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Flood types
• Riverine floods
• Pluvial floods
• Flash floods
• Landslides 
• Debris and mud flows
• Glacial lake outburst
• Coastal flooding
• Ground water
• Lake overflows
• Ice jams
• Dam failure
• Levee breaches

Understanding flood risks 

Flood risk consists of
• The magnitude of the 
flood hazard expressed in 
terms of frequency and 
severity;

• Theexposureof human 
activities to flooding; 

• Thevulnerability of the 
elements at risk. 



Hazard parameters

1. Depth of inundation
2. Duration
3. Extend
4. Rising velocity
5. Current velocity (pressure)
6. Debris (blocks, wood)
7. Sand and mud
8. Oil and other 

chemical agents

Methods for 
hazard analysis

1. Historic events
2. Geomorphologic analysis
3. Hydro-dynamic 

(Hydrological studies and 
Mathematical modeling)

Keep an eye on  vulnerability of 
the affected areas, since if there 
are no consequences  no details 
are necessary.



Probability of events

For economic evaluation quantitative 
probabilities must be assigned.

For long records standard techniques can be 
applied, but for many processes (debris 
flow, tsunamis) they must be estimated. For 
communication the words: rare, very rare ar
easier understood then return periods.

Events of three probabilities should be 
investigated-

• Relative frequent (Return Period 10 to 30 
years) 

• Rare (Return period around 100 years)

• Extreme

Maps are an information tool indicating : 
- WHAT  (Hazard and Risk parameters)
- WHERE (Geographic extend)

The information is elaborated:
- The hazard analysis
- The exposure analysis
- The analysis of vulnerability

The first step: What can happen?

This information is one of the 
backbones for the IFM planning.

Knowledge has only 
value if it is applied. 



What can be done depends on the physical parameters of the event.
Economic justification depends on the consequences and the 
probability of the event.

To establish a plan I must know

1. What can be affected? (extent)
2. What is the impact? (magnitude / intensity)
3. What are the consequences? (vulnerability)
4. What can be done? (measures)
5. Which safety can we afford? (socio-economic)

The sequence is of importance

Establishment of flood 
management plans

Hazard and risk assessment

1

2

4

Hazard identification:   
"What can happen and where?“

• register of events
• geomorphologic analysis

Hazard assessment: 
"How often and how intensively can it happen?"

• hazard maps

Planning of measures: 
"How can we protect ourselves?"

• spatial planning
• structural  measures
• emergency planning

3 Risk assessment: 
“What is the potential loss?"

• risk maps 



Going from general to detail

1. Basin wide analysis
2. Historic events
3. Which processes (type of floods)
4. Parameter estimation (probability, impact)
5. Risk assessment
6. Maps

Although the main focus is on the hazard analysis w e must keep an eye 
on  vulnerability of the affected areas, since if t here are no 

consequences  no details are necessary.

How to proceed?
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Planning for Flood Mapping



Application

• Planning: Impacts of urbanisation, other land uses and 
climate change

• Regulatory: Land use regulation and building codes
• Emergency response:Location for building shelters and 

earmarking escape routes
• Vulnerability: spatial characterization of flood 

vulnerability of the population
• Asset management
• Flood Insurance
• Public awareness
• Informational/Educational: record of flood magnitudes 

in an area

For Realisation:
Result of the planning process leading to action:

• Flood emergency maps
• Flood zoning maps for land use planning
• Flood  defence projects  planned measures

For Planning:
Basic information  spatial distribution of parameters

• Flood event maps 
• Flood hazard maps (depth, velocity, etc.) 
• Vulnerability maps (exposed values)

Different types of maps for different 
purposes



Risk Assessment
Hazard

Assessment
Vulnerability
Assessment

Flood Insurance
Maps

Flood 
Emergency 
Response

Flood 
Emergency 

Maps

Basin Flood 
Management 

Planning

Flood Risk
Maps

•Land Use Planning
•Emergency 
preparedness
•Reconstruction & 
Rehabilitation

Flood Zoning 
Maps

Flood Event 
Maps

Flood Hazard
Maps

Flood 
Vulnerability

Maps
(For Different
Vulnerability

Layers)

Different maps..

…for different 
uses

... for different information requirements

Stakeholders Scale Hazard maps Risk maps

Politics >
 1:25’000

Hazard index maps

• Type of danger

• area concerned 

• 1/1000 yr event

• covering all the territory

• number of persons affected
• global risk
• basis for policy dialogue

Regional land use 
planning

• Identification of conflicts 
with settlements and 
infrastructure

Reinsurance • maximum damage costs

Local land use 
planning

1: 2000 –
1: 10’000

Detailed hazard maps

• flood extent 
• flood depth 

• flow velocity 

• (propagation time)

• probabilities 1/1000 yr, 
1/100 yr, 1/20 yr

Technical 
measures

• assets at risk / protection 
objectives
• priority setting for measures
• cost / benefit evaluation

Emergency 
planning

• endangered persons and 
infrastructure
• high risks

Insurance • potential loss $ / ha

Population



Selection of map type

When preparing a map I must be clear
• Which message I want to transmit
• Whom I want to inform
• What shall he do with the information
• What does he need
• Is the information understandable

As basis for planning we must go  from general to detail
Overview: Scale smaller 1:25’000
Detailed: Scale larger 1:25’000

Uses Approach

Preliminary 1. Flood management 
policy formulation

2. Developing flood 
mapping programme

Historical, 
Geomorphological

General Purpose1. Land use planning
2. Basin flood 

management planning
3. General flood 

awareness

Historical
Geomorphological
Hydro-dynamic

Detailed 1. Flood risk analysis
2. Flood preparedness 

and planning
3. Rescue and relief 

operations

Hydro-dynamic

Stages of Mapping

Develop 
priorities!



• Flood risk maps are the first step to a risk 
management plan showing where  we have conflicts but 
also where we have potential retention areas.

• Small scale flood risk maps are needed for strategic 
planning and priority setting. transfer information to 
politics and general public. The content must be 
restricted to the essentials to be easily understood.

Indicative or preliminary maps 
(small scale)

• Preliminary flood risk maps  should be established 
rapidly. The necessary details can be elaborated in the 
later phases.

• Preliminary flood risk maps should focus on the hazard. 
Vulnerability is necessary but only in a general way.

• The information included in the flood map is elaborated 
by specialists in the process of hazard and risk 
analysis. This is a continuous process. The maximum of 
knowledge is needed  when planning the measures.

Final or detailed maps  (large scale)

Detailed maps should contain all information necessary 
for a certain action.

Content must be adopted to the use. Examples are:
• spatial planning
• emergency operations
• Risk assessment (insurance)
• Planning of mitigation measures (p.e: Water proofing of 
houses) 



Flood 
hazard maps

Flood
emergency

maps

Hazard zoning
maps

Hydrographs for
design events

Flood Risk
maps

Hazard analysis

Land use planning Flood management planning
Forecasting and warning

Emergency/rescue
planning Investment and insurance

planning

Construction 
and 

rehabilitation

Depending 
on the type of 
information  
and the users

Detailed maps

Vulnerability analysis

To be carried out after hazard analysis with:

- Data on persons affected (distribution: age, 
education, health, economic status, etc.) and hot 
spots as hospitals, schools, etc.

- Data on present land use
- Data on buildings, industries and infrastructure

- Potential for environmental damages as a 
consequence

Approaches: centralized or community based



Great Britain
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Example: Preliminary Flood map

Hazard map showing flooding depth for different return periods

R=30 R=100 R=1000
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Example: Flood Hazard map

Canton Aargau, CH 



Example: Flood Event map

Piedmont,  Italy 

Hazard map  showing 
different flooding depth

Vulnerability map showing 
average damage per unit area and 
sensible objects

Example: Flood Hazard map and 
Vulnerability map

Saxony, 
Germany



IKSR / Rhine
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Example: Flood Hazard map and 
Vulnerability map

Applied scheme of map overlay for 
damage assessment



Latvia
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Example: Flood Risk map

Example: Flood Zoning Map
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Canton Nidwalden (CH)



Example: Emergency map

from 
planning to 
action

Canton Graubünden (CH)

� ���
���
�����

� 
%��	���������	�
�

� ���
����
�����

� �
�����
��	�����
�

Example: Emergency map
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Tasks Methods Results

Determination of Discharge and 
Hydrographs

Recording of flood discharge and 
water stages along the rivering at 

Rainfall-Runoff-Modelling
Flood Frequency Analysis 

(observed or/and simulated peak 
discharges)

Physically based hydrological 
model

Climate Change Analysis

Hydrograph and Peak Discharge for 
floods with defined  return periods (e.g. 
10, 30, 100 and 200 years of return)
(with and without climate change effect) 
for the river-basin

Determination of Flood-Plains 
and Flood-Prone Areas

Historical floods
1- and 2-dimensional 

hydrodynamic numerical models
inundation mapping

Flood event maps,
hazard maps for floods with defined 
return periods  

Determination of Vulnerability

Tangible assets by
Micro, medium and macro-scale 

modelling of vulnerability
and intangible assets

within the flood prone area

Spatial distribution of population 
density, assets and goods within the 
flood-prone areas
Stage-damage-functions for the assets 
in dependence on the land use
Vulnerability map

Determination of the Damage

Modelling of the tangible
annual probable damage

Modelling of the intangible damages

Flood risk maps showing the spatial 
distribution of tangible damage (annual 
probable damage in value/m²) and 
intangible damage (number of probable 
casualties/m²)

Risk Assessment
Classification of flood damage
in minor, medium and high risk

Flood zoning maps giving the spatial 
distribution of the three risk zones 

Integrated Flood Management
non-structural and structural 

measures
Flood protection map
Flood emergency map
Adapted flood hazard and risk map

Mapping is important…
but not everywhere!

Thank you for your attention


