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ABSTRACT 

This study examines the role of landscape-based approaches in reducing disaster risks within the Sovu sector of 

Rwanda. It aims to identify the landscape interventions implemented by communities, evaluate their effectiveness in 

disaster risk reduction (DRR), and assess the relationship between these interventions and actual reductions in disaster 

risks. A case study design was adopted, supported by a mixed-methods approach integrating geospatial analysis, focus 

group discussions, and key informant interviews. Remote sensing and geographic information system (GIS) 

techniques were used to analyze land cover changes, while qualitative methods captured stakeholder perceptions and 

institutional dynamics. Pearson correlation analysis, conducted using Microsoft Excel, was applied to examine the 

relationship between selected interventions and specific biophysical risk indicators. Findings reveal that a variety of 

landscape-based strategies including terracing, agroforestry, reforestation, and riverbank protection have been 

implemented, largely driven by environmental vulnerability and institutional support. These interventions were widely 

perceived to reduce disaster impacts, particularly soil erosion and landslides. Correlation analysis showed a strong 

negative relationship between terracing and soil erosion frequency (r = –0.71, p < 0.001), indicating that increased 

terracing coverage was associated with reduced erosion. Grass strip establishment on contour bunds exhibited a 

moderate negative correlation with surface runoff severity (r = –0.52, p < 0.01), while agroforestry was positively 

correlated with improved soil moisture levels (r = +0.49, p < 0.05), reflecting its role in enhancing water retention and 

soil stability. The study concludes that landscape-based strategies, when supported by local governance and 

community participation, are effective tools for DRR. These findings offer practical implications for Rwanda's disaster 

management and land use policy, emphasizing the need to integrate landscape restoration and nature-based solutions 

into national and local DRR planning to strengthen resilience and environmental sustainability. 
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1.Introduction 

In recent decades, the frequency and intensity of 

disasters fueled by climate change, land 

degradation, and rapid population growth have 

escalated globally, with particularly severe 

impacts in environmentally vulnerable regions 

(IPCC, 2021). This growing risk poses a 

significant threat to sustainable development and 

human well-being, especially in areas with fragile 

ecosystems and high poverty levels (UNDP, 

2015). In response, the global community has 

shifted from reactive emergency responses 

toward proactive, integrated disaster risk 

reduction (DRR) strategies (Twigg, 2015). 

A turning point in global DRR efforts came with 

the launch of the International Strategy for 

Disaster Reduction (ISDR) in 2000, which 

promoted risk-informed development and 

emphasized the integration of disaster 

preparedness into planning and policy processes 

(UNISDR, 2004). This approach was later 

consolidated and expanded by the Sendai 

Framework for Disaster Risk Reduction (2015–

2030), which underscores science-based, 

inclusive, and ecosystem-sensitive interventions 

(UNDRR, 2015). Both frameworks call for 

holistic strategies that acknowledge the 

interconnectedness of environmental, social, and 

economic systems. Among such strategies are 

landscape-based approaches, which integrate 

land-use planning, ecosystem management, and 

community resilience-building (Estrella and 

Saalismaa, 2013). 

The growing body of literature on landscape 

approaches and disaster risk reduction reflects a 

paradigm shift in land-use and risk management. 

Central to this discourse is Ecosystem-Based 

Disaster Risk Reduction (Eco-DRR), which 

leverages the protective functions of natural 

ecosystems such as wetlands, forests, and 

mangroves to mitigate hazards like floods, 

landslides, and droughts, while also promoting 

biodiversity and climate resilience (Estrella and 

Saalismaa, 2013). 

Complementing Eco-DRR, Integrated Landscape 

Management (ILM) promotes coordinated 

planning across sectors such as agriculture, 

forestry, and water management, integrating local 

knowledge with scientific expertise to sustain 

ecosystem services (Sayer et al, 2013). 

Sustainable Land Management (SLM) practices 

ranging from soil conservation to climate-smart 

agriculture play a critical role in maintaining 

ecological balance and supporting livelihoods 

(FAO, 2014). Participatory Landscape Planning 

further enhances the relevance and social equity 

of these approaches by ensuring that local 

communities are actively involved in decision-

making (Tress et al., 2005). Additionally, 

Multifunctional Landscapes offer simultaneous 

ecological, economic, and social benefits through 

integrated land-use systems (Wu, 2013), while 

Integrated Water Resources Management 

(IWRM) aligns water use with biodiversity and 

climate resilience (Sullivan, 2002). 

Other relevant concepts include Forest 

Landscape Restoration (FLR) and Climate-Smart 

Agriculture (CSA), both of which address land 

degradation and climate vulnerabilities through 

sustainable, inclusive practices (IUCN, 2020). 

Innovations in resilient infrastructure, disaster 

mapping, early warning systems, and 

community-based disaster risk management 

(CBDRM) also contribute to the effectiveness of 

landscape-based approaches, particularly when 

supported by multi-stakeholder collaboration 

aligned with frameworks such as the Sendai 

Framework (UNDRR, 2015). 

Traditional DRR methods, which are often 

sector-specific or hazard-centered, have struggled 

to address the complex interactions between 

human activities and natural systems (Birkmann, 

2006). In contrast, landscape-based approaches 
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offer a systems perspective that not only mitigates 

immediate disaster risks but also enhances long-

term environmental sustainability and resilience 

through integrated strategies such as ecological 

restoration, land-use coordination, and 

participatory planning (Sayer et al., 2013). 

In sub-Saharan Africa and especially in the Great 

Lakes region these integrated approaches are 

increasingly vital. The combination of rapid 

population growth, climate variability, 

deforestation, and unsustainable land use has 

exacerbated risks such as floods, landslides, and 

soil erosion (UNECA, 2020). Rwanda, in 

particular, has taken steps to institutionalize 

landscape approaches within national policy 

frameworks. The National Disaster Risk 

Management Policy (2019) promotes ecosystem-

based and community-centered strategies to 

tackle the root causes of vulnerability (Republic 

of Rwanda, 2019). 

The Sovu Sector in Ngororero District offers a 

compelling case study. Here, agricultural lands, 

forests, and human settlements are closely 

intertwined, and frequent hazards such as 

landslides and soil erosion reveal the limitations 

of conventional risk management (MINEMA, 

2021). This localized context underscores the 

urgency and relevance of integrated, landscape-

based approaches for enhancing disaster 

resilience. Initiatives grounded in scientific 

insight and local experience have begun to 

demonstrate how integrated land-use planning 

can simultaneously reduce risk and support 

sustainable development (UNEP, 2021). 

This research aims to assess the effectiveness of 

landscape-based approaches in reducing disaster 

risks in Sovu Sector by identifying the specific 

landscape strategies being applied, evaluating 

their contributions to risk reduction, and 

exploring how landscape approaches applied 

relate with the broader disaster risk reduction. By 

bridging global frameworks and local realities, 

the study seeks to enrich the discourse on 

integrated risk management and demonstrate the 

transformative potential of landscape approaches 

for building resilient and sustainable 

communities in disaster-prone regions.

2. Materials and methods 

2.1. Description of the study area

This research was conducted in Sovu sector of 

Ngororero district, bordering Gishwati-Mukura 

National Park in Rwanda’s Western Province. 

The park, spanning 35.58 km² on the Congo Nile 

ridge and shared by Rutsiro and Ngororero 

districts, serves as a critical ecological area. Sovu 

was selected because it is a key site in which 

landscape approaches aimed at restoring the 

Gishwati-Mukura national park and enhancing 

the region’s ecological functions, while also 

mitigating natural hazards were implemented. 

The area’s rugged, steep topography, high annual 

rainfall, intensive agricultural practices and high 

population density make it particularly 

susceptible to soil erosion and landslides. 

Sovu’s tropical highland climate, characterized 

by two distinct rainy seasons, shapes local land 

use and heightens vulnerability. Its volcanic soils 

support subsistence farming and small-scale cash 

cropping, yet the combination of steep slopes and 

heavy rainfall poses significant erosion 

challenges. Seasonal streams and rivers, along 

with the mosaic of natural forest patches and 

cultivated lands, underscore the need for 

integrated disaster risk reduction strategies that 

balance agricultural productivity with 

environmental conservation (Ministry of 

Education, 2019). Sovu Sector, in Rwanda’s 

Western Province, features a tropical highland 

climate with moderate temperatures between 

15°C and 22°C due to its elevation (Ngororero 

District. 2018)). The region experiences abundant, 

bimodal rainfall with the main season occurring 

from March to May and a shorter rainy period 
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from September to November which, along with 

steep slopes, influences local hydrology and leads 

to soil erosion and landslides, emphasizing the 

need for integrated water management and land 

conservation (Ministry of Education, 2019). 

The sector hosts several primary schools and 

community centers that act as hubs for education 

and civic engagement (Ministry of Education, 

2019). Its vegetation is a mix of indigenous 

forests along steeper slopes playing a key role in 

soil stabilization and water regulation and areas 

undergoing reforestation and agroforestry to 

mitigate degradation from agriculture and 

logging (Furuta and Seino, 2016). Additionally, 

clustering of residents around fertile lands, with a 

district density of approximately 493 inhabitants 

per square kilometer, intensifies pressure on local 

resources and increases vulnerability to natural 

hazards (National Institute of Statistics of 

Rwanda, 2012). 

Figure 1: Map of the study area 

2.2. Research design and approaches 

To address the complex and context-specific 

nature of landscape-based disaster risk reduction 

(DRR) strategies, this study adopted a case study 

design, which allows for an in-depth 

investigation of localized interventions and their 

outcomes within the environmental and socio-

institutional setting of the study area (Yin, 2018). 

The case study approach was particularly relevant 

in capturing the multifaceted interactions 

between land use changes, risk exposure, 

community responses, and policy responses. 

A mixed-methods approach was employed, 

integrating both quantitative and qualitative 

techniques to comprehensively address the 

study’s three objectives. The adoption of mixed 

methods was crucial for triangulating spatial data 

with community and institutional insights, 
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thereby enhancing both analytical robustness and 

contextual relevance. Quantitative methods 

included the application of remote sensing and 

geographic information system (GIS) to assess 

land cover changes and spatial patterns of risk 

over time. These geospatial tools have been 

widely used to monitor landscape dynamics. 

Quantitative analysis enabled objective 

measurement of environmental changes linked to 

implemented interventions. 

In parallel, qualitative methods such as key 

informant interviews and focus group discussions 

were used to capture local knowledge, 

perceptions of effectiveness, and institutional 

experiences with implementing landscape-based 

strategies. Prior studies emphasize that local 

perceptions and governance structures are critical 

to understanding the sustainability and impact of 

DRR interventions (Mercer et al., 2010). 

Combining these methods allowed the study to 

assess not only the physical outcomes of 

landscape interventions but also the social and 

institutional factors that influence their success or 

limitations. As others note, integrated approaches 

are essential for evaluating landscape strategies in 

contexts where biophysical and human systems 

are deeply intertwined (Bürgi et al., 2017). This 

design ensured that both evidence-based trends 

and stakeholder experiences were adequately 

considered to draw comprehensive conclusions 

relevant to DRR planning in the study area. 

2.3.  Data collection techniques 

To assess disaster risk reduction efforts, the study 

employed a mixed-methods approach combining 

structured questionnaires, semi-structured 

interviews, and focus group discussions. Primary 

data collection focused on community 

perceptions of disaster risks, past disaster 

experiences, the perceived effectiveness of 

landscape-based strategies, and levels of 

community preparedness. In addition, spatial data 

analysis was conducted using Geographic 

Information Systems (GIS) and remote sensing 

techniques. Satellite-derived land cover data from 

2016 and 2024, obtained from Sentinel-2 imagery, 

were analyzed to detect landscape changes over 

time. Digital Elevation Models (DEMs) from the 

United States Geological Survey (USGS) were 

used to assess topographic variables such as slope 

and elevation. Rainfall trends were also 

incorporated into the spatial analysis to 

understand climatic influences on disaster risk. 

Secondary data sources including government 

reports, policy documents, and technical studies 

were integrated with the primary data to provide 

a comprehensive understanding of the local 

disaster risk reduction context and the 

effectiveness of landscape-based interventions. 

2.4. Sample size and sampling strategies 

This study employed purposive sampling to 

target households. Households are considered as 

good choice as target group in researches related 

to disaster management because they are the 

fundamental units where impacts are most 

directly felt and managed (Blaikie, et al 1994). 

Sovu sector, with 7,681 households (NISR, 2022), 

is divided into six cells: Birembo, Kanyana, 

Kagano, Nyabipfura, Musenyi, and Rutovu. 

Three cells which are Birembo, Kanyana and 

Kagano were randomly selected using cluster 

sampling given that landscape-based approaches 

were implemented in all cells. Household 

representatives within these clusters were also 

chosen at random. This approach ensured that 

insights into disaster impacts and effectiveness of 

landscape-based approaches in DRR 
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implemented were directly obtained from those 

most affected. 

Slovin’s formula was used to determine an 

appropriate sample size based on the known 

population of households in Sovu Sector. This 

approach is particularly suitable given the limited 

availability of detailed population variance data 

and the logistical constraints associated with 

field-based disaster management research. The 

formula offers a practical and statistically sound 

method for estimating a representative sample 

while ensuring a manageable scope for data 

collection and maintaining an acceptable margin 

of error for assessing community-level disaster 

risk reduction strategies. Slovin’s formula: 

n=
𝑁

1+𝑁(𝑒)2
 

As noted earlier, the Sovu sector comprises a total 

of 7,681 households, which served as the target 

population for this study. Due to the 

unavailability of disaggregated household data at 

the cell level within Sovu, the total number of 

households was evenly divided by the six cells in 

the sector to estimate the number of households 

per cell. This estimation facilitated the 

development of a proportional sampling strategy, 

ensuring equitable representation of households 

across the selected clusters. 

N: 1,280 households 

E: 0.05 

n=
1280

1+1280(0.05)2
=  𝟑𝟎𝟒 𝐡𝐨𝐮𝐬𝐞𝐡𝐨𝐥𝐝𝐬 

Reasons for applying design effect (DEFF) 

formula 

After calculating the sample size as it is seen in 

above formula, the design effect formula was also 

used in order to minimize the similarities 

(correlated units within the sample of one cluster). 

The reason for using this formula to minimize the 

similarities is that research shows that in cluster 

sampling, units within the same cluster tend to be 

more alike (i.e., correlated) than those from 

different clusters. This intra-cluster correlation 

reduces the overall variability captured by the 

sample, effectively decreasing the statistical 

efficiency (World Health Organization, 2011). 

Design effect formula (DEFF) was used to 

account for potential similarities among 

respondents within the same clusters (cells). 

Households within a geographic area often share 

similar environmental, social, and economic 

characteristics especially regarding disaster risks 

and landscape-based interventions, which can 

introduce intra-cluster correlations when data is 

collected from clustered units (e.g., villages or 

cells). These similarities can lead to intra-cluster 

correlation, reducing the statistical independence 

of observations and potentially compromising the 

precision of the results if not properly addressed 

(Lohr, 2010). In the study area, households 

exhibit notable similarities in environmental, 

social, and economic conditions. As a result, their 

experiences with disasters are likely to be 

comparable, which may lead to uniformity in 

responses. To address this potential lack of 

variability and enhance the representativeness of 

the data, the design effect formula was applied to 

adjust the sample size accordingly. 

Design effect formula (DEFF): 1+(m) p 

m= the average number of individuals (sample) 

in each cluster (305 households) 

P = a value used in disaster risks reduction related 

researches (0.05) 

DEFF: 1+(305) 0.05=16 households/cluster (cell) 

Sample size of three clusters (cells)= 16*3= 

48 Households 
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Table 1: sample size from each selected cell (cluster) 

Cells (clusters) Birembo Musenyi Kagano Nyabipfura Kanyana Rutovu 

Number of 

households  

1,280 1,280 1,280 1,280 1,280 1,280 

Sample size 

(households) 

16  16  16 - 

Given that the data of household numbers at the 

cell level are not available, the number of 

households in Sovu sector was based on in 

calculating the number of households for each 

cell. The selection of three clusters within Sovu 

sector was randomly conducted to maintain 

objectivity and reduce selection bias, while still 

ensuring relevance to the study's focus. This 

selection process was strategically aligned with 

the study’s three key objectives. Although 

randomly selected, the clusters included areas 

where landscape interventions had been applied, 

making them suitable for investigating both the 

physical and socio-institutional dimensions of 

DRR. This alignment ensured that the data 

collected from these clusters was robust enough 

to inform all three research objectives in a 

coherent and methodologically sound manner. 

The selection of three clusters out of six was 

designed to ensure variation in landscape 

conditions, exposure to hazards, and levels of 

implementation of landscape-based interventions. 

This heterogeneity across clusters provided the 

necessary contrast to examine how different 

landscape strategies may be associated with 

differing levels of disaster risk outcomes. By 

sampling across multiple clusters rather than a 

single homogeneous area, the study was able to 

control for contextual effects and better isolate 

the contribution of landscape practices to 

observed differences in disaster risk reduction. 

Within each selected cluster, 16 households were 

randomly sampled, resulting in a total sample size 

of 48 households in three clusters. This sample 

size was calculated to provide sufficient intra-

cluster variability and support robust cross-

cluster comparisons. Household-level data 

enabled detailed investigation into localized 

implementation of landscape strategies, 

perceptions of risk reduction outcomes, and 

measurable associations between interventions 

and disaster risk indicators. 

2.5 Data analysis 

In this study, slope gradients, the Normalized 

Difference Vegetation Index (NDVI), and the 

Normalized Difference Built-up Index (NDBI) 

were employed as key remote sensing-derived 

indicators to support the assessment of landscape 

strategies and their contribution to disaster risk 

reduction (DRR). 

Slope data were utilized to characterize terrain 

morphology, which plays a significant role in 

influencing the selection and implementation of 

landscape interventions. Steep slopes are 

commonly associated with increased risks of soil 

erosion, landslides, and surface runoff, making 

them suitable targets for interventions such as 

terracing, check dams, or contour planting 

(Ganasri and Ramesh, 2016). In relation to the 

first research objective; identifying specific 

landscape strategies, slope information aids in 

delineating areas where topography-driven 

interventions are most applicable. 
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The Normalized Difference Vegetation Index 

(NDVI) was applied to quantify the density and 

vigor of vegetation cover, which serves as a proxy 

for ecological condition and land productivity 

(Charrière and Francon, 2024). High NDVI 

values typically indicate zones with healthy 

vegetation, often corresponding to areas where 

strategies such as reforestation, agroforestry, or 

soil and water conservation measures have been 

implemented. This contributes directly to the first 

objective by facilitating spatial identification of 

vegetation-based landscape strategies. NDVI is 

also instrumental for evaluating the second 

objective, as dense vegetation reduces disaster 

risks by enhancing slope stability, improving 

water retention, and mitigating the impacts of 

heavy rainfall events (Del Río et al., 2018). From 

a broader disaster risk reduction perspective 

(objective three), NDVI supports the evaluation 

of ecosystem-based disaster risk reduction (Eco-

DRR) by revealing the effectiveness of nature-

based solutions in enhancing landscape resilience 

(Sudmeier-Rieux et al., 2013). 

The Normalized Difference Built-up Index 

(NDBI) was used to identify and monitor built-up 

areas. Built-up expansion is often associated with 

elevated disaster risks, including increased 

surface runoff and reduced groundwater recharge 

(Zha et al., 2003). In relation to the second 

objective, NDBI enables the assessment of how 

built-up expansion is being managed in ways that 

either contribute to or mitigate disaster risk. 

Lastly, in relation to the third objective, NDBI 

supports the analysis of how planning for 

settlements in the study area and landscape-based 

infrastructure contribute to broader disaster risk 

reduction outcomes by minimizing exposure and 

enhancing adaptive capacity (Shao et al., 2020). 

Disaster risk evaluation was conducted using 

ArcGIS through analyzing slopes, Normalized 

Different Vegetation Index (NDVI) and 

Normalized Different Built-up Index (NDBI). To 

analyze the topographic characteristics of the 

study area, Digital Elevation Model (DEM) data 

were obtained from the United States Geological 

Survey (USGS) Earth Explorer platform. The 

DEM dataset, which provides elevation values at 

a spatial resolution of 30 meters, was selected for 

its suitability in terrain analysis and compatibility 

with geographic information system (GIS) 

applications. Using this DEM, the slope of the 

study area was derived through spatial analysis 

techniques ArcGIS 10.8 software. The slope layer 

was calculated to quantify the steepness of the 

terrain, expressed in degrees, which is a critical 

factor in evaluating the role of topography in 

influencing disaster risks like erosion, landslides, 

and runoff. 

To assess vegetation cover and its dynamics in the 

study area, Sentinel-2 imagery was utilized to 

derive the Normalized Difference Vegetation 

Index (NDVI). Sentinel-2 is a high-resolution, 

multispectral Earth observation mission 

developed by the European Space Agency (ESA) 

under the Copernicus Program. It provides 

imagery at a spatial resolution of up to 10 meters 

and a high temporal frequency (every 5 days at 

the equator), making it particularly suitable for 

monitoring vegetation and land cover changes 

over time. 

In this study, Level-1C Sentinel-2 images, which 

are ortho-rectified and top-of-atmosphere (TOA) 

reflectance products, were downloaded from the 

Copernicus Open Access Hub. NDVI was 

calculated using the standard formula: NDVI = 

(NIR − Red) / (NIR + Red), where the near-

infrared (Band 8, 842 nm) and red (Band 4, 665 

nm) bands were used. Image pre-processing, 

including cloud masking and compositing, was 

conducted to ensure the accuracy and reliability 

of the NDVI outputs. 

The resulting NDVI datasets were used to 

quantify the spatial distribution and condition of 

vegetation cover across the study area. These 

indices enabled the identification of areas where 
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vegetation-based landscape strategies, such as 

afforestation, agroforestry, and soil conservation 

practices, were likely implemented. Furthermore, 

the NDVI values served as key indicators in 

evaluating the contribution of vegetative cover to 

ecosystem-based disaster risk reduction. 

To assess the extent and spatial distribution of 

built-up areas within the study area, the 

Normalized Difference Built-up Index (NDBI) 

was derived from Sentinel-2 imagery. The NDBI 

is a spectral index specifically designed to 

highlight urban and impervious surfaces by 

contrasting the reflectance of built-up materials in 

the shortwave infrared (SWIR) and near-infrared 

(NIR) bands. In this study, NDBI was calculated 

using Band 11 (SWIR, 1610 nm) and Band 8 

(NIR, 842 nm) of Sentinel-2 imagery, following 

the standard formula: NDBI = (SWIR − NIR) / 

(SWIR + NIR). 

The resulting NDBI values were instrumental in 

identifying built-up areas and undergoing land 

use transformation. This dataset supported the 

analysis of how built-up expansion interacts with 

landscape-based disaster risk reduction strategies, 

particularly in relation to building exposure, 

surface runoff, and land degradation. The 

processing of both NDVI and NDBI was 

conducted using ArcGIS 10.8 software, which 

provided robust tools for raster-based 

calculations, spatial analysis, and map generation 

To analyze the data collected through focus group 

discussions (FGDs), a structured content 

summarization approach was adopted. The 

discussions were guided by semi-structured 

questions. Responses from each focus group were 

documented and organized into thematic 

categories based on the frequency with which 

specific ideas or interventions were mentioned 

across different groups. 

To quantify this qualitative information, 

responses were transformed into frequency 

counts. This allowed for the identification of 

dominant perceptions and commonly recognized 

practices and effectiveness of these practices 

among the groups. The summarized data were 

processed using Microsoft Excel, which was used 

to create tables, compute percentages, and 

generate simple visualizations (e.g., bar charts) to 

illustrate the distribution of responses across the 

study area. 

To process the data collected through interview 

with a key informant (sector agronomist 

responsible for disaster management among 

others), a qualitative thematic analysis approach 

was employed. The interview was conducted 

using open-ended questions, which allowed 

respondent to express his knowledge, experiences, 

and perspectives in a detailed and unrestricted 

manner. This format was particularly valuable for 

capturing nuanced insights into the history of 

disasters in the study area, institutional and 

community-based landscape interventions, and 

their observed impact on reducing disaster risks. 

The interview responses were first transcribed 

verbatim to ensure accuracy and preserve the 

richness of the data. The transcribed text was then 

systematically reviewed and coded manually 

using Microsoft Word. Codes were assigned to 

meaningful segments of the text that reflected key 

concepts, recurring ideas, or notable observations 

related to disaster types, intervention strategies, 

community perceptions, and outcome 

effectiveness. Following coding, related codes 

were grouped into broader themes that aligned 

with the research objectives. 

To assess the relationship between landscape-

based interventions and the reduction of disaster 

risks, Pearson correlation analysis was conducted 

using Microsoft Excel. This statistical method 

was applied to examine the strength and direction 

of the linear relationship between key variables, 

such as the extent of implemented landscape 

interventions and reported changes in disaster 

occurrence or severity. Excel was chosen for its 

accessibility and functionality in performing 
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basic statistical computations, making it a 

practical tool for analyzing the correlation 

between intervention efforts and disaster risk 

outcomes. 

3. Results and Discussion 

3.1. The baseline situation before interventions 

Description of baseline situation in the study area 

before interventions is done based on disaster 

experiences provided by the respondents 

supplemented by the secondary data of slope, 

rainfall and land use land cover (LULC) of 2016. 

Based on the results from surveys, all six focus 

groups containing 48 household representatives 

confirmed that before the implementation of 

landscape-based approaches, they experienced 

soil erosions. Landslides were experienced by 38 

household respondents grouped in five focus 

groups. 3 focus groups composed on 24 

household representatives experienced droughts 

and two focus groups composed of 12 household 

representatives experienced floods. These results 

are summarized in the table 2.

Table 2: Disasters experienced in each cell (cluster) 

Disasters  Number of focus 

groups  

Number of household 

representatives  

Cells (clusters) 

Soil erosion  6 48 2 groups in Birembo, two groups in 

Kagano and two in Kanyana 

Landslides  5 32 2 groups in Kagano, two groups in 

Kanyana and one group fom 

Birembo 

Droughts  3 24 2 groups from Kanyana and one 

from kagano 

Floods  2 16 Kanyana  

 

Note that one focus group was made of eight 

household representatives. It means there were 

two groups in one cluster (cell). 

3.2.  Digital Elevation Model and Slope 

analysis 

The slope of the study is calculated from digital 

elevation model of the area reflects the situation 

of disasters in the study area before interventions 

are implemented. The digital elevation model and 

slope of the study area are shown on figure2.
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Figure 2: Elevation Model of the study area and Slope map of the study area 

The above maps show the digital elevation model 

and slope of the study area. The slope was 

calculated from digital elevation model data of 

the study area. The slope map of the Sovu sector 

visually captures the variations in terrain 

steepness across the region. Areas shaded in red 

or more intense colors represent higher slope 

values, indicating steep terrain, while green or 

lighter green shades depict gentler slopes. This 

distinction is crucial because steep slopes are 

often more susceptible to certain types of 

disasters, particularly landslides. In mountainous 

or hilly areas like this, intense rainfall can rapidly 

saturate the soil, leading to slope failures that 

threaten roads, homes, and farmland. 

In addition to landslides, slope influences the 

speed and direction of water runoff. Steeper 

slopes accelerate water flow, which can 

exacerbate soil erosion. When heavy rains occur, 

water rushing down steep hillsides can wash 

away nutrient-rich topsoil, degrade agricultural 

land, and deposit debris in lower-lying areas. 

Over time, this erosion process weakens the 

land’s stability and can lead to more frequent and 

severe slope failures. Conversely, gentler slopes 

may accumulate runoff and become prone to 

flooding or waterlogging, which poses its own set 

of risks to infrastructure, crops, and community 

health. 

3.3.  Rainfall of Sovu sector 

According to data from the Rwanda Meteorology 

Agency (2020), the Sovu sector in Ngororero 

District typically experiences an annual rainfall 

ranging from approximately 1200 mm to 1600 

mm. This relatively high precipitation is partly 

due to the area’s hilly and mountainous terrain, 

which enhances orographic rainfall. Rainfall 

tends to be distributed across two main rainy 

seasons roughly from March to May and from 

September to December though localized 

weather patterns can cause variations in timing 

and intensity from year to year (Rwanda 

Meteorology Agency, 2020). 

The annual rainfall range of 1200 mm to 1600 

mm is considered abundant because it 

significantly exceeds the global average 

precipitation, which is approximately 990 mm 

per year (World Bank, 2022). Such a high level of 

rainfall generally ensures sufficient water 

resources for agriculture, livestock, and domestic 

use, and it contributes to the lush vegetation and 

biodiversity often found in regions with ample 

precipitation. 
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This abundance can be particularly beneficial for 

rain-fed farming, as it reduces the likelihood of 

prolonged droughts that might otherwise impact 

crop yields and food security. However, while 

abundant rainfall has clear advantages, it can also 

pose challenges. In hilly or mountainous areas 

like Sovu, heavy and frequent rains can lead to 

soil saturation and increased runoff, thereby 

heightening the risk of landslides, floods and 

erosions. 

3.4.  Landscape based approaches 

implemented in the study area 

Terracing and digging water holes are the most 

widely implemented measures as confirmed by 

75% of household representatives. Terraces 

control soil erosion, conserve moisture, and 

increase arable land on slopes. Water holes also 

prevent runoff and reduce floods. About half of 

respondents reported planting agroforestry trees 

and afforestation on steep slopes, which improve 

soil fertility, enhance biodiversity, and reduce 

landslide risks. Additionally, roughly 25% of 

respondents confirmed planting reed and 

tripsacum along fields to trap sediments and 

reduce runoff, as well as constructing waterways 

to safely channel excess water. A similar 

proportion reported planting bamboos near river 

(Satinsyi) banks to stabilize them and filter runoff. 

In interview conducted with him, the key 

informant (in charge of disaster management in 

the study area) also confirmed the 

implementation of the above-mentioned 

landscape-based approaches. 

 

Figure 3: Landscape approaches implemented 

Overall, while terraces and water holes are 

favored for their direct impact on soil erosion, 

tree planting and other practices are moderately 

adopted due to their long-term benefits. 

Respondents also demonstrated the traditional 

approaches they used before in minimizing the 

risks of disasters they experienced before. These 

approaches are planting reed along the fields, 

making small water channels in the fields, 

making drenches and fallowing. 50% of the 

respondents confirmed that some traditional 

approaches were implemented with landscape 

approaches implemented within in the areas. For 

example, mixing terraces with reed planted along 
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the terraces, agroforestry trees mixed with water 

holes for water retention. 

3.5.  Effectiveness of implemented landscape-

based approaches in reducing disaster 

risks in the study area 

3.5.1. Results from household survey 

A 100% response from the household 

representatives (48 households) indicated 

complete consensus among those surveyed that 

soil erosion was noticeably reduced following the 

implementation of landscape approaches. The 

landscape approaches, such as terracing steep 

farmland, planting agroforestry trees and grasses, 

and constructing water management structures 

(like water holes and drainage channels), 

collectively contributed to reducing soil erosion. 

These methods help slow water runoff, improve 

soil moisture retention, and stabilize the land. 

Three out of every four household representatives 

noticed a significant improvement in soil stability. 

Improved soil stability is crucial for preventing 

erosion and landslides, which are common risks 

in disaster-prone areas. This strong result 

suggests that the implemented practices such as 

terracing or planting vegetation are effective in 

reinforcing the land against natural forces. 

Only half of the households reported improved 

water drainage. While enhanced drainage can 

mitigate flooding by quickly diverting excess 

water, the 50% figure indicates that this benefit is 

either unevenly distributed or that some areas still 

experience challenges with water management. 

Similar to soil stability, 75% of respondents 

observed an increase in agricultural production. 

This suggests that improved soil conditions and 

possibly better water management are 

contributing to higher crop yields. Enhanced 

agricultural production not only boosts food 

security but also strengthens economic resilience 

in the community, making them better equipped 

to handle disasters. 

 

Figure 4: Effectiveness of implemented landscape-based approaches 

The high percentages for increased soil stability 

and agricultural production indicate that the 

landscape approaches are effectively contributing 

to both environmental protection and economic 

improvement. The moderate result in enhanced 

water drainage (50%) highlights an area where 
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additional efforts are needed. Improved soil 

stability and water drainage work together to 

support better agricultural outcomes. For 

example, stable soil retains nutrients better and 

improved drainage prevents waterlogging, both 

of which are vital for crop health. 

These results reveal that the landscape 

approaches in Sovu sector are largely successful 

in reducing disaster risks by enhancing soil 

stability and boosting agricultural production. 

However, the relatively lower improvement in 

water drainage suggests there is still room for 

optimizing this aspect. Addressing water 

drainage could further strengthen the overall 

resilience of the community against disasters. 

The key informant also confirmed that the 

effective of these approaches in minimizing the 

risks of disasters in seen in economic, social and 

environmental dimension. In economic 

dimension, agricultural production has increased, 

people were employed in implementation of these 

landscape approaches and increased availability 

of livestock feeds. In social dimension, he said 

that there is increased food security and overall 

wellbeing of the people. In environmental 

dimension, there is increased carbon sink due to 

plantation of more trees and forests and 

sustainable land management. He said that they 

received positive feedback from the people 

especially in economic dimension due to increase 

in agricultural production (Interview conducted 

on 10th March 2025). 

3.5.2. Results from the analyzed land use 

landcover maps of the study area 

In this study, the Normalized Difference 

Vegetation Index (NDVI) and the Normalized 

Difference Built-up Index (NDBI) were selected 

as key land cover indices for disaster risk 

reduction (DRR) analysis due to their 

complementary capabilities in characterizing 

landscape conditions that influence disaster 

vulnerability and exposure. NDVI was employed 

to assess vegetation cover and health, which is 

critical for understanding environmental 

resilience to hazards such as floods, droughts, and 

landslides. Healthy vegetation can mitigate 

surface runoff, reduce soil erosion, and act as a 

buffer during extreme weather events. On the 

other hand, NDBI was utilized to delineate built-

up areas, which are typically more exposed to 

risks such as floods and landslides. The 

combination of NDVI and NDBI enables a 

nuanced understanding of the spatial distribution 

of natural and anthropogenic land cover features 

that influence both the exposure and adaptive 

capacity of communities to disasters. 

The first land cover map was generated using 

sentinel 2 image of 2016, a year in which 

landscape approaches started to be implemented 

in the study area. The second landcover map was 

generated using the sentinel 2 image of 2024. 
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Figure 5: NDVI map of the study area 2016 and NDVI map of the study area 2024 

NDVI ranges from –1 to 1. Values closer to one 

indicate dense, healthy vegetation, while values 

near or below zero often denote non-vegetated 

surfaces such as bare soil, water, or built-up areas. 

Maximum NDVI Values (2016: 0.69024 and 

2024: 0.690415) on both maps are identical 

suggesting that the areas with the densest or 

healthiest vegetation have remained stable over 

the eight-year period and maintained well. 

Minimum NDVI Values (2016: –0.0716628 and 

2024 –0.0567746) show interesting change in 

vegetation health. The increase (i.e., the value 

becomes less negative) in the lowest NDVI from 

–0.07166 to –0.05677 indicates a slight 

improvement in areas that were previously 

characterized by very low or no vegetation. This 

suggests that even the more degraded or barren 

areas have experienced modest gains in 

vegetation cover. 

The narrowing of the range in 2024 implies that 

there is less contrast between the best and worst 

performing areas. This could mean that the 

degraded regions have improved slightly, leading 

to a more uniform distribution of vegetation 

cover across the landscape. 

3.5.3. Implications of NDVI on Disaster Risk 

Reduction 

i. Enhanced Vegetation in Degraded Areas 

The less negative minimum NDVI value in 2024 

suggests that the landscape approaches have 

successfully encouraged vegetation growth in 

areas that were previously barren or degraded. 

Increased vegetation in these areas helped 

stabilize soil, reduce erosion, and thereby lower 

the risk of erosion, landslides and floods. 

ii. Maintenance of Healthy Vegetation 

 The consistent maximum NDVI values indicate 

that regions already exhibiting robust vegetation 

cover were maintained. This is positive because 

well-vegetated areas are critical for ecosystem 

stability and resilience. 

iii. Reduced Variation 

 A narrower NDVI range can be interpreted as a 

reduction in the disparity between high and low 

vegetation cover. Such homogenization 

contributed to overall landscape resilience, 

making the area less susceptible to disasters by 

reducing weak spots in vegetation cover. 
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While the changes in the NDVI values between 

2016 and 2024 are modest, the slight 

improvement in the lowest NDVI values is 

promising. It suggests that the landscape 

approaches implemented for reducing disaster 

risks have contributed to improving vegetation 

cover in previously degraded areas, potentially 

enhancing soil stability and reducing 

vulnerability to disasters. At the same time, the 

consistency in high NDVI areas indicates that the 

healthier parts of the landscape remain robust, 

supporting overall ecosystem health. 

Analysis of NDBI Results in Relation to 

Disaster Risk Reduction (DRR) Interventions 

The NDBI results of Sovu Sector, Ngororero 

District, for 2016 and 2024 show notable changes 

in built-up areas and natural landscapes. The 

increase in the maximum NDBI value from 

0.2193 in 2016 to 0.4057 in 2024 suggests a 

significant expansion of built-up areas, including 

new settlements. This could be attributed to 

population growth, economic activities, and 

relocation efforts aimed at moving communities 

to safer places, away from high-risk zones such 

as steep slopes and flood-prone areas. 

 

Figure 6: NDBI map of the study area 2016 and NDBI map of the study area 2024 

Conversely, the slight decrease in the minimum 

NDBI value from -0.3834 in 2016 to -0.3961 in 

2024 indicates an expansion of non-built-up areas, 

including forests, vegetation, and agricultural 

land. This shift aligns with the landscape 

restoration efforts implemented in the region, 

such as afforestation, agroforestry, and terracing. 

The planting of agroforestry trees and 

afforestation on steep slopes has contributed to 

stabilizing soil, reducing erosion, and mitigating 

landslide risks. By increasing tree cover, these 

interventions enhance water retention in the soil, 

decrease runoff, and improve microclimatic 

conditions, making the landscape more resilient 

to extreme weather events. 

The observed NDBI changes also reflect the 

impact of disaster risk reduction (DRR) strategies, 

particularly the relocation of communities from 

hazardous areas to safer locations with improved 

infrastructure as confirmed by the key informant. 

Relocation efforts not only reduce the exposure 

of people and assets to landslides and floods but 

also free up high-risk zones for ecological 

restoration. This process helps restore degraded 

land by allowing natural vegetation to regenerate, 
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further contributing to climate resilience and 

environmental sustainability. 

Analyzing disaster risks reduction and enhanced 

resilience in Sovu Sector through landscape 

approaches implemented using a DRR logic 

model. 

Initially, a range of inputs was mobilized, 

including financial resources from the Landscape 

Approach to Forest Restoration and Conservation 

(LAFREC) project, Ngororero District, 

government funding, and support from NGOs 

like ARCOS. Technical support was provided by 

agricultural extension officers, forestry 

specialists, local cooperatives, and NGOs. 

Community labor, local tools, and planting 

materials such as agroforestry seedlings, bamboo 

cuttings, grasses, and forest tree species were also 

critical inputs. Local leadership structures, 

including Sovu Sector officials and farmer groups, 

helped coordinate and monitor implementation. 

Seven core activities were carried out: (1) 

terracing 70% of steep farmland (1,102 ha), (2) 

planting agroforestry trees on 75% of farmland 

(1,209 ha), (3) establishing grasses on contour 

bunds for erosion control, (4) digging water holes 

to reduce runoff, (5) constructing drainage 

channels, (6) afforestation of steep slopes, and (7) 

planting bamboo along the Satinsyi River to 

stabilize riparian areas. These integrated 

measures addressed both physical and ecological 

drivers of disaster vulnerability. 

The interventions produced several immediate 

outputs. Terraced land became more stable and 

productive; vegetative cover increased 

significantly due to agroforestry and grasses; and 

soil and water conservation structures were 

installed in erosion hotspots. Bamboo and forest 

trees were established on degraded slopes and 

riverbanks. Importantly, the project-built 

community awareness and capacity in soil 

conservation, water harvesting, and tree 

management. 

Within the first 1–3 years, short-term outcomes 

included visibly reduced soil erosion and runoff, 

improved infiltration, and better soil moisture 

retention. Farmers began observing the benefits 

of enhanced fertility and early returns from 

agroforestry species. These tangible results 

encouraged greater community ownership, 

reinforcing adoption and maintenance of the 

interventions. 

Over the longer term (5–10+ years), the model is 

expected to lead to improved resilience against 

landslides, flooding, and erosion, particularly on 

terraced slopes and stabilized riparian zones. 

Agricultural productivity is projected to increase 

through more reliable yields and diversified 

income from tree products, contributing to food 

security and household income. The landscape 

restoration also supports biodiversity, especially 

through afforestation and bamboo corridors. 

Importantly, the intervention promotes a shift 

toward sustainable land-use practices and reduces 

dependency on emergency relief, allowing local 

and national budgets to focus more on long-term 

development rather than disaster recovery. This 

logic model demonstrates how integrated, 

community-led landscape interventions can 

effectively reduce disaster risks while promoting 

environmental sustainability and socio-economic 

resilience. 

3.3 Relationship Between Landscape-Based 

Interventions and Disaster Risk Reduction in 

the study area 

The third objective of this study was to assess the 

relationship between landscape approaches 

implemented in Sovu Sector and their 

contributions to disaster risk reduction (DRR). A 

set of integrated interventions was introduced 

across 1,612 hectares of farmland, including: 

terracing of steep slopes (1,102 ha, 70%), 

agroforestry (1,209 ha, 75%), establishment of 

grass strips (1,102 ha), water harvesting, 

construction of drainage channels, afforestation, 

and bamboo planting along riparian zones. 
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Correlation analysis was performed for 

interventions where sufficient quantitative data 

was available. Results indicated a strong and 

statistically significant negative correlation 

between the extent of terracing and erosion 

frequency (r = –0.71, p < 0.001), suggesting that 

increased terracing coverage was associated with 

reduced soil erosion. Similarly, grass strip 

establishment on contour bunds showed a 

moderate negative correlation with surface runoff 

severity (r = –0.52, p < 0.01), indicating its role 

in controlling water flow and reducing runoff-

related risks. Agroforestry was positively 

correlated with improved soil moisture levels (r = 

+0.49, p < 0.05), reflecting its capacity to enhance 

water retention, reduce evapotranspiration, and 

stabilize soil structure. 

Although statistical data was unavailable for 

water harvesting, afforestation, and bamboo 

planting, qualitative field observations and 

community feedback confirm their critical roles 

in reducing localized flood impacts, preventing 

landslides, and stabilizing riverbanks, 

respectively. Water harvesting structures such as 

pits and infiltration ditches were observed to 

reduce runoff concentration and improve water 

infiltration, thereby decreasing the risk of flash 

flooding. Afforestation on steep slopes has long-

term benefits in mitigating landslide risks through 

root reinforcement and slope stabilization. 

Similarly, bamboo planted along the Satinsyi 

River supports riverbank protection due to its 

deep rooting system, which reduces erosion and 

prevents riverbank collapse during heavy rains. 

When analyzing the combined impact of 

terracing, agroforestry, and grass planting, the 

composite index was strongly and negatively 

correlated with disaster risk levels (r = –0.73, p < 

0.001), underscoring the cumulative 

effectiveness of integrated landscape approaches 

in DRR. 

The household was treated as the primary unit of 

analysis, recognizing that the consequences of 

disasters such as soil degradation, flooding, and 

water scarcity are directly experienced at the 

household level, affecting food security, income, 

and well-being. These results demonstrate that 

landscape-based interventions, especially when 

applied in combination, significantly contribute 

to reducing vulnerability and enhancing 

ecological resilience in rural settings prone to 

environmental hazards. 

4. Discussion 

The key interventions; terracing, agroforestry, 

contour grass planting, drainage channels, water 

harvesting, afforestation, and bamboo planting 

respond directly to the biophysical challenges of 

the area. The dominance of terracing 

(implemented on 70% of steep farmland) aligns 

with the Rwanda Soil Erosion Control Strategy 

(MINAGRI, 2022), which prioritizes radical and 

progressive terracing to stabilize hillsides and 

improve agricultural productivity. 

Similarly, agroforestry implemented on 75% of 

the farmland supports both DRR and climate-

smart agriculture as emphasized in the National 

Forestry Policy (MINIRENA, 2018) and the 

Strategic Plan for Agriculture Transformation 

(PSTA 4). Grasses planted along contours, 

functioning as buffer strips, correspond with the 

National Land Use and Development Master Plan 

(MININFRA, 2020), which promotes integrated 

landscape restoration and slope stabilization. 

Water harvesting and drainage structures align 

with Rwanda’s Water Resources Master Plan and 

are vital for flood risk mitigation in regions with 

intense seasonal rainfall (MINIRENA, 2017). 

Although quantitative data for afforestation and 

bamboo planting were not included in the 

correlation analysis due to data limitations, these 

practices are widely recognized in Rwanda’s FLR 

Implementation Plan for enhancing ecosystem 

services, stabilizing riverbanks, and preventing 

slope failure (REMA, 2020). 
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The interventions were widely reported by local 

stakeholders to have reduced visible erosion, 

improved soil moisture retention, and minimized 

runoff intensity. These observed outcomes are 

supported by evidence from similar projects 

under the LAFREC, which demonstrated that 

integrated land management reduces disaster 

vulnerability and enhances long-term resilience 

in catchment areas (World Bank, 2018; REMA, 

2021). 

The household-level analysis reinforced the 

localized effectiveness of these measures. As 

disasters like erosion, flooding, and landslides 

directly affect household assets and livelihoods, 

assessing impacts at this level provided valuable 

insights aligned with Rwanda’s District Disaster 

Risk Reduction Plans (Ngororero District, 2018–

2024), which emphasize community-based risk 

profiling and intervention. 

Statistical correlation results confirmed strong 

associations between landscape practices and 

disaster mitigation outcomes. Terracing had a 

significant negative correlation with erosion 

frequency (r = –0.71, p < 0.001), while 

agroforestry and grass planting were positively 

associated with improved moisture retention and 

reduced runoff respectively. These findings 

affirm that landscape interventions can be both 

technically appropriate and statistically 

demonstrable in their effectiveness. 

Although bamboo planting and afforestation were 

not statistically tested, their ecological role in 

riparian zone stability and slope protection is 

recognized in the National Strategy for 

Transformation (NST1) and the Green Growth 

and Climate Resilience Strategy (2011). These 

strategies advocate for environmentally 

sustainable development that reduces 

vulnerability to climate and disaster risks. 

This study supports Rwanda’s growing emphasis 

on ecosystem-based DRR, especially in rural, 

mountainous settings. The results reinforce the 

integrated policy direction found in the National 

Environment and Climate Change Policy (2020), 

which calls for cross-sectoral collaboration to 

reduce risks while restoring landscapes. However, 

challenges such as limited technical capacity, data 

gaps, and inconsistent maintenance must be 

addressed. Strengthening local monitoring 

systems and ensuring community ownership as 

promoted by Rwanda’s Decentralization Policy 

can enhance the long-term sustainability of these 

interventions. 

4. Conclusion 

This study examined the landscape-based 

approaches implemented in Sovu Sector, Rwanda, 

their effectiveness in mitigating disaster risks, 

and the statistical relationship between these 

interventions and DRR outcomes. The findings 

revealed a strategic adoption of terracing, 

agroforestry, grass strip planting, drainage 

channel construction, and water harvesting 

mainly driven by the sector's steep terrain, high 

rainfall intensity, and erosion vulnerability. 

These interventions showed significant impacts 

in reducing soil erosion, enhancing soil moisture 

retention, and minimizing runoff, with statistical 

correlations supporting their role in risk reduction. 

While terracing and agroforestry showed strong 

associations with improved land stability and 

moisture conservation, qualitative observations 

also pointed to the relevance of bamboo planting 

and afforestation in stabilizing riverbanks and 

rehabilitating steep slopes, despite limited data 

for statistical analysis. These results reinforce 

Rwanda’s national frameworks, such as the 

Green Growth and Climate 

Resilience Strategy, the Land Use and 

Development Master Plan, and the Forest 

Landscape Restoration Initiative, all of which 

emphasize integrated land management as a 

pathway toward resilience. 



                                                                                                                                                                                                                                                                                                                                                                            

37 
https://doi.org/10.62103/unilak.eajst.15.1.065 

Future research should explore the economic 

cost–benefit analysis of these interventions to 

support efficient resource allocation. 

Additionally, investigating the social drivers 

influencing community adoption such as land 

tenure, awareness, and institutional support 

would provide valuable insights for scaling 

interventions equitably and sustainably. 

In line with policies, this research highlights the 

need for continued investment in community-

based landscape restoration efforts. Government 

agencies and development partners should 

integrate scientific evidence from local case 

studies into land use planning and disaster 

preparedness strategies, particularly in high-risk 

rural areas. Ensuring alignment between national 

policy goals and localized implementation will be 

key to enhancing resilience and achieving long-

term environmental sustainability 
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