
Quest Journals 

Journal of Research in Environmental and Earth Sciences 

Volume 10 ~ Issue 12 (2024) pp: 35-53 

ISSN(Online) :2348-2532 

www.questjournals.org  

 

 

 

DOI: 10.35629/2532-10123553                                 www.questjournals.org                                            35 | Page 

Research Paper 

Flood risk assessment using GIS and remote sensing in 

Tsholotsho District, Matabeleland North in Zimbabwe 
 

Musekiwa Innocent. Maruza1*, Mkhokheli Sithole2, Nkosinath Moyo3 

1Department of Geography and Geo-Information Sciences, Lupane State University, P.O Box 170, Lupane 
2 Institute of Development Sciences, National University of Science and Technology, P.O Box AC 939, Ascot, 

Bulawayo 
3 Department of Geospartial Science, National University of Science and Technology, P.O Box AC 939, Ascot, 

Bulawayo 

 

Abstract 
Floods are one of the most widely distributed hazards globally, and their management is an essential issue of 

concern among all stakeholders, especially in developing countries. Flooding is one of the most significant natural 

hazards affecting the Tsholotsho District, causing widespread damage to infrastructure and the natural 

environment and endangering people's lives. This study assessed flood hazards and risk areas in the District using 

remote sensing (RS), Geographic Information Systems (GIS), and analytical hierarchy process (AHP). Six main 

factors were considered to identify flooding hazard wards in the District: drainage density (DD), flow length, 

elevation, Normalized difference, vegetation index  (NDVI), slope, and distance from the river. The study also 

identified five flood risk zones: high, moderate, low, and very low. The result of the flood risk map revealed that the 

low-risk area was 433699.57 hectares (56%), the moderate-risk area was 278328.41 hectares (36%), and the 

very high risk was 41060.25 hectares (5%) of the District. The results indicate that low-lying areas, mainly 

adjacent to major rivers such as the Gwayi and Manzamnyama Rivers, are highly susceptible to flooding, 

exacerbated by land degradation and deforestation. The study highlights the critical role of integrating GIS and 

remote sensing in flood risk assessment, providing decision-makers with valuable insights for developing early 

warning systems, flood hazard zoning, and sustainable land management practices. Recommendations for 

improving flood resilience in Tsholotsho District include community-based disaster risk reduction programs and 

the implementation of adaptive infrastructure. 
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I. Introduction 
The frequency and intensity of disasters have been increasing worldwide, and many lives have been lost, 

property and infrastructure destroyed, and some economies have been adversely affected (Sibanda & Matsa, 

2020). Natural disasters, especially flooding and drought, can directly and severely impact rural communities in 

Zimbabwe (Gwimbi, 2007). Flooding is one of the most destructive natural hazards globally, and its impacts are 

particularly severe in developing regions, where vulnerability to environmental disasters is exacerbated by 

poverty, inadequate infrastructure, and limited institutional capacity. In recent years, flooding has claimed 

thousands of lives, made hundreds of thousands of people homeless, and caused several hundred billion dollars 

in economic losses (Twumasi et al., 2020). Flooding is becoming more severe and frequent due to climate change 

and increased human-induced land-use changes, which pressure river channels and cause changes in river 

morphology (Aramburú-Paucar et al., 2024). 

In the last 30 years, floods have been the most catastrophic natural disaster affecting, on an average, 

about 80 million people per year of the total population affected by any natural disaster, causing economic damage 

worth over US$11 billion annually around the world (Bhatt et al., 2014). Flooding is a natural part of the 

hydrological cycle but can potentially cause death, displacement, environmental damage, and economic losses 

(Anumveh et al., 2023). Flooding is one of the most common natural disasters, often with disastrous consequences, 

http://www.questjournals.org/
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affecting 170 million people worldwide yearly (Hagos et al., 2022). Floods caused direct economic losses of USD 

386 billion worldwide since 2001 (Siam et al., 2022). Flooding is becoming more severe and frequent because of 

climate change and increased human-induced land-use changes, which puts pressure on river channels and causes 

changes in river morphology (Hagos et al., 2022). Floods have affected rural development in developing countries 

due to fatalities, injuries, and substantial economic losses on an annual basis (Gaston, 2009). Floods also seem to 

be a recurrent phenomenon in Southern Africa, and research has predicted their continued future occurrence 

(Dube, 2017). The Cyclone Eline-induced floods of 2000 affected the Sub-Saharan countries in the Zambezi 

Basin, claiming the lives of more than 700 people, causing homelessness to more than 500,000 people, and 

resulting in over US$1 billion in damage to infrastructure (Dube, 2017). Economic damage caused by floods 

negatively impacts human well-being, promoting long-term poverty in flood-affected regions (Siam et al., 2022). 

Tsholotsho District, located in the semi-arid region of Matabeleland North, Zimbabwe, is prone to 

recurrent flooding, especially during periods of intense rainfall (Tshuma, 2021). Floods in this District cause 

significant damage to homes, farmland, and infrastructure, displacing communities and disrupting livelihoods. In 

recent years, climate change has intensified the frequency and severity of flooding events, heightening the need 

for effective flood risk management strategies (Ngulube, Tatano & Samaddar, 2024). The District is increasingly 

experiencing severe flood events that adversely impact the local communities, infrastructure, and environment. 

These floods result in loss of both human and animal life, displacement of residents, destruction of property, and 

disruption of livelihoods (Nji,  Balgah & Vubo, 2019). Floods are among the most devastating natural disasters 

in Tsholotsho District, posing significant threats to lives, property, and livelihoods. The District has been 

experiencing severe flooding disasters, resulting in damaged property, people's livelihoods, and, in extreme 

events, loss of life (Tshuma, 2021). The geographical location, topography, and observed land use/ land cover 

changes (LULC) contribute to the District's vulnerability to flooding (GOZ, 2017). These attributes necessitate a 

detailed assessment to identify and mitigate flood risks effectively. More comprehensive and accurate flood 

hazard data in the Tsholotsho District must be provided (Zimbabwe Human Rights Commission, 2015). 

Understanding the spatial extent and drivers of flood risk is crucial for formulating effective adaptation strategies 

to reduce the District's exposure to flood hazards. 

Tsholotsho District faces unique flood risks due to its topography, proximity to major rivers such as the 

Gwayi and Manzamnyama, and socioeconomic characteristics (Tshuma, 2021). Flooding in Tsholotsho mainly 

occurs along the Gwayi and Zombani Rivers, near Gariya Dam, and other low-lying areas. These rivers seasonally 

burst, leaving a trail of severe disasters, impacting human settlements, infrastructure, and livelihoods (Dube et al., 

2018). Low-lying areas and poorly drained soils make certain parts of the District particularly susceptible to 

inundation, while deforestation, land degradation, and unsustainable agricultural practices exacerbate the effects 

of floods (Dube et al., 2018).   

 
Despite frequent flooding events, more research is needed on the District's spatial and temporal patterns 

of flood risk. Existing flood management strategies are primarily reactive, focusing on post-disaster response 

rather than risk reduction (Tirivangasi, Nyahunda & Mabila, 2021). A lack of detailed flood risk assessments and 

inadequate early warning systems further undermine the District's ability to prepare for and mitigate flood events. 

Traditional methods of flood management, largely reactive, need to be revised to address the growing flood risks 

in the District. Current flood management practices are often reactive rather than proactive, and local authorities 

need more tools and data to implement effective flood risk reduction strategies. Therefore, a more comprehensive, 

proactive, and data-driven approach to flood risk assessment is essential. Assessing flood risk is challenging due 

to complex interactions among flood susceptibility, hazard, exposure, and vulnerability parameters (Siam et al., 

2022). Despite the recurring nature and devastating consequences of floods, there needs to be more comprehensive 

flood hazard assessments and accurate mapping of flood-prone areas in Tsholotsho District. This gap in 

knowledge and resources hampers efforts to build flood resilience and protect vulnerable communities. Using 

Geographic Information Systems (GIS) and remote sensing technologies offers a powerful approach to assess and 

map flood hazards accurately (Mojaddadi et al., 2017). These technologies can provide detailed spatial and 

temporal data on flood patterns, identify high-risk areas, and support the development of predictive models for 

flood risk assessment (Singh & Kumar, 2017). However, these advanced tools have limited application in the 

context of Tsholotsho District. Advancements in Geographic Information Systems (GIS) and remote sensing offer 

powerful tools for assessing flood risk, particularly in areas with limited ground-based data (Manyangadze et al., 

2022). These technologies allow for integrating and analyzing spatial data, such as rainfall patterns, topography, 

and land use/cover, to model flood hazards and identify vulnerable areas (Samu & Kentel, 2018). Remote sensing 

provides multi-temporal satellite imagery, enabling monitoring of land use changes and water dynamics over time, 

while GIS facilitates the spatial analysis necessary to create detailed flood risk maps (Wudineh, 2023). 

This research paper thus addresses the critical need for a systematic and scientific approach to flood 

hazard assessment and mapping in the Tsholotsho District. It utilizes satellite imagery and remote sensing data to 

enhance understanding of flood patterns and risks and develop detailed flood hazard maps using GIS and remote 

sensing techniques. The maps will delineate flood zones and categorize them based on the hazard level.  
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By leveraging GIS and remote sensing technologies, the study seeks to fill the existing knowledge gaps, 

provide actionable insights for flood risk management, and contribute to developing sustainable and resilient 

communities in the District. GIS and remote sensing provide cost-effective and efficient methods for conducting 

flood risk assessments, especially in regions where traditional ground-based data collection is challenging. This 

study will generate accurate, up-to-date flood risk maps and contribute to a more proactive flood management 

approach in Tsholotsho. The insights gained from this research have broader applications for flood-prone areas 

across Zimbabwe and Southern Africa, where similar environmental and socioeconomic conditions prevail. 

Globally, GIS and remote sensing have been used to identify flood extents and impacts, to inform flood 

and evacuation models, and as part of emergency response activities (Kourgialas & Karatzas, 2011).  GIS and 

remote sensing technologies offer advanced capabilities for detailed spatial analysis and visualization of flood 

hazards in the District. These technologies can provide high-resolution data, enabling precise identification of 

flood-prone areas and enhancing the accuracy of flood risk assessments. By conducting a thorough flood hazard 

assessment and creating detailed flood hazard maps, this study will support proactive flood management strategies 

in Tsholotsho District. The Civil Protection Unit (CPU), local authorities, and NGOs in disaster risk reduction can 

use the information to implement early warning systems, prepare contingency plans, and design effective flood 

mitigation measures. Understanding the current flood hazards and predicting future scenarios is crucial for 

developing adaptive strategies to cope with the impacts of climate change on flood risks in Tsholotsho District.  

This study seeks to leverage the capabilities of GIS and remote sensing to assess flood risks in Tsholotsho 

District and improve flood management and mitigation efforts. The study utilizes Geographic Information 

Systems (GIS) and remote sensing technologies to assess flood risk in Tsholotsho District, aiming to enhance 

flood management and mitigation strategies. By integrating hydrological data, satellite imagery, and spatial 

analysis techniques, this research will identify flood-prone zones, assess the factors contributing to increased flood 

vulnerability, and develop flood risk maps to inform decision-making processes. In doing so, this thesis will 

contribute to a more nuanced understanding of flood dynamics in semi-arid regions and provide practical 

recommendations for enhancing flood resilience in Tsholotsho District. 

The study contributes to the attainment of the overall outcome of the Sendai Framework for Disaster 

Reduction. The Sendai Framework for Disaster Reduction aims to substantially reduce disaster risk and losses in 

lives, livelihoods, health, and the economic, physical, social, cultural, and environmental assets of persons and 

communities (Ma et al., 2024). The primary beneficiaries of this research will be the local communities in 

Tsholotsho District. By identifying high-risk areas and recommending appropriate mitigation measures, the study 

will minimize the chance of community resilience, reduce loss of life, and minimize property damage. The flood 

mapping exercise aims to identify flood-safe areas (evacuation centers) in the case of flood disasters. The findings 

of this dissertation will provide valuable insights for policymakers, planners, and development agencies. The 

detailed flood hazard maps and risk assessments will be critical tools for informed decision-making and 

sustainable land use planning. This research will contribute to the broader knowledge of flood hazard assessment 

and management, mainly using GIS and remote sensing technologies in developing regions.  

 

II. Materials and Methods 
2.1 Study area 

The study was conducted in the Tsholotsho district, one of the seven districts in Matabeleland North 

province in Zimbabwe. The District falls under Agro-ecological Region Five, generally flat and dominated by 

poorly drained Kalahari sand soils (Tshuma, 2021). It is about 114km west of Bulawayo and borders Lupane to 

the north, Umguza to the east, Hwange to the northwest, and Bulilimangwe to the south. Part of the Tsholotsho 

district drains into the Gwayi River, and the other part drains into the Manzamnyama River (Dube, 2017). Gwayi 

River is part of an international basin, the Zambezi, and it forms one of the seven catchments in Zimbabwe. Land 

use in the study area includes settlement, croplands, grazing, and woodland. Agriculture is the primary source of 

livelihood in Tsholotsho. Tsholotsho district has a population of 119 681 (Zimstat, 2022), with a population 

density of 16 persons/km2 (Dube, 2017). Tsholotsho is home to three ethnic groups: Ndebele (96%), Kalanga 

(3%), and San (1%) (Tshuma, 2021). Tsholotsho district is prone to flash floods, which can be attributed to poor 

drainage and the fact that the land is relatively flat (Nyoni et al., 2019). Wards such as Sipepa, Jimila, and Mbiriya 

are highly prone to these flash floods (Tshuma, 2021). In the Sipepa and Jimila wards, the areas along the Gwayi 

River are mostly affected by floods. Cultivating along fertile floodplains will also contribute to the situation 

(Tshuma, 2021). The at-risk population is situated in a low-lying area that is very low in height above the river 

channel base (Dube, Wedawatta & Ginige, 2021). The District has been experiencing floods almost every year, 

though with varying magnitudes (Dube, 2017), in low-lying areas and flood plains along the rivers. In 2017, 

according to a report by Civil Protection Zimbabwe, one of the areas worst affected by cyclone Dineo was 

Tsholotsho District, where the Gwayi River and its tributaries burst their banks, inundating homes, fields, schools 

and infrastructure, and sweeping away livestock (Floodlist, 2017).  The same areas were affected by floods in 

2001 and 2013, leading to communities being evacuated and settled at Sipepa Rural Health Centre (ibid). Since 
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flooding is the outcome of highly complex and intricate dynamic processes, it is nearly impossible to prevent it 

from occurring; hence, flood risk reduction has become one of the significant challenges worldwide (Siam et al., 

2022). The emergence of various remote sensing and geospatial techniques has enabled researchers and 

practitioners to assess flood risk more accurately (Rahman et al., 2021). A comprehensive flood risk assessment 

plays a vital role in the overall flood risk management system, which requires quantifying flood hazard, exposure, 

and vulnerability (Siam et al., 2022). The study utilizes advanced GIS and remote sensing technologies to collect, 

process, and analyze spatial data related to flood hazards in the District, hence creating detailed and accurate flood 

hazard maps that delineate flood-prone areas and categorize them based on different levels of risk. There is a need 

to develop flood risk maps and vulnerability assessments that can inform early warning systems and disaster 

preparedness in Tsholotsho District. 

 

Figure 1: Map of Tsholotsho District 

2.2 Research Approach 

Significant factors were identified through a literature review, relevant layers were identified through a 

literature review, and relevant layers were determined. Geoprocessing operations were applied to each input layer, 

reclassified, and standardized to enable comparability. A standard scale of 1 to 5 was adopted, with higher values 

indicating high-risk flood locations. Factor weights were derived using AHP, based on a pairwise comparison 

matrix informed by literature (Akbulut et al., 2018). The weighted overlay method was then employed to combine 

the input maps, ultimately producing a final flood hazard map highlighting both less flood-prone and flood-prone 

areas. A detailed explanation of the methodology is provided in the following sections.  
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Figure 2.Overall flowchart of the research methodology 

 
2.3 Determining Flood Susceptibility Criteria and Factors 

GIS-based flood susceptibility analysis requires a thorough analysis of multiple factors to determine an 

area’s susceptibility (Karna et al., 2023). Multi-criteria evaluation (MCE) integrates conflicting and 

complementary criteria for more informed decision-making (Akbulut et al., 2018). This method synthesizes 

complex factors into a composite map to identify vulnerable sites (Wu & Liang, 2012). This study evaluates six 

environmental factors to identify flood-vulnerable areas within the Tsholotsho district. 

 

2.3.1. Elevation 

Elevation is essential in controlling the direction and depth of water levels during overflow (Diriba et al., 

2024). Lowland locations are more vulnerable to flooding as water moves from higher to lower elevations 

(Chakraborty & Mukhopadhyay, 2019). The elevation map is made possible by reclassifying the DEM (Osman 

& Das, 2023). A Digital Elevation Model (DEM) specifies the elevation of any point in a particular area at a 

specific spatial resolution as a digital file, which is used to characterize topography. A DEM is required for raster-

based hydrological analysis in a GIS. 

 

2.3.2. Slope 

Gradient plays a crucial role in determining the water flow speed and duration. Water moves more slowly 

and stays longer on flatter surfaces, making these areas much more prone to flooding than steeper surfaces (Diriba 

et al., 2024). The slope is another crucial flood-triggering parameter (Mitra & Das, 2023). The slope directly 

impacts drainage and runoff accessibility (Kaya & Derin, 2023). Slope also affects the volume and velocity of 

surface runoff and groundwater infiltration (Osman & Das, 2023). 

 

2.3.3 Drainage density 

Drainage density is one of the key variables that lead to floods. The runoff rate is critical for high drainage 

density (Akallouch et al., 2024). Areas with high drainage density tend to have more channels to transport water 

quickly. This rapid runoff can reduce infiltration and lead to quicker water accumulation downstream, heightening 

flood risk, particularly during heavy rainfalls (Li et al., 2016). Osman and Das (2023) used drainage capability to 

integrate the combined effect of elevation and drainage density for food hazard mapping. Many approaches have 

been used to determine drainage density, with a computer tool (GIS software) playing a significant role (Diriba et 

al., 2024).  

 

2.3. 4 Distance to river 

The distance from the river network component is crucial in determining the food risk zones and the food 

hazard index (Ayenew & Kebede, 2023). Flood hazards are most severe in locations near river networks, 

according to Osman and Das (2023). In contrast, the effect of this parameter reduces as one advances away from 

the riverbed. 
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2.3.5 Flow Length of a river 

Longer flow lengths typically mean water travels a greater distance, which can affect its velocity 

depending on the river gradient. In flatter regions with long flow lengths, water moves more slowly, potentially 

allowing for more accumulation in upstream areas and increasing the risk of prolonged or recurrent flooding 

(Wondim, 2016). In contrast, shorter rivers with steep slopes tend to have faster water flow, often leading to flash 

floods downstream after intense rainfall (Molnar-Tanaka & Surminski, 2024). 

 

2.3.6 Normalized Difference Vegetation Index (NDVI) 

The NDVI index assesses vegetation's greenness and surface water's presence. Variations in NDVI values 

over time reveal changes in vegetation and surface water, which can help understand the relationship between 

flooding and vegetation in a region (Shahabi et al., 2022; Tehrany et al., 2013). Increased vegetation cover reduces 

the likelihood of flooding.  

 

2.3.7 Geospatial data 

This study was primarily supported by geospatial datasets collected from various sources (Table 1). These 

datasets included the 30m-resolution SRTM Global Digital Elevation Model, Landsat 9 (30m resolution) (DEM), 

and river data. All data were projected to the WGS 1984 spheroid, Universal Transverse Mercator (UTM) Zone 

36 South, using ArcMap 10.2. 

 

Table 1. Data used in spatial analysis 

 

2.3.8 Geoprocessing 

An elevation map was generated from the DEM and categorized into five classes: very high (948–1004 

m), high (1004–1046 m), medium (1046–1105 m), low (1105–1180 m), and shallow (1180–1308 m) (see Table 

2). 

The DEM was converted into a slope map using the Spatial Analyst tool in ArcMap 10.5. Risk levels 

classified the slope: <5% as very high risk, 6.80–13.46% as high risk, 13.46–28.86% as moderate risk, 28.86–

30.55% as high risk, and >30% as very high risk (Table 2). 

Buffer zones were delineated around rivers, with five suitability categories: very high risk (0–903 m), 

less suitable (903–1829 m), moderate risk (1829–2710 m), low risk (2710–3843 m), and shallow risk (3843–7141 

m) (Kumar & Deswal, 2022; see Table 2). 

The flow length was calculated using ArcMap drainage tools, with classes defined as very high (0–

20,137.02 m), high (20,137.02–43,935.32 m), medium (43,935.32–70,174.47 m), low (70,174.47–100,685.11 m), 

and shallow (0–20,137.02 m) (Table 2). 

Lastly, a drainage density map was produced, with classes designated as very low (0–0.26 km/km²), low 

(0.26–0.41 km/km²), medium (0.41–0.53 km/km²), high (0.53–0.67 km/km²), and very high (0.67–1.00 km/km²) 

(Table 2). Areas with the highest drainage density were identified as more susceptible to flooding. 

An NDVI layer was created with classes defined as very high (-0.14 - 0.11), high (0.11 - 0.13), medium 

(0.13 - 0.14), low (0.14 - 0.16), and very low (0.16 - 0.35) (Table 2) 

 

2.4 Standardisation 

Each layer was reclassified based on the criteria outlined in Table 2 to ensure consistency across all 

datasets. This reclassification process standardized each raster map into five distinct suitability classes: (1) shallow 

risk, (2) low risk, (3) moderate risk, (4) high risk, and (5) very high risk. By creating uniform classes across layers, 

the reclassification facilitated a direct comparison of different factors, enabling more precise identification of risk 

areas. 

 

 

 

 

Data type Source type Format 

DEM (SRTM) USGS (30 m) 

https://earthexplorer.usgs.gov/  
  

 

Raster 

Landsat 9 USGS (30 m) 

https://earthexplorer.usgs.gov/  

Raster 

Rivers DIVA-GIS (www.divangis.org/datadown)  Vector 

Wetlands Environmental Management Agency  

 

 

  

https://earthexplorer.usgs.gov/
https://earthexplorer.usgs.gov/
http://www.divangis.org/datadown
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Table 2. Description and classification of analysis criteria of selected factors to identify flood-susceptible areas. 

 

2.5 Analytical Hierarchy Process  

Recognizing that not all factors hold equal significance (Adimi et al., 2018), the analytic hierarchy 

process (AHP), established by Saaty (2008), was applied to assign weights. This method involves pairwise 

comparisons of criteria based on their relative importance to the main objective, using a 9-point scale developed 

by Saaty (1997). This scale, ranging from 1 (equal importance) to 9 (extreme importance), is illustrated in Table 

3. The AHP approach allows decision-makers to independently assess each criterion's contribution to the 

objective, simplifying the decision-making process.  

 

Table 3. The scale of pairwise comparison scale for AHP preferences 
Number Priority 

1 Equally preferred 

3 Moderately preferred 

5 Strongly preferred 

7 Very strongly preferred 

9 Extremely preferred 

2,4,6,8 The importance is between two degrees 

 

An Excel-based pairwise comparison matrix by Goepel (2013), downloaded from https://bpmsg.com/, was used 

to calculate weights. These weights were determined based on literature and environmental regulations. The 

consistency of each factor's importance was verified using the consistency ratio, with the consistency index (CI) 

calculated as follows: 

𝐶𝐼 =
𝜆𝑚𝑎𝑥 − 𝑛

𝑛 − 1
 

 

Data layer Unit Range Susceptibility class 

Elevation m 335-843 Very High 5 

843-1127 High 4 

1127-1367 Moderate 3 

1327-1626 low 2 

1626-2381 Very low 1 

 

Slope degree 0-6.80 Very High 5 

6.80-13.46 high 4 

13.46-28.86 Moderate 3 

28.86-30.55 low 2 

30.55-7.83 Very low 1 

   

Flow length m 0 - 20137 Very High 5 

20,137 - 43935 High 4 

43,935 - 70174. Moderate 3 

70174- 100685 Low 2 

100685 - 155604 Very Low 1 

 

Distance to river m 0-903 Very High 5 

903-1829 High  4 

1929-2710 Moderate 3 

2710-3843 low 2 

3843-7141 Very low 1 

 

NDVI level -0.14 - 0.11 Very High 5 

0.11 - 0.13 High  4 

0.13 - 0.14 Moderate 3 

0.14 - 0.16 low 2 

0.16 - 0.35 Very low 1 

 

Drainage Density Km2 0–0.26 Very High 5 

0.26–0.41 High 4 

0.41–0.53 Moderate 3 

0.53–0.67 Low 2 

0.67–1.00 Very Low 1 

https://bpmsg.com/
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In this context, λmax represents the highest eigenvalue of each factor within the matrix, and n denotes the matrix 

size.  

The consistency ratio (CR) was then calculated as the ratio of the consistency index (CI) to the random consistency 

index (RI) to evaluate the reliability of the matrix judgments. For the matrix to be considered consistent, the CR 

needed to be less than 0.1 (Saaty, 1997). The following formula gives the consistency ratio (CR): 

𝐶𝑅 =
𝐶1

𝑅𝐼
 

2.5.1 Weighted Linear Combination (WLC) 

 

The calculated weights were then applied to determine the overall flood susceptibility using the weighted linear 

combination method in ArcMap’s Spatial Analyst tool, resulting in the final suitability map. This approach follows 

a general modeling technique based on the susceptibility map equation outlined by Siefi et al. (2017). The total 

susceptibility was calculated as follows: 

𝑆 =∑(𝑊𝑖 ∗ 𝑋𝑖) 

In this formula, S represents the total suitability score for residential installation; Wi denotes the weight of each 

selected suitability criteria layer, and Xi is the assigned score for each sub-criterion within susceptibility y criteria 

layer i.   

 

2.6 Data analysis  

Following the creation of the flood susceptibility map, spatial analysis was conducted to determine the 

area covered by each susceptibility class. Using GIS tools, the total area in square kilometers was calculated for 

each class (highly suitable, shallow risk, low risk, moderate risk, high risk, and very high risk). These values were 

then converted into percentages to illustrate the proportion of land designated for each susceptibility level. Bar 

charts and pie charts were generated to visualize the distribution of suitable and unsuitable areas, providing a 

clear, comparative view of each class's contribution to the overall study area. This graphical representation aids 

in quickly identifying flood-suspecting zones and informs decision-making by urban local authorities.  

 

2.7 Flood hazard mapping 

This research developed a flood hazard map for the Tsholotsho district by integrating the six flood-

affected strata, similar to other food hazard research. According to many experts, flood-prone areas have a mix of 

shallow elevation, low slope, and high drainage density (Natkaniec & Godyń, 2024). Using the natural breaking 

slope approach in the "ArcGIS 10.4.1 environment," the hazard was divided into five main groups: high, high, 

moderate, low, and shallow hazard zones. Weighting strategies rank the relative value of each factor to another. 

In weighted overlay, the higher the weight, the more essential the component is compared to the other factors 

(Wondim, 2016). The final food hazard map was created by overlapping the six floods and their associated 

coefficients for the Tsholotsho district.  

 

III. Results and Discussion 
Flood risk assessment must recognize the increasing interconnectivity between physical infrastructure 

and economic systems and the critical role of human factors in determining flood risk (Ajjur & Al-Ghamdi, 2022). 

The flood risk assessment in Tsholotsho District, conducted using GIS and remote sensing, revealed significant 

findings regarding flood-prone areas, the factors influencing flood risks, and the vulnerability of local 

communities and infrastructure. GIS mapping and analysis identified specific flood-prone zones within the 

Tsholotsho District, primarily concentrated along the Gwayi and Manzamnyama river systems. These areas were 

characterized by low elevations, flat terrain, and proximity to major water bodies, making them particularly 

susceptible to flooding during the rainy season, according to the AHP weights and rating, drainage density, 

distance to the river, elevation, and flow length significantly impact flood incidence in the District. Although the 

District has 22 wards, the research revealed that Wards 5, 6, 7, and 8 were the most flood-prone. The research 

identified Ward 7 had parts flood-prone areas, Ward 5 (Sipepa) and Ward 6 (Jimila) that were very highly flood-

prone areas, Ward 5 (Sipepa) and Ward 6 (Jimila) had parts of these wards ranging from medium to high risk of 

flooding. The flood risk maps indicate that roughly 25% of the District's land area falls within high—and 

moderate-risk zones, with a high risk of annual or seasonal flooding. 

 

3.1 Parameters used in the analysis of flood susceptibility 

3.1.2 Elevation 

The elevation map of the study area is categorized into five distinct classes, with the areas from 335 to 

843 meters above sea level being very high flood-prone areas. These areas were mainly the floodplains of the 

main rivers in the District. The areas 843 to 1127 meters above sea level were high flood-prone areas. Most parts 

of wards 5, 6, 7, and 8 had most parts falling under the high flood-prone areas. The areas 1127-1367 meters above 
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sea level were moderate flood-prone areas. These areas are usually under flood after excessive rainfall, but the 

damage is mild compared to the high and high categories. Elevations, in general, are a critical factor in determining 

which areas are at risk of flooding (Bora et al., 2023). Elevation is used to model flood risk because it affects 

water flow during flood events (Al-Kindi & Alabri, 2024). Areas with higher elevations are less prone to flooding 

than areas with lower elevations. Usually, water flow is from high-altitude areas towards low-altitude areas so that 

low-lying areas may get flooded rapidly (Liuzzo et al., 2019). In the context of global climate change, the 

frequency and duration of precipitation have increased, leading to higher flood risks in watersheds and low-lying 

areas (Gu & Liu, 2024). The connection between flood risk and land elevation is critical in flood risk assessment, 

as areas with lower elevations are naturally more susceptible to flooding (Government of India, 2008). Flooding 

is proportional to elevation in an inverse manner (Bora et al., 2023). Mojaaddadi et al. (2017) emphasize that 

elevation is a crucial factor influencing flood events, as water flows from higher to lower elevations. Low-lying 

areas are especially susceptible to flash flooding compared to higher altitudes (Subraelu et al., 2023). Lower-lying 

areas, such as floodplains, river basins, and coastal zones, are more susceptible to flooding as they are prone to 

water accumulation from rainfall, river overflow, and storm surges (Al-Kindi & Alabri, 2024). In areas with steep 

slopes, rainwater quickly flows downhill, potentially reducing the chance of local flooding but increasing 

downstream flood risk. In addition, areas at lower elevations are more likely to experience severe flooding, 

particularly in areas where water cannot quickly drain away (Al-Kindi & Alabri, 2024). The higher the elevation, 

the less likely flooding will occur; conversely, the lower the elevation, the greater the likelihood of flooding (Bora 

et al., 2023). (Fig. 3). 

Figure 3. Elevation Map of Tsholotsho 

As a result, in Tsholotsho district, areas with low elevations are highly vulnerable to flooding, as indicated on 

the above map. The probability of flooding is higher in low-elevated areas than in high-elevation areas (Rahman 

et al., 2023).  

3.2.1 Slope 

Slope values are measured in degrees, and the slope map for the study area, generated using ArcGIS 10.2 

with ASTER DEM data, is classified into five categories: very high (0–1.78°), high (1.78–3.39°), medium (3.39–

5.33°), low (5.33–9.52°), and very low (9.52–41.16°) (Fig. 4). Areas with lower slopes are disproportionately 

affected by flooding. Low topographic steepness and flatness reduce runoff and infiltrate the area after 

occasionally producing a state where water is stored. In flood risk assessment, the slope is significant because the 

speed of flowing water and the amount of water that can get into the ground is controlled by the area's slope (Bora 

et al., 2023). The slope is one of the most critical factors in hydrological studies because it controls surface runoff 

and water flow intensity that incites soil erosion and vertical infiltration process (Rahman et al., 2023). According 

to Das et al. (2021), the risk of flooding increases as the slope decreases. The area with a higher slope gradient 

has low exposure to flooding, while the area with a low slope gradient is highly exposed to flooding (Liuzzo et 

al., 2019). Flat surfaces can cause runoff to flow rapidly, heightening flood vulnerability, whereas rough surfaces 

slow down runoff, delaying flooding (Rahman et al., 2023).    
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Figure 4. Slope Map of Tsholotsho 

As a result, in Tsholotsho district, areas with the lowest slope are disproportionately affected by flooding. 

 

3.2.2 Drainage Density 

Drainage density is a significant factor in the occurrence of floods. The drainage network data was 

converted into a compatible GIS format and created in ArcGIS layers. The drainage density map of the study area 

is divided into five categories: very low (0–0.26 km/km²), low (0.26–0.41 km/km²), medium (0.41–0.53 km/km²), 

high (0.53–0.67 km/km²), and very high (0.67–1.00 km/km²) (Fig. 5). Areas with the highest drainage density are 

particularly vulnerable to flooding. Drainage density is characterized as the entire length of the waterways and 

streams in a river basin divided by the whole area of the basin (Rahman et al., 2023). When drainage density is 

high, runoff occurs significantly, and the likelihood of flooding increases (Bora et al., 2023). Drainage density is 

an important metric since it shows a catchment's potential for runoff (Vijith & Satheesh, 2006). A greater drainage 

density suggested a greater possibility for runoff. Drainage density is another significant factor in flood 

occurrences, as higher drainage density leads to faster runoff and a higher likelihood of flooding (Saha, Gayen & 

Bayen, 2022). 
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Figure 5.Drainage Density Map of Tsholotsho 

In the District, the areas with the highest drainage density are disproportionately affected by flooding, as 

indicated on the map. Areas of higher drainage density have greater chances of flooding, whereas areas of lower 

drainage density have fewer chances of flooding (Rahman et al., 2023).   

 

3.2.3 Distance from River 

The thematic layer for distance from rivers is classified into five categories: very high (0–386.88 m), 

high (386.88–870.47 m), medium (870.47–1426.61 m), low (1426.61–2466.34 m), and shallow (2466.34–6165.86 

m) (Fig.6 and Table 4). Consequently, areas close to rivers are more susceptible to floods. The distance from the 

rivers is critical in determining the flood risk zone (Bora et al., 2023). The distance from rivers is crucial in 

determining flood risk zones, as areas near river networks are at a higher risk of flooding. The further away from 

a river, the lower the flood risk (Chapi et al., 2017). Flood hazard has a more significant impact in areas adjacent 

to the river network, while its effect diminishes gradually as one moves away from the river (Bora et al., 2023). 
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Figure 6. Distance from Rivers Map of Tsholotsho 
As a result, areas near the main rivers are more vulnerable to flooding than rivers places further away from them. 

 

3.2.4 Flow Length 

Flow length represents the distance water travels from each cell to the flow outlet. Flow length is a factor 

used to determine the risk of flooding and erosion, with longer flow lengths indicating a higher risk. Areas with 

shorter flow lengths have higher flood risk, while longer flow lengths reduce flood vulnerability (El-Fakharany & 

Mansour, 2021).  The flow length map is categorized into five classes: very high (0–20,137.02 m), high 

(20,137.02–43,935.32 m), medium (43,935.32–70,174.47 m), low (70,174.47–100,685.11 m), and shallow (0–

20,137.02 m) (Fig. 7 and Table 4). The figures above show that the areas with a flow length of 0–20,137 meters 

were very high flood-prone areas. The areas with 20,137–43,935 meters flow length were high flood-prone areas, 

and  43,935–70,174 meters flow length were medium flood-prone areas.  
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Figure 7. Flow length Map of Tsholotsho 
 
3.2.5 Normalized Difference Vegetation Index (NDVI) 

The NDVI thematic map was generated using Landsat 8 satellite data in ArcGIS 10.4 (Fig. 8 and Table 

4). Remote sensing analysis of land cover types revealed that areas with minimal vegetation, particularly 

deforested or agricultural lands, exhibited higher flood susceptibility. The degradation of natural vegetation has 

reduced the land's capacity to absorb rainwater, contributing to increased runoff. In contrast, areas with dense 

forest cover displayed lower flood risk, emphasizing the role of vegetation in mitigating flood hazards. 

Normalized difference vegetation index (NDVI) is another main ecological flood-causing factor (Rahman et al., 

2023). The nexus between flooding and the NDVI explores how flooding impacts vegetation health and how 

NDVI, a remote sensing index, can monitor flood-affected areas (Rahman et al., 2023). The NDVI is a statistical 

indicator used to determine the amount of green on the land surface and the presence or absence of bodies of water 

(Bora et al., 2023). Variations in NDVI values over time reveal changes in vegetation and surface water, which 

can help understand the relationship between flooding and vegetation in a region (Shahabi et al., 2021; Tehrany 

et al., 2013). The average value of the NDVI is ranging from −1 to +1 (Ziwei et al., 2023). An increment in the 

density of vegetation cover is believed to decrease the likelihood of flooding in the region (Bora et al., 2023). 
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Figure 8. NDVI Map of Tsholotsho 

 
The NDVI-flood nexus highlights how remote sensing can be used to monitor flood impacts on vegetation, 

supporting flood response, recovery, and ecosystem management efforts. 

The factors contributing to flooding in Tsholotsho District, such as elevation, slope, flow length, distance to river, 

NDVI, and drainage density, were selected. Multi-criteria analysis (MCA) was applied to create the Tsholotsho 

district flood maps in GIS. MCA integrates the spatial data to describe the causative factors of flooding in the 

District.  

 

Table 4. Selected parameters for flood susceptibility with their AHP weights and rating of sub-classes of each 

parameter. 
Data layer Unit Class Suitability 

Susceptibility 

Rating Weight 

(%) 

Elevation m 335-843 Very High 5 20 

843-1127 High 4 

1127-1367 Moderate 3 

1327-1626 low 2 

1626-2381 Very low 1 

 

Slope degree 0-6.80 Very High 5 10 

6.80-13.46 high 4 

13.46-28.86 Moderate 3 

28.86-30.55 low 2 

30.55-7.83 Very low 1 

    

Flow length m 0 - 20137 Very High 5 20 

20,137 - 43935 High 4 

43,935 - 70174. Moderate 3 

70174- 100685 Low 2 
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100685 - 155604 Very Low 1 

 

Distance to river m 0-903 Very High 5 20 

903-1829 High  4 

1929-2710 Moderate 3 

2710-3843 low 2 

3843-7141 Very low 1 

 

NDVI level -0.14 - 0.11 Very High 5 15 

0.11 - 0.13 High  4 

0.13 - 0.14 Moderate 3 

0.14 - 0.16 low 2 

0.16 - 0.35 Very low 1 

 

Drainage Density Km2 0–0.26 Very High 5 20 

0.26–0.41 High 4 

0.41–0.53 Moderate 3 

0.53–0.67 Low 2 

0.67–1.00 Very Low 1 

 
This study first produced the risk areas by numerically overlaying elevation, drainage density, slope, flow 

length, distance from the river, and NDVI. The overlay was carried out as a Boolean overlay. All criteria were 

combined by logical operators such as intersection (AND) and union (OR). The Ranking Method was used, where 

every criterion listed above was ranked according to the researcher's preference. Each factor was weighted 

according to the estimated significance of causing flooding. Logical operations combined the criterion maps and 

criterion values were generated based on a ranking method for each evaluation unit. The flood potential map was 

classified based on flood vulnerability: High Risk, Low Risk, Moderate Risk, Very High Risk, and Very Low Risk.  

 

Figure 9.The Flood Susceptibility Map of Tsholotsho District 
 

The total area of the Tsholotsho flood map was 776758.52 hectares, and 433699.57 Hectares, which is 

56% of the total, were high-risk flood-prone areas. The area with a very high flood-prone risk was 41060.25 

hectares (5%). 



Flood risk assessment using GIS and remote sensing in Tsholotsho District, Matabeleland North .. 

DOI: 10.35629/2532-10123553                                 www.questjournals.org                                            50 | Page 

Table 5. Tsholotsho District Flood Susceptibility 
Flood Susceptibility Area (ha) % 

High Risk 433699.57 56  

Low Risk 23669.74 3  

Moderate Risk 278328.41 36  

Very High Risk 41060.25 5  

Very Low Risk 0.55 0  

 

The results indicated that 433699.57 (56%) hectares of the Tsholotsho district are at high flood risk, and about 

36% are at moderate risk.  

 

IV. Conclusion 
The flood risk assessment in Tsholotsho District reveals that natural and human factors contribute to the 

region's flood susceptibility. Low-lying terrain, elevation, slope, distance from the river, flow length, reduced 

vegetation cover, drainage density, and inadequate infrastructure amplify flood risks. These findings highlight the 

necessity for targeted, data-driven interventions to reduce flood risks and protect communities, infrastructure, and 

natural resources in Tsholotsho District. 
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