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Background Information

Measuring vulnerability?2e—

» 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).
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To build back better-
WHAT WE NEED TO
COUNT?

Community
connectedness

Planning and
procedures

Risk and
vulnerability

Available
resources




METHODS

“*Quantitative study.

Vulnerability variables:
* Vulnerability components (VCs)

E| — Exposure
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S | = Susceptibility (vulnerability DRR e.g. preparedness)
R | = Resilience (vulnerability inherent in households activities) l

(vulnerability as inherent in locations)

Engineering/technoc
entric solutions-

vulnerability
conditions

Underlying Vulnerability
factors (UVFs)

Physical

_| environmental
social, economic

conditions




Methods

Agglomeration to Derived Relationships in Regression Model as checked by VIF

Analysis Category Model & interpretation

Binomial logistical i=n ,

regression yj = z Bi8; + € (1)
i=1

y; = (predictor from VCs), B; (intercept generated in model); &; (response from UVFs); 0;
(operator from scale); e; (error).

Sca=>. [Bi+(—)HR;: + (—)HS,ine]  (link social & susceptibility: SSFs) (2)
Relationships:

(after VIF check- Enme=2"1Bi+(—)PCipy + (—)CM,,;,:] (link physical & exposure: PEFs) (3)

Multicollinearity)

E,.=)[Bi+(=)CL;pt + (—=)PML,;,¢] (link environmental & exposure: EEFs (4)

Rinn =) [Bi+(—=)PVins + (—)AL,in:] (link economic & resilience=eco-resilience) (5)



Methods

Final Determination of Household Flood Vulnerability

Scale

Flood Vulnerability Index
(FVI) (Balicaet al., 2012;
Kalaban et al., 2019).

FVI interpretation

0.32-0.40

0.41-0.49

0.50-0.59

0.60-0.79

0.80-1.00

=Very low vulnerability (VLLV)

= Low vulnerability (LLV)

= Moderate vulnerability (MV)

= High vulnerability (HV)

= Very highly vulnerability (VHV)



RESULTS

1. Physical Vulnerability

Outcome % from participants views for physical vulnerability

I\/Ie[asurement nst Ct{ raI C%Eclgaéjlgtlo.n Bsq nt &ructures .
scale L (fles I brlck[s { ﬁ L? t%o gf built
es etc) Ith .~ cement, [typo ogl pirastructure
urnt ricks t Hus?s) ollets,
}gnth %w : §un chools
ried bricks
% 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 20 020 | 25 0.25 27 0.27
Very important 66 70 0.70 {2 0.72 64 0.64
Total Percentage 100 1 100 1 1 100 100 1
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RESULTS

2. Environmental Vulnerability

Outcome % from participants views for environmental vulnerability

Prﬁssultre on Elnvironment Poor Iapd :
cultivated land al. managemen Ina r%prlate use of
Mefasurement mlfsmanagem resources
scale en
% FVI KD FVI KD FVI KD FVI
Less important |12 0.12 3 003 | 4 0.04 7 0.07
Important 18 0.18 35 035 | 41 0.41 28 0.28
Very important || 70 0./0 |62 0.62 | 55 0.55 | 64 0.64
Total Percentage 100 1 100 1 100 1 100 1
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RESULTS

3. Social Vulnerability Factors

Outcome % from participants views for Social vulnerability

Ca&)acity tP cope | Social security |Human rights | Access to hea{th
ﬁ” anticipate Issues Services.  ..water
Mefasurement oods and sanitation
scale
% 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 o4 0.64 oY 0.69| 0606 0.66 73 0.73
Total Percentage 100 1 100 1 1 100 100 1
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RESULTS

4. Economic Vulnerability Vulnerability

Outcome % from participants views for economic vulnerability

Incom
N ene Ptln
Mefa\surement un |ons {lnanmael gc |v9 g |_ Clkh alternatlve
scale suppor Poverty cllversofoca{l o
% 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
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RESULTS

Prediction Margins of villages based on Exposure.

Predictive Margins based on interaction of village and exposure Key Results :
e o] .
' “#*Some villages revelaed
high wvulnerability (0.71)
“ based on building
locations & surrounding
R characteristics:
N
Significant factors were:
o Proxy to rvers (0.001),
Eliya Chipamila Redson Fundi Fasoni Matani Shalisoni {
Y g Villages of the Respondents elevatlon type <OOO3)
—&—— exposure=0 —@&—— exposure=1
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RESULTS

Prediction Margins of villages based on Susceptibility.

Key results

o _ _ _ _ - * Vulnerability based on susceptibility 1s
Predictive Margins based on an interaction of village and susceptibility high for most households (0.51—0.756).
© * Measures of susceptibility such as:
' carly warning systems (0.008); training
and awareness (0.001) and prediction
= measures (0.005) were all significant at

p= 0.05

Eliya Chipamila Redson Fundi Fasoni Matani Shalisoni
village that a participart is located

—&—— susceptibility=0 ——®—— susceptibility=1
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RESULTS

Prediction Margins of villages based on Resilience.

Predictive Margins based on the interaction of village and resilience

Eliya

Chipamila

Redson Fundi Fasoni
Village that a participarts were located

Matani

—&—— resilience=0 —@&— resilience=1

Shalisoni

Key results:

* Resilience of households very

low.

Reasons:

capacity  gaps,

dependent on one farming

system  (rice as  main):
limited land for
diversification.

Rice 1s heavily impacted by
climate change.




Results

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)

Ey... =309 —-076aPC,,, —007PC..in; —0.01CM_,,, —051CM_.;.,; —0.04CR_;,,, +
1L.39CR . in: (Eq.6) PEFs
E,. = 3.49 + 18 CL.;y + 1.59CL, e — 0.9BEM,;y + 1.18EM, .y — 1.65PLM, + 0.55PLM. .y +
0.93AUR..,, — 1.3AURc.;: (Eq.7) EEFs
Seq = 1.7 = 0.64HR ;e + 0.37HRypin — 0.3HSins + 0.11HS, iy (Eq.8 SSFs
Ripp = 1.19 — 0.74PVpint — 0.29PVpine + 1.09ALgpine + 0.21ALgpin: (Eq.9) ERFs
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Results

Final output of agglomerated UVFs and VCs

Agglomerated category Flood vulnerability Index Description
(FVI)

Physio-exposure factors 0.64 High vulnerability
(PEFs)
Enviro-Exposure factors 0.81 Very high vulnerability
(EEFs)
Socio-susceptibility factors 0.61 High vulnerability
(SSFs

Eco-resilience factors (REFs) 0.80 Very high vulnerability



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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FVA FRAMEWORK FOR RURAL & URBAN INFORMAL
SETTLEMENTS IN MALAWI

PHSICAL ADAPTIVE CAPACITY

SULBM, EBCS, ELFRS

Physio-exponsure

URBAN HT, PCS RURAL
GIs LBM, LPA LC

SOCIAL ORGANISATION

WARNING SYSTEMS
AMD, AOC, GSGRB EWS, ISK
Socio-sucseptibility Cultural sucseptibility
URBAN STENCT SN RURAL MEd};CIOSTF;‘ URBAN 4ETIHVY A RURAL
LowD WU/NII LHR anal STaTUs e 1o 2 B CBB, MaF

\ Occupation 4
ECONOMIC LIVELIHOOD LAND MANAGEMENT

SAP, SD, SLO EHL, AR, BDE

Eco-resilience Enviro-exponsure

URBAN RURAL EM, PR
URBAN LM, LCU WM, LUP@ITY T '2': #
LoE RAL SIT LGI :

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

KEY

A1 [ousINg 1YpoIogy

e PCS: Poor Construction of
Standards

LBM: Lack of Building Materials

LPA: Loss of Physical Assets

LC: Location

GIS: Growth of Informal
Settlements

‘| = SULBM: Strengthening Availability

of Building Materials

e EBCS: enforcement of building codes
and standards

e ELFRS: Empower Locals on Flood
Resilient Structures

. : LACK of Access To Hea
Services
e CA: Communication Accessibility
* ATA: Access to Training and
Advocacy
* LoS: Level of Sanitation
e LHR: Lack of Human Rights
e LOoWD: Level of Waste
Management & Drainage System
« AMD: Ability to Make Decision
e AOC: Ability fo Organize and
Coordination
e CSGRB: Communal Strategic
Grains for Resilient Building
 PO: Poverty
e LVs: Limited Livelihoods
LIHH: Lack of Income of Household
Heads
LM: Lack of Markets

LCU: Limited Credit Unions
RAL: Reduction in Agricultural Land
LoE: Lack of Emplovment

Indicators to
support
engineering

SLO: Strengthen Livelihoods
Opportunities

. Hal
Mismanagement

PR: Proximity to Rivers

PLM: Poor Land Management

IUR: Inappropriate Use of

Resources

CL: Cultivated Land

TP: Topography

WM: Level of Waste Management
& Drainage System

LUP: Land Use Planning

SIT: Short Lag Time

EHL: Elevating House Location

AR: Afforestation and
Re-Afforestation

BDE: Building Dykes and Embankments

LPR: Lack of Adherence to
Regulations

LIS: Lack of Institutional Support

FP: Flood Perception

CBB: Cultural Beliefs and Behavior

MaF: Myths about Floods

PC: Power Conflicts

LDRRS: Limited DRR Strategies

LoC: Lack of Cooperation

EWS: Early Warning Systems for

Impending Flooding (WS)

ISK: Use of Indigenous and
Scientific Knowledge

SD: Strengthen Diversification



1)

2)

3)

4)

4. Remaining Gaps for Engineers and Planners

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.

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.

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

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

Lack of harmonisation of government institutional systems towards implementation of
common mitigation and prevention measures.



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 iInfrastructures such as roads, bridges storey
buildings etc. (

Engineers and planners should ensure working with DRM experts to
Incorporate DRR strategies In their design structures & land allocation.

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!



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 iIndicators 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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