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Urban disaster risk ς
Driven by 2 mega-trends of global change

ENVIRONMENTAL &

CLIMATIC CHANGE
URBANIZATION AND

SOCIO-ECONOMIC CHANGE

URBAN
RISK

DIRECT & INDIRECT IMPACTS 

(social, economic, environmental)

Assessment of current & future disaster risk 

to support risk-informed, preventive urban planning



Disasterimpacts
2000-2015

Graph: author; Source: UNISDR (2015)

ü Poor & vulnerable people disproportionately affected

1.3TRILLION
DAMAGE (USD)

1.5BILLION
AFFECTED

700THOUSAND
KILLED



Global disastertrends
1980-2014

Source: NatCatSERVICEMunich RE (2018) 

Á Increase in the number of hydrological & climatological events



Future urbanizationtrends
Until 2030

Source: Setoet al. (2012), PNAS 

Á urban expansion in all regions faster/higher than urban population increase

Á around 200 percent increase in spatial urban extent btw. 2000 and 2030

Á over half of the total urban land in 2030 will be built in the years between 2000 and 2030



Small/mid-sizedcitiesareparticularly
growing& vulnerable

Source: Birkmann et al. (2016), Nature 

Á Highest urban population growth in small & mid-sized cities (like Monastir)

Á Highest vulnerability



The policyresponse
Sendai, Paris, SDGs & New Urban Agenda

Sendai Framework          
for DRR 2015-2030 Paris Agreement

Sustainable
Development 

Goals (2015-2030) New Urban Agenda

ÁUnderstanding disaster risk

ÁDisasterriskgovernance& 
investmentsin DRR

ÁEnhancingdisaster
preparedness

ÁMitigation (iNDCs)

ÁAdaptation (NAPs)

ÁSustainable development

ÁSDG 11, SDG 13

ÁSustainable management of 
cities

ÁDevelopment of disaster 
risk reduction strategies 

ÁPeriodical assessments of 
disaster risk 



Disasterrisk& impactsin Tunisia

Disaster risk (INFORM Index) Nationally reported losses                             
(1990-2014)

Source (disasterrisk): INFORM (2018), loss data: PreventionWeb

ü No data available at sub-national & local levels

Mortality

Economic
losses



Current and future risk in Monastir

1. Identification of drivers of risk 

2. Riskassessment(current conditions)

3. Future risk scenarios (until 2030)



Conceptual framework

ü Riskisa functionof hazard, exposure, andvulnerability



Drivers of risk

1. Stakeholder consultations in Monastir (interviews, workshop, online survey)

2. Systematic reviewof literature
Á On urban disasterriskin the Maghreb region

Á 42 relevant publicationsidentified (Scopus& Web of Knowledge databases) andreviewed

3. Non-systematicreviewof greyliterature (reports, etc.)

Á On urban disasterriskin the Maghreb region

Á 12 relevant reports identified andreviewed



Drivers of risk
Hazards
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Drivers of risk
Hazards
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Drivers of risk
Exposure



Drivers of risk
Social Vulnerability

Socialvulnerability indicators& weights(for flashfloods)



Risk assessment (current)
Workflow

Conceptualframework

Lb5L/!¢hw Ψ²L{I [L{¢Ψ

FINAL SET OF VULNERABILITY INDICATORS

Identification of valid indicators

Assessment of multicollinearities

Normalization

Weightedadditive aggregation

SOCIAL VULNERABILITY INDEX

Data pre-processing

Visualization

Data acquisition

PRELIMINARY INDICATOR SET

Detection& treatmentof outliersAnalysis & imputationof missingdata

• Literaturereview

• Expert consultations

(interviews, workshops)

Expert weights
(online survey)

• Riskmaps, riskprofiles
• WebGIS

EXPOSED POPULATION (%)

Flash flood
hazard

Multiplicativeaggregation

FLASH FLOOD RISK253

• Householdsurvey
• Remote sensingdata

Population 
data

IPCC AR5 WGII risk
framework(IPCC 2014)



Risk assessment (current)
Hazards: flash floods

Á Flash flood hazard
data was generated by 
extrapolation of a 
rainfall event with a 
100-year return 
period, based on 
previous high-
intensity rainfall 
events 

Á A digital terrain model 
was subsequently 
combined with the 
rainfall data to model 
surface runoff and 
flow paths



Risk assessment (current)
Hazards: coastal erosion

Á Coastal erosion ǿŀǎ Χ

Á IABG plsspecify 
methods



Risk assessment (current)
Exposure: flash floods (% of population)

Á Spatial population 
data was generated 
by downscaling
census data for 2014 
to the building block 
level, based on area 
size and population 
densities(from 
remote sensing) 

Á The sub-units were 
then intersected with 
the flash flood hazard 
areas to calculate the 
exposed population 
(absolute & relative) 
on the sub-unit and 
building block leveI



Risk assessment (current)
Social vulnerability toflash floods

Á No census datawas 
available at sub-city 
scale

Á Householdsurvey
was conductedin May 
2018 (n = 727 interviews)

Á 15 sub-units were
identified by local
experts(to be
representativefor
other partsof the city
in termsof their
socioeconomic
profile)



Risk assessment (current)
Social vulnerability toflash floods

Male

< 30
(110)

<2
(104)

None

< 500 TND

Female

31-60

3-4
(309)

Primary

500-1000 TND

>60

5-6
(234)

Secondary

1000-
1500 
TND 

>7 (49)

Post-secondary
(366) 

>1500 TND
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Gender Age groups Household size
(number of people)

Education level Income
(household)

Household survey (May 2018)
Distribution of interviews after elimination of errors (n =696)



Risk assessment (current)
Social vulnerability toflash floods

Á Social vulnerability 
was assessed using an 
index-based 
approach

Á Weightsderivedfrom
localexperts(n = 7)

Á Medium to high 
vulnerability
throughoutall areas

Á Primarilydue to a lack 
of copingcapacity



Risk assessment (current)
Social vulnerability toflash floods
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Risk assessment (current)
Social vulnerability toflash floods
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Risk assessment (current)
Social vulnerability toflash floods
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Á Approach helpsto identify
which indicatorscontribute
most to vulnerability andrisk

ü These needto beaddressedin 
order to reducevulnerability
andrisk(e.g. informal housing
in sub-unit 56)



Risk assessment (current)
Flash flood risk

Á Flash flood risk was 
assessed combining 
exposure & social 
vulnerability

Á Low to medium risk

Á Varyingcontribution
of risk components
for different partsof 
the city



Risk assessment (current)
Flash flood risk



Risk assessment (current)  
Summary

Á Flash floods & coastal erosion are key hazards in Monastir

Á Notably the city centerwill be potentially affectedby flashflooding

Á In somesub-units up to 42% of the population arepotentially exposed

Á Socialvulnerability ismedium to high throughout the city

Á Thereareno majordifferencesacrossunits

Á Therearemajordifferencesin whatάdrivesvulnerabilityά όŜΦƎΦ poverty, informal 
housing, etc.)

Á Riskis low to medium in Monastir, but couldgoup due to high vulnerabilityriskif
exposureincreases(e.g. due to climatechangeandurbanization)

ü What are potential risk pathwaysfor Monastir until 2030???



Future risk scenarios
Approach

Two scenario workshops were organized in Monastir (10/2017 & 05/2018)



Future risk scenarios
Approach

Á 2 axeswere definedby localstakeholdersthat representkeydevelopmenttrends
for Monastir

Á Resultsin 4 scenariosthat shape
aƻƴŀǎǘƛǊΨǎfuture exposure,                                                                                                                            
vulnerability & risk:

1. Controlledgrowth

2. Uncontrolledgrowth

3. Uncontrolledstagnation

4. Control & stagnation

Scenario A

CONTROLLED 

GROWTH 

strong economy      
& strong law 
enforcement 

Scenario B 

UNCONTROLLED 
GROWTH 

strong economy 
& weak law 
enforcement 

Scenario D 

CONTROL AND 
STAGNATION 

weak economy 
& strong law 
enforcement

Scenario C 

UNCONTROLLED  
STAGNATION 

weak economy 
& weak law 
enforcement 

strong economy

weak economy

weak
law

enforcement

strong 
law

enforcement



Future risk scenarios
Urban growth modelling (2030) 

Á For each scenario assumptions for each sector 
were identified with local experts 

Á Business-as-usualderivedfrom past trends
(remote sensingdatafrom 1975 to 2017)



Future risk scenarios
Past urban growth (1975-2017)



Future risk scenarios
Urban growth modelling 

Á Based on the business-as 
usual projection the city 
is likely to grow by 
additional 127 ha by 
2030, (8.1% growth) 

Á Differencesacross
scenarios, with highest
urban expansion(149 ha) 
in Scenario B 
(uncontrolledgrowth)

Probability of conversion



Future risk scenarios
Exposure scenarios (2030)

Á Future exposure is 
lowest in the 
business-as-usual 
projection

Á It is highest in 
Scenario B 
(uncontrolled growth)

Á Thereisan XYZ
increasein exposure
from 2018 to 2030 
(accordingto scenario
XYZ) -> DAVIDE



Future risk scenarios
Vulnerability scenarios (2030)

Á Social vulnerability  is lowest in Scenario A (controlled growth) and highest in Scenario C 
(uncontrolled stagnation)

Á Accordingto all scenarios
(andthe business-as-usual
trend) there will be a                                                                                                                            
reduction in social
vulnerability by 2030,                                                                                                                            
yet at different pace

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45

2018

BAU (2030)

SC.A (2030)

SC.B (2030)

SC.C (2030)

SC.D (2030)

Index score (0 = no vulnerability; 1 = very high vulnerability)

SOCIAL VULNERABILITY SCENARIOS (2030)

2018 BAU (2030) SC.A (2030) SC.B (2030) SC.C (2030) SC.D (2030)



Future risk scenarios
Risk scenarios (2030)

Á Future risk is lowest in 
scenario A and
highest in Scenario C
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SC.C (2030)

SC.D (2030)

Risk (0 = no risk; 1 = very high risk)

2018 BAU (2030) SC.A (2030)

SC.B (2030) SC.C (2030) SC.D (2030)



Future risk scenarios
Perceived future outlook

Á Household members 
were asked about 
their perception of 
MonastirΩs future 
development

Á Overall rather positive 
perception of future 
developmentuntil 
2030

0% 20% 40% 60% 80% 100%
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42
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61

General Future Perception (until 2030)

Worsen No change Improve

* represents the average of respondents'sopinion on future conditions of the following elements:  personal income, 
education level, house conditions,  conditions of city's sewage, drainage and waste collection's networks



Risk assessment (future)  
Summary

Á Urban areasandfuture exposurewill expandby XYZ 

Á Highestgrowth in Scenario XYZ

Á Socialvulnerability andrisk will decreasein all scenarios(andthe BAU projection)

Á Lowestvulnerability& risk in Scenario A (controlledgrowth)

Á Highestvulnerability& riskin Scenario D (uncontrolledstagnation)

Á Major limitations

Á Data availability (reliable, updatedtime-seriesof high-resolution censusdata)
Á XYZ



Sendai 
Framework

Links to global policy frameworks of 
the post-2015 agenda

Source: adapted from Wannewitz (MSc thesis), Garschagen & Hagenlocher (2017)

New Urban 
Agenda

§ 65: άώΦΦΦϐ ŦŀŎƛƭƛǘŀǘƛƴƎ ǘƘŜ ǎǳǎǘŀƛƴŀōƭŜ 
management of ώΧϐ ŎƛǘƛŜǎ ώΦΦΦϐ by supporting the 

development of disaster risk reduction strategies 
and periodical assessments of disaster riskώΦΦΦϐΦέ

SDGs

Target 11.5: ά.ȅ нлолΣ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ǊŜŘǳŎŜ ǘƘŜ 
number of death and the number of people 
ŀŦŦŜŎǘŜŘ ŀƴŘ ώΧ ϐ ŜŎƻƴƻƳƛŎ losses [...] caused 

by disasters[...] .έ

Target 13.1: άStrengthen resilience and 
adaptive capacityto climate-related hazards 

and natural disasters [...] .έ

Priority 1: Understanding Risk

Sendai Monitor: Targets A-D (reduce mortality, 
people affected, economic loss, damage to 
critical infrastructure)

Paris 
Agreement

Article 8: άпΦ !ŎŎƻǊŘƛƴƎƭȅΣ ŀǊŜŀǎ ƻŦ ŎƻƻǇŜǊŀǘƛƻƴ 
and facilitation to enhance understanding , 
ŀŎǘƛƻƴ ŀƴŘ ǎǳǇǇƻǊǘ Ƴŀȅ ƛƴŎƭǳŘŜΥ ώΧϐ όŜύ 
Comprehensive risk assessment and 
managementΤ ώΦΦΦϐΦέ

üNeed for risk information! 



Global challenges, localsolutions

άL ǳǊƎŜ ƭƻŎŀƭ ŀǳǘƘƻǊƛǘƛŜǎ ǘƻ ŀŎŎŜƭŜǊŀǘŜ ŀƭƭ 
efforts to make cities safer to prevent the 
ƭƻǎǎ ƻŦ ƭƛǾŜǎ ŀƴŘ ŀǎǎŜǘǎΦέ όΧύ έ²Ŝ ƴŜŜŘ 
support and participation of local 
leaders: mayors, governors, county 
ŎƘƛŜŦǎΦέ 

FormerUN {ŜŎǊŜǘŀǊȅ DŜƴŜǊŀƭ .!b YƛπƳƻƻƴΣ 11 August, 2009

Thank you! Merci! 
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