
ABSTRACT 
A method is presented aiming at enabling more holis-
tic flood risk management efforts by accounting for 
cascading effects that arise in critical infrastructure 
and vital societal functions in flooding events. The 
method is under development but shows promise in 
guiding national, regional and local risk management 
efforts in Sweden towards flooding events. 

1 INTRODUCTION 

Flooding events in urbanised areas tend to lead to 
high direct consequences for the population and the 
environment, but also to high indirect consequences 
in the society if vital societal functions and critical in-
frastructures are affected [1-3]. Hence, through the 
European Commission’s Flood Directive, all member 
states in EU are required to develop Flood Risk Man-
agement Strategies. In Sweden, this is currently done 
through flood hazard mapping and spatial analysis of 
flood-prone areas in two stages. The first stage in-
cludes identification and analysis of flood-prone ar-
eas at the national level. The second step consists of 
identifying, e.g. people, critical infrastructure, build-
ings and land that would be affected by the flood. 
These two stages are then followed by a consequence 
analysis at local and regional levels. 

The identification of vital societal functions or 
critical infrastructures within a flood risk area is of 
importance, but not sufficient. It is also of necessity 
to be able to describe the impact on the society. In 
Sweden, this is currently focused towards analysing 
only the direct consequences. Several studies have, 
however, shown that consequences by floods are not 
restricted to inundated areas (see, e.g. [2-3]) but so-
called indirect effects also tend to aggravate the con-
sequences heavily. These indirect effects are due to 
the existence of functional and logical dependencies 
between critical infrastructures and societal func-
tions.  

To be able to take these indirect consequences of 
floods into account, it is necessary to perform more 
detailed studies of the infrastructures and vital socie-
tal functions that can be affected, the consequences 
that arise, and how other infrastructures or societal 
functions are dependent upon them. The aim here is 

to present a method under development and some pre-
liminary findings aiming at capturing these direct and 
indirect consequences. The method is developed in 
cooperation with the Swedish Civil Contingencies 
Agency, Swedish county boards and municipalities. 

2 BACKGROUND 

Past events have shown that flooding impact society 
beyond the direct water damages, both in Sweden 
(e.g. [4]) and internationally (e.g. [2]). As a conse-
quence, researchers have been trying to find ways to 
account for dependencies in various risk management 
contexts. To account for dependencies is most com-
monly done through consulting experts on the studied 
systems (e.g. [5-6]) or by utilising more detailed mod-
els and simulation approaches (e.g. [7]). The applica-
tions of Geographical Information Systems (GIS) 
have expanded with the increased computing power 
during the last decades [8]. Flood risk management is 
one of the areas where GIS have proven to be useful, 
in particular for representing the results of flood mod-
els, the effects of different mitigation measures and 
supporting decision making [9]. 

3 DEVELOPED METHOD 

The method aims to be used within existing risk man-
agement processes in municipalities and regional 
county boards, by providing a structured way of gath-
ering relevant data for assessing direct and indirect 
societal consequences due to flooding events. To en-
hance decision support, the data is further collected 
so that it can be analysed and presented in an aggre-
gated form using GIS. The method has been devel-
oped in the context of flooding but is also aiming at 
being applicable for other types of events, such as 
storms and landslides. 

Once an event has been selected, the method con-
sists of three overarching steps: a direct and indirect 
consequence analysis of affected critical infrastruc-
tures and societal functions, structuring this data into 
a database for aggregation purposes and lastly per-
forming an aggregated geographical analysis. It thus 
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is a mixed-method approach, including expert-based 
questionnaires, databases and GIS technology. 

 
Figure 1. Overview of the workflow. 

 
An overview of the workflow of the suggested 
method can be found in Figure 1 and is described 
shortly here. 1. The initial consequence analysis can 
take input from for example national flood risk maps 
or existing risk and vulnerability analyses. 2. In gen-
eral, these tend to focus only on the direct flood con-
sequences. 3. Critical infrastructure and vital societal 
functions within the flooded area then need to be 
identified and be the subject of further study. 4-5. 
Through a questionnaire, risk managers can summa-
rise local expert knowledge concerning direct and in-
direct consequences, the spatial extent of these con-
sequences, estimated downtime and suggested 
mitigation measures along with other useful infor-
mation such as responsible organisation and contact 
persons. 6. Newly detected dependencies should be 
analysed in at least one additional round of conse-
quence analysis and be added to the database.  

With a finalised database, the aggregated data is 
used for more holistic GIS-oriented consequence 
analyses. A layered geographical analysis of all the 
direct and indirect consequences reveal the spatial ex-
tent and areas with high concentration of conse-
quences. Additionally, this also helps in identifying 
potentially other indirectly affected critical infrastruc-
tures or societal functions. The geographical visuali-
sation of the consequences aids decision-making pro-
cesses, in particular when communicating risk 
between different stakeholders [5]. 

4 INITIAL CONCLUSIONS 

From document reviews and the workshops we have 
conducted in the study, we conclude that current risk 
and vulnerability analyses in Sweden very rarely 
identify or account for indirect consequences con-
cerning flood risk. 

While the suggested method is under develop-
ment, initial responses from respondents reveal that it 
would offer meaningful and much needed support for 

municipalities and counties when performing conse-
quence analyses, by in a structured way taking into 
account both direct and indirect consequences. It does 
require public-private cooperation, not always 
straightforwardly established, as a significant share of 
critical infrastructures is owned and operated by pri-
vate entities. However, having structured and guided 
questions to ask critical infrastructure owners and bet-
ter arguments of the necessity of the data are argued 
to be helpful in this aspect. The next step is to deploy 
the method in a case study for a specific municipality 
to validate the method further, evaluate the results, 
and suggest an approach for the aggregated GIS-anal-
ysis. At the conference, further concrete details and 
results will be presented. 
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