, Sironko,
Manafwa and Bududa [22,23]. The landslides in
these districts incur colossal losses in
terms of infrastructure, biodiversity, the economy,
and the environment [18,24]. Elsewhere, the
surging outbreak of landslides in prone mountain
areas is largely attributed to poor land
management practices in addition to the natural
as well as environmental drivers [20]. However,
in Uganda, recent evidence that is required to
guide effective redress, especially the
information on enabling factors and
consequences of these  calamities s
scarce [25].

In Bududa district where landslide disaster
outbreaks have persistently caused devastating
loses and damages to the population and to the
environment, the situation could worsen in the
future given the apparently increasing population
pressure and the changing climate, whose
effects have been associated with land-mass
movements in such ecologically sensitive areas
elsewhere [26,27]. That is to say, the high
population leads to massive human settlements
and intense, largely unregulated livelihood
activities such as poor farming practices and
quarrying, which accelerate landslides. Despite
the steps taken by Government to respond to this
challenge, such as relocation of the victims [23],
the problem still persists partly due unclear
factors, occasioned by profound scarcity of up-to-
date guiding evidence on landslide drivers,
intervention-gaps, and effects. Therefore, the aim
of this research was threefold. To determine the
factors enabling the persistent outbreaks of
landslides, to examine the effects of landslides
on the community and on the environment, and
to examine the interventions used for mitigating
landslides and minimizing their effects to the
communities and the environment in Bududa
district. The rationale was to generate
actionable insights for improving the results of
interventions.
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2. METHODS
2.1 Research Design

The study applied a cross-sectional survey
design, involving mixed methods for both
guantitative  and  qualitative  approaches.
Additionally, the experimental design was
adopted in studying the soil properties in relation
to landslide occurrence, such as soil texture,
organic content, porosity among others.

2.2 Study Area

The study was conducted in Bundesi (Nametsi),
Bumayoka and Bukalasi sub counties in Bududa
District (Fig. 1). It is located in Bugisu subregion,
Eastern Uganda. Bududa was originally known
as Manjiya county and was curved out of Mbale
District. It lies in the direction of south west in the
vicinity of the Mount Elgon Volcano.
Geographically, Bududa lies between 34c 16'
12.536" Longitude, 0° 57' 55.667" Latitude and
34032' 14.995" Longitude, 1°7' 15.661" Latitude.

In  terms of population, Bududa has
approximately 271,100 people and with a 317.4
km2 Area. Nametsi, Bumayoka and Suume are

particularly chosen given their uniqueness in
terms of the steep topography and vulnerability
to landslides compared to other areas in Bududa.
It has to be noted that compared to other areas
in Bududa, landslide scars are more visible in
Nametsi.

2.3 Study Population

The targeted study population included: Chief
Administrative officer/Deputy Chief
Administrative Officer (CAO/DCAQO), District
Environmental Officer (DEO), District Health
Officer (DHO), Community Development Officers

(CDOs), Deputy Disaster Management
Committee  chairpersons (DDMC), Senior
Disaster Management Committee members
(SDMC), household heads and local policy

makers. These were derived from Bududa district
(Nametsi in Bundesi subcounty, Bumayoka and
Kushu in Bumayoka subcounty and Suume in
Bukalasi Subcounty) given their vulnerability to
landslide outbreaks. The entire population is
estimated to be 37, 028 households in Bududa
district [28], majority of whom are vulnerable to
landslides since they live in risky areas.
However, the targeted study population was 265
as presented in Table 1.
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Table 1. Showing the Targeted Study Population and Sample Size

Category Target population Sample size Sampling method
CAO/DCAO 2 2 Purposive

DEO 1 1 Purposive

DHO 1 1 Purposive

CDOSs 21 18 Simple random
DDMC 25 20 Simple random
SDMC 25 20 Simple random
Household heads 150 120 Simple random
Local leaders 40 30 Simple random
Total 265 212

Source: Bududa District Registry: 2022 (Not pubished)

2.4 Sample Size
2.4.1 Sample size determination

A sample size of 212 respondents has been
determined using the table Krejice and Morgan
[29], with reference to the target population of
265, as shown in Table 1.

The sample size included 212 drawn from
Nametsi, Bumayoka and Suume (Bundesi Sub
County) in Bududa District. This is because they
were the most vulnerable to landslide risks and
have been victims in the past [18]. However, of
the total 212 sample, 180 provided responses
that were utilized for data analysis and this gave
a response rate of 84.9%.

2.4.2 Sampling techniques

Purposive sampling was used to select the study
area, Bududa district since it is characterized by
more experiences of landslide outbreaks in
Uganda [30]. Stratified sampling was used to
select the villages of Nametsi, Bumayoka and
Suume given that they are highly vulnerable to
landslide risks than other villages in Bududa
district. However, systematic sampling was used
to select sample households. It is opined that
randomization promotes validity and reliability of
data since it minimizes the effects of the
extraneous variable [31].

2.5 Data Collection Methods

Primary data was collected using laboratory soil
testing, guestionnaire, interviews and
observation methods. They were carried out
between the months of 1st August, 2023 to 15"
September, 2023. Data collected from household
heads and local leaders involved the utilization of
Likert-scale  questionnaire.  However, key
informant interviews enhanced data collection
from the technical staff (CAO, DEO, DHO,

CDOs, DDMC, SDMC, VDMC). Soil testing was
done at Makerere soil, plant and water analytical
Laboratories. Secondary data was collected
through documentary analysis. This involved the
reviewing  government policy documents
regarding landslide disasters.

2.5.1 Soil specimen collection and sampling
procedure

Soil samples were collected from three depths
(0-50 cm, 50-100 cm, and 100-200 cm) in each
pit using a soil core sampler, across five
sampling sites within the study area. These sites

included three sub-counties experiencing
landslides, one control sub-county where
landslides have never occurred, and a

neighbouring sub-county with observed soft
ground and sinking houses. A purposive
sampling techniqgue was employed, with three
soil pits sampled per site. Composite soil
samples for texture and organic carbon analysis
were collected at each depth, carefully labelled,
and stored. Core samples for bulk density and
permeability tests were also collected. The 5 cm
soil cores were inserted into the soil using a core
sampler, ensuring an undisturbed sample was
obtained. After extraction, the cores were
trimmed, covered, and placed into labelled
sampling bags. The samples were then sent to
the soil, plant, and water analytical laboratory at
Makerere University's College of Agricultural and
Environmental Sciences for further analysis. The
samples were saturated, drained of excess
water, and weighed in their canisters.

2.5.2 Soil sample the
laboratory

preparations in

The air-dried samples were ground with a mortar
and pestle, sieved through a 2mm mesh to
remove debris, and repackaged in labelled bags.
These samples were then analysed for texture
using the hydrometer (Bouyoucos) method and
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for organic carbon using the Walkley-Black (wet
oxidation) method. All analyses followed
standard operational procedures [32].

2.5.3 Determination of grain size and type

The 50 g of air-dried, < 2 mm soil samples were
placed in 400 ml bottles, saturated with distilled
water, and mixed with 10 ml of 10% calgon
solution to disperse the soil into sand, silt, and
clay fractions. The suspension was shaken for
two hours, then transferred to a graduated
cylinder and mixed by inversion. A hydrometer
reading was taken at 40 seconds, with the
suspension's temperature recorded. After 2
hours, final hydrometer and temperature
readings were taken. Soils were then classified
into textural classes using a soil textural triangle
based on the distribution of sand, silt, and clay.

2.5.4 Determination of organic carbon using
wet oxidation method

A 0.30 g sample of ground soil was weighed into
a labelled digestion tube. After recording the
weight, 10 ml of 5% potassium dichromate
solution was added to wet the soil completely.
Then, 5 ml of concentrated H2SO4 was carefully
added while swirling the mixture. The mixture
was digested at 150°C for 30 minutes to
complete oxidation and then allowed to cool. The
digest was transferred to a 100 ml conical flask,
0.3 ml of indicator solution was added, and the
mixture was titrated with ferrous ammonium
sulphate solution [14];

. t*0.3% 4
Organic carbong = Z23*(50%)

2.5.5 Determination of soil bulk density

Soil cores (5 cm diameter, 5 cm height, wight =
W1) were inserted into soil pits at various depths,
then excavated and trimmed. The cores were
dried in an oven at 105°C for 24 hours, cooled in
a desiccator to room temperature, and then
weighed (W2). The volumes (V) of the cores
where calculated.

. _ mass of oven dry soil

Bulk density, pb= total soil volume
3y — (W2-W1)g

pb(gem?) ==

An empty beaker 50 ml were weighed and

recorded the weights. Air dry soils were added.

The volumes were record and water added into

the beaker. The volume of water left in the
cylinder are recorded. Soil Porosity = (1 - (Bulk
Density (pb) / Particle Density (pp) x 100.
Porosity is the ratio of the volume of the pores in
a soil sample to the total volume of the sample
[10]:

1-Pb

Porosity, ¢= p

2.5.6 Determination of permeability of Soil
using constant head method

Soil cores were placed in a tray with water added
halfway to saturate them for 24 hours. Porous
cloth was attached to the bottom of each soil
core, and a water reservoir was connected.
Water was allowed to flow through the soil until a
steady state was achieved. The difference in
water energy (AH) and the height of the soil core
(AL) were measured, and the water collected
over a set time interval. Permeability of the soil
was calculated according to Darcy’s law.

Permeability (KT)=2=

Where: Kr= coefficient of permeability at
temperature T, cm/sec. L = length of the soil in
centimetres. t = time for discharge in seconds. Q
= volume of discharge in cm3 A = cross-
sectional area of permeameter. h = hydraulic
head difference across length L, in cm of water
2.5.7 Determination of saturation
gravimetric method

using

Gravimetric water content is the mass of water
per mass of dry soil. Soil cores were saturated
drained to remove excess water and measured
moist soil (wet weight). The soils were then oven
dried for 24 hours at a temperature of 105° C to
remove all water. The soils were then reweighed
to determine the dry weight. The difference
between the wet and the dry weight is the
amount of water in that soil [25].

2.8 Data Analysis

The analysis of the questionnaire data was done
using Pearson rank correlation coefficient at
bivariate level. A multivariate linear regression
was then applied. The qualitative data was
analysed using thematic synthesis., frequency
tables and overall response means. For the
Laboratory data, Cross tabulations with Chi-
square statistics were conducted, followed by a
factorial analysis of variance to investigate the
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significant differences between means of the
guantitative parameters (i.e., organic content,
permeability, bulky density, porosity and
saturation). Fisher least significant difference
(LSD), ANOVA, and post-hoc tests were
conducted to wunderstand which pairs of
parameter means were significantly
different.

3. RESULTS

3.1 Sociodemographic Profile of the

Participants

The demographic variables are presented in
Table 2. The social demographic data reveals
that the majority of respondents were male
(53.3%) and predominantly aged 50 years and
above (41.7%). A significant majority were
married (78.3%), with fewer respondents being
divorced (10.0%) or widowed (6.7%). In terms of
professional experience, over half of the
respondents (53.3%) had 15 years or more of
experience.

3.2 Correlation between the Different
Forms of Landslides and Potential
Enablers

Fisher's exact test for significance of association
between each construct of natural and human

factors, and the different forms of landslide
outbreaks was performed and the results were
reported in Table 3a. All the natural factors such
as the hilly terrain and heavy rains were
significantly associated with the occurrence of
the four types of landslides, except some
resources like rivers and vegetation which were
not associated with one landslide type called
topples. Also, Among the human factors, poor
faming methods and unplanned settlements
were not significantly associated with topples
(Table 3a).

Further, natural factor response-mean score and
human factor mean response scores were each
correlated with landslide-mean response score
using Pearson correlation test (Table 4). The
bivariate analysis showed that both natural factor
response-mean score and human factor
response mean score had  significant
associations with the outcome variable, “the
landslide response mean score”. The natural
factor mean response score was positively
related to landslide mean response score and
was very statistically significant at the 0.01 level
(r = 0.656, p - value < 0.001), while the human
factor means response score also had a positive
association with the landslide outbreak mean
score and statistically significant at the 0.01 level,
the correlation coefficient was relatively low (r =
0. 429, p — value = 0.001).

Table 2. Descriptive statistics on demographic characteristics

Demographic Characteristic Frequency(n) Percent (%)
Gender

Male 32 53.3
Female 28 46.7
Age bracket

20-29 5 8.3
30-39 12 20.0
40-49 18 30.0
50 years and above 25 41.7
Level of Education

Masters 5 8.3
Degree 34 56.7
Diploma 19 31.7
Certificate 2 3.3
Marital Status

Married 47 78.3
Divorced 6 10.0
Widow 4 6.7
Single 3 5.0
Level of Experience

5-9 years 12 20.0
10-14 years 16 26.7
15 years and above 32 53.3
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Table 3a. Statistical analysis of potential enablers of different types of landslides using fisher's

exact
Landslide
S. Factors Falls Flows Topples Slides
N
(p-value) (p-value) (p-value) (p-value)

Natural Factors

Hilly nature of the landscape
Heavy Rainfall

Natural  features like
vegetation

Soil organic content

Soil texture

Soil Mineral content

Human Factors

Poor land use planning
Deforestation

Poor farming methods

0.  Unplanned human settlements

wnh e

rivers,

ook

B oo~

55 (<0.0001)
64 (<0.0001)
34 (<0.0001)

31 (<0.0001)
73 (<0.0001)
53 (<0.0001)

35(.000)
66(.000)
25(.009)
28(.002)

71 (<0.0001)
93 (<0.0001)
52 (<0.0001)

40 (<0.0001)
82 (<0.0001)
41 (<0.0001)

45(.000)
82(.000)
40(.000)
41(.000)

47 (<0.0001)
55(.000)
20 (0.072)

43 (<0.0001)
54 (<0.0001)
35 (<0.0001)

25 (0.006)
55(<0.0001)
16 (0.294)
19 (0.137)

70 (<0.0001)
69 (<0.0001)
47 (<0.0001)

31 (<0.0001)
54 (<0.0001)
30 (<0.0001)

42 (<0.0001)
73 (<0.0001)
29 (<0.0001)
27 (0.018)

Significance level is 0.05, p-values highlighted yellow are insignificant

Table 4. Results of the pearson correlation between potential predictors and landslide
occurrences in Bududa District

Potential Predictors

Landslide Occurrence mean response score

Pearson Coefficient (r) p - value
Natural Factor mean response score 0.656 <0.001
Human Factor mean response score 0.429 0.001

Correlation is Significant at the 0.01 level (2 - tailed)

When assessed simultaneously with natural
factors, the human factors did not significantly
contribute to landslide occurrences (multiple
linear regression analysis, p = 0.464), hence,
human factors act as moderators of natural
factors in causing landslides. In the laboratory
results, Organic content (p<0.001), Saturation
(p=0.011), Bulk density (p=0.002), were found to
be significantly associated with landslide
occurrence, while Permeability (p=0.718), and
Porosity (p=0.267) [Factorial Analysis of
Variance (FANOVA, p<0.05)].

The Key Informants highlighted that landslides
are influenced by natural causes like flow of
water across hills, long spells of heavy rainfall,
nature of the soils and its texture. As a
consequence, therefore, sub counties like
Bukalasi, Bumayoka and Bundesi are highly
vulnerable to landslide occurrence. One of the
participants testified that; Naturally, the soils of
Bududa district are characterized by certain
content and texture that easily collapse and
result into landslides. The clay and sandy content
make it possible for landslides to occur especially
during rainy seasons (local leader A). Another
testimony provided by a participant at household
level further intimated that natural factors take a
centre stage in the occurrence of landslides in

this area. He added that, “The natural make-up
of the landscape of Bududa district is
mountainous coupled with steep slopes. These
are routinely exposed to landslide risks when
they come into contact with lengthy rain intervals
and often followed by devasting effects
(participant B).

Also, Key Informants were able to show human
factors equally contribute to landslides in Bududa
district. The constant use of land, year in and
year out affects its stability especially that it is
major source of livelihood to the local
communities. This state of affairs results into
changes in the land cover and eventually
degradation, all of which culminates into
landslides. In addition, cases of fragmenting
land into small pieces without adequate
preparation to safeguard from sliding across the
hilly/mountainous terrain, poor farming
methods/habits, deforestation and over
cultivation of the same piece of land were
reported.

Among the other factors causing landslides in
Bududa district, attention was mainly given to the
natural ones. Much as long rainy spells were
noted, also persistent dry spells were reported to
occur. The long dry spells affect the land stability
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by creating cracks along the cultivatable hilly
areas and are worsened by the subsequent rainy
seasons. The other is the practice of establishing
homesteads or housing settlement in the
hilly/steep slopes that are quite prone to
landslide outbreak. In this regard, soils are
weakened and rendered more vulnerable to
slides along the steep slopes where farming is a
major and regular economic activity. In support of
this observation, one household participant held;
Dry seasons characterized by long spells of
sunshine between November and march create
conditions for major cracks along the hilly
topographical areas. This is aggravated by
coming of the rainy seasons, all of which creates
slope instability and ultimate sliding of the land
(participant C). Among the geological and
tectonic factors observed, the geological
structure of the area, including the presence of
faults, fractures, and weak rock layers, were
found to potentially promote landslide events.
Wide and growing Cracks were reported in other
sub counties in Bududa but they were not
realized in the study area.

3.3 Effects of Landslides on the
Community and Environment in
Bududa District

The study found out that much as landslides
largely have negative effects, there are also
some positive outcomes, however, the most
pronounced are the negative effects such as
destruction of lives and property, destruction of

valuable infrastructures (Fig. 2), loss of
biodiversity.  There was only  minimal
agreement on the fact that Ilandslides

occurrence positively impacted the community
livelihoods (Table 5). The improved livelihood
was majorly reported to be shelter/houses
among the people that were relocated away from
the landslide-stricken areas. The livelihoods of
communities that persisted to continue
living in the affected areas were reported to
remain poor, surviving basically on agriculture for
recovery.

From the observational survey and the Key

Informant Interviews, landslides found to
generally affect the communities in Bududa
district in terms of livelihood in varying

dimensions. Beginning from household level, the
adversities were reported to spread to the

general community level. Given that the survival
of the local communities is entirely agricultural-
based, landslide manifestations were found to
present a serious setback in terms of the
peoples’ well-being. This is because big losses
and damage of valuable resources like crops
including coffee and bananas which are
supposed to primarily provide income and food.
One of the participants particularly a local leader
remarked; “Whenever landslides occur, they
impact short- and long-term effects on the
livelihoods on the local people given that they
solely depend on land for their household
incomes. Destruction of large acreage of coffee
at Nametsi in 2011 devasted the livelihood of the
people of Bundesi sub county” (participant D).
Another participant at household level stated
that, “Major sources of the livelihood of the
people were devasted by the un-expected
landslides that destroyed by Summe River in
Bukalasi and more recently at Bumayoka.
Livestock and zero-grazing activities were lost
alongside the housing settlements. This led to
loss of household income in turn” (participant E).

In addition, the destruction of viable infrastructure
due to landslide occurrence was also reported to
have a negative bearing upon the livelihood of
communities. In the event that landslides occur,
essential infrastructure such as hospitals,
schools, and houses are damaged and
sometimes totally swept away. It is for instance
noted that the landslides strike at the hilly areas
near roads end up destroying road infrastructure
and subsequently making mobility difficult. In
another testimony, one participant remarked;
Over the years, vital infrastructure that is
necessary in the process of the peoples’
livelihood is destroyed. At Namesti for instance, a
Health Centre Il was buried while
schools and roads were seriously damaged. This
indirectly affected communities’ livelihoods”,
Participant F.

With regard to landsides effects on the
environment, one of the participants remarked
that, “The environment in the most landslide
prone areas of Nametsi, Bukalasi and
Bumayoka has been degraded over the years.
As a result, some areas cannot be easily
identified given the drastic changes that have
taken place in the land cover and vegetation,”
(participant G).
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Table 5. Showing responses on effects of landslides on the community and environment in Bududa district

SIN Effects of landslides N 1 2 3 4 5 Overall Std.
n (%) n (%) n (%) n (%) n (%) mean Dev

1 Valuable infrastructures are often destroyed 60 5(8.3) 5(8.3) 1(1.7) 24(40.0) 25(41.7) 3.98 1.24

2 Damages are encountered at household level as 4(6.7) 4(6.7) 2(3.3) 28(46.7) 22(36.7) 4.00 1.14
a result of landslides 60

3 Communities’ livelihoods are devastated 60 8(13.3) 7(11.7) 3(5.0) 26(43.3) 16(26.7) 3.58 1.36

4 Causalities and deaths are realized due to 60 16(26.7) 5(8.3) 3(5.0) 27(45.0) 9(15.0) 3.13 1.49
landslides

5 Farmland losses are colossal in terms of crops 60 6(10.0) 6(10.0) 3(5.0) 24(40.0) 21(35.0) 3.80 1.30

6 Livelihood sustainability is enhanced at 60 20(33.3) 17(28.3) 4(6.7) 10(16.7) 9(15.0) 2.52 1.48
community level

7 National economic losses due 60 7(11.7) 10(16.7) 3(5.0) 20(33.3) 20(33.3) 3.60 1.41
reconstruction/rehabilitation

8 Improved livelihood to those relocated and 60 4(6.7) 7(11.7) 4(6.7) 27(45.0) 18(30.0) 3.80 1.19
resettled

9 Deformation of the landscape 60 6(10.0) 5(8.3) 6(10.0) 10(16.7) 33(55.0) 3.98 1.38

10 Interference with the social service delivery chain 60 6(10.0) 9(15.0) 4(6.7) 14(23.3) 27(45.0) 3.78 1.42

1 = Strongly Disagree (SD), 2 = Disagree (D), 3 = Not Sure (NS), 4 = Agree (A), 5 = Strongly Agree. The bolded values show the minimal level of agreement on the fact that landslides culminated in
livelihood improvement
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Table 6. Responses on interventions taken to mitigate landslides and minimize their effects on the community and environment by communities in
Bududa district

SIN Interventions to mitigate landslides N 1 2 3 4 5 Over Std.
n (%) n (%) n (%) n (%) n (%) mean Dev.

1 Local defensive barriers are used to mitigate 60 11(18.3) 13(21.7) 4(6.7) 15(25.0) 17(28.3) 3.23 1.52
landslides

2 Community-based interventions of 60 6(10.0) 8(13.3) 6(10.0) 29(48.8) 11(18.3) 3.52 1.23
afforestation are utilized

3 Monitoring takes place on a regular basis 60 20(33.3) 14(23.3) 2(3.3) 14(23.3) 10(16.7) 2.67 155

4 Micro-scale land-use management exists at 60 14(23.3) 18(30.0) 3(5.0) 14(23.3) 11(18.3) 2.83 1.49
household level

5 Slope stability management is promoted at 60 14(23.3) 21(35.0) 2(3.3) 17(28.3) 6(10.0) 2.67 1.37
community level

6 Coping strategies are used through local 60 13(21.7) 19(31.7) 5(8.3) 12(20.0) 11(18.3) 2.82 1.46
resources

7 Preventive modalities like physical mapping 60 8(13.3) 6(10.0) 3(5.0) 23(38.3) 20(33.3) 3.68 1.38
are utilized

8 Sensitization of communities on landslides is 60 6(10.0) 7(11.7) 3(5.0) 22(36.7) 22(36.7) 3.78 1.33
common

9 There are local-level structures of landslide 60 7(11.7) 10(16.7) 13(21.7) 22(36.7) 8(13.3) 3.23 1.23
management

10 There is collaboration among various 60 5(8.3) 7(11.7) 3(5.0) 15(25.0) 30(50.0) 3.97 1.34

stakeholders in landslide management
1 = Strongly Disagree (SD), 2 = Disagree (D), 3 = Not Sure (NS), 4 = Agree (A), 5 = Strongly Agree (SA). The bold values show the considerably low levels of disagreement
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Fig. 2. Representative images of the remains of Nametsi Health Center Il (Red Arrow), that was
sunk by landslides in Bududa District, Eastern Uganda

Apart from the negative impact of landslides,
some cases of positivity were registered upon
the community and environment as well. As a
consequence of landslide occurrence in parts of
Bududa district, some interventions of strategic
nature have been undertaken to enhance the
way of life of the people. Most of these
interventions have been initiated by the
government over the past years. Land has been
acquired for resettlement and relocation in order
to avoid a repeat of the community damages
inflicted by the past landslide outbreaks in the
same scenes where they manifested. Bulambuli
and Kiryandongo districts have ultimately
become focal areas of relocating and resettling
the Bududa landslide victims. The other has
been re-planning the environment to avoid future
losses of life and environmental destruction. On
this note, one of the participants, a local leader
said that, “Following the routine outbreak of
devastating landslides at Nametsi and Summe,
the government came up with a relocation policy.
Many of the victims were relocated for settlement
in parts of Kiryandongo and Bulambuli
(Bunambutye) for safety reasons environmental

protection from further destruction” ((participant
H).
3.4 Interventions Taken to Mitigate

Landslides and Minimize Their Effects
on the Community and the
Environment in Bududa District

The levels of agreement on the interventions
used to address landslides were generally high
except for the question whether, “Community-

based interventions like afforestation are
effectively utilized”, and that, “Coping strategies
are effectively used through local natural
resources such as rivers” (Table 6).

From the Key Informant Interviews, there are
several community-based interventions reported.
Among these interventions include modalities
such as relocation the victims and those exposed
to danger of looming landslides. Also, there was
widespread digging and constructing of trenches
and terrace barriers that involve using sucks
filled with sand. As a matter of emphasis, one of
the participants remarked; There exist multiple
mechanisms used to safeguard against
landslides at community and household level
namely; building defensive mechanisms and use
of trenches. Those in prone areas have been
sensitized about mitigative measures (participant
J). The other interventions included, the practice
of afforestation, platting of trees, especially those
that bear fruits like mangoes, avocado, oranges,
and lemons. These fruit trees are grown not only
to address landslides but also for income
generation. The tree species were observed to
be planted on hilly areas. As a way of emphasis,
one of the participants at household level
remarked; Most species of trees are planted for
food, fuel and generally income generation in the
long-run. The trees at the same time aid in
community development and protecting the
environment from devastating effects of
landslides ((participant K).

A number of stakeholders was found to be
involved in executing the interventions geared
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towards mitigating landslides and their effects.
There was observable evidence that household

heads, local leaders, sub county disaster
management committees and development
partners  were important in  enhancing

mechanisms of intervention in most vulnerable
parts to landslides in the study area. Relocation
of the affected communities was reported to be
executed by the government and development
partners like Red Cross and Oxfam in close
collaboration with sub county authorities.
Afforestation cuts across household heads and
local leaders. One of the participants remarked;
Stakeholders of multiple nature promote
intervention measures in relation to community-
based mechanisms. They are local and external
although they are more of community driven. The
Village and Subcounty Disaster Management
Committees are Inactive. (participant L). Another
participant asserted that, “Given the interventions
like afforestation, trenches and relocation
undertaken in Nametsi in the aftermath of the
2011 landslide, the reoccurrence of landslides
has not had severe effects upon the community
as the case was then (participant M). Whereas
awareness campaigns about landslide
management were found to have been initiated,
sensitization remained limited in scope with most
of the high-risk areas not receiving the service
due to various challenges. One participant
particularly a local leader remarked; Most
community-based interventions are  quite
appealing but are hampered by delayed support
from government agencies like the office of the
prime minister. Funding necessary to support the
planned interventions delays and therefore
rendering some interventions ineffective despite
the fact that they can make sense if executed on
time (participant N).

4. DISCUSSION

This study revealed that while both natural and
human factors can act as catalysts for landslide
outbreaks in Bududa district, natural factors
alone are the predominant contributors when
these variables are assessed simultaneously.
This finding aligns with results of previous
researchers, which underscore the significance
of natural enablers like rainfall, slope gradient,
and soil composition in precipitating landslides
[33]. The impact of human activities, such as
deforestation and poor agricultural practices,
serves to exacerbate these natural facilitators,
making them more severe [34]. Among the
various soil properties, organic content, soil
saturation, and bulk density were found to have a

strong correlation with landslide events. Similarly,
earlier studies have shown that high organic
content can lead to increased water retention,
making the soil more prone to becoming
saturated, which in turn heightens the risk of
landslides [35]. Bulk density, which signifies soil
compaction, also plays a critical role, as more
compact soils tend to have lower permeability,
leading to increased surface runoff and erosion,
further harnessing landslide conditions [36].
Although permeability and porosity are often
considered important [36-38], in the current
study, they did not demonstrate a significant
relationship with landslide occurrences. This
suggests that while these factors are relevant,
they may be overshadowed by the more
impactful soil parameters such as saturation and
bulk density in Bududa.

This research also revealed that while soil types
and properties are natural contributors to
landslides, their impact is significantly
accelerated by human activities. Deforestation,
for example, reduces the root strength of saill,
making it more susceptible to erosion and
landslides. Unsustainable farming practices and
settlement construction on vulnerable slopes

further destabilize the land, increasing the
frequency and severity of landslides [39].
Therefore, the interaction between human

activities and natural soil properties is crucial in
understanding the landslide dynamics in this
study area. The topography, climate, and soil
characteristics in Bududa district and the entire

Mount Elgon subregion, create a natural
predisposition to landslides, while human
activities exacerbate these risks. Effective

mitigation strategies should therefore address
both natural and anthropogenic factors,
emphasizing sustainable land use practices,
reforestation, and the construction of defensive
barriers to reduce landslide risks and protect
vulnerable communities.

In the study, the effects of landslides were found
to be generally more deleterious than beneficial
as widely reported earlier. Landslides primarily
have negative consequences, including the
destruction of infrastructure [40], loss of valuable
land [8,40], and most tragically, loss of lives
[14,37,41]. The displacement of communities
also leads to social and economic disruptions.
However, this study a positive outcome was
noted —the resettlement of survivors in better
living conditions. These individuals, once
relocated, often experience improved living
conditions in their new environments, benefiting
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from better infrastructure and access to
resources that were not available in their original
locations. This finding aligns with other studies
which have observed similar patterns of
improved livelihoods  post-resettiement  in
disaster contexts in different parts of the world
[24,40].

We report several interventions adopted against
landslide strikes at various levels in Bududa
district, with community-based approaches being
more predominant. Community involvement is
critical, as local residents are the first responders
during landslide events. This finding supports the
ideal disaster management recommendations,
which advocate for community engagement as a
key component of effective disaster risk
reduction strategies [42]. This study identified
several challenges faced when addressing
landslides, including limited resources for
implementing mitigation measures. The major
advances that may improve the outcomes of
interventions include better land use planning,
enforcing zoning laws to avert settlement in
landslide prone areas, and investing in early
warning systems. Engineering solutions such as
retaining walls and slope stabilization are also
suggested to reduce the impact of landslides
[24]. However, the success of these measures is
often hampered by inadequate funding and
insufficient technical capacity at the local
government and national levels in Uganda and
other resource-poor countries [42,43].

5. CONCLUSION

The study identified that natural factors, such as
rainfall, slope gradient, and soil composition, are
the primary contributors to landslides in Bududa
district, with human activities like deforestation
and poor agricultural practices exacerbating
these natural risks. Soil properties such as
organic content, soil saturation, and bulk density
were found to be strongly correlated with
landslide occurrences. Human activities further
destabilize the already vulnerable topography,
increasing the frequency and severity of
landslides. Despite the overall negative impact of
landslides, the study noted that relocated
survivors often experience improved living
conditions. Community-based approaches were
found to be crucial in landslide interventions,
though limited resources and inadequate
technical capacity hinder effective mitigation.
Therefore, to address the landslide disasters in
Bududa more effectively, there is a need to;
Promote reforestation and sustainable farming

practices to stabilize the soil and reduce the risk
of landslides, strengthen and enforce regulations
that prevent settlement in high-risk areas to
mitigate landslide risks, develop and implement
robust early warning systems to prepare
communities for potential landslide events,
construct retaining walls and employ slope
stabilization techniques to reduce landslide
impacts, and allocate more resources and build
local technical capacity to effectively implement
and maintain mitigation measures.

DISCLAIMER (ARTIFICIAL INTELLIGENCE)

Authors hereby declare that NO generative Al
technologies such as Large Language Models
(ChatGPT, COPILOT, etc) and text-to-image
generators have been used during writing or
editing of manuscripts.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Nahalomo A. Landslide-effects on food
security, the nutritional status of children
under five years and the human right to
adequate food in Uganda; 2023.
Available:https://www.duo.uio.no/handle/10

852/105896
2. Hariri-Ardebili MA. Living in a multi-risk
chaotic condition: Pandemic, natural

hazards and complex emergencies. Int. J.
Environ. Res. Public Health. 2020;17(16):
5635.
Available:https://scholar.google.com/schola
r?output=instlink&qg=info:fTNBTxi4LekJ:sch
olar.google.com/&hl=en&as_sdt=0,5&scillf
p=3182257698597800140&0i=lle

3. Hay ER, Phiri MAR. World Bank Global
Facility for Disaster Reduction and
Recovery Track II: Malawi; 2018.
Available:https://www4.unfccc.int/sites/nap
parties/Malawi/Shared
Documents/Disaster SA Malawi
Volume 1 20081105.pdf

4. Centre for Research on the Epidemiology
of Disasters CRED. Overview of disasters
associated with natural hazards in 2022.
Brussels, Belgium; 2023.
Available:https://www.cred.be/

5. Shaw R, Islam A, Mallick F. Disaster, risk
and evolution of the concept. Disaster risk

Final

213



10.

11.

12.

13.

Namuenge et al.; Int. J. Environ. Clim. Change, vol. 14, no. 9, pp. 200-216, 2024; Article no.lJECC.122356

Reduct. Approaches Bangladesh. 2013;3-
21.
Available:https://link.springer.com/chapter/
10.1007/978-4-431-54252-0_1

Wannous C, Velasquez G. United nations
office for disaster risk reduction (unisdr)—
unisdr’'s  contribution to science and
technology for disaster risk reduction and
the role of the international consortium on
landslides (icl). In Advancing Culture of
Living with Landslides: Volume 1 ISDR-ICL
Sendai Partnerships 2015-2025, Springer.
2017;109-115.

Staupe-Delgado R. Analysing changes in
disaster terminology over the last decade.
Int. J. Disaster Risk Reduct. 2019;40:
101161.
Available:https://www.sciencedirect.com/sc
ience/article/pii/S2212420919301268
Benabid 1. Shallow landslides of the Souk
Ahras region: Influence of soil geotechnical
properties and rainfall. Université Echahid
Cheikh Larbi-Tebessi-Tébessa; 2024.
Shiels AB, Walker LR, Thompson DB.
Organic matter inputs create variable
resource patches on Puerto Rican
landslides. Plant Ecol. 2006;184:223-236.
Available:https://scholar.google.com/schola
r?output=instlink&g=info:6co7awhdRZz0J:s
cholar.google.com/&hl=en&as_sdt=0,5&sci
[Ifp=13687121064802312&o0i=lle

AJAM. Temme. Relations between soil
development and landslides. Hydrogeol.
Chem. Weather. soil Form. 2021;177-185.
Available:https://agupubs.onlinelibrary.wile
y.com/doi/abs/10.1002/9781119563952.ch
9

Amarasinghe MP, Kulathilaka SAS, Robert
DJ, Zhou A, Jayathissa HAG. Risk
assessment and management of rainfall-
induced landslides in tropical regions: A
revie. Nat. Hazards. 2024;120(3)2179-
2231.
Available:https://link.springer.com/article/1
0.1007/s11069-023-06277-3

Stokes A, Atger C, Bengough AG,
Fourcaud T, Sidle RC. Desirable plant root
traits for protecting natural and engineered
slopes against landslides. Plant Soil. 2009;
324:1-30.
Available:https://link.springer.com/content/
pdf/10.1007/s11104-009-0159-y.pdf
Serwajja E, Kisira Y, Bamutaze Y. Better to
die of landslides than hunger’: Socio-
economic and cultural intricacies of
resettlement due to climate-induced

14.

15.

16.

17.

18.

19.

20.

214

hazards in Uganda. Int. J. Disaster Risk
Reduct. 2024;101:104242.
Available:https://www.sciencedirect.com/sc
ience/article/pii/S2212420924000049
Broeckx DJJ, Maertens M, lIsabirye M,
Vanmaercke M, Namazzi B. Landslide
susceptibility and mobilization rates in the
Mount Elgon region, Uganda. Landslides;
2019.
Available:https://doi.org/10.1007/s10346-
018-1085-y.

Balikuddembe JK, Di B, Reinhardt JD,
Wen Z. A Haddon matrix-based analysis of
the anthropogenic drivers of floods in 10
Eastern African partner countries of the
Belt and Road Initiative 1990-2021. Int. J.
Disaster Risk Reduct. 2023;92:103683.
Available:https://doi.org/10.1016/}.ijdrr.202
3.103683.

Petley DN. The global occurrence of fatal
landslides in  2007. In Geophysical
research abstracts. 2008;3.

Tobin GA, Whiteford LM, Jones EC,
Murphy AD, Garren SJ, Padros CV. The
role of individual well-being in risk
perception and evacuation for chronic vs.
acute natural hazards in Mexico. Appl.
Geogr. 2011;31(2):700-711.
Available:https://libres.uncg.edu/ir/uncg/f/lE
_Jones_Role_2011.pdf

Knapen A, Kitutu MG, Poesen J,
Breugelmans W, Deckers J, Muwanga A.
Landslides in a densely populated county
at the footslopes of Mount Elgon (Uganda):
characteristics and causal factors.
Geomorphology. 2006;73(1-2):149-165.
Available:https://nru.uncst.go.ug/bitstream/
handle/123456789/3976/Landslides in a
densely populated county at the footslopes
of Mount Elgon (Uganda) Characteristics
and causal factors.pdf?sequence=1

Narura AK, et al. The Environmental
Conservation Strategies Used in
Secondary Schools Align with Guidelines
of United Nations Environmental Program:
Evidence from a Cross-Sectional Study in
a City Setting. Asian J. Environ. Ecol.
2024;23(7):200-230.
Available:http://ebooks.keeplibrary.com/id/
eprint/1715/1/Walusansa2372024AJEE118

198.pdf
Uganda National Environmental
Management Authority (NEMA). From

drought to flooding in the east; 2018.
Available:https://www.nema.go.ug/new_sit
e/



21.

22.

23.

24,

25.

26.

Namuenge et al.; Int. J. Environ. Clim. Change, vol. 14, no. 9, pp. 200-216, 2024; Article no.lJECC.122356

Broeckx J, et al. Landslide susceptibility
and mobilization rates in the Mount Elgon
region, Uganda. Landslides. 2019;16:571—
584.
Available:https://link.springer.com/article/1
0.1007/s10346-018-1085-y

Atuyambe LM, Ediau M, Orach CG,
Musenero M, Bazeyo W. Land slide
disaster in eastern Uganda: Rapid
assessment of water, sanitation and
hygiene situation in Bulucheke camp,
Bududa district. Environ. Heal. 2011;10:1—
13.
Available:https://link.springer.com/content/
pdf/10.1186/1476-069X-10-38.pdf
Government of Uganda. Statement to the
parliament on the 11th October landslide
disaster in Bududa and progress on
resettlement of persons at risk of
landslides; 2019.
Available:https://www.parliament.go.ug/cmi
s/views/4d4dee85-8c85-46f0-a04d-
8177970da813%253B1.0

Lunyolo J, Nseka D, Mugume |, Opedes H.
Community interventions in landslide scar
use in the upper Manafwa catchment,
Eastern Uganda. Int. J. Environ. Stud.
2023;80(1):172-185.
Available:https://scholar.google.com/schola
r?output=instlink&qg=info:tzZ8U76D8FC8J:sc
holar.google.com/&hl=en&as_sdt=0,5&as __
ylo=2023&scillfp=469014502858083872&0
i=lle

Gorokhovich Y, Doocy S, Walyawula F,
Muwanga A, Nardi F. Landslides in
Bududa, Eastern Uganda: Preliminary
assessment and proposed solutions.
Landslide Sci. Pract. Vol. 4 Glob. Environ.
Chang. 2013;145-149,
Available:https://www.researchgate.net/pro
file/YuriGorokhovich/publication/28924590
0_Landslides_in_Bududa_Eastern_Ugand
a_Preliminary_Assessment_and_Propose
d_Solutions/links/5alac6bba6fdcc50adec?
6ab/Landslides-in-Bududa-Eastern-
Uganda-Preliminary-Assessment-and-
Proposed-Solutions.pdf

Government of the Republic of Uganda,
“The Uganda Gazette No. 18, Volume
CXIll, dated 20th March, 2020: National
Environment (Watste management),
Regulations 2020. Kampala (Uganda);
2020.
Available:https://nema.go.ug/sites/all/them
es/nema/docs/National Environment
(Waste Management) Regulations S.I. No.
49 of 2020.pdf

27.

28.

29.

30.

31.

32.

33.

34.

215

Uganda Bureau of Statistics (UBOS).
Uganda National Household Survey
2016/17; 2018.

The Uganda Bureau of Statistics (UBOS).
Uganda Demographic and Health Survey.
Kampala; 2020.

Available:http://library.health.go.ug/sites/de

fault/files/resources/UBOS Statistical
Abstract 2020.pdf
Morgan RPC. Soil erosion and

conservation. John Wiley and Sons; 2009.
Available:https://books.google.com/books?
hl=en&Ir=&id=j8C8fFiPNOkC&oi=fnd&pg=
PR7&dg=Morgan+R.P.C.+(n.d.).+SOIL+ER
OSION+AND+CONSERVATION.&ots=wqL
5LWXglf&sig=gfLx5HbOti704-
M8SX2MIhnbPNw

Mugagga F, Buyinza M. Land tenure and
soil conservation practices on the slopes of
Mt Elgon National Park, Eastern Uganda.
J. Geogr. Reg. Plan. 2013;6(7):255.
Available:https://www.researchgate.net/pro
file/FrankMugagga/publication/271185403_
Land_tenure_and_soil_conservation_practi
ces_on_the_slopes_of Mt _Elgon_National
_Park_Eastern_Uganda/links/5809f54b08a
e49c6a892fecb/Land-tenure-and-soil-
conservation-practices-on-the-slopes-of-
Mt-Elgon-National-Park-Eastern-
Uganda.pdf?origin=journalDetail& tp=eyJ
wYWdlljoiam91cm5hbERIAGFpbCJ9
Onditi AA, Oginda MN, Ochieng I, Oso W.
Implications of service quality on customer
loyalty in the banking sector. A survey of
Banks in Homabay County, Kenya; 2012.
Available:http://edocs.maseno.ac.ke/bitstre
am/handle/123456789/2753/Anditi_Implica
tions of service quality on customer loyalty
in the banking
sector.pdf?sequence=1&isAllowed=y
Okalebo JR, Gathua KW, Woomer PL.
Laboratory methods of soil and water
analysis: A working manual; 2002.
Available:http://erepository.uonbi.ac.ke/han
dle/11295/85257

Fidan S, Tanyas H, Akbas A, Lombardo L,
Petley DN, Goérim T. Understanding fatal
landslides at global scales: A summary of
topographic, climatic, and anthropogenic
perspectives. Nat. Hazards. 2024;1-19.
Available:https://link.springer.com/content/
pdf/10.1007/s11069-024-06487-3.pdf
Andriani A, Adji BM, Putri EE, Safira LF.
Assessment of factors causing landslides
using the Analytical Hierarchy Process
(AHP) method. J. Integr. Adv. Eng. 2024;
4(1):51-64.



35.

36.

37.

38.

Namuenge et al.; Int. J. Environ. Clim. Change, vol. 14, no. 9, pp. 200-216, 2024; Article no.lJECC.122356

Available:https://asasijournal.id/index.php/ji
aelarticle/download/127/70

Wei L, Zeng Z, Yan J. Factors Affecting the
Stability of Loess Landslides: A Review.
Appl. Sci. 2024;14(7):2735.
Available:https://www.mdpi.com/2076-
3417/14/7/2735/pdf

Maki Mateso JC, et al. Characteristics and
causes of natural and human-induced
landslides in a tropical mountainous
region: The rift flank west of Lake Kivu
(Democratic Republic of the Congo). Nat.
Hazards Earth Syst. Sci. 2023;23(2):643—
666.
Available:https://scholar.google.com/schola
r?output=instlink&g=info:cjRUVFG_LCEJ:s
cholar.google.com/&hl=en&as_sdt=0,5&as
_ylo=2023&scillfp=2443072622943846897
&oi=lle

Wadhawan SK, Singh B, Ramesh MV.
Causative factors of landslides 2019: Case
study in Malappuram and Wayanad
districts of Kerala, India. Landslides. 2020;
17(11):2689-2697.
Available:https://www.researchgate.net/pro
file/Sudesh-
Wadhawan/publication/344039924 Causat
ive_factors_of landslides 2019 case_stud
y_in_Malappuram_and_Wayanad_districts
_of Kerala_India/links/62da7933f3acdd5d
c20e1891/Causative-factors-of-landslides-
2019-case-study-in-Malappuram-and-
Wayanad-districts-of-Kerala-India.pdf
Gorim T, Fidan S. Spatiotemporal

variations of fatal landslides in
Turkey. Landslides. 2021;18(5):1691—
1705.

39.

40.

41.

42.

43.

Available:https://link.springer.com/article/1
0.1007/s10346-020-01580-7

Silhan K. Dendrogeomorphology  of
landslides:  Principles, results  and
perspectives. Landslides. 2020;17(10):
2421-2441

Available:https://link.springer.com/article/1
0.1007/s10346-020-01397-4

Nseka D, et al. The damage
caused by landslides in  socio-
economic spheres within the Kigezi

highlands of South Western Uganda.
Environ. Socio-economic Stud. 2021;9(1):
23-34.
Available:https://sciendo.com/pdf/10.2478/
environ-2021-0003

Wadhawan SK, Singh B, Ramesh MV.
Causative factors of landslides 2019: Case
study in Malappuram and Wayanad
districts of Kerala, India. Landslides.
2020;17(11):2689-2697.

Antronico L, De Pascale F, Coscarelli R,
Gulla G. Landslide risk perception, social
vulnerability and community resilience: The
case study of Maierato (Calabria, southern
Italy). Int. J. disaster risk Reduct.
2020;46:101529,
Available:https://www.sciencedirect.com/sc
ience/article/pii/S2212420919316590
Satrio R, Septyani YN, Roprofil MR, Rifai
Al. Landslides and other earth movements
damage detection at Mountain Village: A
case at Garawastu. Indones. J. Multidiscip.
Sci. 2024;3(5).
Available:https://ijoms.internationaljournall
abs.com/index.php/ijoms/article/download/
818/933

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of the publisher and/or the editor(s). This publisher and/or the editor(s) disclaim responsibility for
any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.

© Copyright (2024): Author(s). The licensee is the journal publisher. This is an Open Access article distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle5.com/review-history/122356

216


https://www.sdiarticle5.com/review-history/122356

