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INTRODUCTION 

 

Changing climate patterns, rising sea levels, and in-

creasingly extreme weather are devastating indicators 

of how quickly the climate changes and the immediate 

need for solutions (Pörtner et al., 2022). According to 

Intergovernmental Panal on Climate Change (IPCC) 

(IPCC, 2022), extreme hydroclimatic events, such as 

floods and droughts, are expected to increase in fre-

quency and severity as a result of climate change while 

affecting the environment, means of subsistence, and 

economies, especially in vulnerable regions of some 

African countries where the likelihood of multi-hazard 

events is expected to exacerbate the effects of disas-

ters (IPCC, 2022). In Africa, the impact of climate 

change is becoming more pronounced, disproportion-

ately affecting the most vulnerable, worsening food 

insecurity, displacing populations, and placing stress 

on water supplies (UNFCC, 2022). At least 71 million 

people from countries in Sub-Saharan Africa are esti-

mated to experience both extreme poverty and poten-

tially significant flood risk, thus becoming the most vul-

nerable to long-term negative impacts on livelihoods 

and well-being (Rentschler and Salhab, 2020).  

Flooding is the most common natural hazard that af-

fects people worldwide (Rentschler & Salhab, 2020). It 

is estimated that during flood events that occur once 

every 100 years, 1.47 billion people (19%) of the global 

population are at risk. 89 % of the 1.47 billion people at 

risk of flooding reside in low- and middle-income na-
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tions. At the same time, Sub-Saharan Africa accounts 

for 55 % of the 132 million people who are predicted to 

live in high-risk flood zones with extreme poverty (GCA, 

2021). Rwanda is vulnerable to climate change and has 

experienced several climate-related hazards, including 

floods, landslides, and droughts, which have caused 

catastrophic effects, especially for people with a low 

capacity for adaptation and resistance to climate 

change (Mag, 2023). Rwanda remains extremely vul-

nerable to the impacts of climate change due to its sig-

nificant reliance on rainfed agriculture. With more fre-

quent and intense periods of heavy rainfall, climate 

change trends are projected to increase the severity 

and risks of flooding (WBG, 2021). 

Gicumbi District is the most exposed to climate hazards 

and ranks second most sensitive to the effects of cli-

mate change in the northern province of Rwanda 

(REMA, 2019). Based on the government assessment 

report on climate change and its impacts on livelihoods, 

the north province from which the Gicumbi district is 

located was indicated as the most region of Rwanda at 

risk from disasters, particularly floods and landslides 

caused by variations in rainfall intensity (MIDIMAR, 

2017; Nahayo et al., 2019). However, studies address-

ing the vulnerability of households to flooding are 

scarce, particularly in the rural areas of the district. 

Since rural societies have developed unique coping 

strategies to address climate-induced vulnerability, con-

ducting studies at the district or village level report 

yields a more precise understanding of the susceptibil-

ity faced by local communities (Poudel et al., 2020). 

However, the lack of analytical records on how commu-

nities are vulnerable to climate treats may impede ef-

forts to prevent disasters and maladaptation. Therefore, 

assessing livelihood vulnerability to climate change is 

desirable to identify effective adaptive livelihood strate-

gies that balance risks and impacts to promote continu-

ous development while adjusting adaptive capabilities 

to climatic shocks (Madhuri et al., 2015).  

Vulnerability assessment is crucial in minimising the 

adverse effects of disaster risks (Ullah et al., 2021) 

while providing insights into how the climate affects the 

system in question (CTCN, 2018). Moreover, vulnerabil-

ity assessments help determine development priorities 

at the national level and track advancements made in 

mitigating the effects of climate change and increasing 

adaptive capacity (REMA, 2019a). Various studies have 

assessed vulnerability to climate change and weather-

related events concerning rural households, social 

groups, communities, and geographic regions. Based 

on the use of local-based indicators, studies indicate 

that the analysis of vulnerability provides a better un-

derstanding of vulnerability variations within communi-

ties and the diverse main factors (such as cultural, so-

cial, economic, physical, and institutional) influencing 

the vulnerability of a particular community (Ahmadi et 

al., 2022a; Huong et al., 2019; Sujakhu et al., 2019; 

Ullah et al., 2021; Wangmo et al., 2023).    

The concept of vulnerability, as defined by the IPCC, 

forms the basis of the majority of vulnerability assess-

ments and is widely regarded as a potent analytical tool 

for evaluation (Adu et al., 2018; Ahmadi et al., 2022b; 

Gerlitz et al., 2017; Iliyyan et al., 2022; Mekonen & Ber-

lie, 2021). While different vulnerability assessments use 

different index systems, most vulnerability assessments 

have adopted the Livelihood Vulnerability Index (LVI) 

(Amuzu et al., 2018; Dubey & Chaturvedi, 2022; Khan 

et al., 2022; Koirala, 2015; Sujakhu et al., 2019; 

Suryanto & Rahman, 2019). The LVI is a composite 

measure of all important indicators, which are further 

subdivided into three IPCC vulnerability contributing 

factors: exposure, sensitivity, and adaptive capacity 

(Panthi et al., 2015; Piya et al., 2015; Poudel et al., 

2020; Hahn et al., 2009). The IPCC's vulnerability 

framework has also become a useful instrument in re-

search activities for vulnerability assessment. Studies 

indicated that the LVI and LVI-IPCC approaches are 

potential tools to analyse vulnerability, taking into ac-

count relevant indicators for understanding the diversity 

of vulnerability. Taking into account climatic exposures 

and adaptation strategies of households, the findings of 

applying LVI in two communities in Mozambique com-

munities demonstrated that the tool was effective in 

capturing variations in climate vulnerability at the com-

munity level.  

The potential of LVI to highlight subtle but significant 

disparities in particular vulnerabilities, such as food, 

water, and other resources, is invaluable when devel-

oping policies that can address the needs of communi-

ties that depend on resources in low-income and mid-

dle-income nations (Poudel et al., 2020). Despite using 

LVI in Mozambique, its systematic methodology pro-

vides a practical foundation applicable to low-income 

and middle-income countries. Local experiences of 

vulnerability are universal and research has shown that 

levels of susceptibility to climate change vary across 

countries, communities, and households (Dazé, 2011). 

It is also critical to understand the ramifications of em-

ploying different construction techniques and metrics of 

input data, given the substantial influence of these fac-

tors on the outcomes of the vulnerability indices.  The 

study employed equal weighting to avoid the draw-

backs of overlooking local-level variations, such as pre-

senting a false picture of vulnerability, especially in de-

prived communities. In addition, while Rwanda has tak-

en action to evaluate vulnerability to socioeconomic 

and regional climate change (REMA, 2019), there is a 

lack of information on rural households’ vulnerability to 

flooding particularly in the affected areas of Gicumbi 

district. Therefore, building on the work of Hahn et al. 

(2009), the present study applied the LVI to assess the 

vulnerability of rural households  and determine the 
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extent to which households are vulnerable across the 

selected areas in the Gicumbi district. 

 

MATERIALS AND METHODS 

 

Study area 

The Gicumbi District is one of the five districts in the 

Northern Province of Rwanda. The district experiences 

two main seasons: dry and rainy, each divided into 

short and long seasons. Therefore, the district has a four

-season climate: two rainy and two dry seasons. Typi-

cally, a short dry season runs from January to Febru-

ary, a long rainy season runs from March to May, a 

long dry season runs from June to August, and a minor 

rainy season runs from September to December and 

an average annual temperature of 15–16°C (District, 

2022).  Generally, rainfall is plenty and erratic, ranging 

from 1200 to 1500 mm. However, the climate is drasti-

cally changing, and the seasons are unpredictable 

(District, 2018). The district’s relief is defined by moun-

tains and steep slopes, with 90 % of the district being 

hilly. The district is situated in the northern province, 

where the most potentially vulnerable areas to climate 

change effects are located because of its mountainous 

topography with steep slopes (REMA, 2019a). One of 

the key factors contributing to the high vulnerability of 

the district to climate change is intense rainfall which 

causes severe floods and landslides. The steep topog-

raphy of the district and shallow soils with limited inte-

gration of trees and shrubs within the landscape have 

caused significant erosion, floods, and landslides dur-

ing heavy rain.  Lateritic soils and granites contribute to 

the district's high rate of soil erosion during prolonged 

and intense rains (District, 2018). The primary econom-

ic activity is agriculture, which creates about 80 % of 

jobs. Ninety percent of the population in the district live 

in rural areas, where they rely on land their livelihood 

activities and well-being (District, 2023) like raising 

crops for subsistence use and sale, gathering grazing 

land for animals, collecting water and wood for con-

struction, lighting, and other purposes. The district has 

frequently experienced floods, particularly in the six 

areas,  Rukomo, Kageyo, Byumba, Ruvune, Miyove, 

and Nyankenke which were included in this study (Fig. 1). 

 

Data collection 

 Both primary and secondary data were used in this 

study. The study's target population was households 

from six areas (Rukomo, Kageyo, Byumba, Ruvune, 

Miyove, and Nyankenke) as  some of the most flood-

affected areas in the Gicumbi district (Red et al., 2022).  

Three hundred ninety-nine households were selected 

from the six areas for the field survey using simple ran-

dom sampling (Table 1). A pilot survey of 15 partici-

pants was conducted to test the questionnaire and 

eliminate potential errors in the survey design. Primary 

data were collected from the surveyed heads of house-

holds, while another member of the same household 

was interviewed in the absence of the head. Through 

an in-depth literature review, secondary data were col-

lected from various online published sources, including 

journal articles, official research reports, and disserta-

tions. Historical rainfall data for 10 years (2011-2021) 

in the Gicumbi district were obtained from Rwanda Me-

teorological Agency. The Gicumbi district authorized 

the research and thereafter shared it with the local au-

Fig. 1. Six selected flood-affected areas in the Gicumbi district in Rwanda 
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thorities of the relevant sectors to receive additional 

backing. To determine the sample size, the present 

study considered the fourth Rwanda population and 

Housing Census (NISR, 2012) because the updated 

fifth Rwanda Population and Housing Census (NISR, 

2023) had not yet been released during this study.  

Table 1 presents the surveyed households. 

 

Data analysis 

This study used Stata software and Microsoft Excel 

Spread sheet for data entry and analysis. The LVI and 

LVI-IPCC approaches were employed to measure the 

vulnerability of households. Vulnerability was examined 

concerning exposure, sensitivity, and adaptive capacity 

with corresponding measurements for each category. 

Before calculating the composite LVI, indicators were 

weighted using the balanced weighted average meth-

od. The LVI was computed to measure the vulnerability 

of households in each study area. Thereafter, the vul-

nerability indices were compared among the study are-

as. The LVI was first presented as a composite index 

with nine key components.  The second method divided 

the components into vulnerability dimensions based on 

the IPCC vulnerability definition. Various indicators 

were selected to assess households’ exposure to natu-

ral hazards and climate variability, as well as their so-

cial networks, socio-demographic status, and livelihood 

strategy traits that affect their capacity for adaptation 

and their health, food, housing means, and water re-

source traits that determine their sensitivity to the ef-

fects of climate change. Rainfall was the main climate 

parameter contributing to flooding in the Gicumbi dis-

trict. The chi-square test was used to test households’ 

perception of rainfall changes. The study adopted the 

Mann-Kendall statistical approach to analyse the annu-

al rainfall distribution and identify any potential trends in 

the data throughout the selected study period. The 

Mann-Kendall test is a common statistical test used to 

analyse hydrological and climatologic time series 

(Kamal and Pachauri, 2018).  

Analytical technique  

Components and Indicators selection  

The components and indicators used to assess the vul-

nerability of livelihoods to flooding were selected based 

on the study of Hahn et al. (2009) and other previous 

studies  (Alam, 2017; Hahn et al., 2009; Malakar et al., 

2018; Okaka and Odhiambo, 2019; Peng et al., 2018; 

Sarker et al., 2019; Sujakhu et al., 2019; Yang, Guo, 

Deng, and Xu, 2021). With the approach developed by 

(Hahn et al., 2009), seven major components were 

used, of which this study adopted and added two more 

developed components (housing means and natural 

hazards separated from climate variability), making up 

nine major components. Each major component consid-

ered has its corresponding indicators. Information on 

the indicators was collected from surveyed households. 

This study selected major components, such as natural 

hazards (particularly floods) and climate variability, to 

fully demonstrate the vulnerable environment concern-

ing exposure. In addition to exposure, the components 

of the sensitivity and adaptive capacity dimensions 

were selected. The major components of the sensitivity 

dimension were housing means, health, food, and wa-

ter. The selected significant components for the adap-

tive capacity dimension included sociodemographic 

status, social networks, and livelihood strategies. A 

methodological flowchart for assessing households’ 

vulnerability to flooding adopted and modified for the 

study is shown in Fig. 2.  

 

Composite Livelihood Vulnerability Index (LVI)  

The balanced weighted average approach was used to 

weigh the indicators for the composite LVI. Since the 

study aimed to assess households' vulnerability to 

flooding at the household level, the assessment tool 

can be accessible to diverse users in resource-poor 

settings. Various studies have applied this equation 

(Amuzu et al., 2018; Hoq et al., 2021; Tran et al., 2021; 

Venus et al., 2021). Each indicator contributed equally 

to the overall index using this approach, although each 

major component contained various indicators. The 

average value for each major component was calculat-

ed after each indicator was standardised (Basiru et al., 

2022; Mai, 2022). For the present study, before calcu-

lating the average value for each major component, 

each indicator was standardised as an index because 

they were all measured using various scales such as 

ratios, percentages, or counts. Equation (1) was applied 

for the standardisation of each indicator. 

Index Ia=                  Eq. 1 

Where Ia represents the expected standardised value of 

each indicator, Ia represents the value of the original 

observed indicator for a particular area, and Imin and 

Imax represent the respective minimum and maximum 

values for that indicator.  After the standardisation of 

Sectors 
Total popula-

tion (N) 

Number of house-

holds surveyed n (%) 

Byumba 36,401 98 (24.5) 

Kageyo 30,270 81 (20.3) 

Miyove 16,299 44 (11.3) 

Nyankenke 21,560 58 (14.5) 

Rukomo 24,989 67 (16.7) 

Ruvune 18,962 51 (12.7) 

Total 148,481 399 (100) 

Table 1. Households surveyed in each study area of  

Gicumbi district 
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each indicator, the index of each major component was 

calculated using Equation (2) to obtain the average 

number of indicators associated with each major com-

ponent, as follows: 

MCa =                            Eq. 2 

Where MCa represents the individual major compo-

nents (among all selected major components for the 

study) for the area a, indexIai is the indicator indexed by 

i that constitutes each major component, and n repre-

sents the number of indicators for each major compo-

nent. After the calculation of the value of each major 

component, the LVI at the study area level was deter-

mined by averaging all major components in each 

study area with the help of Equation (3) as follows: 

LVIa=          Eq. 3 

Where, LVIa is LVI for the area a estimated by averag-

ing all the weighted major components. WMCi repre-

sents each major component’s weight, determined by 

the total number of indicators making up the individual 

major components. It was also considered to ensure 

the equal contribution of all indicators to the overall LVI. 

 

Calculating the LVI using the LVI-IPCC approach 

The LVI-IPCC vulnerability measurement-based ap-

proach has been applied in several studies (Alam, 

2017; Hahn et al., 2009; Hoq et al., 2021; Sarker et al., 

2019; Shah et al., 2013).  Major components of each of 

the three vulnerability contributing factors were consid-

ered. Each vulnerability contributing factor was calcu-

lated using Equation (4) as follows:  

CFa=           Eq. 4 

Where CFa represents the defined vulnerability contrib-

uting factor (exposure, sensitivity, or adaptive capacity) 

for the area a; MCai represents the major components 

for the area a indexed by i; WMCi represents the weight 

of each major component; and n represents the num-

ber of major components of each contributing factor. 

After each vulnerability contributing factor was calculat-

ed, all three contributing factors were used to calculate 

the overall vulnerability index of households in each 

area using Equation (5) below. 

LVI-IPCCa= (Ea-ACa) * Sa                                       Eq. 5 

Where LVI-IPCCa represents the LVI for sector s ex-

pressed based on the IPCC vulnerability framework, E 

represents the score obtained from the calculated ex-

posure factor for area a, AC represents the calculated 

adaptive capacity score for area a and S represents the 

score obtained from the computed sensitivity contrib-

uting factor for area a. The scaling method used in this 

study for calculating both LVI and LVI-IPCC was adopt-

ed from studies conducted by (Hahn et al., 2009; Hoq 

et al., 2021). The LVI was scaled from 0 to 0.5, as the 

least and most vulnerable, respectively, and the LVI-

IPCC was scaled from -1, as the least susceptible, to 1, 

as the most vulnerable. 

 

RESULTS 

 

Rainfall variability in the Gicumbi district 

Rainfall is the main climate parameter contributing to 

flooding in Rwanda. Gicumbi experiences variations in 

Fig. 2. Methodological flowchart for assessing the vulnerability of households (Source: modified from Etongo and Arrisol, 

2021) 
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annual rainfall between 1200 and 1500 mm (WFP, 

2018). The study analysed the variability of monthly 

rainfall and trends in annual rainfall over the study peri-

od (2011-2021). The mean monthly rainfall at the three 

stations for the 11 years (2011-2021) is shown in  

Fig. 3. 

The variations in the mean monthly rainfall, coefficient 

of variation (CV), and standard deviation (SD) are pre-

sented in Table 2. The study showed that the Byumba, 

Mulindi, and Rwesero stations recorded rainfall peaks 

of 184.5 mm, 185.6 mm, and 165.5 mm in April, re-

spectively.  The rainfall at the Byumba and Rwesero 

stations varied considerably each month, while the rain-

fall at the Mulindi station varied moderately, except in 

September.  

The results obtained from the Mann-Kendall trend test 

(Table 3) indicate a very high variability in annual rain-

fall at Mulindi (CV=32.5), Rwesero (CV=29.2 %) sta-

tions and a moderate variability in Byumba (CV= 26.7 

%) stations.  A statistically insignificant trend in annual 

rainfall was recorded at all study stations (Byumba, 

Mulindi, and Rwesero). While decreasing rainfall was 

reported in the Byumba and Rwesero (negative slopes) 

stations, increasing rainfall was recorded in the Mulindi 

(positive slope) stations. The annual rainfall trends and 

variability at the three stations are shown in Fig. 4 and 

Table 3, respectively.  

 

Households’ perception of changes in rainfall  

pattern 

Variations in households’ perceptions of rainfall chang-

es were also examined. The study employed Chi-

square tests to test the households’ perception of rain-

fall changes by study areas, and occupation status. 

The majority of respondents in the six areas (Miyove= 

95.4 %, Ruvune= 94.1 %, Kageyo= 92.5 %, Byum-

ba=90.8 %, Nyankenke=72.4 %, Rukomo= 64.1 %) 

experienced an increase in the duration of rainfall. The 

statistical analysis revealed significant variation in 

households’ perceptions of rainfall changes across the 

study areas (p= 0.001). The variation in the perception 

of rainfall across areas reflects the number of complex 

topographic features and circulation patterns in a par-

ticular area. A statistically significant variation (p= 

0.004) in households’ perceptions of rainfall was rec-

orded for different occupation statuses. The variation in 

households' perception of rainfall concerning their oc-

cupation status can be attributed to the activities that 

households are engaged in and the effect of rainfall on 

their well-being. Given that some households relied on 

Fig. 3. Mean monthly rainfall in the three stations located in the Gicumbi district  (2011-2021) 

Months 
Byumba Mulindi Rwesero 

Mean SD CV (%) Mean SD CV (%) Mean SD CV (%) 

January 52.9 48.4 91.5 48.9 50.4 103.2 84.4 54.0 64.1 

February 90.5 42.7 47.2 81.3 31.6 38.9 98.3 58.9 60.0 

March 142.9 78.4 54.9 138.8 64.2 46.3 134.0 68.1 50.8 

April 184.5 77.7 42.2 185.6 70.0 37.7 165.5 65.2 39.4 

May 115.9 68.9 59.5 99.4 58.3 58.8 89.1 77.0 86.5 

June 34.8 33.1 95.1 35.5 51.8 146.3 17.0 37.3 219.5 

July 12.4 11.7 94.9 10.9 8.6 79.3 30.5 60.0 196.7 

August 43.1 34.3 79.6 53.7 38.0 70.8 76.9 55.9 72.7 

September 112.0 69.0 61.6 97.5 21.6 22.2 104.3 56.3 54.1 

October 152.1 62.5 41.1 171.5 73.9 43.2 129.4 66.8 51.7 

November 110.5 42.6 38.6 139.3 147.0 105.6 107.9 38.2 35.5 

December 74.7 41.8 56.0 71.7 39.3 54.9 65.5 30.7 47.0 

Table 2. Variation of monthly rainfall in the three stations in the Gicumbi district  (2011-2021) 
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rain-fed agriculture, livelihood and food security were 

affected in every case of rainfall variability.  

 

Flooding in the Gicumbi district 

Gicumbi district is located in the northern province of 

Rwanda. The province is well known for its frequent 

flooding, which can result in infrastructure, property, 

and occasionally even fatalities. Over the last five 

years, the province has seen at least 1,500 natural dis-

asters, including landslides and floods, which have 

caused over 5,000 damaged dwellings and over 200 

fatalities (Nkurunziza, 2023). The historical flood events 

that occurred annually in respective districts in the 

northern province are shown in Fig. 5. Data on flood 

events for 2002-2023 was obtained from the EM-DAT 

database (EM-DAT, 2023). Fig. 5 shows that Gicumbi 

district has experienced several more flood events 

(2002, 2003, 2017, 2020 and 2023) than other districts.  

Except for the Burera district (p= 0.033), statistical re-

sults revealed an insignificant increasing trend in annu-

al flood occurrences in other districts that experienced 

flood events, including Gicumbi, Gakenke, Musanze, 

and Rulindo.  

 

Exposure of households to flooding 

The exposure of households to flooding in each of the 

six areas was examined by considering climate param-

eters (rainfall) and households’ perceptions and experi-

ences of climate variability and natural hazards 

(flooding). Relevant indicators for each major compo-

nent presented in  Table 4, were selected and used to 

measure the extent to which households in each area 

were exposed to flooding. Considering natural hazards 

(flooding), the results showed that households in 

Miyove were highly exposed to flooding, with an impact 

index of 0.635, followed by Kageyo, Nyankenke, 

Ruvune, Rukomo, and Byumba. Regarding natural haz-

ard indicators, households in all study areas were ex-

posed to high-risk zones. However, Byumba was the 

area from which most households (98.9 %) lived at high 

risk, while 72.4 % had inadequate access to early 

warning systems, with an impact index of zones 0.989 

and 0.724, respectively. Concernig climate variability, 

households in the six study areas were more vulnera-

ble, with those in Miyove and Kageyo experiencing the 

most increase in climate variability.  

In terms of indicators, 98.7 % of households in Miyove 

experienced heavy rainfall (impact index: 0.987), with 

Ruvune having the majority of households (95.4 %) 

experiencing an increased duration of rainfall (impact 

index: 0.954), while Rukomo had the majority of house-

holds that experienced an increase in floodwater 

(impact index: 1). Most households in Byumba reported 

the occurrence of hailstorms (impact index: 0.979). De-

spite most rural households relying on crop farming as 

their primary source of income, over 50 % of house-

holds in all study areas reported that floods affected 

their farming activities.  Table 4 shows the normalized 

indices of the selected indicators for each major com-

ponent of the exposure.  

 

Sensitivity of households to flooding 

The sensitivity of households to flooding in the six study 

areas was examined by accounting indicators of the 

sensitivity of major components, including health, food, 

water, and housing, which were considered because of 

their essential role in households facing natural haz-

ards (floods). Based on the index computed for food 

security, households with high sensitivity to food securi-

ty were recorded in the six areas. Byumba had more 

Fig. 4. Annual rainfall trends in the three weather stations in the Gicumbi district (2011-2021) 

Station Min. Max. Mean SD CV Trend mm/year Kendall's tau p-value 

Byumba 488.0 1457.0 1126.2 300.8 0.27 -14.000 -0.091 0.755 

Mulindi 607.0 1991.0 1134.0 368.8 0.33 34.286 0.164 0.533 

Rwesero 490.0 1641.0 1102.8 323.1  0.29 -22.500 -0.091 0.755 

Table 3. Annual Rainfall variability at the three weather stations in the Gicumbi district (2011-2021) 
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sensitive households, with an impact index of 0.581. 

Over 50 % of households in Kageyo, Ruvune, Miyove, 

and Nyankenke solely relied on their farms to obtain 

daily food, with impact indices of 0.678, 0.646,0.595 

and 0.585, respectively.  More than 50 % of house-

holds in each of the six selected areas indicated that 

they could not save crops harvested to eat for the next 

time and seeds for the following year's crop growth. 

Except in Miyove, households in other areas were 

found to be highly sensitive to water security, with an 

impact index of 0.557 for Kageyo, 0.535 for Miyove, 

0.521 for Byumba, 0.494 for Nyankenke, and 0.428 for 

Ruvune.  

High sensitivity to inadequate water security in terms of 

availability and accessibility was recorded for house-

holds in five areas (Kageyo (0.557), Miyove (0.535), 

Byumba (0.521), Nyankenke (0.494), and Ruvune 

(0.428)). At the same time, Rukomo (0.352) was found 

to be less sensitive. Households in Byumba and 

Kageyo reported spending an average of over 50 min 

to get to a safe drinking water source. More than 50 % 

of households in Byumba, Kageyo, Miyove, and Nyank-

enke reported the problem of water conflict and inade-

quate access to safe water for drinking and domestic 

use as a result of insufficient quantity of water. In terms 

of poor health conditions and inadequate access to 

health facilities, households in Miyove, Ruvune, and 

Byumba were highly sensitive (impact index: Miyove 

(0.501); Ruvune (0.447); Byumba (0.432)), whereas 

Rukomo and Nyankenke were less sensitive. House-

holds indicated physical conditions and chronic diseas-

es such as diabetes and asthma as one of the factors 

causing significant negative effects on their ability to 

achieve a sustainable livelihood. Miyove (63.6 %) had 

most households that lived with chronic illness.  The 

inadequate sanitary latrines were recorded for the ma-

jority of households in Ruvune (84.3 %), Miyove (68.1 

%), Byumba (60.2 %), and Rukomo (59.7 %). The 

study found that households in Byumba, Kageyo, 

Miyove, Rukomo, and Ruvune took an average of over 

50 mins to reach the nearest health facility. It also re-

vealed that households in these areas were highly sen-

sitive to inadequate housing, with 92.8 % of households 

in Byumba being the most sensitive. More than 50 % of 

households across the six areas lived in poor housing 

conditions and were affected by floods. The normalized 

indices for the major sensitivity components are shown 

in Table 5. 

 

Adaptive capacity of households  

The adaptive capacity of the households was examined 

in consideration of various indicators of adaptive capac-

ity’s significant components, including socio-

demographic status, livelihood strategies, and social 

networks. In terms of socio-demographic status, high 

adaptive capacity was recorded for households in 

Byumba (0.532), followed by households in Nyankenke 

(0.307), Kageyo (0.274), Miyove (0.270), Rukomo 

(0.217), and Ruvune (0.206). Households with the high-

est dependency ratios were Byumba and Nyankenke. 

Households (46.5 %) in Nyankenke had the highest 

illiteracy rate, while Kageyo was reported as the area 

with households (40.7 %) headed by females. The 

study reported low literacy and inadequate skills as key 

factors prohibiting rural households from asserting their 

basic rights or participating in additional activities that 

could generate income or accumulate assets. Low 

adaptive capacity in terms of poor livelihood strategies 

was reported for households in Miyove compared to 

those in Ruvune, Nyankenke, Kageyo, Byumba, and 

Rukomo. The majority of households in Nyankenke (62 

%), Miyove (59 %), Kageyo (41.9 %), and Ruvune 

(35.2 %) were engaged in crop farming. In comparison, 

those in Rukomo (47.7 %) and Byumba (46.9 %) were 

involved in daily wage labor such as agricultural wages, 

transportation services, and self-employment. House-

holds engaged in crop farming struggled to cope with 

floods as their main livelihood activities were impacted . 

Fig. 5. Flood events in Northern Province of Rwanda 
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The rate of households involved in government jobs 

was low, averaging 1.8 % across the six areas. House-

holds engaged in daily wage labor, the self-employed, 

and government workers also reported floods disrupt-

ing their daily livelihood.  Sometimes, they were obliged 

to miss work due to floodwater that affected their prop-

erty and other utilities.  

Over 50 % of households in Miyove depended on more 

than one source of income, while those in Byumba 

(80.6), Kageyo (72.8 %), Nyankenke (55.1 %), Rukomo 

(80.6 %), and Ruvune (52.9 %) depended on a single 

source. The study identified the opportunity for rural 

households to work in other communities was still chal-

lenging. The study reported that more than 50 % of 

households in all study areas had poor knowledge and 

skills in adapting to floods. In terms of social networks, 

households in the six areas had poor social networks, 

with an impact index of 0.935 in Byumba and 0. 920 for 

Kageyo 0. 919 for Rukomo, 0.898 for Miyove, 0.831 for 

Miyove, and 0.819 for Nyankenke. Over 50 % of house-

holds in the six areas had limited access to support 

from local governments and (NGOs), and were not in-

volved in community or social groups. Many  were also 

unwilling to seek credit due to a lack of regular income 

or collateral. Table 6 presents the normalized indices 

for the indicators of the major adaptive capacity compo-

nents.  

Overall vulnerability of households in Gicumbi dis-

trict to flooding  

The vulnerability index for each major component was 

computed to determine its influence on household vul-

nerability.  Despite the differences in the index values 

of some major components, households in each of the 

study areas were more vulnerable to poor social net-

works in terms of adaptive capacity, inadequate food 

security and poor housing in terms of sensitivity, and 

increased climate variability in terms of exposure to 

floods. The impact index values for each major compo-

nent are shown in Fig. 6. 

 

Using the LVI-IPCC approach, the LVI was computed 

considering the composite indicators of adaptive capac-

ity, exposure, and sensitivity. The scale for the IPCC 

vulnerability index ranges from -1 to +1, indicating the 

least and most vulnerable households in a given area. 

Regarding vulnerability contributing factors, households 

in Ruvune and Miyove were the most exposed and 

sensitive to floods, respectively, whereas those in 

Byumba reported  

high adaptive capacity. Considering the overall comput-

ed vulnerability, households in Miyove were more vul-

nerable to flooding, with an aggregated vulnerability 

index of 0.123. The scores for the contributing factors 

are also presented in Fig. 7 (vulnerability triangle), and 

scores from 0 to 0.7 show low and high contributing 
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factors, respectively.  Table 7 presents the overall com-

puted vulnerability for households in the six areas. 

 

DISCUSSION 

The present study assesses the vulnerability of house-

holds to flooding in six areas in Gicumbi district in 

Rwanda: Nyankenke, Rukomo, Byumba, Kageyo, 

Miyove, and Ruvune. A deeper understanding of the 

vulnerability of households across study areas will con-

tribute to future research, development, and implemen-

tation of effective strategies to improve community live-

lihoods and increase community awareness about flood 

risks for resilience and vulnerability reduction, particu-

larly in the prone areas in the Gicumbi district. The vul-

nerability of households to flooding was assessed using 

key components like socioeconomic status, livelihood 

strategies, social networks, housing means, water, 

food, health, natural hazards (floods), and climate vari-

ability.  

The study examined climate variability in terms of 

heavy rainfall, increased rainfall duration, occurrence of 

hailstorms, and increased floodwater experienced by 

households as a result of household exposure to flood-

ing. The variability of changes in rainfall was recorded 

at the study stations, whereas trends in annual rainfall 

were insignificant. However, the study identified a sig-

nificant variation in households' perceptions of rainfall 

changes across the study areas and household occu-

pation status. Nahayo et al. (2019) noted that rainfall 

variations are the primary factor affecting the livelihood 

of the local community in the Gicumbi district. This 

study demonstrated that a high mean monthly rainfall 

(2013-2017) contributed to weather-related events, 

such as landslides, floods, windstorms, lightning, rain-

storms, and hailstorms. According to Okeleye et al. 

(2016), areas routinely receiving excessive rainfall and 

flooding are more vulnerable. In their findings, Chavez 

Michaelsen et al. (2020) indicated that various local 

livelihood activities are affected by climate variability, 

making rural communities more vulnerable. Hailstorms 

were found to occur more often and sometimes caused 

damage to households’ belongings, such as accumula-

tion, resulting in power outages, downed trees, flash 

floods, and mudslides on steep terrains. Floods affect 

people, particularly those impoverished and residing in 

flood-prone rural areas (Parvin et al., 2016). Over 50 % 

of the respondents in each study area lived in high-risk 

zones like slopes and low-lying areas. According to 

Dube et al. (2018) and Haenfling et al. (2019), resi-

dents of flood-risk locations without suitable housing 

are more susceptible to the detrimental consequences 

of flooding. 

 More than 60 respondents in each area lived in poor 

housing conditions, while floods damaged more than 

50 % of respondents due to inadequate building materi-

als. Constructing or restoring houses resistant to se-

vere weather events is one of the most economical 

ways to adjust to climate change.The respondents 

claimed to be aware of using sturdy building materials 

like cement blocks. However, they pointed out that a 

common barrier preventing individuals from building 

strong hurricane-resistant homes is a lack of finan-

cial resources. This is consistent with the findings of 

Almeida and Wei (2017), who found that a house's 

Fig. 6. Spider diagram for the vulnerability index of major 

components 

Fig. 7. Triangle diagram for the vulnerability contributing 

factors  

 Study areas in the Gicumbi district 

 Byumba Kageyo Miyove Nyankenke Rukomo Ruvune 

Adaptive capacity 0.498 0.442 0.439 0.413 0.423 0.411 

Sensitivity 0.481 0.495 0.537 0.502 0.468 0.509 

Exposure 0.620 0.576 0.685 0.648 0.614 0.705 

 LVI-IPCC 0.058 0.066 0.123 0.117 0.089 0.120 

Table 7.  Livelihood Vulnerability Index based on vulnerability contributing factors 
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quality, location, and construction matter as much as 

its affordability.  Disasters that are persistent and be-

coming more common cause enormous losses in di-

rect economic costs, slower economic progress, and 

poverty. Households in all study areas reported experi-

encing a similar average number of flood events 

(between 2.6 and 3.1). Parvin et al. (2016) noted that 

people’s lives and livelihoods are in danger of frequent 

and severe flooding. Frequent disasters prevent im-

pacted households from rebuilding and recovering their 

livelihoods, exacerbating the negative effects of these 

losses while threatening access to food and ruining 

livelihoods at the household level (FAO, 2013). The 

development of efficient early warning systems may 

help promote livelihood  resilience by strengthening 

adaptive capacities and coping strategies (Baudoin et 

al., 2014). Except for Miyove, the lack of access to 

early warnings was found to be a major problem in 

other areas and claimed to contribute to inadequate 

awareness of flood risks. The outcomes of the study 

align with the arguments of Mondal et al. (2020), who 

argued that the range of flood adaptation strategies 

that households can employ to prevent damage from 

flooding is influenced by the availability of early warn-

ings. 

Households with chronic illnesses are more vulnerable 

to health-related climate change impacts, as their risk 

of disease and death can increase when exposed to 

climate change-related effects, including weather 

events, poor air quality, and water-related illnesses 

(US EPA, 2022).  Miyove, Ruvune, and Byumba had 

many households with chronic diseases and no sani-

tary latrines. The respondents revealed that latrines 

collapsed during heavy rains due to inadequate con-

struction, predisposing households to infectious diar-

rheal diseases. According to Akter et al. (2022), con-

taminated water, inadequate sanitation, and poor hy-

giene increase the risk of developing infectious diseas-

es, further supporting this finding. Water is crucial in 

maintaining a fair, sustainable and productive rural 

economy. Despite being an essential element for hu-

man health, nutrition, and agricultural production, water 

also opens up employment opportunities in many key 

sectors of the rural economy (International Labour Or-

ganization (ILO), 2019). Water scarcity endangers 

productivist livelihood pursuits while impeding post-

productivity rural livelihood growth (Tabane, 2014). 

Households in all study areas did not have sufficient 

safe drinking water and were highly dependent on wa-

ter obtained from natural sources. Despite efforts to 

improve water accessibility and availability, households 

indicated water conflicts and a lack of safe water as 

major challenges. They added that the situation wors-

ened during heavy rains, as the water sources from 

which they obtained water were affected by floodwater. 

Adaptive capacity is key to developing societal resili-

ence and assisting in disaster risk reduction (Didham & 

Ofei-Manu, 2020). The potential capacity of an individu-

al,  community, or adaptation system determines how 

well it can respond to the effects or repercussions of 

climate change (Dinda, 2015). Poor socio-demographic 

characteristics, such as a low literacy rate, high de-

pendency ratio, and inadequate housing structure, re-

duce the adaptive capacity of rural households (Sam et 

al., 2017).   The respondents in the Byumba indicated 

that high household dependency led to a high demand 

for labour because a small number of people must work 

to generate and supply the requirements of a large 

number. In a study by Umaru and Adedokun (2020), a 

high dependency ratio and illiteracy rate of households 

were among the factors that increased flood vulnerabil-

ity. Adelekan and Fregene (2015) noted that an inade-

quate capacity for adaptation is further exacerbated by 

low educational attainment, which restricts communi-

ties’ opportunities to seek new careers, acquire new 

skills, and have a voice. Erima et al. (2023) and Oke-

leye et al. (2016) provided additional support for this, 

arguing that low levels of education and formal educa-

tion can have a detrimental effect on people's 

knowledge and awareness of disaster risk manage-

ment, making it more difficult for them to make logical 

decisions during floods. Most respondents were en-

gaged in crop farming, with an average of 44.5 % of 

households in all areas. An average of 64.5 % of 

households in five areas relied on a single source of 

income, except for households (55.1 %) in Miyove, who 

depended on more than one source of income. This 

was in contrast with the studies conducted by Hoq et al. 

(2021) and Marcela Beltrá n-Tolosa et al. (2022), who 

found that households engaged in multiple sources of 

income are comparatively less vulnerable to floods. 

The respondents indicated that their engagement in 

more than one source of income did not serve the pur-

pose, as both their farm and non-farm activities were 

extremely affected by floods.   Apart from being crucial 

for ensuring a sustainable means of subsistence, liveli-

hood strategies can provide vital guidance for address-

ing problems resulting from natural catastrophes (Ao et 

al., 2022; Haeffner et al., 2018). Floods can directly and 

indirectly affect households’ livelihoods by reducing 

food availability and income. The fact that an average 

of 53.8 % of households in all areas relied on their 

farms to obtain daily food made them more vulnerable 

to food insecurity, as over 50 % of them in each area 

were unable to store food to eat and seed for the next 

year crop growing owing to insufficient crop yield 

caused by floods. As crop farming constituted the pri-

mary source of income for most respondents, they be-

lieved that floods exacerbated their precarious living 

conditions. Achoja (2019) suggested that the availabil-

ity and consumption of food by vulnerable rural house-

holds declined due to flood hazards. This finding indi-
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cates that Indigenous agricultural households face 

challenges related to food security and severe floods. 

Social networks are acknowledged as essential tools 

for enhancing resilience to environmental and socioec-

onomic shocks by strengthening adaptive capacities 

(Wang et al., 2021). The ability to engage with social 

networks and institutions is crucial to increasing the 

number of low-income rural households (Sam et al., 

2017). However, low participation of households in so-

cial networks within the six areas was evident in the 

Gicumbi district. The study by John (2020) showed the 

potential for robust social networks, unified communi-

ties, and different local organisations willing to assist 

households in responding to floods.  Dapilah et al. 

(2020) noted that households engaged in multiple 

group activities and social networks exhibited a greater 

diversity of livelihood strategies and demonstrated 

greater resilience to perceived climate change due to 

their networks' ability to provide them with the material 

and non-material resources necessary for diversifica-

tion.   

Considering the overall computed vulnerability index, 

households in Miyove were the most vulnerable to 

flooding, followed by those in Ruvune and Nyankenke. 

Despite the recorded differences in the level of vulnera-

bility, households in six areas were sensitive and ex-

posed to flood hazards. However, Miyove households 

were found to be the most exposed, while those in 

Ruvune were the most sensitive to flood hazards. 

Households in Byumba were the least vulnerable and 

had the highest adaptive capacity. Using the LVI and 

LVI-IPCC approaches, this study assessed the strength 

of existing livelihood strategies and the potential for 

communities to adapt in response to exposure and sen-

sitivity to flooding. Notwithstanding the valuable insights 

gained, certain issues need to be addressed. The pri-

mary focus of this study is on households’ vulnerability 

to flooding in the affected areas of the Gicumbi district.  

 

Conclusion 

 

In Gicumbi district, floods have become an annual 

event (EM-DAT, 2023), severely impairing every facet 

of the community’s livelihood. Using LVI and LVI-IPCC 

approaches improved the present understanding con-

cerning various factors influencing households’ vulnera-

bility to flooding. Climate variability (rainfall) and house-

hold experience concerning flood hazards increase 

households' exposure to flooding. High variations were 

recorded in rainfall changes and statistical tests con-

cerning households’ perceptions indicated that variabil-

ity in rainfall differed across the study areas. Broadly, a 

lack of clean water, inadequate water supply, insuffi-

cient food, poor house quality, and poor health condi-

tions influenced the sensitivity of households. Poor so-

cial networks adversely affected the adaptive capacity 

of households in all study areas. Rural households 

were particularly vulnerable to flood risks. They had 

poor resilience to loss because of their limited ability to 

absorb and recover from losses in farming income and 

other means of subsistence. Policymakers and relevant 

stakeholders should enhance their efforts to develop 

strategies that strengthen the resilience of rural house-

holds to reduce their vulnerability to flooding. These 

include establishing local awareness programs to edu-

cate people about current and potential flood risks, di-

versification of rural livelihoods for increased household 

income, educating the public about the possible dan-

gers of construction in high-risk locations, and acceler-

ating progress toward increased access to safe water 

and proper sanitation. The study's conclusions might 

have been constrained by its focus on particular areas 

and development sectors in Gicumbi district. Further 

research is required to determine whether the findings 

hold for other places in Gicumbi district. Furthermore,  

comparative analyses of variations in households’ vul-

nerability to flooding in different districts across Rwan-

da are necessary. 
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