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FLOODS AND FLOOD RISK MANAGEMENT.
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Weather induced extreme events

Number of events
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Note: Accounted events have caused at least one fatality and/or produced normalized losses > USST00K, 300K, TM, or 3M
(depending on the assigned World Bank income group of the affected country).

' Flood Competence Center g
universitatfreiburg Hochwasser §
UNIVERSITAT GEOGRAPHIE H K o

Sponsored by the

Federal Ministry

WASCAL
WATER I\ %
NATIONAL DISASTER RESOURCES dat of Education
MENRRENENT ORGANISATION COMMISSION . Datenquel epAeserichRe/NatCat Service

2




What is a flood? PARADS

A flood is the overflowing of the normal confines of a stream or other body of water, or the
accumulation of water over areas that are not normally submerged (IPCC Glossary)

If a flood (described by discharge as a flowrate m3/s or water level) is exceeding a certain
threshold above the average values that is calculated statistically.

A return period, also known as a recurrence interval, is an average time or an estimated
average time between events such as river discharge or floods to occur.

Commonly calculated return periods are a 100-year flood, or 30-year flood or extreme flood
(e.g., 200y or 500y).

A 100-year flood is a flood event that has on average a 1 in 100 chance (1% probability) of
being equaled or exceeded in any given year.

Regarding the rating curve at a certain gauging station, the flood water level can be mapped as
an area of inundation.
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What is a flood?
Elbe, km 550
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What is a flood?

Same river

(same, same but different)
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Types and causes of floods

Type of flooding

Causes of flooding

Effect of flooding

Relevant parameters

River flooding in
flood plains

* Intensive rainfall
and/or snowmelt

* Ice jam, clogging
Collapse of dikes or
other protective
structures

e Stagnant or flowing
water outside the
channel

e [Extent (according to
probability)

*  Water depth

+  Water velocity
Propagation of flood

Sea water flooding

Storm surge

e Stagnant or flowing

= Same as above

Tsunami water behind the shore
High tide line
s Salinisation of
agricultural land
Mountain torrent Cloud burst * \Water and sediments Same as above;

activity or rapid
run-off from hills

s Lake outburst
Slope instability
in watershed

*  Debris flow

outside the channel on
alluvial fan; erosion along
channel

s Sediment deposition

Flash floods in
Mediterranean
ephemeral water
courses

* Cloud burst

* Water and sediments
outside the channel on
alluvial fan

e FErosion along channel

* Same as above

Groundwater flooding

+ High water level in
adjacent water bodies

e Stagnant water in flood
plain (long period of flooding)

+ Extent (according to
probability)
+ water depth

Lake flooding

* Water level rise trough
inflow or wind induced
set up

e Stagnant water behind the
shore line

= Same as above
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Flash flood PARADS

* Flash floods are caused by heavy rain events = large amount of rain in a short time (definition
according to intensity and duration)

 usually falls spatially limited
* very large amounts of rainfall can cause water levels in small rivers and streams to rise rapidly

* flash floods occur even without bodies of water due to the enormous amount of rain, especially on
slopes

* rain masses running off the surface collect in topographically low areas and can cause flooding and
damage to infrastructure

* heavy rainfall and the resulting flooding are intensified by waterlogged soils, lack of retention areas,
sealing and backwater in the sewage system

* due to a high degree of building and sealing, the damage potential of flash floods is high, especially in
urban areas

(Klimanavigator)
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Floodlist

A Q8 https://floodlist.com/?s=ghana&submit= X 0% L @ L N
HOME  AFRICA  AMERICAS ~ ASIA  EUROPE  OCEANIA PROTECTION & RECOVERY ~ CLIMATE NEWS Search Q
2 weeks ago - Italy — State of Emergency After Storm Triggers Deadly Floods in Tuscany >
Search Results for: ghana
ECMWF

Ghana — Deadly Floods Strike in Southern
Regions
25 JUNE, 2023

At least 8 people have died as a result of flooding in several
regions of Ghana over the last few days. Flooding affected parts
of Greater Accra, Western and Ashanti...

Read Full Article

Ghana — Acera Floods Cause Damage and
Fatalities

A heavy downpour lasting several hours caused flooding in parts
of Accra, the capital of Ghana, on 07 March 2023. Ghana
Meteorological Agency wanted that, “Southeastern Ghana has
been engulfed...

Read Full Article

Ghana — Hundreds of Homes Flooded in
Greater Accra Region After Weija Dam
Releases

5 OCTOBER
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FloodList is funded by European Centre for
Medium-Range Weather Forecasts

LATEST ARTICLES

Kenya — 46 Dead and 58,000
Displaced as Floods Worsen

East Africa — Heavy Rains and
Floods Take Their Toll in Somalia,
Ethiopia, Kenya, Burundi and Malawi

ltaly — State of Emergency After
Storm Triggers Deadly Floods in
Tuscany

Yemen — Thousands Displaced by
Floods After Cyclone Tej Dumps
400mm of Rain

UK — Over 1,000 Homes Damaged,
Hundreds Evacuated as Storm Babet
Triggers Major Floods

Brazil — Rains and Floods Wreak
Havoc in Santa Catarina as
Emergency Declarations Escalate

https://floodlist.com/?s=ghana&submit=
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CRED - EM-DAT

* Centre for Research on the Epidemiology of
Disasters

* Located in Belgium

* Database EM-DAT

* Criteria:

* 10 or more people reported killed
e 100 people reported affected
declaration of a state of emergency

e call for international assistance

C @

' * The International Disaster Database Home About v News Publications Contact
¥ Centre for Research on i

the Epidemiology of Disasters
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INVENTORYING HAZARDS & DISASTERS

WORLDWIDE SINCE 1988

EM-DAT contains data on the occurrence and impacts of over 26,000
mass disasters worldwide from 1900 to the present day. The database is
compiled from various sources, including UN agencies, non-governmental
organizations, reinsurance companies, research institutes, and press
agencies. The Centre for Research on the Epidemiology of Disasters
(CRED) distributes the data in open access for non-commercial use.
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Spatial aspects

Size and shape of the catchment matters

Upstream-downstream relations

Geographical borders (e.g. administrative), transnational rivers

Multi-risk

Other natural risks (landslides, erosion, ...)

Industrial risks

Drinking water supply

Water related diseases

 Cascading risk = esp. relevance for critical infrastructure
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Temporal aspects

Rapid local events — flash floods
Small and medium-sized catchments

Slow events — large lakes/reservoirs

Historical floods
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Key concepts -PA(R—A@’e\S

(definitions from UN Internat. Strategy for Disaster Reduction)

* Natural hazard: ” Natural processes or phenomena occurring in the biosphere that
may constitute a damaging event.

Hazardous events can vary in magnitude or intensity, frequency, duration, area of
extent, speed of onset, spatial dispersion and temporal spacing.”

* Disaster: "A serious disruption of the functioning of a community or a society causing
widespread human, material, economic or environmental losses which exceed the
ability of the affected community or society to cope using its own resources”
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Flood risk PARADS

® Flood risk means the combination of the probability of a flood event and of the
potential adverse consequences for human health, the environment, cultural
heritage and economic activity associated with a flood event.

= There different concepts / definitions of flood risk integrating different parameters
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Influencing factors for Flood Risk

Changed after IPCC, 2012: Managing the Risks of Extreme Events and
Disasters to Advance Climate Change Adaptation
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Influencing factors for Flood Risk -PAR—AB@S—

=  Awareness
= Information
= Prepardeness
= |ncome

= Adaptation
= Natural hazards = Coping Capacity
=  Humaninduced

hazards

Increase of percentage of global
population prone to floods
between 2000 and 2015 grew
by 20 to 24 % (NASA 2020)

Changed after IPCC, 2012: Managing the Risks of Extreme Events and
Disasters to Advance Climate Change Adaptation
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Flood risks factors 'pARAB'é\S'

* Risk is a function of hazards, vulnerabilities and exposure

* The hazard is assessed with probabilistic approach and different scenarios of return periods are used
(e.g. 30 years, 100 years or 500years flood)

* The exposure is increasing in many parts of the world as also in Ghana

* The vulnerability refers to the physical, social, economic and environmental conditions, which increase

the susceptibility of the exposed elements to the impact of hazards (UNISDR, 2016)
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Key concepts PARADeS

* Exposure: “People, property, systems, or other elements present in hazard zones that

are thereby subject to potential losses.

Measures of exposure can include the number of people or types of assets in an
area. These can be combined with the specific vulnerability of the exposed elements
to any particular hazard to estimate the quantitative risks associated with that

hazard in the area of interest.

Risk assessment: “A methodology to determine the nature and extent of risk by
analysing potential hazards and evaluating existing conditions of vulnerability that
together could potentially harm exposed people, property, services, livelihoods and

the environment on which they depend.

https://www.preventionweb.net/files/7817_UNISDRTerminologyEnglish.pdf?_gl=1*temd20* ga*MTg5
NjlwOTQOMC4xNjl20DcwNTI5* _ga_D8G5WXP6YM*MTcwMDE1Mjc3MS42LjAuMTewMDEIMjc3MS4w

LiAUMA..
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Exposure to floods

Africa has the highest increase in proportion
of population exposed to flooding (2000-2015)
€ Decrease Increase 2
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https://earthobservatory.nasa.gov
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Key concepts

(definitions from UN Internat. Strategy for Disaster Reduction)

PARADeS

= Vulnerability: “"The conditions determined by physical, social, economic, and
environmental factors or processes, which increase the susceptibility of a community
to the impact of hazards.
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Vulnerability

Disaster prevention institutions

Evacuations drills and training

Coping
capacity

Distance to shelters

Health care facilities

Households with improper
building material
Households with accumulated

Vulnerability garbage

Households with open sewage

Persons under 12 years

Persons over 60 years

Persons with disabilities

Monthly per capita income
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Vulnerability (experts view)

LA & b, ¢ 5
Environ. Social P
G .2 | e 5
engineer scientist 1 e‘fﬁp PSV;C\PILOF!og A eoAg}-rIE:)P
AHP AHP

Geograp.
AHP

Social
worker
AHP

Geograp.
AHP

Engineer
AHP

Physicist
AHP

Biologist
AHP

Environm.
manager
AHP

Civil
engineer
AHP

Geograp. 1

AHP scientist 2

AHP

Vulnerability

g by Individual vulnerability maps generated for each one of
! the 22 expert stakeholders that attended the workshops

Geologist
AHP | .
‘ 0: low vulnerability (de BrltO et al., 2018)-
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Projected flood risk

Risk of historical (1961-2005) and projected (2051-2070) river flooding

(a) Flood water (hazard)

(b) Flood protection standard (vulnerability)

Historical : A : Projected

g
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Flood water
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10
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Moderate
50-1C0
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>100

Caretta et al. (2022)
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Projected flood risk

(d) Population exposed to river flooding (risk)

Population
; density
: LS (personsikm?)
w - 5 G P |
§oin : ! 5 TR \ary hinh
», o . - ".""'1\ ) "" \-‘ . vETY IJ}
oy, SRR Projected . Y, RN 5100
5 S, SRS with no o B
Historical R adaptation Vs o
_ NModerate
5-50
| Low
Rt A oW
b e .‘.
“..;-" o .,l- ks
Projected ; e e

Hazards (a) . Risk {d) g 7
adaptation ; e
Exposure (c) ‘

Caretta et al. (2022)
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Key concepts PARAD:S
(definitions from UN Internat. Strategy for Disaster Reduction)

= Resilience: “The capacity of a system, community or society potentially exposed to
hazards to adapt, by resisting or changing in order to reach and maintain an
acceptable level of functioning and structure. This is determined by the degree to
which the social system is capable of organizing itself to increase its capacity for
learning from past disasters for better future protection and to improve risk
reduction measures.”
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FR Management Cycle

Prevention
and

Mitigation

Disaster Risk
Management

Rehabilitation Cycle
and
Recovery

Response
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Risk-reducing measures

Structural measures

Non-structural
measures

Before ex. dikes

During ex. temporary
barriers

After ex. reconstruction

g
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ex. physical
planning

ex. crisis
communication

ex. event analysis

After Lars Nyberg (2016)
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Participatory assessment of flood-related
e disaster prevention and development of
an adapted coping system in Ghana
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This material is licensed under the Creative Commons Attribution ® @
4.0 International License.

It is allowed to

Share — copy and redistribute the material in any medium or format for any purpose, even commercially
Adapt — remix, transform, and build upon the material for any purpose, even commercially

To see a copy of this license, visit http://creativecommons.org/licenses/by-sa/4.0/



