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Abstract. Assessing the Resilience of the Chikwawa District in Malawi 

Against Hydrometeorological Hazards Using the UNDRR Disaster Resilience 

Scorecard Method. Assessing the resilience of the Chikwawa district in Malawi 

against hydrometeorological hazards using the UNDRR disaster resilience 

scorecard method. Climate change's impacts, especially Hydrometeorological 

hazards, are intensifying globally. In Malawi, extreme weather events like tropical 

cyclones, torrential rain, and flash floods have become annual occurrences over 

the past decade. These events have affected millions, resulted in approximately 

3,000 deaths, with economic losses exceeding $800 million in the last decade. A 

lack of comprehensive assessment of hazards and community resilience has left 

the study area vulnerable and unprepared. This study addresses this gap by 

evaluating community resilience, considering both vulnerability and capacity to 

manage climate-induced risk. This study uses the UN Disaster Risk Reduction 

Scorecard which is structured around the Sendai Framework for Disaster Risk 

Reduction 2015-2030, to assess Chikwawa District's resilience to 

Hydrometeorological hazards. The study area faces various hydrological hazards: 

flash floods, riverine floods (both inevitable) and mud fall flows (very likely). It 

also faces meteorological hazards: tropical cyclones (inevitable), wind, and storm 

surges (both extremely likely). With an overall score of 38 out of 141 (27% 

compliance with the Sendai Framework) and a resilience score of 151 out of 590 

(25%). This study identified that the study area is acutely lagging behind with 

regard to the putting in practice of the Sendai Framework recommendations. Thus, 

the area is highly vulnerable to Hydrometeorological hazards and urgent actions 

need to be taken. 

Contribution: The study offers actionable data for local governments, 

policymakers, and stakeholders. Its dual-level methodology is replicable by other 

researchers, enhancing the robustness and comparability of resilience assessments 

in similar settings. 

 

Keywords: Sendai framework; UNDRR toolkit; Resilience; climate change; 

floods; Sendai Framework for Disaster risk reduction.  

 
1, 2, 3 Faculty of Engineering and Sustainability, University of Des Mascareignes, 

Mauritius jtkhendlo@student.udm.ac.mu  

*Corresponding Author 

mailto:jtkhendlo@student.udm.ac.mu


52 

1. INTRODUCTION.  

 

Among all the natural disasters, floods are among the most destructive 

and ubiquitous. Defined as water overflowing the usual boundaries of a stream or 

other body of water or accumulating from drainage over typically dry areas 

(Ozcan and Musaoglu, 2020), floods are a normal part of the hydrological cycle. 

However, their frequency and intensity have been rising annually (Wubalem et 

al., 2021). In 2023 alone, 164 flood disasters claimed the lives of at least 12,536 

individuals, affected at least 24 million people, and caused an estimated $64.8 

billion in total economic damage. Floods in Africa wrought devastating 

consequences for nearly every nation. The Democratic Republic of the Congo 

documented 2,970 fatalities, Malawi reported 1,769 casualties, North Nigeria 

recorded 275 deaths, and Libya suffered the loss of 13,800 lives (EM-DAT, 2023; 

Reliefweb, 2023).   This year, by April 30, 2024, floods had been reported in 

Kenya killing 155 people with an estimated 40,468 affected, Tanzania killing155 

people with 358,992 affected(‘Tanzania - Floods (Tanzania Meteorological 

Agency, CatNat, media) (ECHO Daily Flash of 1 March 2021) - United Republic 

of Tanzania _ ReliefWeb’, no date)(‘Tanzania - Floods (Tanzania Meteorological 

Agency, CatNat, media) (ECHO Daily Flash of 1 March 2021) - United Republic 

of Tanzania _ ReliefWeb’, no date)(‘Tanzania - Floods (Tanzania Meteorological 

Agency, CatNat, media) (ECHO Daily Flash of 1 March 2021) - United Republic 

of Tanzania _ ReliefWeb’, no date)(‘Tanzania - Floods (Tanzania Meteorological 

Agency, CatNat, media) (ECHO Daily Flash of 1 March 2021) - United Republic 

of Tanzania _ ReliefWeb’, 2024), Russia killing 7 people displacing an estimated 

134,754 people (ReliefWeb, 2024), Oman killing 18 affecting estimated 3800 

people (AP News, 2024).  

 The relentless rise in sea levels and precipitation caused by climate 

change is expected to perpetuate the trend of more frequent and severe floods. 

The rise in disaster losses is on the upswing due to global climate change and the 

growing concentration of populations and economic assets in flood-prone 

regions. This combination of factors not only amplifies the risk of disasters but 

also heightens the vulnerability of communities and economies to their 

destructive impacts (Bouwer et al., 2007; Prenger-Berninghoff et al., 2014). If 

current patterns persist, the costs of global disasters will continue to rise faster 

than the average economic growth rate. Africa stands out as one of the region’s 

most susceptible to the repercussions of climate change( IPCC, 2014; IPCC, 

2023). The potential impacts of floods are significant, especially for people in 

less developed countries, such as those in Africa, Asia, and Latin America 

(Adedeji et al, 2012).  

Sub-Saharan Africa is experiencing unprecedented levels of devastation 

due to floods brought on by climate change, which are made worse by the extreme 

poverty that exists in the region. Remarkably, 27 of the 28 poorest countries in 
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the world are located in this vulnerable region, which exacerbates the already 

severe effects of these natural disasters (Suhr and Steinert, 2022). In Malawi, a 

Country in sub-Saharan Africa, the prolonged trend of floods has been wreaking 

havoc in many parts of the country, with the southern region being a flood 

hotspot. The trend of devastating cyclone-induced floods and flash floods has 

been witnessed recently: in 2012, floods affected 170,000 people with 87 deaths 

and an economic loss of $3 million (GoM, 2012); in 2015, floods killed 106 

people, affecting at least 1.2 million people with an economic loss of $335 million 

(GoM, 2015); in 2019, floods affected 14 districts, killing at least 114 people and 

affecting 1.4 million people with an economic loss of $60 million DoDMA, 

(2019); in 2022, Cyclones Gombe and Ana induced floods killed that 46 people, 

with 945,738 affected ICRC, (2022); and in 2023, Cyclone Freddy induced floods 

that killed more than 1,216 people, affecting more than 2 million people with an 

economic loss of more than $422 million (GoM, 2023). 

Integrating disaster risk reduction into climate adaptation policies 

becomes imperative as many countries remain vulnerable to the impact of climate 

change hazards. Vulnerability, which refers to the extent to which a system is 

prone to and unable to manage the adverse effects of climate change (IPCC, 

2022),  plays a crucial role in determining disaster impact on individuals and their 

geographic location (Aldrees et al., 2024). Various factors, including 

geographical location, population and infrastructure exposure, socio-economic 

and cultural conditions, political and institutional structures, and coping and 

adaptive capacities, collectively influence the impacts on individuals and 

communities (Okayo et al., 2015; Kablan et al., 2017; Aldrees et al., 2024). This 

suggests that an area could face a high level of exposure to a hazard like a flood 

but still have lower vulnerability if it possesses sufficient means to adapt to the 

flood. Vulnerability is thus not solely determined by exposure; it's a blend of 

exposure with local socio-economic conditions (Kablan et al., 2017). Therefore, 

Strengthening the connections between the planning and preparedness stages is 

crucial for building resilience to complex and unforeseen events. Resilience 

refers to a system's capacity to maintain or regain a stable state swiftly, allowing 

it to continue its usual operations amid anticipated or unforeseen disturbances. It 

embodies the capability to balance safety and productivity goals, effectively 

navigating conflicting pressures. (Lavell et al., 2012).  

Community resilience, the capacity of community systems to endure and 

recover from shocks and strains, is vital in tackling climate change-induced 

extreme weather. It underscores the importance of fortifying communities against 

the adverse effects of climate change-induced floods and other stressors, ensuring 

their ability to adapt and thrive in the face of adversity (Rezvani et al., 2023). In 

the face of increasing climate change-induced extreme weather events, 

community resilience stands as a critical factor in mitigating adverse impacts. To 

foster community resilience, it's crucial to comprehend not only the 
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vulnerabilities and potential hazards present in an area but also the existing 

capacity to manage and mitigate their impacts (Lai et al., 2021). However, the 

lack of a comprehensive assessment of current hazards and communities' ability 

to withstand these events has left many cities, including the current study area, 

vulnerable and unprepared. To address this gap, it is crucial to comprehensively 

evaluate community resilience by considering both vulnerability and capacity to 

manage climate-induced risks (Tong, 2021). This study aims to achieve this 

through the following objectives: (i) assessing the level of risk hazard awareness 

using the Quick Risk Estimation (QRE) toolkit, (ii) evaluating the city's 

compliance with the Sendai Framework for Disaster Risk Reduction (SFDRR) 

indicators through a preliminary UNDRR assessment scorecard and stakeholder 

consultation meetings, and (iii) thoroughly assessing the city's resilience to 

climate change hazards using a detailed UNDRR assessment scorecard and multi-

stakeholder consultation meetings. 

 

 
Figure 1. Study area 

 

2. RESEARCH METHODS AND DESIGN 

2.1 Study area 

Chikwawa District is one of the top three districts in the southern region 

of Malawi that is affected by every major flood in the country. It lies between 

latitude 16°02′0″ S and longitude 34°48′03″ E, with elevations ranging from 35 

meters to 2,962 meters above mean sea level (World Bank, 2019; GoM, 2020). It 

covers an area of 4,755 km², representing approximately 15% of the country's 

total area and 5.04% of the southern region. The climate features two clearly 

defined seasons: a hot and dry period from May to October, and a warm and wet 
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season from November to April. (GoM, 2020; Jury, 2014). Chikwawa District 

has a population of 628,282 people and a population density of 116 people per 

square kilometer. It is one of the poorest districts in Malawi, with a poverty rate 

of 62.8%, meaning that 6 out of 10 people live below the poverty line (NSO, 

2019; GoM, 2022). Since 1997, the trend in floods and flood fatalities in 

Chikwawa District has been increasing. Floods affected 19.22% of the population 

in 1997, 34.34% in 2015, 30.3% in 2019 (resulting in an economic loss of 

$370,000), 40.9% in 2022 (with an economic loss of $2 million), and 84.6% in 

2023 (causing $24 million in economic loss)  (IFRC, 2022; GoM, 2023; Nakapu 

et al., 2023).  

 
2.2 Data collection and analysis 

Stakeholder identification involved collaboration with the District Commission 

office, which provided a list of active organizations and expert witnesses relevant to the 

assessment process. Through purposive sampling, 243 individuals from various 

organizations and 15 experts were selected. These participants engaged in rigorous multi-

stakeholder consultation meetings over four months, held bi-monthly, with attendance 

ranging from 15 to 18 people. For ethical reasons, their actual positions have been 

concealed. 

The UNDRR's City Disaster Resilience Score Card serves as a roadmap for local 

governments to build cities capable of withstanding climate change hazards. It takes a 

comprehensive approach, evaluating current policies, regulations, strategic plans, action 

plans, physical infrastructure, ongoing development, and future plans. This framework is 

aligned with the Sendai Framework for Disaster Risk Reduction (2015-2030) and the 

UNISDR's Ten Essentials for Making Cities Resilient, each of the ten essentials signifies 

a key aspect in enhancing a City's resilience to climate impacts (UNDRR, 2017). The 

Scorecard works at 2 levels: Level one is the preliminary multi-stakeholder assessment 

which involves assessing cities compliance to the Sendai framework indicators using 10 

indicators with 47 questions in total rated 0 to 3, with ‘0’ standing for noncompliance and 

‘3’ Higher compliance.  

The ten essentials are;  

[(1) Organizing for disaster resilience, (2) Identifying, understanding, and using 

current and future risk scenarios, (3) Strengthening financial capability for resilience, 

(4) Pursuing resilient urban development and design, (5) Safeguarding natural buffers to 

enhance the protective functions offered by natural capital, (6) Strengthening 

institutional capacity for resilience, (7) Understanding and strengthening societal 

capacity for resilience, (8) Increasing infrastructure resilience, (9) Ensuring effective 

disaster response, and (10) Expediting recovery and building back better (UNDRR, 

2017)]. 

For each indicator, a set of targets (answer schemes) is established to monitor 

progress directly related to understanding gaps in disaster resilience within a city.  

The Level 2 detailed assessment aims to establish the city's resilience to climate 

change hazards. This multi-stakeholder assessment, which takes about 4 to 5 months of 

community engagement, includes the same number of indicators as Level 1 but with 117 

expanded questions, each rated from 0 to 5. The analysis involves focus group 
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discussions, expert consultations, and case studies, engaging both local participants and 

officials from all relevant institutions and organizations. Additionally, it facilitates the 

development of actionable plans, timelines, and the inclusion of responsible institutions.  

Analytical Hierarchy Processing 

Spatial Analytical Hierarchy Multi-Criteria Analysis Processing was employed 

to analyse the spatial variables contributing to flooding through a weighted overlay 

analysis in a GIS environment. The Analytical Hierarchy Process (AHP) serves as a 

structured decision-making framework that aids decision-makers in selecting the most 

appropriate option based on their specific needs and understanding of the problem, rather 

than dictating a singular "correct" choice (Ouma and Tateishi, 2014; Hussain et al., 2015).  

This methodology emphasizes that decision-making should be grounded in the decision-

maker's ability to systematically assess and compare available alternatives.  AHP enables 

stakeholders to explore multiple viable options, develop a comprehensive understanding 

of the problem, and collaboratively reach an informed consensus or final decision (Ouma 

and Tateishi, 2014). The methodology is structured into four fundamental steps: (1) 

constructing the decision hierarchy, (2) evaluating and scoring each alternative, (3) 

assigning and comparing the relative weights of decision attributes, and (4) verifying the 

consistency of subjective judgments to ensure logical coherence  (Guillén-Mena et al., 

2023). At the core of AHP lies the pairwise comparison technique, which facilitates the 

development of a hierarchical model to systematically analyze complex decision-making 

problems (Yang, Ding and Hou, 2013; Ouma and Tateishi, 2014; Gigović et al., 2017). 

To assess flood vulnerability, we employed a weighted overlay analysis integrating 

spatial variables such as land use, slope, rainfall, soil type, elevation, topographic wetness 

index, distance from rivers, and drainage density. Each variable was assigned a weight 

based on its relative importance in influencing flood risk, and the weighted layers were 

combined to generate a comprehensive flood vulnerability map (Fig. 2, Tab. 1). 

The evaluation matrix A, with each element aij (i,j=1,2,...,n) denotes the weight 

ratio between two criteria and is used to depict the outcomes of pairwise comparisons 

among n criteria, as expressed in the equation below; 

𝐴 = (

𝑎11         𝑎12   …    𝑎1𝑛
  𝑎21           𝑎22   …   𝑎2𝑛
⋮                ⋮       ⋯     ⋮
𝑎𝑛1            𝑎𝑛2 ⋱ ⋯𝑎𝑚𝑛

), aii=1, aij=
1

𝑎𝑗𝑖
, 𝑎𝑗𝑖≠0 (3.11) 

The right eigenvector, w, corresponds to the maximum eigenvalue, max is 

computed to determine the relative weights, AW of the matrix (Samany, Sheybani and 

Zlatanova, 2021) as, 

AW =

(
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  (3.12) 

Aw=maxw 

Then, the average value is computed for each row of the normalized matrix, and 

the weight vector for the parameters is achieved as; 
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  (3.13) 

 

Aw=maxw 

 

To compute the consistency ratio, the pairwise comparison matrix (A) is 

multiplied by the weight vector C to produce a suitable estimate; 

𝐴 × 𝐶 = (

𝑎11        𝑎12   ⋯     𝑎1𝑛
𝑎21          𝑎22    ⋯ 𝑎2𝑛
⋯                  ⋯              ⋯   
𝑎𝑛1       𝑎𝑛2     ⋯      𝑎𝑛𝑛

) × [

𝐶1
𝐶2
⋯
𝐶𝑛

] = [

× 1
× 2
⋯
× 𝑛

]   (3.14) 

 

The matrix A has a rank of 1 and a maximum of n if the pairwise comparisons 

are entirely consistent. In this case, weights can typically be determined from any of the 

A's rows or columns. It should be emphasized that the consistency of the pairwise 

comparison judgment is directly correlated with the output quality of AHP (Estoque and 

Murayama, 2010; Tummala and Schoenherr, 2011).  

A consistency check is utilized before applying derived weights to the flood risk 

model to validate the validity of the chosen weights scheme. The consistency is defined 

by the relation between the entries of A:aij*ajk=aik. The consistency index CI is given as; 

CI=consistency Index Calculated as 𝐶𝐼 =
𝜆𝑚𝑎𝑥−𝑛

𝑛−1
      (3.15) 

n=Number of criteria assigned and ⋋𝐦𝐚𝐱= Maximum Value of eigenvector  

The final consistency ratio (CR), which is used to determine if an evaluation is 

adequately consistent, is calculated as the random index (RI) divided by the CI (Wang 

and Yang, 2007; Ishizaka and Labib, 2011);  

𝐶𝑅 =
𝐶𝐼

𝑅𝐼
    (3.16) 

Land use land cover  

Land use, which is linked to the progress of urbanization, plays a crucial role in flood 

hazard analysis. It affects hydrological processes which include infiltration rate, flow 

velocity, evapotranspiration, and evaporation (Bunmi Mudashiru et al., 2022). The land 

use was created by classifying a sentinel image of 2023 using Random Forest Supervised 

classification method. The land use was classified into five land classes namely; Forest, 

built up area, Vegetation, Bare land and Water covered areas.  

Slope 

The slope affects the direction and volume of surface runoff or subsurface drainage 

reaching a location. It significantly influences how rainfall contributes to stream flow by 

controlling the duration of overland flow, infiltration, and subsurface flow (Ouma and 

Tateishi, 2014). Flat terrains experience flooding more rapidly than regions with steep 

slopes and higher elevations, where runoff typically originates (Chakraborty et al., 2022; 

Saha et al., 2022).  
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Slope = 𝑡𝑎𝑛−1 (√(
𝑑𝑧

𝑑𝑥
)
2

+ (
𝑑𝑧

𝑑𝑥
)
2

)   (4.14) 

Where dz/dx and dz/dy are the partial derivatives of the elevation with respect 

to x and y.  

Rainfall 

Rainfall data must be spatially distributed to serve as input for hydrological simulations. 

Thiessen on Polygon method was used to calculated rainfall data in the ungauged 

locations.  (Melesse and Abtew, 2015). The method accommodates the uneven 

distribution of gauges by assigning a weighting factor to each one. (Kurniawati, 2017). 

The average depth of rainfall for the ungauged areas from gauged station is given by 

equation [12]; 

𝑃𝑎𝑣𝑒 =
∑𝐴1𝑃1
∑𝐴1

       [4.15] 

Where P1 is the rainfall of individual station, A1 is the area of polygon 

surrounding the station, ∑𝐴1=A=total area of the basin.  

To interpolate the rainfall map for the study region, the inverse square distance 

weighting method (Equations [13] to [15]) was employed. This technique calculates the 

interpolated value based on weighted observations, where nearby points are given higher 

weights and distant points are assigned lower weights (Warren Viessman, Lewis and 

Knapp, 1989). The weights are inversely proportional to the distance between the 

interpolation point and the observation point. 

𝑃(𝑥0, 𝑦0) = ∑𝑤𝑖

𝑚

𝑖=1

× 𝑃𝑖        [4.16] 

 𝑤𝑖 =
1 × 𝑥𝑖

2

∑ 1 × 𝑥𝑖
2𝑚

𝑖=1

                 [4.17]      

 𝑥𝑖
2 = (𝑥𝑖 − 𝑥0) + (𝑦𝑖 − 𝑦0)

2    [4.19] 
Where P(x0,y0) is the estimated rainfall at coordinates (x0,y0); Pi is the rainfall at 

the given  station i,  wi is the station weight , and  xi=(xi, yi) is the coordinate of the station.  

Soil Type 

The spatial distribution of soil properties plays a crucial role in affecting soil moisture 

levels and influencing the process of runoff generation (Manfreda et al., 2003). Soil 

texture significantly influences flooding, as sandy soil quickly absorbs water, resulting in 

minimal runoff. Conversely, clay soils are less porous and retain water longer than sandy 

soils, making areas with clay soils more susceptible to flooding (Ouma and Tateishi, 

2014).  

Elevation 

Elevation is a key factor in identifying flood-prone areas. Water moves from higher 

elevations to lower grounds, making flat regions more susceptible to flooding since they 

tend to collect runoff from higher, steeper terrains (Pathak et al., 2020; Pham et al., 2021). 

Areas with low elevation values were assigned a higher weight of 5 indicating higher 

probability of being flooded while areas with higher elevation values were assigned low 

weights  indicating low probability of being flooded (Erena, Worku and De Paola, 2018; 

Saikh and Mondal, 2023).  
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Topographic Wetness Index (TWI) 

The Topographic Wetness Index (TWI) is a hydrologic parameter that quantifies the 

degree of flow accumulation within a watershed (Bunmi Mudashiru et al., 2022). Moore 

et al., (1991) highlights that Topographic Wetness Index (TWI) provides a quantitative 

measure of the spatial distribution of soil moisture across a given area. Higher TWI values 

correspond to increased soil water content, indicating a greater likelihood of the soil 

reaching saturation and subsequently generating runoff. The TWI values were generated 

from the ALOS PALSAR DEM and reclassified using AHP for uniform weighting.  

𝑇𝑊𝐼 = ln (
𝐴𝑠

𝑡𝑎𝑛𝛽
)  (4.20) 

Where, 𝐴𝑠 represents the cumulative upslope area draining a pour-point and tanβ 

indicates the slope angle at the pour-point.  

Distance from rivers (DFR) 

The Distance from rivers (DFR) significantly affects the likelihood and depth of flooding 

due to river overflow from inadequate conveyance capacity (Abah and Clement, 2013; 

Chan et al., 2022). Consequently, the closer a settlement area is to the river, the higher its 

susceptibility to flooding, whereas areas further from the river have a lower risk of 

flooding (Akhtar et al., 2023).  

Drainage Density 

Drainage density refers to the total length of rivers per unit area and is a major factor 

influencing flood occurrence (Pham et al., 2021; Bunmi Mudashiru et al., 2022). Higher 

drainage densities lead to increased runoff and it captures the influence of climate on 

topographical features and defines the boundary conditions for surface water flow  

(Pallard, Castellarin and Montanari, 2009).  

 

 
Figure 2. Spatial variables (a) Land use, (b) Slope, (c) Rainfall distribution, (d)Soil 

drainage, (e) TWI, (f) Distance from rivers and (h) Drainage density 

 

2.3 Ethical Consideration 

The study adhered to essential ethical guidelines in social research, ensuring that 

it did not reveal any name or particular office  of the respondents or communities visited, 

nor did it cause them any harm (Paoletti et al., 2013).  
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The researcher received ethical clearance for data collection from the university, which 

was presented to all officials, and shared the study's objectives with all participants, 

allowing them to participate voluntarily 

 

Table 1. Spatial variables weight 

Variable Classification Rank Weight Overall Weight (%) 

Land use 

Forest 1 0.2 

14 
Bare land 5 0.35 

Vegetation 2 0.25 

Water 4 0.15 

Slope 

(degrees) 

0-2 1 0.3 

25 

02-May 2 0.25 

05-Jul 3 0.2 

07-Nov 4 0.15 

>11 5 0.1 

Rainfall (mm) 

<60 5 0.1 

12 

60-100 4 0.15 

100-200 3 0.2 

200-300 2 0.25 

>300 1 0.3 

Soil Drainage 

Well drained 5 0.1 

8 
Moderately drained 3 0.25 

Poorly drained 1 0.4 

Imperfectly drained 2 0.25 

Elevation (m) 

0-30 1 0.3 

10 
30-60 2 0.25 

60-100 3 0.2 

>100 4 0.15 

Topographic 

Wetness 

Index 

(TWI) 

Low 5 0.1 

9 
Moderate 3 0.2 

High 1 0.35 

Very High 2 0.35 

Distance to 

Rivers (m) 

<50 1 0.3 

12 

50-100 2 0.25 

100-300 3 0.2 

300-500 4 0.15 

>500 5 0.1 

Drainage 

Density 

(km/km²) 

Low 5 0.1 

10 
Moderate 3 0.25 

High 1 0.4 

Very High 2 0.25 
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3. RESULTS 

3.1 Findings concerning risk awareness and vulnerability of the study area 

The city is highly susceptible to various hydrological hazards, including flash 

floods, riverine floods, landslides, and mudflows/rockfalls/debris flows, classified as 

inevitable, inevitable, likely, and very likely, respectively. Additionally, it faces 

significant meteorological hazards such as tropical cyclones, strong winds, and storm 

surges, categorized as inevitable, extremely likely, and extremely likely, respectively. 

These hazards are exacerbated by climate change, which has intensified extreme weather 

events and altered precipitation patterns in many urban areas globally (Intergovernmental 

Panel on Climate Change, 2023) 

Studies indicate that unplanned urbanization, deforestation, and poor drainage 

infrastructure contribute to the increasing frequency and severity of floods in rapidly 

growing cities(Gimeno et al., 2022). In this context, consultations with officials from the 

District Council, the Department of Meteorological Services, and the Department of 

Disaster Management Affairs (DoDMA) revealed that infrastructure, productive sectors, 

essential services, and social systems remain highly vulnerable to these climate-induced 

hazards, particularly riverine and flash floods. This aligns with findings from Bolan et al., 

(2024), which highlight the disproportionate impact of flooding on critical urban 

infrastructure and livelihoods in developing countries. 

A detailed summary of the risk exposure and vulnerability assessments is 

presented in Figures 2 and 3 below. 

 

 
Figure 3. Risk assessment Summary on Disaster Likelihood Vs Severity 
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Figure 4. Risk assessment summary on Disaster Exposure Vs Vulnerability 

 

 
Figure 5. Summary of vulnerability assessment for infrastructure (left) and 

productive sector (right) exposure. 

 

 
 

Figure 6. Summary of human social aspects exposure (left) and essential basic 

services exposure (right). 
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Figure 7.  Showing flood vulnerability levels of the Study area 

 

3.2 Findings concerning Compliance to Sendai framework Indicators 

The results indicate an overall score of 38 out of 141, representing a 27% level 

of compliance with the Sendai Framework indicators. The results shed more light on the 

city's compliance with the Sendai Framework indicators, which is very regrettable as the 

performance in almost all essentials is very poor. Through group discussions and 

consultation meetings, it was revealed that the district does engage in a multi-

agency/sectoral mechanism with appropriate authority to raise resources to address 

disasters. 

One challenge noted in the planning phase is that it does not involve all the 

concerned sectors, and often the concerns of local people are not considered in the final 

decision-making. It was noted that information regarding key hazards the city faces and 

their likelihood of occurrence is not shared regularly, as key information like river water 

levels is hardly available. Underrating sources of funding and resilience dividends was 

another issue of concern, affecting the district’s ability to implement resilience measures. 

The district usually relies on the government-allocated budget as its source of funding. 

It was revealed that despite boasting one of the largest sugarcane farms in the 

country, which supplies nearly all the sugar consumed nationwide, the district does not 

benefit significantly from taxes or Land rental revenues that could aid in disaster 

preparedness. The district relies on fundraising activities, which are often inadequate to 

sustain effective disaster resilience preparedness efforts. Officials from the District 

Council's planning department acknowledged having building codes, but these currently 

do not address specific hazards and risks. There is an acknowledged need for the district 

to develop building codes and designs that specifically address these hazards. 
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Furthermore, it was observed that critical infrastructure maintenance, such as river gauges 

used to monitor water levels, is insufficiently prioritized. Proactive measures have been 

taken to exchange knowledge and learn from other cities, enhancing the city’s self-

evaluation and disaster readiness assessment. However, officials noted that the city lacks 

established relations with sister cities in sub-Saharan Africa or Europe, which could 

provide valuable insights into establishing resilience strategies. 

During group discussions, community members expressed dissatisfaction with 

the irregularity of training sessions provided to vulnerable populations. They noted that 

apart from a few days immediately following floods, they do not receive regular training. 

This inconsistency leaves vulnerable people ill-prepared for disaster impacts, as they 

often forget important hazard-related information and are disproportionately affected 

when disasters occur. 

"One female participant lamented, 'We are often visited soon after a flood event 

and provided with assorted items like sugar, bathing soap, cooking oil, and maize flour. 

But after that, we are forgotten. We wish they could also help us with some training on 

preparedness so that we don't continue losing our precious commodities.” 

 

Figure8. Summary of the preliminary assessment results:  
With E representing essentials 1 o 10 and the graph direction indicating the level of compliance. 

 

3.3 Findings concerning level of resilience to Hydrometeorological 

Essential 1:  Organize for resilience 

Through group discussions, it was emphasized that the district should conduct 

strategic plan reviews, engage in pre-event planning and preparedness, and coordinate 

event responses in collaboration with the Department of Disaster Management Affairs 

(DoDMA), UN, and Red Crescent which are active in the district. While the District 

shares information with organizations involved in disaster resilience initiatives, concerns 

were raised about its failure to integrate risk considerations into planning, inadequate 

consultation, identification of physical assets, and resource management. These 

shortcomings have hindered the city's progress in enhancing resilience efforts. 
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Essential 2: Identify, understand and use current and future risk scenarios 

The analysis of key findings from the essential two, which focuses on 

identifying, understanding, and using current and future risk scenarios, indicates that the 

district has a certain level of awareness regarding current risks and hazards. However, 

there is a lack of understanding regarding the potential extent of their impact. 

Additionally, group discussions revealed updates on risk and vulnerability through hazard 

maps, accessible at the District Commission office and other partner organizations. 

Nevertheless, it was found that the city lacks a comprehensive understanding of its 

vulnerable assets and the likelihood of the hazards it faces. 

Essential 3: Strengthen financial for resilience 

The group discussion on strengthening financial resilience revealed that the city 

is somewhat aware of potential methods of financing and funding, including Government 

budget allocations through the Department of Disaster and Management Affairs 

(DoDMA), as well as donations from non-governmental organizations such as the UN 

and Red Crescent. However, it was disclosed that finances are inadequate to address 

issues related to enhancing the city's resilience. This was evident from the lack of 

contingent funds, absence of domestic insurance, and absence of incentives for 

businesses, nonprofit organizations, and homeowners to improve resilience efforts. 

Essential 4:  Pursue resilient urban development 

It was revealed that agricultural land, economic activities, and new urban 

development are highly susceptible to flooding events. Although there are building codes 

designed to address these risks, their implementation is rarely carried out. It was noted 

that even some officials responsible for implementing these building codes fail to adhere 

to them when undertaking personal developments. Furthermore, there is a lack of proper 

implementation of land zoning, which could facilitate risk reduction. 

Another respondent expressed frustration, stating, "They force us to adhere to 

building standards, but they themselves fail to do so. They also come and collect city 

rental fees in areas designated as unsafe to build, so why should we follow the so-called 

zoning?" 

Essential 5: Safeguard natural buffers to enhance the protective functions 

offered by natural ecosystem  

Officials from the District council offices revealed that they regularly engage in 

transboundary collaborations with colleagues from neighboring countries, such as 

Mozambique, and neighboring cities. These collaborations are aimed at managing forests 

and wetlands that span across boundaries. However, it was noted through group 

consultation discussions, that there is low implementation of land use policies, absence 

of designated green zones in the city's planning, and insufficient identification of critical 

environmental assets. The city bemoans the degradation of the wetland known as 

Elephant Marsh, highlighting its deteriorating condition. 

Essential 6: Strengthen institutional Capacity for resilience 

Group discussions on strengthening institutional capacity for resilience revealed 

several key points. Firstly, there is coordination between the city and civil society, along 

with an ongoing awareness campaign aimed at educating the public about climate change-

related risks. Additionally, the private sector has played a role in disseminating this 

information. However, it was noted that there is no engagement with insurance 



66 

companies, and there is a shortage of skills and experience in disaster resilience within 

the city.  

Essential 7:  Understand and Strengthen Social capacity for resilience 

The results regarding understanding and strengthening social capacity for 

resilience indicate that the city primarily relies on local radio stations and occasionally 

sends out text messages to engage citizens both before and after a disaster. During group 

discussions, it was observed that the city collaborates with religious institutions and radio 

stations to disseminate updates. However, it was noted that these messages often do not 

provide information about the severity of impending disasters, particularly floods, leaving 

many unsure whether to evacuate or not. 

Essential 8: Increase infrastructure resilience 

The assessment of Essential 8 provided an overview of the city's infrastructure 

resilience, emphasizing significant vulnerabilities that require urgent attention. The 

current infrastructure is considered highly susceptible and unable to withstand the 

intensity of disasters experienced thus far. While some maintenance efforts are directed 

towards critical infrastructure such as bridges, roads, and certain buildings, these 

restoration endeavors may not always be completed due to financial constraints. It was 

noted that many critical infrastructures, including hospitals, bridges, and roads, would 

require at least 4 to 5 days to become operational again after being affected by a major 

flood, such as the one induced by Cyclone Freddy in 2023. 

Essential 9: Ensure effective disaster response 

Results on essential 9 shed more light on the city's effective response to disasters. 

Through group discussions and consultation meetings, it was revealed that the city 

successfully collaborates with other cities and effectively coordinates with various 

government departments, including the police and armed forces during disasters. The city 

has identified emergency shelters for coordinating disaster recovery operations. However, 

it was noted that the city lacks well-documented emergency plans, putting it at risk of 

adequately meeting the needs for essential goods as some of the identified shelters 

locations are also affected by floods. Moreover, there are no practical training sessions or 

drills conducted to ensure preparedness for impending disasters, leaving the public 

vulnerable and uncertain about how to respond in the event of a disaster 

Essential 10: Expedite recovery and build back better 

Results on building back better indicate that the city is not learning from past 

experiences and is not performing well in this regard. This was revealed through low 

engagement in consultation during event recovery and reboot plans. One participant 

commented that city officials appear to deliberately avoid adequate preparation for 

impending disasters and quickly forget past disasters. 

 

4. DISCUSSION OF THE FINDINGS 

In its current state, the district of Chikwawa faces a considerable risk from 

hydrological and meteorological hazards, with varying degrees of exposure and 

vulnerability. Specifically, it is highly susceptible to hydrological hazards such as flash 

floods, riverine floods, and post-event landslides and mud falls. Additionally, it faces 

significant risks from meteorological hazards, including tropical cyclone-induced rainfall, 

high winds, and storm surges, all of which pose a substantial threat to the area, as 

indicated by the results of quick risk assessment estimations. The findings of the 
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assessment suggest that the occurrence of flash floods, riverine floods, and tropical 

cyclone-induced rains and winds is virtually inevitable. Moreover, the likelihood of mud 

falls, rock falls, debris flows, landslides, and tropical cyclone-induced storms and surges 

is exceedingly high.  

These results provide a comprehensive overview of the imminent hazards faced 

by the district, aligning with the outcomes of previous studies and reports conducted by 

(ADB, 2015; Ramiaramanana and Teller, 2021; GoM, 2023; Richardson et al., 2023; 

WEF, 2024). The results of their assessment, indicate that the sub-Saharan Africa will 

continue to be adversely impacted by climate induced weather extremes.  

The considerable exposure and vulnerability of critical infrastructure, 

production sectors, essential services, and socio-economic factors to these hazards 

underscore the urgent need for the city to prioritize areas requiring safeguarding and 

reinforcement. This urgency is highlighted by the post-Cyclone Freddy-induced floods 

report of 2023, which resulted in numerous casualties and displacements in the region. It 

underscores that the district's exposure to climate hazards demands significant attention 

if the district's resilience goals are to be achieved (GoM, 2023). It is imperative to adopt 

proactive measures and strategic investments aimed at minimizing risks and 

vulnerabilities to ensure the resilience and sustainability of the District. These findings 

echo the conclusions drawn in related studies done in Nigeria (Alimi et al., 2022), Turkey 

(Ozcan and Musaoglu, 2020), Ethiopia (Wubalem et al., 2021) and the (ACF & IFPRI, 

2023) report for Mozambique, emphasizing the importance of concerted efforts in disaster 

risk reduction and resilience-building initiatives.  

4.1 Compliance to Sendai framework indicators 

The preliminary assessment of the ten essential Sendai Framework indicators 

provides valuable insights into the current state of compliance within the District. With 

an overall score of 38 out of 141, representing a 27% level of compliance, it is evident 

that there are areas requiring significant attention and improvement (UNISDR, 2015; 

ACF & IFPRI, 2023). Notably, while certain aspects such as the multi-agency/sectoral 

mechanism for disaster management and knowledge of key hazards show moderate levels 

of compliance, there are clear deficiencies in others. For instance, the underestimation of 

funding sources and resilience dividends in essential 3 underscores the need for enhanced 

financial capacity building (UNDRR, 2019; Lucatello and Alcántara-Ayala, 2023).  

Similarly, the uniform rating of 1 out of 3 across sub-indicators in essential 4 

and essential 5 highlights the challenges in pursuing resilient urban development and 

safeguarding natural buffers. Furthermore, weaknesses in institutional capacity (Essential 

6) and social capacity in essential 7 for resilience are evident, particularly in areas such 

as knowledge exchange and training programs for vulnerable populations. The mixed 

lower ratings in infrastructure resilience (Essential 8) and effective disaster response 

(Eessential9 ) underscore the need for targeted improvements in these crucial areas 

(Mizutori, 2020; Octaviana and Ramadhani, 2021; Wilkins et al., 2021). Despite these 

challenges, there are also opportunities for progress, such as proactive measures in 

knowledge exchange noted in Essential 6. Additionally, the assessment provides a 

baseline for identifying priorities and allocating resources effectively to expedite recovery 

and build back better (Essential 10) in enhancing compliance to the SFDR (Lucatello and 

Alcántara-Ayala, 2023). 
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4.2 The state of resilience to climate change hazards of the study a rea   

The overall score of 25% indicates significant room for improvement in 

bolstering the District's capacity to mitigate and adapt to climate-related risks (UNISDR, 

2015). This score underscores the importance of targeted interventions and strategic 

planning to enhance resilience and ensure the safety and well-being of the community. 

While at the national level, the government through the Department of Disaster 

Management Affairs (DoDMA) has established structures and outlined strategies to 

ensure national resilience to climate change preparedness, Chikwawa District appears to 

lag behind in preparedness for climate change-induced hazards. However, some aspects 

of resilience demonstrate commendable performance for the city. For instance, the 

availability of limited hazard maps in Essential 2 and transboundary agreements in 

Essential 5 reflect effective collaboration and engagement with neighboring jurisdictions, 

highlighting the city's commitment to regional cooperation in addressing climate change 

impacts (Wheeler et al., 2018; Varady et al., 2023). Moreover, civil society engagement 

as indicated by results in essential 6 emerges as a notable strength, with a rating of 4 out 

of 5 and this indicates robust links between civil society organizations and local 

government, facilitating public participation in resilience-building efforts and ensuring a 

broad dissemination of education and awareness materials (IFRC, 2017). Furthermore, 

interoperability with neighboring cities in essential 9 achieves a rating of 4 out of 5, 

indicating effective coordination and collaboration in post-event recovery efforts 

(Worldbank, 2020). 

However, alongside these strengths, the assessment also reveals several areas 

requiring attention and improvement. For example, aspects such as risk consideration in 

plan making, city resources for managing organization, and coordination and 

participation in essential 1 receive lower ratings of 1 out of 5, suggesting gaps in strategic 

planning and resource allocation for disaster resilience. Similarly, while certain 

dimensions, such as the adequacy of protective infrastructure and effectiveness of 

maintenance essential 8, achieve ratings of 2 out of 5, others, including the cost of 

restoration of service and survival of critical access and evacuation routes, receive lower 

ratings of 1 out of 5. 

Additionally, aspects such as awareness and knowledge of all possible methods 

of financing and funding (E3) and stakeholder consultation and learning loops (E10) 

receive the lowest ratings of 0 out of 5, indicating critical deficiencies in financial 

planning and stakeholder engagement processes (Kujala et al., 2022). The scorecard 

results of both Level 1 and 2 provides a starting point for the city to be able to charter 

resilience to climate change induced hazards. 

 

5. CONCLUSION AND RECOMMENDATIONS 

The assessment highlights the urgent need for Chikwawa to develop and 

implement comprehensive resilience strategies due to the high likelihood of severe 

hydrological and meteorological events, such as riverine floods, flash floods, and tropical 

cyclones. While there are promising areas like multi-agency coordination and civil 

society engagement, overall compliance with the Sendai Framework is only 27%, and the 

resilience score concerning climate change hazards is 25%. These figures indicate 

significant deficiencies in financial planning, infrastructure adequacy, and ecosystem 

awareness. To enhance disaster resilience, it is crucial to focus on these deficient areas. 
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Strengthening financial planning, improving infrastructure resilience, and increasing 

ecosystem awareness will help Chikwawa better prepare for and mitigate the impacts of 

these inevitable hazards. The assessment serves as a call to action for stakeholders to 

prioritize investments in critical areas and foster collaborative approaches to disaster risk 

reduction. By addressing weaknesses and leveraging strengths, Chikwawa can chart a 

resilient path forward, safeguarding its communities and infrastructure against climate 

change impacts. 
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