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Abstract 

Flood risk indices and methods (such as flood risk maps) can be used for long-term pro-active activities 
like urban planning to reduce flooding risk but also for short-term action such as issuing early warnings 
when hydro-meteorological conditions are expected to develop in a way that could lead to flooding. 
There are many different flood risk indices and methods used in the world and this study aims to review 
and identify flood risk indices that could also be applicable for a Swedish context. Ten flood risk indices 
or methods were discovered through a comprehensive literature review. These are described in the 
report, including required input parameters, information about testing or validation of the method 
and finally advantages and disadvantages of the method with regards to its potential use in a Swedish 
context.  
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Summary 
The world continuously faces challenges that can be caused by extreme weather events such as 
wildfires and flooding. Therefore, a need exists to quantify and visualize risk as a basis for decision-
making by nations, regional and local governments, and first responders. This report is part of the 
project “EXTREME-INDEX: A new multi-hazard vulnerability index”, financed by MSB and FORMAS. 

The project will develop and implement a multi-hazard tool which can include different types of 
extreme natural events, for example wildfires, heatwaves, droughts and flooding, and the potential 
interaction between these different events. The tool will consist of several single-hazard indices and a 
methodology for their combination. 

The focus of this report is to present a literature review of existing flood risk indices and include the 
identification of flood risk indices applicable for a Swedish context. Different flood risk assessment 
systems are used all over the world in order to inform decision-makers. There are many different types 
of indices or models, some of them can be regarded as static while others are dynamic. Static models 
can be used to show flood susceptibility in different geographical areas based on potential flood levels 
with predefined threshold values or for example a worst-case scenario. These models do not consider 
current hydro-meteorological conditions. Dynamic models on the other hand take hydro-
meteorological parameters into account, for example observed or forecasted precipitation amount. 
Dynamic models are therefore useful for early warnings as they are used to identify when conditions 
develop in a way that implicates higher risk levels. 

A systematic method was used in the review and 248 unique titles were studied based on a list of 
inclusion and exclusion criteria. Ten different methods which were determined to be interesting for 
the project are described in this report; Coastal Index, Daily Flood Index, EPIC and ERIC, Flash Flood 
Potential Index (FFPI), Flood hazard index, Flood index, Index combining SPI and TWI, Geomorphic 
Flood Index and mapping of flood risk in Europe. Each method was described including its required 
input variables, whether testing or validation of the method has been done and the method’s 
advantages and disadvantages. 

Since the applicability of the methods uncovered in the literature review is limited, it is advised that 
the flood risk method used in the project should be based on the methods used today by SMHI in 
Sweden and possibly supplement these with novel methods currently in development at SMHI and 
TVRL Lund University. 
  



 
 

Preface 
This is an interim report in Work Package 2 (WP2) in the project “EXTREME-INDEX: A new multi-hazard 
vulnerability index” financed by MSB and FORMAS. 

The project will develop and implement a multi-hazard tool which can include different types of 
extreme natural events, e.g., wildfires, heatwaves, droughts and storms as well as pluvial, fluvial and 
coastal flooding, and the potential interaction between these different events. The tool will consist of 
several single hazard indices and a methodology for their combination. The combined index will be 
associated with an assessment of the rescue service capabilities and possible human response. 

In WP2 an inventory of the indices, tools and methods available for risk assessments for natural 
hazards (with focus on wildfires and flooding) is conducted. The inventory will provide direct input to 
WP3 and WP4. 

The focus in this report is to review and identify flooding indices applicable for a Swedish context. 
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1 Background 
The world is facing challenges in terms of extreme natural events like wildfires and flooding. Therefore, 
a need exists to quantify and visualize risk as a basis for decision-making by nations, regional and local 
governments, and first responders. Efficient management to mitigate consequences or minimize the 
vulnerability of society towards these natural hazards requires the quantification of those hazards and 
risks. That quantification involves information on the type of event, probability of the specific event 
occurring, magnitude of the event as well as exposure to the hazard and associated damages. In the 
case of wildfire, variables like temperature, moisture content and wind velocity are used to calculate 
risk indices and create hazard maps to represent the wildfire danger. Similar indices and hazard maps 
can be developed based on other variables for flooding. 

A society’s exposure to hazards and the magnitude of potential consequences can be expressed using 
a so-called risk index, as mentioned above. Risk indices can be constructed for different types of 
hazards and they can be applicable for different areas and levels of the society, from individual 
buildings or facilities to entire countries and parts of continents. An example of the former is the fire 
risk index methods for buildings; such an index can be applied on a certain building as a cost-effective 
screening tool for prioritizations between different fire safety measures (Watts, 2016). On the other 
hand, there are risk index methods on a larger level (national and international), like the 
WorldRiskIndex (Welle, T. & Birkmann, J., 2015). This index provides an approach to assess 
vulnerability on a national scale, allowing the comparison of countries at a global scale. 

In a project financed by the Swedish Civil Contingencies Agency (MSB) and FORMAS a multi-hazard risk 
index, EXTREME-INDEX, will be developed in order to assist prediction of emerging risks on a local, 
regional and national level to support various stakeholders for strategic training and resource planning. 
The tool will consist of several single hazard indices and methodology for their combination. The focus 
in this project will be on implementation of wildfires (forest and WUI) and flooding/storms (urban and 
coastal) into the developed framework. Different index methods for wildfires have been reviewed in a 
previous report (Pagnon Eriksson, C. & Johansson, N., 2020), and the focus in this report is on flooding. 

Inundation models for flooding can be grouped into two types: empirical methods and hydrodynamic 
models (Sabani et al., 2019). The empirical methods are based on historical data collected through 
surveys and measurement. Such models are generally used for decision making as well as used as an 
input to other models. Hydrological models are commonly used to estimate runoff and discharge of 
different return periods. Subsequently, hydrodynamic models are used to generate scenarios of flood 
inundation (extent and depth) based on the estimated discharge in a potentially flood-prone area.  

Models can be static or dynamic. A static model can be used to show flood susceptibility of different 
geographical areas based on potential flood levels with predefined threshold values or for example a 
worst-case scenario, i.e. the model does not consider current hydro-meteorological conditions. 
Important parameters in a static model are relatively constant, like topographical parameters (slope, 
elevation, distance to a river...) or parameters related to land-use, vegetation and soil composition. 

A dynamic model takes continuously changing hydro-meteorological parameters into account, for 
example an observed or forecasted precipitation amount. Dynamic models are therefore useful for 
early warnings as they are used to identify when conditions develop in a way that implicates higher 
risk levels – an imminent flash flood for instance. 

1.1 Objective 

The objective of the work behind this report is to review the current methods used for flood risk 
assessments and warnings in Sweden and identify other possible flooding risk indices applicable for a 
Swedish context. Applicable methods or indices will be suggested to be included in the next part of the 
project “EXTREME-INDEX: A new multi-hazard vulnerability index”. 
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2 Current national flood risk assessment in Sweden 
The EU Flood Directive was initiated in 2007, it followed from several severe floods that had occurred 
in Europe during the previous years, including the devastating floods of 2002. The purpose of the 
Directive is to establish a framework for flood risk management for Member States in order to 
minimize the damage from future floods. This includes the development of flood hazard maps which 
were developed for Sweden by MSB (The Swedish Civil Contingencies Agency). 

2.1 Flooding maps 

Static flood hazard maps can serve as support material for risk assessment and planning risk reduction 
efforts both nationally and locally. MSB have mapped waterways in Sweden including the extent of 
flooding of those waterways for different return periods (100- and 200-year return periods) as well as 
a worst-case scenario where natural factors contributing to flooding (snowmelt, precipitation, humid 
soil, etc.) converge in space and time (MSB, n.d.). The flow magnitude for the 100- and 200-return 
periods is obtained through frequency analysis of historical data for each location. The worst-case 
scenario however is calculated with the HBV-model (MSB, 2015).  

Flood hazard maps from coastal flooding have also been developed by MSB (MSB, 2020a). Nine 
different layers of sea water levels have been developed by MSB, from 1 meter to 5 meters in RH 2000 
(Sweden’s national height reference system). The flood extent is illustrated for the different heights. 
The model that is used is simple as it considers the elevation of the terrain to determine areas that 
would be flooded. Therefore, these maps give an approximate view of coastal flooding for different 
sea level heights. 

Local and more detailed hazard maps have been presented by MSB for areas deemed to have the 
highest flood risk, see Figure 1. For those detailed maps the flood depth and flow velocity have been 
modelled with hydrological and hydraulic models and represented for different return periods.  In 
addition to the detailed flood hazard maps, so called ‘risk’-maps have been developed for some of the 
high-risk areas. These ‘risk’-maps contain information for the at-risk area including on population 
density and the location of cultural heritage and areas housing important economic activities and 
more. It is the County administrative Boards’ (Länsstyrelse/Regioner) task to develop the ‘risk’-maps 
(MSB, 2020b). 

The different flood maps described above are publicly available in MSB’s Flooding Portal 
“Översvämningsportalen” (MSB, n.d.) and can be used by municipalities and county administrative 
boards in their risk assessments and urban planning activities. 
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Figure 1. Snapshot from MSB's Översvämningsportal ('Flooding Portal') illustrating a flooding map over Göteborg (MSB, 

n.d.). The dark blue dashed area represents areas that would be flooded in a worst possible case scenario. (Retrieved 2020-
06-23 from https://gisapp.msb.se/apps/oversvamningsportal/avancerade-kartor/oversvamningskartering.html#) 

Another type of flood mapping that exists to some extent in Sweden is pluvial flood mapping (so called 
“skyfallsskartering”). These maps are developed on a municipality level to show flooding extent due to 
high intensity rainfall in urban areas where the ground is generally less permeable than in rural areas. 
Unlike the previously mentioned flood hazard maps for water courses and coastal flooding, it is not 
MSB who develops pluvial flooding maps for the municipalities. However, MSB does provide guidance 
to the municipalities on how these maps can be produced (MSB, 2017). In some cases, municipalities 
have worked together with private consultancy agencies to produce the pluvial flooding maps (SMHI, 
2018). 

2.2 Hydrological models 

The HBV model is a hydrological rainfall-runoff model, developed in the 1970s (SMHI, n.d.), and is 
currently used in the Nordic countries. A comprehensive reevaluation of the model was done in the 
1990s and the present version is called HBV-96 (Lindström et al., 1997). The general water balance 
applied in the model is described by (SMHI, n.d.): 

𝑃𝑃 − 𝐸𝐸 − 𝑄𝑄 =
𝑑𝑑
𝑑𝑑𝑑𝑑

(𝑆𝑆𝑃𝑃 + 𝑆𝑆𝑆𝑆 + 𝑈𝑈𝑈𝑈 + 𝐿𝐿𝑈𝑈 + 𝑙𝑙𝑙𝑙𝑘𝑘𝑘𝑘𝑘𝑘) 

Where P is the precipitation, E is the evapotranspiration (sum of evaporation and plant transpiration 
to the atmosphere), Q is the runoff, SP is the snow pack, SM is the soil moisture, UZ is the upper 
groundwater zone, LZ is the lower groundwater zone and lakes is the lake volume. In the model the 
catchments can be divided into sub-basins, and each sub-basin is then divided into zones according to 
altitude, lake area and vegetation. Input data to the model are observations of precipitation, air 
temperature and estimates of potential evapotranspiration. The model includes several subroutines, 
e.g. for snow accumulation and snow melt. An essential component of the practical use of the model 
is an automatic calibration routine that is performed continuously (SMHI, n.d.). The HBV model is also 
used to indicate grassland and forest ignition risk (Pagnon Eriksson, C. & Johansson, N., 2020).  

HYPE (HYdrological Predictions for the Environment) is, similar to the HBV model, a hydrological model 
developed at SMHI in 2005-2007 (Lindström et al., 2010). Unlike the HBV model, HYPE models water 
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flow in the soil, and the model’s initial purpose was to simulate water flow and transport of nitrogen 
and phosphorus to assess water quality. It is however under continuous development and today it can 
be used for hydrological predictions on a world-wide scale (SMHI Hypeweb, n.d.). Unlike the national 
and regional flood hazard maps mentioned earlier which are static, the HYPE model is dynamic as it is 
based on up-to-date weather forecasts (either single deterministic forecasts or an ensemble of 
probabilistic forecasts).  

Seasonal forecasts and 1-10-day forecasts are represented in interactive maps which present 
information on forecast streamflow for different catchments. For the short-term forecast (1-10 days) 
the streamflow is given in m3/s and the catchment area is colour coded based on the return period of 
the streamflow. These short-term forecasts can be used to monitor flood risk in specific catchments. 
Since the reliability of meteorological models decrease for longer time periods, an ensemble of 50 
meteorological models is used for the seasonal forecasts of streamflow (SMHI Hypeweb, n.d.). The 
streamflow is given a high, medium or low probability to be ‘above normal’, ‘near normal’ or ‘below 
normal’ values. The monthly mean of precipitation and temperature forecasts are also illustrated in 
the seasonal forecast map with the same probability categorization. 

2.3 Weather-related warning systems 

Weather-related warning messages come from SMHI (the Swedish Meteorological and Hydrological 
Institute) and are available to the Swedish public. The warnings are based on weather forecasts and 
are used for different types of hazards such as snowfall, wind, hot temperatures and icy roads (SMHI, 
2015). These types of warning can be issued for flooding hazard, either due to very intense rainfall 
under a certain amount of time, high flows in water courses or high-water levels. Current warnings 
however do not take potential consequences into account. Therefore, SMHI is currently in the process 
of moving to a consequence based waring system (MSB, 2019). In that system, warnings will be issued 
for places where for example a flood is expected to occur and where the expected impacts are judged 
to be significant enough to send out a warning. This in fact means that warnings will be closely 
connected to the vulnerability of the area in which it will be issued.  

In addition to the national systems Sweden is included in the European Flood Awareness System 
(EFAS). EFAS is a flood forecasting and monitoring system developed by the Joint Research Centre of 
the European Commission in collaboration with national authorities from several Member States and 
is fully operational since 2012 (European Commission, n.d.). The forecasts used in EFAS are executed 
by the European Centre for Medium-Range Weather Forecasts (ECMWF). 
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3 Methodology 
Figure 2 illustrates the methodology for the literature review that was established after input from the 
project members. The methodology is considered to be systematic and transparent and resembles the 
structure for literature review presented in previous literature (Arksey & O’Malley, 2005 and Säfsten 
& Gustavsson, 2020). By reviewing relevant references the field of flooding indices is deemed to be 
broadly covered. 

 
Figure 2. Methodology used in literature review. 

3.1 Define keywords 

The review started with the definition of keywords (Stage 1, see Figure 2). The list of keywords was 
developed based on the state of the art (SOTA) presented in the project proposal and with input from 
the project group members. The following set of keywords and search combinations were defined:  

• "flood* index" 
− refined with methodology 
− refined with tool 

• "index flood*" 
− refined with methodology 
− refined with tool 

• "risk index" flood* 
− refined with methodology 
− refined with tool 

• "risk indices" flood* 
• "flood* risk analysis" 

− refined with methodology 
− refined with tool 

• "risk analysis flood*" 

Truncation (*) and quotation marks (“ “) were used to narrow down the results.  
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3.2 Search databases  

In Stage 2 (see Figure 2) the search to identify relevant papers was done using LUBsearch (Lunds 
Universitet, 2020). LUBsearch is Lund University Libraries’ search service for articles, e-books, books, 
etc, providing access to large parts of the libraries’ electronic and physical collections. The search 
engine is a specialized search engine with a large index of entries from research publishers and from 
subject databases. The content of the library catalogue, LUBcat, is also included, along with large parts 
of Lund University Research Portal through SwePub.  

Both Web of Science and Scopus are included in LUBsearch. Web of Science includes a range of 
different types of publications, like: journal papers, websites and conference proceedings. Scopus 
claims to be the largest abstract and citation database of peer-reviewed literature, scientific journals, 
books and conference proceedings. Scopus has a larger coverage (> 20,000 journals) compared to Web 
of Science (> 12,000 journals). However, Web of Science is said to have a greater time period of 
coverage than Scopus. By using LUBsearch the scientific literature is considered to be covered 
satisfyingly. 

3.3 Review results 

The search resulted in a total of 393 titles. All of the results were exported to a reference management 
system and reviewed in two steps according to Stage 3 in Figure 2. Duplicates were manually removed, 
resulting in a total of 248 unique titles. A random selection of titles was read to get a broad view of the 
search results. Inclusion and exclusion criteria were then generated to refine the review results and 
select the most relevant titles and abstracts. Criteria were added when it was deemed necessary during 
the title and abstract review. 

The inclusion and exclusion criteria that were used in the review of the search results is presented in 
Table 1. The list was created, during Stage 3, to achieve higher inter-rater reliability by guiding the 
raters when selecting articles to include and reduce subjectivity in those decisions. 

 
Table 1. Inclusion and exclusion criteria used in the review of the database search results. 

Inclusion criteria Exclusion criteria 

Articles mentioning tools, methods or risk 
assessment/analysis approaches for floods 
will be included. 

Articles that don’t mention a tool, method or 
risk assessment/analysis approach in the 
abstract will be excluded. 

Articles with unspecific or broad titles will 
initially be included. 

Articles focusing only on flood damage will 
be excluded. 

Case studies of flood risk analysis will be 
included in the title review. 

Articles about weather forecasting models 
will be excluded. 

Articles about early warning systems (EWS) 
for floods will be included. 

Articles containing risk assessment methods 
that cannot be combined with the identified 
index methods for wildfires will be excluded. 

 Articles about Index flood calculation 
methods will be excluded. 

 Articles not in English will be excluded. 
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The 248 unique titles were read and either included or excluded based on the criteria. In order to 
contribute to the inter-rater reliability all titles were read separately by the two authors and compared 
afterwards. For those cases where the authors did not initially agree on including or excluding a title a 
discussion was held until a common decision could be made. The number of articles selected by title 
were 130. The abstracts of these 130 articles were then analysed and the same process of inclusion or 
exclusion was followed. The process of comparing results between the authors was only done for the 
30 first abstracts which was deemed sufficient. Half of the remaining abstract were reviewed by one 
of the authors while the author reviewed the second half. In cases were the authors felt unsure 
whether an article should be included or not it was included by default so as to not miss any important 
method/index which may be mentioned in the full text. The review results based on abstracts resulted 
in 70 articles. 

3.4 Review and analysis of full papers 

Once the review based on inclusion and exclusion criteria was complete the selected 70 articles were 
read in full in Stage 4 (see Figure 2). The aim of this step was to identify flood risk indices or methods 
mentioned in the full papers. The papers were listed in an excel spreadsheet and for each one (where 
applicable) an index or method name was specified. Articles that did not mention any method or index 
for wildfire prediction were discarded. 

After analysing the full papers, a list of indices was developed. To be included in this list the indices 
had to: 

- be potentially applicable to a Swedish context or be modifiable to become suitable. 

- be explained with enough detail to be replicated or re-applied to another study. 

Relevant references that were found in the articles that were read in full were also studied using a so-
called snowballing method (Säfsten & Gustavsson, 2020). Once relevant references had been studied, 
the information about the selected indices was compiled in order to describe them. 
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4 Results of review study 
A brief summary of the methods found to be most relevant for the project is given in this chapter. 
These include both static and dynamic indices usually used to generate flood risk maps. The methods 
described consider flooding hazards that vary between coastal flooding, fluvial flooding and pluvial 
flooding. For a more detailed description of each one of the methods the reader is referred to the 
references given in each section. The indices and methods are presented in alphabetical order. 

4.1 Coastal Risk Index 

The Coastal Risk Index (CRI) is an index that represent physical, environmental and socio-economic 
variables of the coastal system. The method provides a simple numerical value for ranking of sections 
of coastline where flood risks may be relatively high (Satta et al., 2016; Satta et al., 2017). In the 
method, risk is defined as at the product of hazard, vulnerability and exposure. So, the CRI is expressed 
as the product of the Coastal Hazards (CH), the Coastal Vulnerability (CV) and the Coastal Exposure 
(CE). 

𝐶𝐶𝐶𝐶𝐶𝐶 = 𝐶𝐶𝐶𝐶 × 𝐶𝐶𝐶𝐶 × 𝐶𝐶𝐸𝐸 

In a paper by Satta et al. (2016) the CRI at local scale (CRI-LS) was calculated on the coast of Tetouan 
in Morocco. In that study a total of 19 variables were chosen to describe the Hazards, Vulnerability and 
Exposure factors. In case of the calculating the sub-index for costal hazards the following equation was 
used: 

𝐶𝐶𝐶𝐶 = {[(𝑊𝑊𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 + 𝑊𝑊𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 +𝑊𝑊𝑀𝑀𝑀𝑀𝑀𝑀𝑆𝑆𝑀𝑀𝑀𝑀𝑀𝑀 + 𝑊𝑊𝑀𝑀𝑆𝑆𝐷𝐷𝑆𝑆𝑀𝑀𝑆𝑆𝐷𝐷+𝑊𝑊𝑀𝑀𝑃𝑃𝑆𝑆𝑆𝑆𝑀𝑀𝑃𝑃𝑆𝑆 + 𝑊𝑊𝑇𝑇𝐷𝐷𝑇𝑇𝑆𝑆𝑆𝑆𝑇𝑇𝐷𝐷𝑇𝑇𝑆𝑆) − 1]/4} 

Where SLR is sea level rise, SWH is number of storms, MDP is the annual max daily precipitation, DRO 
is droughts, PGR is population growth and TOUR is number of tourists. The scores (S) corresponding to 
each variable were calculated and the weights (W) assigned through expert judgments. Each expert 
assigned a score describing the relative contribution of each variable, taking into account that the sum 
of the weights must be equal to 100%. The resulting variable values were color coded and displayed 
with a GIS platform. Satta et al. (2016) state that the method can be used to support coastal planning 
and management processes. The equation for the vulnerability sub-index and exposure sub index 
consisted of eleven and two variables, respectively.   

The method has also been applied on a regional scale by Satta et al. (2017). Satta et al. (2017) applied 
a modified version of the index called CRI-MED on the coast of 21 Mediterranean countries. A total of 
13 variables were used: five variables to describe the hazard; six variables to describe the vulnerability, 
and two variables to describe the exposure sub-index. The used CRI-MED uses open access databases, 
which makes the tool useful in countries with limited data availability. 

Summary of input variables 

For the hazards sub-index, the inputs are: sea level rise, number of storms, maximum daily 
precipitation, droughts, population growth and number of tourists. 

Testing or validation of the method 

Testing has been performed at both local (Satta et al., 2016) and regional scales (Satta et al., 2017). 

Advantages and disadvantages of the method 

+ The method is flexible and adjustable which was illustrated by Satta et al. (2016) when adapted 
to a regional scale.  

− The primary purpose of the model is not on hazard calculation, but on the product of hazards, 
vulnerability and exposure, in the local-scale study by Satta et al. (2016) the hazard sub-index 
was constant over the entire studied area.  

− The connection between the variable numbers and the scores seems to be subjective and 
would probably need to be reviewed if used for Swedish conditions. 
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4.2 Daily Flood Index 

The daily Flood Index (FI) is a short-term indicator of flood danger by representing daily water deficit 
or surplus based on precipitation (Deo et al., 2015). FI is based on effective precipitation (PE) according 
the following equation: 

 𝐹𝐹𝐼𝐼 =
𝑃𝑃𝐸𝐸 − 𝑃𝑃𝐸𝐸𝑚𝑚𝑚𝑚𝑚𝑚

2012
1915

𝜎𝜎( 𝑃𝑃𝐸𝐸𝑚𝑚𝑚𝑚𝑚𝑚
2012
1915 )   

Where 𝑃𝑃𝐸𝐸𝑚𝑚𝑚𝑚𝑚𝑚
2012
1915  is the mean of yearly maximum daily PE and 𝜎𝜎� 𝑃𝑃𝐸𝐸𝑚𝑚𝑚𝑚𝑚𝑚

2012
1915 � is the standard deviation. 

The hydrological period studied in this case was in Australia during 1915-2012 (Deo et al., 2015). When 
FI > 0 it indicates that the studied area is flooded. 

Effective precipitation (PE) is the sum of rainfall on previous days and the current day in function of a 
time-dependent reduction function, see the following equation: 

 𝑃𝑃𝐸𝐸𝑖𝑖 =  ∑ �∑ 𝑀𝑀𝑚𝑚𝑁𝑁
𝑚𝑚=1
𝑁𝑁

�𝑀𝑀
𝑁𝑁=1     

Where Pm is the precipitation recorded on a day m (1 ≤ m ≤ 365) and N is the summation duration of 
the preceding period. For more details see Deo et al. (2015). 

Summary of input variables 

• Daily rainfall 
• Historical data on maximum daily effective precipitation for a certain number of years. 

Testing or validation of the method 

The IF was calculated for a case study in Brisbane, Australia by Deo et al. (2015) and compared to 
historical data. The authors found that the IF acted as a good daily flood danger indicator. 

Advantages and disadvantages of the method 

+ The flood index is dynamic and can be used for daily flood hazard monitoring as it takes 
current meteorological parameters into account. 

+ Very limited input data is needed. 
− Topographic variables such as terrain, slope, soil composition is not taken into account. 
− The index does not take exposure nor vulnerability into account making it difficult to judge 

whether a higher flood index would lead to significant negative consequences in a specific 
location. 
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4.3 EPIC and ERIC 

The European Precipitation Index based on simulated Climatology (EPIC) was developed to serve as an 
early warning for flash floods and extreme rain-storms (Alfieri & Thielen, 2012). The EPIC value 
indicates a measure of severity for upcoming precipitation (Alfieri et al., 2011). EPIC is based on 
weather forecasts as opposed to many other warning systems that rely on present weather radars and 
measurements in rain gauges. This allows EPIC to be used to issue warnings earlier than the other type 
of early warning systems. The system only takes the quantitative precipitation forecast and the 
modelled river network into account. Soil moisture and snow accumulation are examples of 
hydrological processes that are not included in the calculation (Alfieri & Thielen, 2012). The EPIC is 
calculated once a day for each pixel in the studied river network using the following equation: 

 𝐸𝐸𝑃𝑃𝐶𝐶𝐶𝐶(𝑑𝑑) = 𝑚𝑚𝑙𝑙𝑚𝑚
∀𝑑𝑑𝑑𝑑 �

𝑈𝑈𝑃𝑃𝑑𝑑𝑑𝑑(𝑑𝑑)
1
𝑁𝑁∑ max (𝑈𝑈𝑃𝑃𝑑𝑑𝑑𝑑)𝑦𝑦𝑑𝑑𝑁𝑁

𝑦𝑦𝑑𝑑=1

� ;  𝑑𝑑𝑑𝑑 = {6, 12, 24 ℎ}  

The upstream cumulated precipitation (UP) is the double summation of precipitation depth over a 
duration (di) before a certain time (t) over the upstream area. The denominator is the mean of the 
annual maximum for each year (yi) calculated from the climatology during N years. For more 
information see Alfieri et al. (2011) and Alfieri & Thielen (2012). 

EPIC has previously successfully served as an operational flash flood component in EFAS (European 
Flood Awareness System mentioned in chapter 2) it has however been replaced by ERIC – an improved 
version of EPIC which takes initial soil moisture into account (Raynaud et al., 2015).  

ERIC is calculated daily for each grid cell in a way similar to EPIC (Raynaud et al., 2015): 

 
𝐸𝐸𝐶𝐶𝐶𝐶𝐶𝐶 =

𝑚𝑚𝑙𝑙𝑚𝑚
∀𝑑𝑑𝑘𝑘 �

𝑈𝑈𝐶𝐶𝑑𝑑𝑘𝑘
1
𝑆𝑆∑ max (𝑈𝑈𝐶𝐶𝑑𝑑𝑘𝑘)𝑗𝑗𝑀𝑀

𝑗𝑗=1

�  

Where UR is the upstream runoff maxima calculated with the next equation, dk is the chosen duration 
for rainfall accumulation, M is the number of years in the studied climatology, each year is indicated 
by j. 

 
𝑈𝑈𝐶𝐶𝑑𝑑𝑘𝑘(𝑑𝑑) =

1
𝑁𝑁
�𝐶𝐶𝑓𝑓𝑖𝑖(𝑑𝑑) × �𝐶𝐶𝑑𝑑𝑘𝑘 ,   𝑑𝑑(𝑑𝑑)�
𝑁𝑁

𝑑𝑑=1

  

The runoff coefficient Cf is calculated for each grid cell (N being the number of studied grid cells) to 
represent the effect of initial soil moisture. Rdk , I is the rainfall accumulation during dk over each grid 
cell i. 

Apart from including initial soil moisture, another change in ERIC compared to EPIC is that only rainfall 
is used to calculate the index while for EPIC both rainfall and snowfall is included in the precipitation 
amount used in the calculations. 

Summary of input variables 

EPIC: The input variables come from weather forecasts of precipitation depth over a certain duration 
in an upstream area. Historical values of annual maximum upstream precipitation for studied areas are 
also needed. 

ERIC: The same input values as EPIC as well as a moisture coefficient for each grid cell, and the amount 
of snowfall included in the forecasted precipitation in order to extract only rainfall. 
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Testing or validation of the method 

Alfieri and Thielen (2012) validated the EPIC and found that it had a probability of detecting flash floods 
due to extreme precipitation of 90 % if such events occurring at the geographical boundaries of the 
weather forecast were excluded. When Raynaud et al. (2015) developed ERIC, EPIC and ERIC were 
tested and compared using data between 2009 and 2010 in Europe and information on 71 rapid flood 
events. The assessment showed that EPIC had a higher hit ratio (89 %) than ERIC (59 %) indicating that 
ERIC has higher number of false alarms. This is however made up for by the fact that ERIC misses fewer 
events than EPIC.  

Advantages and disadvantages of the method 

+ For EPIC, very little input data is required, the method has been shown to work well in 
predicting flash floods even though it does not include the effect of hydrological processes 
such as soil moisture and snow melt. 

+ ERIC has been shown to be better at predicting flash floods than EPIC in the sense that it misses 
fewer flooding events although it has a higher number of false alarms. 

+ Both methods were developed with a European approach making it interesting for Sweden, 
however they are more focused on Mediterranean countries. 

− EPIC and ERIC do not take vulnerability into account. 
− It is unclear how easy it is to access the required input data, for ERIC this includes the runoff 

coefficient which might be available through EFAS. 
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4.4 Flash Flood Potential Index 

The Flash Flood Potential Index (FFPI) is used to identify flash flood pone areas and was developed by 
Smith (2010). The FFPI ranges from 1 to 10, with 10 indicating the greatest flash flood potential. It is 
based on four characteristics that influence surface water runoff and therefore also affect the potential 
for flash floods. The first characteristic is soil type/soil texture which determines how quickly 
precipitation water can infiltrate into the soil. Spatial data on soil types is required to categorize 
different areas into classes based on their sand, clay and silt contents, see Table 2. 

Table 2. FFPI values of different soil compositions. 

FFPI 1 2 3 4 5 6 7 8 9 10 

% Sand 92 83 74 65 56 47 37 28 19 10 

% Silt 5 11 17 24 30 32 36 27 27 30 

% Clay 3 6 9 12 15 21 27 45 55 60 

The second characteristic influencing infiltration is the forest cover. Dense forests contribute to higher 
porosity in the soil which allows more water infiltration (Smith, 2010). Each cell is assigned an FFPI 
value for the forest density percentage of that cell according to Table 3. 

Table 3. FFPI values of different forest coverage percentages. 

FFPI 1 2 3 4 5 6 7 8 9 10 

Forest 
density (%) 

100-
91 

90-
81 

80-
71 

70-
61 

60-
51 

50-
41 

40-
31 

30-
21 

20-
11 

10- 
0 

The conditions found in urban areas often lead to an increased risk of flash floods as the soil is generally 
impervious, preventing infiltration and increasing the surface runoff. Land use is therefore another 
characteristic taken into account in the FFPI with the following values in Table 4. 

Table 4. FFPI values for different Land Use Categories. 

FFPI Land Use Categories 

10 Commercial, Industrial, Transportation; 
High Intensity Residential; Bare Rock 

9 Low Intensity Residential 

8 Quarries, Strip Mines, Gravel Pits 

7 Shrub-Land 

6 Row Crops; Orchards, Vineyards 

5 Grassland; Pasture, Hay 
4 Deciduous Forest 

3 Evergreen Forest; Mixed Forest 

2 Woody Wetlands 

1 Perennial Ice-Snow; Open Water 

 

  



13 
 

Finally, slope is the last characteristic included in the FFPI. The slope of the terrain contributes to the 
velocity of the runoff flow. The steeper the slope, the higher the flow velocity which then increases 
the flash flood threat. Slope percentage for each cell is determined with a Digital Elevation Model 
(DEM) and assigned the following FFPI values, see Table 5. 

Table 5. FFPI values for different terrain slope percentages. 

FFPI 10 9 8 7 6 5 4 3 2 1 

Slope  
(%) 

100-
91 

90-
81 

80-
71 

70-
61 

60-
51 

50-
41 

40-
31 

30-
21 

20-
11 

10- 
0 

The final FFPI for each cell is an average of the FFPI value for each of the four input layers of the 
characteristics described above. 

Summary of input variables 

The following input variables are in raster format and each input variable constitutes a layer in the final 
FFPI. 

• Soil type – composition of the soil based on sand, silt and clay percentages. 
• Forest cover (%) 
• Land Use 
• Slope (%) derived from a DEM 

Testing or validation of the method 

Lincoln et al. (2016) have tested the FFPI in an area in SW Missouri and found that the FFPI was weakly 
correlated with flash flooding report density. Although the findings were unexpected, the authors 
suggest that it may partially be due to the lack of reporting of flash floods in areas with very little 
population density. However, Lincoln et al. (2016) advocate for the addition of vulnerability 
characteristics to the FFPI to represent the ‘risk’ more accurately. They argue that the current FFPI 
mainly indicates the probability of a flash flood occurring and not its potential impacts. 

Another study of the FFPI’s effectiveness however found that the FFPI generally corresponded well 
with documented flooding events in Albuquerque, U.S. (Abeyta, 2009). 

Advantages and disadvantages of the method 

− Depending on the type of data that is available on Swedish soil types and their sand, clay and 
silt contents this method may require more data preparation for the soil type classes. 

− Land use categories are based on observations in Utah (U.S.) and may need to be adapted to 
Swedish land use categories. 

− This method produces a static flash flood risk map which does not take into account the 
present meteorological parameters such as rainfall and soil moisture. 
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4.5 Flood hazard index 

Toosi et al. (2019) presents a multi-criteria index approach to classify potential flood hazards at the 
river basin scale. Seven factors, selected based on their greater influence towards flooding, were 
identified and extracted from the basic thematic layers to be used to generate a Flood Hazard Index 
(FHI) map based on seven criteria. The index is described as follows: 

𝐹𝐹𝐶𝐶𝐶𝐶 = 𝐶𝐶𝑑𝑑𝑤𝑤𝑑𝑑 + 𝐸𝐸𝑑𝑑𝑤𝑤𝑑𝑑 + 𝑆𝑆𝑑𝑑𝑤𝑤𝑑𝑑 + 𝐷𝐷𝑑𝑑𝑤𝑤𝑑𝑑 + 𝐶𝐶𝐶𝐶𝑑𝑑𝑤𝑤𝑑𝑑 + 𝐸𝐸𝐶𝐶𝑑𝑑𝑤𝑤𝑑𝑑 + 𝐿𝐿𝑑𝑑𝑤𝑤𝑑𝑑 

Where R is the runoff criteria, E is the elevation, S is the slope, D is the distance to the drainage system, 
RI is the rainfall intensity, ER is the soil erosion and L is the land-use. Each criterion is accompanied by 
a weight factor, w. The weight of each parameter was calculated by using the Analytic Hierarchy 
Process, which consists of a sophisticated statistical analysis. The highest weight was assigned to the 
runoff coefficient and the lowest to land use. A Modified Flood Hazard Index (mFHI) was also presented 
and used by Toosi et al. (2019). The difference between mFHI and FHI lies in the sensitivity analysis 
applied to assign the weights, w, thus improving the reliability of the results. 

It should also be noted that “i”, in the equation, represents the value of the criterion for each pixel. 
Based on the calculated index value five potential hazard zones Very Low’, ‘Low’, ‘Moderate’, ‘High’ 
and ‘Very High’ were used. 

The study by Toosi et al. (2019) incorporates hydrological modeling (SWAT) as an approach to help 
forecast flood events using a rainfall-runoff response that would enhance the behavior of the 
parameters of the basin, as well as reducing the uncertainty of the parameters used for the multi-
criteria decision analysis process to obtain the FHI index. 

Summary of input variables 

Runoff criteria, topography, distance to the drainage system, rainfall intensity, soil erosion and land-
use. 

Testing or validation of the method 

Toosi et al. (2019) compared predictions with both FHI and mFHI to historic data and found that almost 
all past floods occurred at locations with the moderate to very high flood hazard, and only 3% of the 
historic events took place in low flood hazard areas. 

Advantages and disadvantages of the method 

+ The method provides an overall assessment of flood hazard areas.  
− The method requires detailed raw data (detailed topography, accurate and complete historic 

hydrometeorological data, as well as up to date soil and land use information). 
− The method relies heavily on the assigned weight values of each criterion. 
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4.6 Flood index 

Suman and Bhattacharya (2015) used a flood index (FI) for an area prone to flooding in the north-
eastern region of Bangladesh. The method has previously been mentioned and used by Ahn and Choi 
(2013) and by Bhaskar et al. (2000). The area consists of rivers that flow in to so-called Haors 
(marshlands) which are easily flooded after intense rainfall in the uphill area. Suman and Bhattacharya 
(2015) used results based on simulations with a one-dimensional (representing the river system), and 
a two-dimensional (representing the Haors) hydrodynamic model. The hydrodynamic models used 
were MIKE11 and MIKE21 developed by the Danish Hydrological Institute (DHI). Satellite data was used 
to create the DEM for the 2D modeling. The hydrodynamic models were calibrated with respect to 
observed river discharge and remote sensed images of the area. Suman and Bhattacharya (2015) used 
three factors to define a flood index for each river. The factors are derived from hydrographs (a graph 
showing the rate of flow versus time past a specific point in a river, see Figure 3).  

 
Figure 3. Example of a hydrograph (inspired by Suman and Bhattacharya (2015)). 

These factors were the Rising curve gradient (K), the Flood magnitude ratio (M) and the Time to peak 
(TP). The rising curve gradient is the steepness of the graph showing the rate of flow versus time past 
a specific point in a river/channel or similar. The rising curve gradient K is included in the following 
relationship: 

𝑄𝑄𝑝𝑝 = 𝑄𝑄0𝑘𝑘𝐾𝐾𝐾𝐾 

where Q0 is the initial discharge, QP is the peak discharge at a later time t (in days). The river geometry, 
longitudinal slope, hydrodynamics, sediment and flooding characteristics all influence the value of K. 
For the Haor region, values of K varied from 0.16 to 1.8 day-1. The flood magnitude ratio (M) is related 
to the order of magnitude by which the peak flood discharge exceeds the long-term average discharge 
Qa and is defined as 

𝑆𝑆 =
𝑄𝑄𝑝𝑝
𝑄𝑄𝑚𝑚

 

The parameter time to peak (TP) is defined as the duration between the time the flood event starts 
(TS) and the time when the peak discharge occurs (TP). A low value of TP, associated with a high value 
of M, is typical of a severe flood. 

TP = TP-TS 
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Normalized values of the three factors are derived with the help of values representing the 100-year 
flood expressed as K100, M100 and TP100, respectively. 

RK = K/K100 

RM = M/M100 

RT = TP/TP100 

Once the normalized values are computed the FI can be computed using the following equation. 

 𝐹𝐹𝐶𝐶 =  �(𝛼𝛼𝐶𝐶𝛼𝛼) × (𝛽𝛽𝐶𝐶𝑆𝑆) × (𝛾𝛾𝐶𝐶𝛾𝛾)3    

Where α, β and γ are weights for the different factors. In the study by Suman and Bhattacharya these 
were taken as 1, which means that a FI of 1 corresponds to the 100-year flood and the computed FI 
provides its relative severity compared to the 100-year flood. The construction of the equation results 
in that it is not possible just from the FI value to deduce which of the three factors that cause a higher 
or lower risk. 

In their study, Suman and Bhattacharya (2015) distinguished between three different groups of rivers 
based on the FI value. They also showed that it is possible to calculate spatial and temporal values of 
the FI in a river. 

Summary of input variables 

Hydrograph, approximated hydrograph, average discharge, initial discharge. 

Testing or validation of the method 

Case studies are used in the referenced papers, but no validation study is presented.  

Advantages and disadvantages of the method 

+ The principle method has been applied in different countries and by different teams of 
researchers. Input in terms of hydrograph needs to be retrieved.  

− Hydrodynamic modelling is needed to get the hydrograph. 
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4.7 Flood index combining SPI and TWI 

The Standard Precipitation Index (SPI) and Topographic Wetness Index (TWI) have been combined to 
form a Flood Index (FI) which can be used for early warnings for fluvial flooding (Koriche & Rientjes, 
2016). The FI is the sum of the SPI and the TWI and can be calculated for each pixel of the studied area 
to create a flood index map showing source areas for flooding at downstream locations. The SPI was 
developed in the 1990’s and depends on the precipitation (McKee et al., 1993). Although it was initially 
developed for drought monitoring, the SPI can indicate both whether the climate is wetter or drier 
than usual and is calculated with the following equation: 

 𝑆𝑆𝑃𝑃𝐶𝐶 =  
(𝑋𝑋𝑑𝑑 − 𝑋𝑋𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚)

𝜎𝜎
  

Where Xi is the accumulated observed daily precipitation and Xmean is the mean value for the 
precipitation during a certain time period. The standard deviation is denoted by σ. Negative SPI values 
indicate precipitation deficit which in turn indicates drought severity. Positive SPI values instead show 
higher precipitation levels than usual. 

The TWI is used to indicate geographical areas that have high potential to generate surface runoff and 
contribute to flooding in downstream areas (Koriche & Rientjes, 2016). It is calculated with the 
following equation: 

 𝛾𝛾𝑊𝑊𝐶𝐶 =  ln �
𝐴𝐴𝑘𝑘
𝑑𝑑𝑙𝑙𝑡𝑡𝛽𝛽

�  

Where As is the upslope contributing area per unit length of the contour and tanβ is the slope in the 
steepest downslope direction of the terrain. Data for the TWI can be extracted from a DEM (Digital 
Elevation Model) (Koriche & Rientjes, 2016). 

The Flood Index is the sum of SPI, which is updated daily and the TWI, a static index. Before adding SPI 
and TWI, both indices have to be normalized between 0 and 1. 

Summary of input variables 

Daily precipitation, upslope area per unit contour length and slope of the steepest downslope. 

Testing or validation of the method 

The SPI was shown to effectively identify events of peak discharge in the case study done in the Awash 
River Basin in Ethiopia (Koriche & Rientjes, 2016). The combination of SPI and TWI has however not 
been validated. 

Advantages and disadvantages of the method 

+ An advantage of this method is that it includes a static component (TWI) which takes 
topographic conditions into account and a dynamic component (SPI) which is continuously 
updated based on the current weather. 

+ Once the data for the TWI is obtained and the TWI map is produced it does not require any 
further work. 

− It is unclear whether data for calculating the TWI is available in Sweden, but it may be.  
− The combined FI has not been validated. 
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4.8 Geomorphic Flood Index 

The Geomorphic Flood Index (GFI) is the logarithm of the ratio between the water depth in the element 
of the river network closest to the point under exam (estimated using a hydraulic scaling function 
based on contributing area) and the elevation difference between these two points (see Figure 4). The 
index is calculated according to: 

𝐺𝐺𝐹𝐹𝐶𝐶 = 𝑙𝑙𝑡𝑡(ℎ𝑟𝑟/𝐶𝐶) 

Where hr is the variable water depth and H is the elevation difference. Samela et al. (2017) calculated 
hr as a function of the contributing area Ar in the nearest point of the drainage network hydrologically 
connected to the point under exam and two constants b and n. 

 
Figure 4. Description of the Geomorphic Flood Index (inspired by Samela et al. (2017)). 

The geomorphic method represents a complementary tool for flood hazard mapping. Samela et al. 
(2017) states that the results from GFI are preliminary, but efficient. The calculations are performed at 
low costs and reduced computational times, and the method may be used to fill the gaps that exist in 
most of the standard flood maps, since hydraulic modelling, which is often needed, is only applied over 
portions of the river basins. 

Samela et al. (2018) have developed a tool based on the GFI. The tool makes it possible to derive a 
flood susceptibility map of a basin. The tool is freely available as an in an open-source QGIS plugin 
called Geomorphic Flood Area tool, and it is designed to make the GFA calculation available in a user-
friendly interface. 

Summary of input variables 

Topography data. 

Testing or validation of the method 

Samela et al. (2017) studied the most predictive geomorphological attributes for flood inundation in 
data scarce areas. A total of eleven flood-related morphological descriptors were tested and it was 
found that the Geomorphic Flood Index (GFI) resulted in the best predictions. 

Advantages and disadvantages of the method 

+ Simple and straightforward method that is available in an open source software.  
− Independent of meteorological data which makes the model static.  
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4.9 Mapping flood risk in Europe 

Barredo, de Roo & Lavalle (2007) have proposed a framework for flood risk mapping on a European 
scale. The flood risk maps were developed due to a lack of harmonized information of flood risk in 
Europe (De Roo et al., 2006). In this framework the concept of risk is considered to be the product of 
hazard, exposure and vulnerability. Hazard is the factor related to the actual flooding event occurring 
due to extreme precipitation. The exposure and vulnerability factors are on the other hand related to 
human aspects such as land use and population density as well as GDP per capita (Barredo et al., 2007). 
A potential flood hazard map is created with a DEM (Digital Elevation Model), used to determine 
potential flood water depth, and a European flow network developed at the JRC (Joint Research 
Center). An exposure map is created with population density data combined with economic cost for 
different land uses based on flood water depth. For the vulnerability map, the GDP per capita is used 
as input data with a low GDP per capita indicating high vulnerability. 

The input variables for exposure and vulnerability are also spatially represented on a map. The value 
of each factor’s contribution to the overall flood risk is standardized, ranging from 1 to 100. Those 
values are then multiplied resulting in a flood risk index for each 1x1 km pixel. The average risk index 
value is calculated for each NUTS 3 area. The final product is a European flood risk map. 

Summary of input variables 

• Potential flood hazard map, in this method, based on the combination of a DEM and a 
European flow network developed at the JRC (Joint Research Centre) at a 1 km spatial 
resolution. 

• CORINE Land Cover maps for measuring potential damage costs based on land use 
• Population density at NUTS 3 level (Counties/Län) 

Testing or validation of the method 

De Roo et al. (2006) validated the flood hazard map that was developed by comparing it to a national 
flood hazard map for Germany. The conclusion was that the developed flood hazard map had a 
tendency to overestimate high flood hazard areas compared to the national flood hazard map, 
however 75 % of high or moderate flood risk areas coincided with those of the national flood hazard 
map. 

Advantages and disadvantages of the method 

+ This framework has been developed for large-scale flood risk mapping. This is opposed to 
several other methods which consider specific rivers or catchments – a much too detailed level 
for this project. The framework described by Barredo et al. (2007) could be applicable for 
Sweden as it is adapted for a regional/national level. 

− The method for translating the vulnerability and exposure factors into values is not entirely 
explicit, therefore it might be difficult to replicate.  

− This is a static method with predefined critical water levels which does not take into account 
meteorological parameters for a continuous our ‘real-time’ flood risk assessment. 
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5 Summary of findings and conclusion 
The literature review of existing flooding risk indices and methods has shown that there is a multitude 
of indices and tools for different types of flooding. Compared to the results for wildfire risk indices it 
seems like there are many more individual models available and this work does in no way aim to 
present a complete list. Maybe this can be explained by the fact that there are several different types 
of flooding (pluvial, fluvial and coastal) which in some cases require different modelling techniques 
and varying types of input data. The high number of different methods could also be due to the 
different ways of representing flooding risk. In some instances risk is seen only as the occurrence of an 
event, while in other cases it is regarded as the combination of hazard and vulnerability and/or 
exposure. Therefore some flooding risk indices/models calculate a risk based only on for example 
precipitation amount, while others include topographical factors or factors concerning the 
population’s vulnerability. 

A summary of the findings is presented in Table 6. The applicability of the methods uncovered in the 
literature review is limited. Therefore it is advised that the project should be based on the methods 
used today by SMHI in Sweden and possibly supplement these with novel methods currently in 
development at SMHI and TVRL Lund University. 

Table 6. Summary of findings. 

Index Name Static / 
Dynamic 

Flood 
Type Input Data Selected 

References 

Coastal Risk 
Index 

Static 
(historical 
data) 

Coastal 
hazards 
(incl 
floods) 

For the hazard sub-index: sea level rise, 
number of storms, maximum daily 
precipitation, droughts, population 
growth and number of tourists 

Satta et al. 
(2016), Satta 
et al. (2017) 

Daily Flood 
Index 

Dynamic 
(based on 
precipitation) 

Flash 
floods 

Daily observed rainfall and historical 
maximum daily effective precipitation for 
a certain number of years 

Deo et al. 
(2015) 

EPIC  

& 

ERIC 

Dynamic 
(daily weather 
forecasts) 

Flash 
floods 
(Fluvial) 

Forecasts of precipitation depth over a 
certain duration in an upstream area; 
historical yearly maxima 

Forecasts of rainfall depth over a certain 
duration in an upstream area; historical 
yearly maxima; runoff coef for grid cells 

Alfieri & 
Thielen 
(2012) 

Raynaud et 
al. (2015) 

Flash Flood 
Potential 
Index 

Static (flood 
risk map) 

Flash 
floods 

For each grid cell: Soil type (sand, silt and 
clay percentages), forest cover (%), land 
use and slope (%) derived from a DEM. 

Smith (2010) 

Flood 
Hazard 
Index 

Static 
(topography, 
geographical 
parameters) Fluvial 

floods 

For each grid cell: runoff criteria, 
topography, distance to the drainage 
system, rainfall intensity, soil erosion and 
land use 

Toosi et al. 
(2019) 

Dynamic 
(runoff and 
rainfall) 
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Flood Index 

Dynamic 
(depends on 
hydrograph, 
the flow rate 
in e.g. a river) 

Fluvial 
floods 

For the studied river: hydrograph, 
approximated hydrograph, average 
discharge, initial discharge 

Suman & 
Bhattacharya 
(2015), 
Bhaskar et 
al. (2000) 

Flood index 
combining 
SPI and TWI 

Static 
(topographic)  Fluvial 

floods 

Daily precipitation and historic 
precipitation, upslope area per unit 
contour length and slope of the steepest 
downslope in the observed area 

Koriche & 
Rientjes 
(2016), 

McKee et al. 
(1993) 

Dynamic 
(daily precip) 

Geomorphic 
Flood Index 

Static 
(topography) 

Fluvial 
floods 

Topography data in the form om 
potential water depth and height 
difference of studied area. 

Samela et al. 
(2017),  

Mapping 
Flood Risk in 
Europe 

Static (flood 
risk map) 

Fluvial 
floods 

DEM, river networks, CORINE Land cover 
maps, population density by County 

Barredo et 
al. (2007) 

Swedish 
(SMHI) 
method 

Static Costal, 
fluvial 

Depending on model used, flood maps 
and hydrological models (HBV and HYPE). 

Overview 
given in 
chapter 2 Dynamic 
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