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Abstract
Landslides cause deaths, injuries, property damage and adversely affect numerous community livelihoods’ resources. This
study spatially differentiated landslide vulnerability and assessed community risk awareness with case of Rulindo district in
northern Rwanda. By using the Global Positioning System (GPS), an inventory map of 52 events was prepared from field
surveys and historical record. Eight factors: elevation, slope angles, rainfall, land use and land cover, population density,
possession of communication tools (computer, radio, television, landline and mobile phones), health centers and school
attendance rate (nursery to university) were analyzed. These factors were selected by referring to literature review, field
observation and expert knowledge. The Analytical Hierarchy Process (AHP) weighted the factors and Geographic
Information System (GIS) spatially differentiated landslide vulnerability across the study area. The results indicated that
areas recording high rainfall, population density, elevation and slope, insufficient health centers, poor land management are
largely vulnerable to landslide. The community risk awareness assessed by questionnaire revealed that 32% of respondents
can differentiate hazard types and their triggering factors, 25% don’t know anything about landslide causative factors.
However, 48% can’t predict landslide occurrence while (91%) are willing to prevent landslide risk among them. This is a
high number from which policies can build on to minimize risks among people. This study can help policy makers and
partners to understand the required landslide hazard prevention measures for adequate community disaster preparedness and
response as well.
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1. Introduction
The occurrence of landslide is associated with severe
damages among the vulnerable communities. The poorer and
mountainous areas are the largely affected [1, 2]. Landslide
risk is determined by the combination of both hazard and
vulnerability. However, few studies on the assessment of
landslide vulnerability are conducted which complicates the
risk estimation as well [3, 4].
As previously reported [5], the total number of fatal landslide
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events recorded worldwide between 2004 and 2016 was
4,862. The majority of events (95%) involved a single slope
failure, and the spatial distribution of those landslides with
high areas of incidence included the East Africa. In Rwanda,
since 1960s, disasters including floods, landslides,
windstorms, volcanic eruptions and droughts have been
recorded. These hazards affected millions of people (dead,
injured, or homeless) and damaged hectares of croplands and
infrastructures such as roads and bridges [6].
However, little research or literature exists about landslides
hazards in Rwanda till date. Thus, there are significant data
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gaps on historical landslides events. The devastating
landslides which occurred since 1988 mainly in the northwestern Rwanda have been recorded among the most hazards
impacting on community’s livelihoods. And recently, in 2018,
18 deaths by floods and landslides triggered by heavy rain
were registered in Rulindo District [7]. This calls for strong
preparedness and mitigation measures by ensuring detailed
knowledge on causal factors, their intensity, frequency and
magnitude.
In addition, issues associated with landslide will be
minimized with the help of landslide vulnerability mapping
which can be used as supporting information in national and
local level planning process. Therefore, this study focused on

estimating the vulnerability to landslides and suggested
appropriate vulnerability lessening measures which can help
in of present and future land use and management in Rulindo
district of Rwanda.

2. Materials and Methods
2.1. Description of Study Area
This study was conducted in Rulindo district, one of five
districts (Gakenke, Burera, Gicumbi and Musanze) of the
northern Rwanda. The district has 17 administrative sectors,
with the total population of 287,681. The surface area is
estimated at 567 km2 and as per the 2012 [8].

Figure 1. Location of Rulindo District.

Rulindo District is mostly characterized by hills among
which include; Tare, Tumba and the Cyungo hills with their
altitude rising to 2,438 m. The district has a tropical climate,
characterized by a succession of rainy and dry seasons. The
dry season usually extends from June to August and January
to February while the rainy season normally stretches from
September to December and March to May. The average
annual temperature is 19°C and rainfall normally reaches
1,243.3 mm per year on average [8].

2.2. Data Sets
2.2.1. Landslides Inventory Map
It is suggested [9] that factors that led to past landslide
occurrence in the area of study if reoccurred, may result from
the same factors. For this study, historical record and field
surveys identified 52 past landslides from which the landslide
inventory map (Figure 2) was prepared. These events covered
a period ranging from 2016 to 2020 and the Global
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Positioning System (GPS) was employed to locate recent
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events across the study area.

Figure 2. Landslide inventory map of Rulindo district (2016-2020).

2.2.2. Landslide Vulnerability Conditioning
Factors
For this study, eight factors: elevation, slope angles, rainfall,
land use and land cover, population density, possession rate
of communication assets (radio, television, landline and
mobile phones and computer), health canters and school
attendance rate (nursery to university) were analysed. The
authors selected the above factors based on the literature

review and field observation. The elevation and slope angles
employed by this study (Figure 3. a, b) were derived from
Digital Elevation Model (DEM) of 30 m resolution. These
datasets were acquired from the United States Geological
Survey Earth Explorer [10]. The rainfall data employed
(Figure 3.c) were interpolated by using data from 2000 to
2020 collected from meteorological stations operating
countrywide.

Figure 3. Landslide vulnerability factors (a) elevation, (b) slope, (c) rainfall and (d) land use and land cover in Rulindo district.

Finally, community social factors datasets (Figure 4) were collected from the National Institute of Statistics of Rwanda [11].
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Figure 4. Landslide vulnerability factors: (a) population density, (b) communication assets, (c) school attendance rate and (d) health centers in Rulindo district.

2.3. Methodology
2.3.1. Factors Ranking
The authors applied the Analytical Hierarchy Process (AHP)
model created by [12]. The model applies the decision
making process and selects the required criteria by ranking

the parameters. The advantage of AHP is that the method is
designed to solve complex problems involving multiple
criteria, and combines qualitative and quantitative factors
[12]. AHP indicates that in the comparison matrix, numerical
value of each factor should be between 1 and 9 (Table 1).

Table 1. Saaty’s proposed numerical scale.
Scale
1
3
5
7
9
2, 4, 6, 8

Degree of preference
Equal importance
Moderate importance
Strong importance
Very strong importance
Extreme importance
Intermediate value

Explanation
Contribution to objective is equal
Attribute is slightly favored over another
Attribute is strongly favored over another
Attribute is very strongly favored over another
Evidence favoring one attribute is of the highest possible order of affirmation
When compromise is needed

For this study, factors were organized hierarchically in the
matrix and the Prioritized Factors Rating Value (PFRV)
technique was used to assign a numerical value to each factor
based on its importance as compared with others. The factors’
numerical value assignment based on expert knowledge,
literature review and field observation. The average of the
hierarchically arranged factors was used to calculate the
weights and rating value or eigenvalue along with the
Consistency Ratio (CR) based on the propositions of [12]
expressing that the eigenvalue “λmax” and total number of
factors “n” are the same for a consistent comparison matrix.
The Consistency Index (CI) is calculated as follows:
CI

(1)

Where CI is the consistency index, λmax is the eigenvalue and
n is the total number of items being compared. The
consistency of the comparison matrix was assessed by using
the Consistency Ration (CR) expressed as:

CR

(2)

Where CR is the Consistency Ratio, CI is the Consistency
Index and RI is the Random Consistency Index of the
randomly generated pairwise comparison matrix. The
Random Consistency Index is shown in Table 2.
Table 2. Random Consistency Index.
N
RI

1
0

2
0

3
0.58

4
0.90

5
1.12

6
1.2

7
1.32

8
1.41

The consistency index rule of thumb is that a Consistency
Ratio (CR) less than or equal to 0.1 indicates an acceptable
reciprocal matrix. Whereas a ration higher than 0.1 indicates
that the matrix should be revised [12]. The value of
Consistency Ratio (CR) obtained by this study was 0.014
(Table 3), which is below the threshold value of 0.1. This
revealed a good level of consistency and confirmed that the
weight obtained was acceptable.
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Table 3. Pairwise comparison of vulnerability causal factors and their weight.
Factors
(1) Communication assets
(2) School attendance rate
(3) Elevation
(4) Health centers
(5) Slope
(6) Land use
(7) Rainfall
(8) Population density
Consistency ratio

(1)
1
1/4
4
1
3
1
2
2

(2)

(3)

(4)

(5)

(6)

(7)

(8)

1
7
4
6
4
4
4

1
1/4
1/2
1/4
1/3
1/3

1
3
1
2
2

1
1/3
1/2
1/2

1
2
2

1
1

1

2.3.2. Mapping of Landslide Vulnerability
The landslide vulnerability map was constructed by using
LVI = slope × WAPH +
+ ."$&/"

Factors weight (Wi)
0.0720
0.0254
0.3071
0.0720
0.2031
0.0720
0.1242
0.1242
0.014

GIS based on the value of every vulnerability factor which
was estimated by AHP model. These weights helped to build
a landslide vulnerability index by applying this formula.

!"#$%& × '()* + "&+ ,- × '()*

× '()* + 0%0, "#$%& + &-$#1 × '()* + ℎ " #ℎ 3 &# .- × '()*

+ 3%44,&$3"#$%& "-- -#- × '()* + -3ℎ%% "## &+"&3 ."# × '()*
Where LVI is the landslide vulnerability index and WAHP is
the estimated weight for individual vulnerability influencing
parameter determined by using AHP model.
2.3.3. Community Risk Awareness
After obtaining landslide vulnerability map (results section),
the authors assessed community landslide risk awareness
from 67,453 households of Rulindo district [11]. The
following formula was adopted to calculate the sample size.
&=

5
65 7 8

(4)

Where n is the sample size, N is the household’s size, and e is
the level of precision. To minimize the risk that the sample
size was not represented the true population the margin error
was fixed at 10%. Therefore, the sample became:
&=

9:,<=>
69:,<=> ?. 8

= 99.9 = 100

ni =

I

Table 4. Respondents per sector.
Sector
Base
Burega
Bushoki
Buyoga
Cyinzuzi
Cyungo
Kinihira
Kisaro
Masoro
Mbogo
Murambi
Ngoma
Ntarabana
Rukozo
Rusiga
Shyorongi
Tumba
Total

Total households
4,049
3,045
4,702
5,070
3,261
3,017
3,473
4,452
5,068
3,834
4,312
2,605
4,383
3,421
2,596
5,774
4,391
67,453

Sample size
6
5
6
8
5
4
5
7
8
6
6
4
6
5
4
9
6
100

(5)

The proportionate sampling method [13] helped to determine
the sample size per sector as follows:
5F∗H

(3)

(6)

Where ni is the sample size proportion to be determined, Ni
is the population proportion in the sector, n is the sample size
calculated in equation 2 and N is the total population
considered by the study.
These respondents were approached by using a structured
questionnaire prepared in mother language/Kinyarwanda to
enable respondents to better understand the content and
provide sufficient information.

3. Results
3.1. Spatial Distribution of Landslide
Vulnerability
The results in Figure 5 indicated that landslide vulnerability
is experienced at different scale across the sectors of the
study area. The results in Figure 6 revealed that Kisaro,
Mbogo, Rukozo Rusiga, Tumba, Base and Bushoki sectors
are highly vulnerable to landslide in Rulindo district
compared their counterparts remaining sectors. The same
Figure 6 showed that sectors which are very lowly vulnerable
(low risk) to landslide are mainly Masoro, Shyorongi,
Kinihira Murambi and Ngoma sectors.

21

Philbert Mugisha et al.: Analysis of Landslide Vulnerability and Community Risk Awareness in Rwanda

Figure 5. Landslide vulnerability in Rulindo district.

Figure 6. Estimated landslide vulnerability per sector.

Figure 7. Vulnerability conditioning factors per sector.
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Table 5. Community landslide risk awareness sources.
Channel
Radio
Television
Local meetings
At school
Journal
Posters
Other sources
Total

Frequency
38
16
26
5
3
5
17
100

Percentage
38
16
26
5
3
5
17
100

The findings of this study in Figure 7 showed that elevation,
slope, insufficient health centers, poor land management,
rainfall and population density are the major factors making
residents of Rulindo district more vulnerable to landslide. It
is worthy note that the vulnerability will likely increase
among people since the rate of possessing communication
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assets among people is very low. The highest rate is 28
percent (Figure 4.d) while the sectors highly vulnerable to
landslide (Figure 5) recorded low percentage of
communication assets. This expresses that regardless the fact
that information on landslide is shared, there is high
likelihood of not reaching all target recipients, which leads to
increasing vulnerability and resulting risks among people.
3.2. Community Risk Awareness
The results in Table 5 showed that radio is the predominant
channel through which most of the community (38 percent)
gets the information. However, 17 percent of respondents
indicated that they get information from other channels
followed by local meetings highlighted by 26 percent of
respondents as another source of information on landslide.

Table 6. Community landslide occurrence, prevention and prediction skills.
Occurrence
Frequency
Percentage

Yes
32
32

Occurrence awareness (understanding causes)
No
Don’t know
43
25
43
25

Total
100
100

Prevention
Frequency
Percentage

Yes
91
91

Prevention willingness
No
9
9

Not interested
0
0

Total
100
100

Prediction
Frequency
Percentage

Yes
36
36

Prediction ability
No
48
48

Not able
16
16

Total
100
100

As shown in Table 6, 43 percent of respondents indicated that
they lack landslide occurrence (causal factors) awareness.
Only 32 percent of them can differentiate and mention the
triggering factors of landslide in their district while 25
percent of them don’t know anything about landslide
causative factors. The same Table 6 showed that 91 percent
are willing to prevent landslide risk among them.
Table 7. Ongoing landslide risk reduction policies.
Policies/Measures
Bench terraces
Agroforestry
Relocation
Respecting building codes
Risk training/education
Total

Frequency
24
24
11
22
19
100

Percentage
24
24
11
22
19
100

The results in Table 7 showed that agroforestry and bench
terraces are the dominating policies for landslide risk
reduction. However, relocation which could be a good option
of moving form high risk zones to safe areas was highlighted
by low percentage of respondents (11). In addition, risk
education and training is still a low percentage in this area,
only 19 percent mentioned that they received risk

training/education.
Table 8. Landslide risk reduction actors.
Actors
Residents themselves
Local leaders
Central government
External agencies
Total

Frequency
28
32
21
19
100

Percentage
28
32
21
19
100

The study in Table 8 showed that for reducing landslide risk
in Rulindo district, local leaders are the major actors, as
highlighted by 32 percent of respondents. Nevertheless, the
local residents who should act at first step, were rated at low
percentage (28 percent) compared to local leaders. Thus,
local people in this area are not yet interested in reducing
landslide risk among them.

4. Discussion
The poorer are the highly impacted by landslide mainly due
to lack of appropriate mitigation and adaptation capabilities
[14]. In Rwanda, Rulindo district is reported to be affected by
landslide due to its location recording heavy rainfall intensity
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and high elevation [15]. Few studies have assessed landslide
vulnerability in this area, and few of them have omitted
community risk awareness [16].
The results of this study indicated that sectors of Rulindo
district recording high elevation, slope, rainfall and
population density are largely vulnerable to landslide
(Figures 5 and 7). However, it was observed that lack of
sufficient health centers (Figure 7) is among the key factor
accelerating landslide vulnerability. This was previously
reported [17, 18] that in case an area is hit by disaster and
there are no sufficient hospital/health centers, the causalities
will increase. This is due to the fact that medical assistance to
those affected will be rare and leads to high death/injuries.
Thus, it is good to increase the number of health posts in this
area which could help in case of landslide occurrence.

prevention measures for adequate community disaster
preparedness and response as well. Further researches with
detailed field survey about frequencies and occurrence of
landslides and characteristics as type, volume and velocity
are suggested.
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