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Measuring vulnerability??

➢ Basis for resilience building (Hossain 2020; Munthali et al. 2022).
➢ Guide planners, engineers and contractors (resilient structures).
➢ Improve planning & community connectedness & risk ranking.
➢ Tool for disaster risk reduction (DRR) (mitigation, preparedness & 

advocacy), including resource availability and allocation. 
▪ But-in Malawi measuring vulnerability is limited (NDRMP,2015) 

(basis of study gap). Impacting on planning for decision making 
process.

     Vulnerability:  complex conditions that interact with hazards (i.e. 
floods) to turn into a disaster (Disaster Risk=Hazard x Vulnerability 
(Wisner et al., 2004).

▪  Vulnerability is inherent in structural characteristics i.e. physical, 
economic, social, environmental elements and components 
(exposure, susceptibility and resilience).

To build back better-
WHAT WE NEED TO 
COUNT?



METHODS

❖Quantitative study.

Vulnerability variables:

• Vulnerability components (VCs)

 E = Exposure (vulnerability as inherent in locations)

 S     = Susceptibility (vulnerability DRR e.g. preparedness)

 R = Resilience (vulnerability inherent in households activities)
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Underlying Vulnerability 
factors (UVFs)

Physical
environmental 

social, economic 
conditions

Engineering/technoc
entric solutions-  

vulnerability 
conditions



Methods

Agglomeration to Derived Relationships in Regression Model as checked by VIF 
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Analysis Category Model & interpretation

Binomial logistical 

regression 

𝑦𝑗 = (predictor from VCs), 𝛽𝑖 (intercept generated in model); 𝛿𝑖 (response from UVFs); 𝑂𝑖
(operator from scale); 𝜖𝑗 (error).

Relationships:

(after VIF check-

Multicollinearity)

𝑆𝑐𝑎=∑ [𝛽𝑖+ − 𝐻𝑅𝑖𝑛𝑡 + − 𝐻𝑆𝑣𝑖𝑛𝑡] (link social & susceptibility: SSFs) (2)

𝐸ℎ𝑚𝑡=∑ [𝛽𝑖+ − 𝑃𝐶𝑖𝑛𝑡 + − 𝐶𝑀𝑣𝑖𝑛𝑡] (link physical & exposure: PEFs)  (3)

𝒚𝒋 = 

𝒊=𝟏

𝒊=𝒏

𝜷𝒊 𝜹𝒊
𝑶𝒊 + 𝝐𝒋 (𝟏)

𝐸𝑔𝑒=∑ [𝛽𝑖+ − 𝐶𝐿𝑖𝑛𝑡 + − 𝑃𝑀𝐿𝑣𝑖𝑛𝑡] (link environmental & exposure: EEFs (4)

𝑅𝑖ℎℎ=∑ [𝛽𝑖+ − 𝑃𝑉𝑖𝑛𝑡 + − 𝐴𝐿𝑣𝑖𝑛𝑡] (link economic & resilience=eco-resilience)    (5)



Methods

Final Determination of Household Flood Vulnerability
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Scale FVI interpretation

Flood Vulnerability Index 

(FVI) (Balica et al., 2012; 

Kalaban et al., 2019).

                         =Very low vulnerability (VLV)

     = Low vulnerability (LV)

                         = Moderate vulnerability (MV)

                         = High vulnerability (HV)

                         = Very highly vulnerability (VHV)

0.32-0.40

0.41-0.49

0.50-0.59

0.60-0.79

0.80-1.00



RESULTS
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1. Physical Vulnerability

Outcome % from participants views for physical vulnerability

Measurement
scale

Construction of 
infrastructural 
facilities (roads, 
bridges etc)

Construction
materials
(burnt bricks
with cement,
burnt bricks
with mud, sun
dried bricks)

Knowledge on
resilient structures
(building
typologies)

Location of built 
infrastructure 
(houses, toilets, 
schools)

% FVI KD FVI KD KD KD FVI

Less important 6 0.06 10 0.10 3 0.03 7 0.07

Important 26 0.26 20 0.20 25 0.25 27 0.27

Very important 66 0.66 70 0.70 72 0.72 64 0.64

Total Percentage 100 1 100 1 1 100 100 1



RESULTS
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2. Environmental Vulnerability

Outcome % from participants views for environmental vulnerability

Measurement
scale

Pressure on
cultivated land

Environment
al
mismanagem
ent

Poor land
management Inappropriate use of 

resources

% FVI KD FVI KD FVI KD FVI

Less important 12 0.12 3 0.03 4 0.04 7 0.07

Important 18 0.18 35 0.35 41 0.41 28 0.28

Very important 70 0.70 62 0.62 55 0.55 64 0.64

Total Percentage 100 1 100 1 100 1 100 1



RESULTS
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3. Social Vulnerability Factors

Outcome % from participants views for Social vulnerability

Measurement
scale

Capacity to cope 
and anticipate 
floods

Social security Human rights
issues

Access to health 
services water 
and sanitation 

% FVI KD FVI KD KD KD FVI

Less important 1 0.01 6 0.06 4 0.04 1 0.01

Important 35 0.35 25 0.25 30 0.30 26 0.26

Very important 64 0.64 69 0.69 66 0.66 73 0.73

Total Percentage 100 1 100 1 1 100 100 1



RESULTS
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4. Economic Vulnerability Vulnerability

Outcome % from participants views for economic vulnerability

Measurement
scale

No credit
unions/financial
support

Income
generating
activities

Poverty
Lack of alternative
livelihoods/crop
diversification

% FVI KD FVI KD FVI KD FVI

Less important 20 0.2 34 0.34 3 0.03 4 0.04

Important 37 0.37 40 0.40 29 0.29 25 0.25

Very important 43 0.43 26 0.26 68 0.68 71 0.71

Total Percentage 100 1 100 1 100 1 100 1



RESULTS

Key Results :

❖Some villages revelaed 
high vulnerability (0.71) 
based on building 
locations & surrounding 
characteristics:

 Significant factors were:

Proxy to rivers (0.001), 
elevation type (0.003) 
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Prediction Margins of villages based on Exposure.
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RESULTS

Key results

• Vulnerability based on susceptibility is 
high for most households (0.51-0.756).

• Measures of  susceptibility such as: 
early warning systems (0.008); training 
and awareness (0.001) and prediction 
measures (0.005) were all significant at 
p≤ 0.05
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Prediction Margins of villages based on Susceptibility.
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Key results:

• Resilience of households very

low.

▪ Reasons: capacity gaps, 

dependent on one farming 

system (rice as main): 

limited land for 

diversification.

• Rice is heavily impacted by 

climate change.
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Prediction Margins of villages based on Resilience.
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RESULTS



Results
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The output of Equation 1 with its generated

relationships (Equations 2-5) produced the

computed scores to measure household flood

vulnerability. The computed score gave rise to:

physio-exposure factors (PEFs), socio-susceptibility

factors (SSFs), eco-resilience factors (ERFs) and

enviro-exposure factors (EEFs)

𝑆𝑐𝑎 = 1.7 − 0.64𝐻𝑅𝑖𝑛𝑡 + 0.37𝐻𝑅𝑣𝑖𝑛𝑡 − 0.3𝐻𝑆𝑖𝑛𝑡 + 0.11𝐻𝑆𝑣𝑖𝑛𝑡 (Eq.8

𝑅𝑖ℎℎ = 1.19 − 0.74𝑃𝑉𝑠𝑣𝑖𝑛𝑡 − 0.29𝑃𝑉𝑠𝑣𝑖𝑛𝑡 + 1.09𝐴𝐿𝑠𝑣𝑖𝑛𝑡 + 0.21𝐴𝐿𝑠𝑣𝑖𝑛𝑡 (Eq.9)

PEFs

EEFs

SSFs

ERFs

Generated computations 

based on Multiple logistical 

Regression Model



Results

Final output of agglomerated UVFs and VCs
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Agglomerated category Flood vulnerability Index 
(FVI)

Description

Physio-exposure factors 
(PEFs)

0.64 High vulnerability

Enviro-Exposure factors 
(EEFs)

0.81 Very high vulnerability

Socio-susceptibility factors 
(SSFs

0.61 High vulnerability

Eco-resilience factors (REFs) 0.80 Very high vulnerability
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The major implication of the overall study in theory (policy) and practice (for 

engineers/planners/decision makers etc) and in order to Build Back Better, a flood 

vulnerability assessment (FVA) framework  has been proposed.
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Major opportunities for the Climate Change and DRM in 
Malawi

Figure 5: Vulnerability Framework for Rural and Urban 
Settlements: Source (Mwalwimba 2022)

Indicators to 
support 

engineering
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4. Remaining Gaps for Engineers and Planners

1) Limited integration of vulnerability data and DRR into construction of design 
infrastructures increase. This must be improved to build back better and address current 

risks.

2) Neglect of utilization of mitigation measures proposed in environmental and social 

impact assessment/ESMPs to address environmental problems in all phases of 

construction processes. This must be improved to avoid wastage of resources and time.

3) Limited development of early warning systems and prediction methods. Development of 

early warning systems must improved taking a multi-hazard process.

4) Lack of harmonisation of government institutional systems towards implementation of 

common mitigation and prevention measures.
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4 Major Actions for Engineers/Planners/Contractors to build back better 

❖ Engineers and contractors should prioritize to utilize vulnerability data to 
compliment environmental and social impact assessment (ESIA) during designs 
and development of physical infrastructures such as roads, bridges storey 
buildings etc. (Think of designs of culverts in some roads-e.g. Mangochi road).

❖ Engineers and planners should ensure working with DRM experts to 
incorporate DRR strategies in their design structures & land allocation. Think 
of Judicial review process for Blantyre City Council.

❖ Engineers should lobby government to enforce of laws and regulations without 
basing on societal leniency and specific operation process of some groups of 
people with their own interests. 

❖ Engineers should join hands with other institutions to lobby government not 
treat DRM policy centric symbol of disaster enterprise. Building back would be 
impossible with this arrangement! (Think of DRM Act, 2023).
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Concluding Remarks

• The extent of vulnerability in the study areas is very high while 
actions for resilience building are very limited.

• A number of vulnerability indicators have been revealed, 
complimented by what needs to be done to building back better. 

• It is expected that at this 2023 Engineering conference will ably 
adopt some actions suggested in this presentation.
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