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Abstract
This paper describes a method for identifying low-lying potential flood risk areas using digital
elevation model and geographical information data of mean water shoreline. This method serves as
a tool in the first step of the EU directive on the assessment and management of flood risks called
'Preliminary flood risk assessment'. This assessment will provide a national overview of potential
risk areas based on available or readily derivable information. Such an assessment is particularly
important for sparsely populated countries like Finland in order to cost-effectively identify
significant flood risk areas for subsequent flood hazard map and flood risk map production.
As flood damages in Finland have been less common than in many other parts of Europe, the lack
of spatial information on major floods substantially hampers carrying out flood risk assessment.
Therefore, it has been considered necessary to develop a procedure for automatically identifying
potential flood risk areas.
The method described here allows semi-automatic production of the so-called generated flood prone
areas for each watershed. Calculations are based on upper drainage area, lake percentage and river
gradient. The model is calibrated using discharge and water level observations. Generated flood
prone areas can be subsequently combined with GI-data of land use (e.g. urban fabric areas of
CORINE land cover classification). In addition, information on population and building floor area
within the flood prone region can be calculated as a grid of 250 m x 250 m “risk-squares” using the
building and apartment registry of Finland. In combination, the above data and the semi-automatic
method will aid in deciding upon the areas that call for more detailed flood hazard mapping.

Introduction
Finland is sparsely populated country with only 17 people per km². Forests cover 75% of the
surface area 338 000 km2. Bodies of water, mainly lakes, cover almost 10% (Figure 1). The amount
of flood damages has been small in Finland. During 1990’s the total damage was only about 3
million euros. In 2004 damages were about 8 million euros and in 2005 about 17 million euros (12
million caused by sea flood).
The compilation of flood hazard and risk maps for “the whole country” would be a huge task.
Therefore, it is important to start the flood risk management process with the identification of sites
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where flood can cause damage. The identified areas will be presented on flood hazard and flood risk
maps. Preliminary flood risk assessment (PFRA) should be cost-efficiently implemented in the
whole of Finland. It must be based on available or readily derivable information.

Figure 1. Land cover and population density in Finland.

The developing of the tools for PFRA in Finnish Environment Institute (SYKE) was started in
2006. The first objective was to develop a tool for the flood prone area identification. First, straight
line distance algorithm (EucAllocation) of ArcGIS Spatial Analyst extension (ESRI 2007a) with
constant “design water depths” was tested. However, it did not take into account the watersheds.
Next, in order to develop the method, it was tried to use the path distance tool (CostAllocation) of
ArcGIS. However, it was not working as supposed (ESRI 2007b). Therefore, a path distance
algorithm was coded using Visual Basic for Application (VBA Excel). The new method was
evaluated and further developed in the second pilot site in the whole of Kyrönjoki catchment (4 923
km2).
The second objective is to select the potential significant flood risk areas from these flood prone
areas. The risk-squares and risk zones methodology of rescue services can be applied. The tool has
already been implemented but the parameters should be still redefined.
SYKE has published guidelines for flood hazard mapping in 2006 (Sane et. al 2006). So far, about
60 flood hazard maps have been saved to the national flood information system, established in 2006
(Dubrovin et. al. 2006). Several more will be produced in the next few years. Maps are saved as GIdata in the ArcSDE-database. They are published as PDF files on the website of Finland's
environmental administration. Flood hazard maps and historic flood maps can be used the
validation of the generated flood prone areas too.
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The pilot project of PRFA is ongoing in two more pilot catchments in co-operation with the
regional environment centres. The production stage will be started in 2009. The flood information
system will have an important role. (Figure 2). Calculations will be carried out one by one for each
catchment. The aim is to carry out half of the catchments by 2009 and other half by 2010. The
production will be started from the areas where better digital elevation model is already available.
Generated flood prone area due to rising sea level will be modelled separated. This is much simpler
task.

Figure 2. Implementing of PFRA in Finland. First, analysis of the existing GI-data together with the generated flood
prone area and the calculated risk-squares and risk zones are carried out in catchment scale. Potential significant flood
risk areas (boundaries of the areas to be floodmapped) are selected using the GIS-analyse, other existing data, and
general knowledge. The PFRA is reported to EU in WFD river basin district scale.

Same type of methods for PFRA have been developed also in other countries like in Ireland and
Norway. Kristensen and Peereboom (2008) have evaluated two different approaches: (1)
Geomorphological, slope analysis and use of river network (2) Hydrological, deriving the flood
extent from the DEM based on a hydrological analysis of expected rise in flood level. The lastmentioned approach is quite similar to the approach presented in this paper. The key element of the
Irish approach (Adamson 2007) is to set flood levels e.g. 1 m above to typical bank level derived
from the DEM. The interpolated flood level profile is then extrapolated out across the river valley.
De Roo et. al. 2007 and Lavalle et. al. 2005 have been made flood hazard and risk mapping at PanEuropean Scale. As a first approach, extreme water levels have been estimated using a simple
function based on upstream catchment size. The alternative, an even simpler approach has been
chosen solely classifying the altitude differences between a specific grid-cell and its closest
neighbouring grid-cell containing a river, while respecting the catchment tree-structure.
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Available datasets
Digital elevation model
Standard error of the topographic accuracy of the national raster based DEM 25 m is 1.76 m.
National Land Survey of Finland (NLS) is producing a new 10 m pixel size DEM. Standard
deviation of this new product is about 1 m. At this time, its coverage is about 60% of the country. A
new more accurate digital elevation model (topographic accurate 20…30 cm) will be produced in
the national laser scanning project since 2008. An area of ca. 21 000 km2 has already been scanned,
including many flood prone areas. It's important to use the most accurate digital elevation model in
the modelling. The accuracy of the DEM has a fundamental influence on the accuracy of the
generated flood prone area.

Mean water shoreline (water body)
The NLS Topographic Database incorporates lakes, ponds, rivers, streams, and sea areas. When
available, the water body contains also elevation information from DEM 10. The water body of the
base map (ranta20) is used for stream burning in the method described in this paper. Ranta20
consists of polygons (lakes, sea and rivers more than 20 m wide) and polylines (rivers 5-20 m
wide). Small lakes without river connection (> 5 m) are not used in this analyse. The selected water
body is converted to continuous water body raster. At this time, ready made continuous river
network (are included in ranta10) is available only for some catchments.

Hydrological data
The national network of hydrological observation networks consists of some 300 water level and
discharge gauging stations. The oldest records began in 1847. In addition, flood observations and
calculated flood scenarios of the flood information system and the simulated ones from watershed
models can be used for calibration and validation (SYKE 2006).

Vulnerability receptors
Recently published guidebook for flood risk mapping (Alho et. al. 2008) describes the methods and
examples of flood risk mapping as well as the available data for flood risk mapping in Finland. The
same national spatial databases as in flood risk mapping can be used also in PFRA, e.g.
o population and building database (RHR)
o SLICES land use data or CORINE land cover data
o pollution control and loading database (VAHTI) including e.g. installations according to the
IPPC-directive and drink water intakes
o nature protection database (e.g. Natura 2000 -sites)
o Digiroad and topographic database including eg. roads, streets, railroads and electricity network
o cultural heritage database
o water constructions database
However, local vulnerability information is not gathered up and the data is not corrected like in
flood risk mapping.
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Methodology
Generating the flood prone areas
At the beginning, all the sinks are filled from the digital elevation model (DEM 25 m). A sink is a
cell with an undefined drainage direction; no cells surrounding it are lower. In order to use flow
direction -algorithms it have to be found a flow path from each cell to the neighbouring cell.
Because of the inaccuracies of the digital elevation model the water body raster should be burned to
the DEM in order to calculate flow accumulation. The stream burning (finding the local minimum
of the DEM) will improve or even make possible to calculate the catchment area of each cell of the
raster, particularly when used a coarse scale DEM. In Kyrönjoki case study it was used 30 cm
burning.
The next step is to calculate flow direction network and flow accumulations (upper drainage area of
each cell) using ArcGIS Spatial Analyst tools. In the Kyrönjoki pilot site the modelled drainage
basin area was 4 371 km2 and the actual value from the literature 4 923 km2. The inequality of the
values relates particularly to coarse scale DEM, but on the other hand there can be also errors in the
actual watershed borders. They have been made manually and digitized from the paper maps (scale
1:50 000) about 20 years ago.
The next step is to create, in other words ”select”, the river network from the flow accumulation
raster. The lake percentages, discharges, gradients and flood depths area calculated for these raster
cells only. Finally the flood prone area is spread out from these cells. In order to create the river
network raster it has to be decided the minimum flow accumulation which represents a river. It was
used value 20 km2 in the Kyrönjoki pilot project.
Kaitera’s monogram is an empirical, wide-used monogram, which can be used to approximate mean
maximum specific discharge (MHQ). The variables of the monogram are catchment area, lake
percentage and water equivalent of snow. The lake percentage (lake accumulation raster) can be
calculated for each water body cell of the river network using ArcGIS Spatial Analyst tools.
The discharge calibration was done using HQ 1/250 discharges of 4 discharge stations. Discharges
(between 20 m3/s and 635 m3/s) were estimated using statistical method (Gumbel distribution). The
calibration was done by minimizing the sum of the squares of the extraction Q from the digital
version of the Kaitera nomogram – Q estimated by changing parameters water equivalent of snow
and the ratio MHQ-HQ. The correlation was R2 = 0.992. After calibration, the discharge raster is
calculated. The impact of climate change could also be taken into account in the calibration.
Water levels are calculated by applying Bernoulli’s and Manning’s equations. Actually, we don’t
know cross sections of the river. River width is also uncertain. It is used an estimation that
Q = g * riverwidthh, where g and h are constants to be calibrated (Wharton et. al. 1989; Wharton
1992). River widths were also tried to calculate automatically from the GI-data of the water body
cells but it was too complicated. Constants g and h are calibrated using MQ-values from discharge
observation stations and measured river widths from the base map near the stations. In the
Kyrönjoki pilot site the relation was very good (R2 = 0.998).
The hydraulic radius (hydraulic mean depth) of the equation is calculated by using the derived river
width and the elevation of the water body cell from the DEM (usually the same as mean water level
elevation). The channel is assumed to be trapezium (slope 1:2). The algorithm will give only very
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rough estimate about the water levels based on discharges and gradients. Gradient for each river
node is calculated from the river network and DEM using a VBA-tool.
Flood depth calculation was calibrated using calculated HW 1/250 water levels (Gumbel or
hydraulic model) from 7 river locations by changing the parameter n. In fact, it’s not same as
Manning’s roughness coefficient. Calculated water levels are corrected so that Z + Water Depth is
always the same or higher when moving upward of the catchment. The standard deviation of the
water levels compared to the calculated ones was 0.7 m (R2 = 0.989). Calculated flood depths vary
between 1.7 and 4.2 m. The smaller gradient, larger upper drainage area and smaller lake
percentage the higher flood depths.
The flood is spread out recursively to all directions from each water body cell of the river network
until:
 the neighbouring cell is water body or it's outside the raster
 it has been already found a shorter route from the water body to the neighbouring cell (primarily
perpendicular to the river)
 elevation of the neighbouring cell is the same as calculated flood level of the nearest water body
cell (edge of the flood prone area)
 the elevation difference between the cells is negative (only to uphill)

Identifying the flood risk areas
Generated flood prone area can be overlaid with flood vulnerability receptors in GIS, e.g. with the
built-up environment class of CORINE land cover GI-data (Figure 3). This way, the possible flood
risk areas (red) can be identified in a coarse scale.
By law, rescue services must anticipate and plan future rescue situations so that the emergency
measures taken in the event of an accident can be accomplished quickly and effectively (Lehtonen
2006). In order to reach this goal, it has been produced a risk-square data. Risk classes have been
calculated to 250x250 m squares using the ranges of inhabitants, floor area, and accidents presented
in the table 1. In addition, it must be considered single risk objects. A risk zone is formed when at
least 10 risk-squares next to each other belong to the same risk class or higher risk class.
The risk-squares are based on the proved relation between building fires and number of inhabitants
and floor areas of buildings. However, the same risk-square and zone methodology could be applied
for identifying the significant flood risk areas too. The flood hazard and risk maps will be produced
for these areas.
In the Kyrönjoki pilot site the risk-squares and risk zones were calculated using the building-points
of the building and apartment registry within the generated flood prone area (Figure 4). The ranges
haven't been yet fixed for the purpose for identifying the significant flood risk areas. Also other
parameters could be used. Moreover, the information about the risk squares are presented as
numeric values in the GIS-attribute-table (Figure 5). Statistic from the whole catchment can be
calculated too (Table 2). The risk-squares and zones have been calculated also to the areas where
the flood hazard maps are already available.
Table 1. Ranges of risk-squares (250x250 m) of rescue services.
Risk class
Inhabitants / risk-square
Floor area / risk-square
> 250 inhabitants
or
> 10 000 m2
or
I
61 – 250 inhabitants
or
2 501 – 10 000 m2
or
II
10 – 60 inhabitants
or
250 – 2 500 m2
or
III
< 10 inhabitants
and
< 250 m2
and
IV
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Accidents / km
> 1 per year
0.51 – 1 per year
0.1 – 0,5 per year
< 0.1 per year

Figure 3. Generated flood prone areas with CORINE land cover data.
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Figure 4. Risk squares and risk zones.

Figure 5. GIS-attribute-table of risk squares. The fields presented in the table are flood depth zone, number of
inhabitants with risk class, floor area with risk class, total risk class, total number of buildings, and numbers of
buildings classed according to the purpose of use. It is also possible to search for relevant parameters from the table.
The search criteria (blue) in this table is “health care buildings whose floor area > 1000 m2. These building have been
presented as triangles in the figure 4. In addition, it can be presented the areas of land use according to the defined land
use classes of CORINE.
Table 2. Some key statistics from the databases, presented as tables, from the whole Kyrönjoki catchment.
Depth zone
Area (km2)
Inhabitants
Buildings
Floor area (m2)
199
3,516
2,225
368,866
0 - 0.5 m
129
2,270
1,587
281,692
0.5 - 1 m
81
2,133
1,486
214,461
1-2m
55
670
525
69,674
2-3m
26
766
548
71,251
yli 3 m
TOTAL
490 km2
9,355
6,371
1,005,944 m2
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Discussion and conclusion
The methodology is promising. However, it has to be still developed and tested in some other
catchments. Large catchments (> 5 000 km2) might be divided into sub-catchments and calculated
separately because of the main memory limitations. There are still some possibilities to code the
algorithm to use less memory and more efficient. The process is now semi-automatic. The
calculation is taken time some hours It’s important to automate it more in order to run to time in the
production.
There are a lot of open questions. What is the criterion for the selection of the significant flood risk
areas? In Finland it is not available yet but this should be a national decision. The ranges of the risk
squares should be reclassified from the default values used in this pilot analyse. The second
question related to the modelling is, what return period should be used in calibration. It’s better to
overestimate than underestimate to flood. Maybe it should be a more exceptional flood, e.g. 1/1000a
instead of 1/250a. The likely impact of climate change could be taken into account too.
There should be also possibility to change manually the calculated flood depths. Ice jams could be
taken into account by adding higher flood depths to the known risk places of ice jams to the raster.
Embankment areas are problematic. They (sinks) have to be filled to the DEM in order the make the
modelling possible. Water level next to the embankment area can be calibrated so that the filled
embankment will be covered by flood (e.g. only 10 cm). Sinks (depth) can be added later to the
flood depth raster in order to get actual flood depths.
If there are large lakes in the catchment it’s worth to combine GI-data of the lakes to the water
depth raster. Without that the maximum distance from the water body cell can be exceeded in the
flood prone area modelling. The flood depths can be modelled also too high because of the very
small “gradient” of the lake. It might be necessary to set constant flood depth values for the lakes.
The river mouths also are problematic. It has to be possible to extend the effect of the sea water
level (the lower boundary condition) along the river high enough.
The algorithm can be used for identifying floodplain areas and temporary flooding areas too. In
addition the preceding methods as water body cells can be used e.g. union of the peat land GI-data
and flow network with minimum catchment area. The flood depth can be set constant, e.g. 2 m
(note dam safety rules). Cells where the elevation difference from the previous cell is negative are
identified. Dikes are needed for these places. It could be found automatically areas where the upper
catchment area, retention area and volume of the retention area are as large as possible.
The accuracy of the DEM has a fundamental influence on the flood prone area modelling. The
current national 25 m pixel size DEM was insufficient for this purpose in many locations. It’s
important to use a more accurate DEM, if it’s only available. However, the combination of DEM 25
and DEM 10 m in the third pilot site (Kiiminkijoki) caused some problems in calibration, because
the elevations of the mean water levels are described better in the more accurate DEM 10. The
DEM should have uniform quality or it could be used different parameters for different DEMs.
It is important to remember that this is only a tool for PFRA. The final decision of selecting the
significant flood risk areas is made by the experts of the regional environments centres. The use of
GIS will be extensive in PFRA, but also the old knowledge about flood risk areas will be taken into
account. The data and knowledge collected in the PFRA process is also very important for the
preparation of the flood risk management plans.
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