
The role of the Scottish Environment
Protection Agency
SEPA is responsible for environmental protection in
Scotland. Its task is to protect the land, sea and air, and to
do so in a partnership with others and in a way that enables
Scotland to sustain a strong and diverse economy. 

SEPA’s main aim is to provide an efficient and
integrated environmental protection system for Scotland
which will both improve the environment and contribute to
the Scottish Minister’s goal of sustainable development.

There are many ways that SEPA aims to achieve this
overall goal, and one key role is by providing flood risk
information. SEPA’s hydrology function advises local
authorities on flood risk for planning, flood prevention and
emergency response, as well as dealing with general
enquiries from the pubic on flood risk regarding specific
areas and properties. 

Section 25 of the Environment Act requires that
SEPA provides each local planning authority with advice
on the risk of flooding based on the information which it
holds.

SEPA is also the flood warning authority in Scotland
and has discretionary powers to implement flood warning
schemes under section 21 of the Environment Act 1995.
SEPA provides flood warnings to local authorities,
emergency planners and the police to help them deal with
flooding situations.

SEPA differs from the Environment Agency (the
equivalent organisation in England and Wales) on several
flooding issues; but significantly in that it doesn’t have
responsibility for building flood prevention schemes or
maintaining watercourses. Local authorities undertake this
work in Scotland.

The role of flood maps
SEPA provides advice on the probability and vulnerability
of an area to flooding. This advice depends on the
availability of reliable flood data to support planning
policy and guidance and to raise public awareness.

Flooding is not a new issue, and it is not going to go
away. In fact current climate change predictions suggest
flooding will become more frequent and more severe in
the future.1 Maps are the most effective way of
communicating information on flood risk at local,
regional, and national level to planners, developers and
residents. 

New maps are needed because the existing ones
(Institute of Hydrology 130 maps 1999) don’t provide full
coverage and are based on old data.

The Project
Following the launch of the Scottish National Flooding
Framework in 2002, the Scottish Executive invited SEPA
to seek funding for the development of new maps.

These would bring SEPA in line with the
Environment Agency who have had web based maps since
2000. 

The contract was awarded in 2004 with an internal
SEPA team, two specialist consultants and a web based
company undertaking the work. The project concluded
with the external launch of the web map in November
2006.

The project specification was to map a range of
predicted flood events (of different extents) for rivers and
the coastline around Scotland and to do this using industry
standard generic methods and national datasets so that they
could be applied consistently. Some of these datasets
already existed but some had to be built specifically for the
purpose of the project. 
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Using a computer to model flooding through an
automated process enables large amounts of modelling to
be done in a short time. This meant that it was possible to
estimate the probability of flooding occurring anywhere,
regardless of whether SEPA held records or had river
monitoring in place. 

Flood outlines were produced for the entire coastline
of Scotland and all inland rivers with a catchment larger
that 3 km2.

Methodology
There are several different modelling techniques that can
be used to create a flood outline. The SEPA maps were
created using the one most suitable for a countrywide map.
More accurate models could show a greater detail of
flooding on a local scale but these would be both too time
consuming and expensive to use for a study of this type.

Digital Elevation Model

A digital elevation model product was used to provide
ground height measurements. This is a ground model
based on a grid of height data creating a surface profile.
Obtaining one with Scotland wide coverage was key to
project success. 

For the flood map, Intermap’s Nextmap Britain
product was used. This new product provided the best
resolution available at a national scale and has a vertical
accuracy of between 0.7 and 1 metre and a grid spacing of
5 metres.2

The measurements are derived from the return signal
of two radar antennae on a specialist aircraft, flying at
either 20,000 or 30,000 feet and using IFSAR
(Interferometric Synthetic Aperture Radar) technology.3

A DEM, or, digital elevation model is a generic term
for elevation grid data, and a digital terrain model (DTM)
and digital surface model (DSM) are specific formats of
the data. The signal sent from the plane reflects from any
surface, so the data set received back represents a ‘real
earth’ model which contains buildings and trees, roads as
well as ground dimensions. This is known as a digital
surface model. The digital terrain model is a version of the
digital surface model that has had vegetation and man
made features removed to show the ‘bare earth’ model.
Intermap used specially developed software to achieve
this. 

SEPA worked with another UK based Intermap
customer of the Scotland DTM dataset who manually
review the automated output and removed any overlooked
anomalies to obtain an enhanced product. This resulted in
the most accurate Scotland wide DTM available

Modelling

GIS and hydraulic modelling software was used to create
flood outlines of the 0.1, 0.5 and 0.01% annual flood
probabilities. No specific account was taken of flood
defences or climate change.

To start the mapping process the enhanced flow grid
data was imported into a GIS framework and aligned onto
the Digital Rivers Network (DRN – a Centre of Ecology
and Hydrology product that maps the location of rivers in
Scotland). The DRN and associated flows were assigned a
stream order to allow processing of catchments in the
correct sequence. 

Cross sections were created perpendicular to each
flow point and were overlaid onto the DTM to extract
elevation levels at set distances of 5 metres. Generally the
width of each cross section was limited to a maximum rise
of 6 metres above the lowest river bed elevation. If the
ground level had not risen by 5m over a 1 km distance then
the transect was no longer extended and the highest
elevation was used as a section end. Other rules were
adopted for specific catchment types as required and
special care was required to consider meandering channels.

The cross sectional data was imported into
Infoworks RS. This is an integrated GIS and hydraulic
river modelling package which enables the physical data to
be efficiently integrated into hydraulic models. 

Coastal Outlines

For mainland Scotland and nearby islands, levels were
based on the Proudman Oceanographic Laboratory (POL),
Internal Document 112; Spatial Analyses for the UK
Coast, June 1997 (MJ Dixon and JA Tawn).

The Western Isles and Shetland levels were based on
flood levels (corresponding with the probabilities
required) supplied by SEPA at a limited number of point
locations around the islands.

The derived tidal levels were projected inland over
the digital terrain model, using GIS software capable of 3D
and spatial analysis. Negative values, where the land is
higher than the water surface, were removed. This created
a contour line showing the inland extent of the flooding.

A depth value was obtained by extracting the DTM
ground value from the water level. 
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Figure 1 Modelling the flood outlines 



The output of the modelling process was outlines of
6 flood events; 3 coastal and 3 fluvial. The flooding events
modelled represent the 1%, 0.5% and 0.1% annual flood
probability. All catchments larger than 3km2 were
included, and all coastline including Islands.

Limitations

The initial model flood outlines for both fluvial and coastal
were reviewed by SEPA staff and subsequently areas were
identified where the model output was not of sufficient
quality to accept without enhancement. 

Error types typically included:

• Discontinuity ‘or puddling ‘of flood outlines and
tributaries not joining up.

• Misalignment ‘or off-setting’ of the flood outlines
against the Ordnance Survey background map. The
DTM’s georeference system was created in a
different way to the OS maps and as such in some
locations some misalignment occurs

• DTM errors. Despite the automated and manual
checks that were undertaken in some locations errors
were still present in the DTM. This included areas of
trees, such as forested sand dunes, which were not
automatically removed and artificially raised ground
levels. In dense urban areas where lots of buildings
and roads existed, it was more difficult to represent
the ground levels.

• Methodology limitations physically created in the
production process. Examples of these included
straight edges created at the upstream limits of model
and spiking between cross sections. Flow sometimes
diverted down paths away from the watercourse
channel due the automatic selection of the lowest
point in a cross section.

More general limitations of the methodology included: 

• No specific consideration of defences.

• No inclusion of hydraulic structures. This could
significantly under predict the backing up factor of
bridges and in channel structures.

These errors contributed to an unrealistic map output when
viewed as a product overlaid on OS background maps and
to address this some manual editing of the data was carried
out by SEPA staff. 

Editing was undertaken by both SEPA staff and GIS
specialist consultants. It was applied with consideration
and included: 

• Trimming of irregular shapes and exaggerated errors.

• Amending or smoothing of straight edges

• Infilling of minor gaps

• Geo-rectifying of outlines to match OS maps

The edits were undertaken with reference to the digital
rivers network, flow grid data, OS contour profiles, IOH
130 flood risk outlines, (1st generation flood maps),
historical outlines and detailed model studies and ensured
the map reflected the single best strategic estimate of flood
risk.

External applications of the maps: 

• There are two main external applications of the data
– use by local authorities for planning and
emergency response and to raise public awareness of
flooding, flood risk and the planning process. 

This creates the following key users: 

• Government

• Local Authorities

• Emergency services 

• Public

Professional users are provided with training and technical
guidance, using road- shows, updates and support staff.
These users are clearly informed about how to use the
maps and what the map limitations are. 

Public access

It is important to ensure that by providing public access to
the maps through the internet, the public are receiving a
product that is of benefit to them. There are potential
concerns with the public understanding given the
limitations of the floodmaps, as their accuracy is not
immediately clear. It is easy to look at a line on a map and
see it as ‘in’ or ‘out’ without giving any regard to the
process used to create that product.

But there are clear reasons to provide access
including: 

• A need for transparency with data

• Provision of nationally consistent information (this
data is already available in England and Wales)

• To reduce workloads; the demand for general flood
risk information

• To increase awareness of planning process

• To increase awareness of flooding issues

Our research shows

“the majority of residents do not believe that
flooding is an issue that will affect them. Even in
high risk areas only 1 in 10 questioned believed that
they were at risk”

Heist 2005 SEPA flood awareness campaign
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Because it was a requirement of Scottish Executive
funding of the project.

Overall the maximum benefits from the maps are
provided by managing public expectations and therefore
reducing potential problems.

Managing public expectations
Public expectations of the website, have to be managed to
make the map a more meaningful and useful product. This
is achieved by controlling access and increasing the
understanding that the public have. The project team used
the following elements to help achieve this: 

Website design

The web pages are aimed specifically at public use. Clear
language and mobility is used throughout the pages.
Supporting information, frequently asked questions and
supplementary datasets are provided. This includes a link
to a Scottish Executive dataset which show the location
and type of flood defences across Scotland (figure 2). This
extra data, some of it external, is included because it adds

value to the product. They may be of interest to viewers or
help increase understanding. The web pages also detail
contact points (telephone and webforms) for SEPA
specialists for cases where more specific details are
required.

Disclaimer

A disclaimer or “Important information” must be read and
accepted before a viewer may access the maps. It clearly
states the appropriate use and limitations of the maps. A
shorter version is in view of the maps and printed material
at all time. 

Viewing Scales

The look of the maps can be controlled by limiting how
closely a viewer may zoom in or out of the map, and how
detailed (scale) the background mapping is.

The two comparable map extracts show an area of
Stirling (aptly namely riverside), prone to flooding. Figure
3, shows details with a 1:10000 background map, and,
street names and property boundaries are clearly visible. It
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Figure 2 Supplementary datasets (Scottish Executive flood defence data)



would be difficult to appreciate whilst looking at this
image that the map is not designed to assess flood risk to
individual properties. Figure 4 shows an image where the
viewer is limited to a 1:50000 scale background map and
maximum enlargement of the background to 1:25000. This
helps to ‘soften’ the edges of the flood outline and keep it
indicative. 

Media

The project team, and dedicated communications staff
work closely with the media to help inform and provide
useful information and help. Two full time
communications officers work on flood issues and have
developed an extensive communications strategy to aid
this process. 

Beyond the project; Map evolution

The map is an evolving product. If better data becomes
available all or part of the map can be updated and
improved. This may include re-modelling with improved
data (such as LiDAR), working with local authorities to
include site based modelling work, validation against real
event, and including user feedback.

Conclusions
The flood map has been produced primarily as tool for
local authorities making planning decisions but there is

also real benefit in using it to raise public awareness of
flood risk.

There are clear limitations associated with the data
and methodology used to achieve the national dataset. In
particular there are limitations with the DTM used to
represent the topography of Scotland which represents the
ground levels less accurately for dense urban areas. In
addition, the omission of hydraulic structures (e.g. bridges
and culverts), man-made structures, such as buildings and
flood prevention schemes or coastal defences may have an
impact on the overall accuracy in particular areas.

Care must be taken to ensure that it is used
appropriately but by managing expectations and
controlling access it is possible to clearly communicate
what the map is for, and how to use it, to different user
groups.

View the maps and read further information at: 

www.sepa.org.uk/floodmap

Notes
1 Climate change: Scottish implication scoping study.

Scottish Executive Central Research Unit 1999
2,3 NEXTMap Britain Product Specifications

www.intermap.com/corporate/greatBrit
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Figure 3 Map background 1: 10000 OS mapping. Figure 4 Map background 1: 50000 OS mapping




