
Introduction 
During the course of 2012 the UK experienced the second

wettest year on record (Met Office, 2013). With one in

every five days seeing flooding in communities across the

country and with more than 7,000 properties being

inundated, the headlines were understandably downbeat

(The Guardian, 2013). However, figures released by the

Environment Agency in response to the event suggested

that 200,000 properties had been protected by flood

defences, with a subsequent cost saving of £1.7 billion to

the UK economy in potential damages (Environment

Agency, 2013). The roles of hydraulic river modelling and

comprehensive mapping in ensuring that these defences

were not only sited appropriately but were also constructed

to a design standard able to cope with such an event, are

often underestimated and can quickly be forgotten when

simply analysing the statistics in the wake of such a

national incident (Figure 1). 

With climate change projections published by the

UK Climate Panel (UKCP09) suggesting that events such

as those witnessed throughout 2012 and again towards the

end of 2013 are likely to occur more often (Jenkins et al.,
2009), the need to plan ahead and anticipate not only the

potential impacts but also the possible mitigation of such

incidents is critical. As such, there is recognition, across

the Flood Risk Management community and the wider

spectrum of planning authorities, that accurate and reliable

mapping should be fundamental in the decision-making

process, to ensure that future development is sustainable

and the management of flood risk is both appropriate and

effective.

Background
The mapping of flood risk is not a new concept. Mapping

of flood extents in Derbyshire has been recovered from

1875 (Institution of Civil Engineers, 2001) and the

Environment Agency holds flood records for the River

Trent in Burton dating back to the same period. Whilst

flood-plain mapping (Section 105 mapping) has been

undertaken by the Environment Agency since its inception

in 1991 (Bye, 1998), the initial results were disaggregated

and inconsistent, with a national-scale understanding of

future flood risk only truly having been achieved during

the last 10 years. During the Easter of 1998, the
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Figure 1 Flooding in Stratford on Avon, November 2012
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inadequacies of flood-plain mapping available at the time

were gravely highlighted when the UK experienced

flooding at a national scale not witnessed in the previous

50 years (Bye, 1998). Approximately 4,500 properties

were flooded at a cost of at least £350 million to the UK

economy, with many land owners not having been aware

of the potential risk to them or their properties (Bye,

1998). 

Whilst flood estimation had been a tool used by

engineers for a number of years, a mapped output from

such techniques, made widely available to the public and

planning authorities, had yet to gain traction. The Bye

report (Bye, 1998) published in the wake of the event

further highlighted the flaws of Section 105 mapping,

describing it as ‘often no more than crude estimates’ with

a recommendation that flood risk for the 1-in-100-year

event (that described as having a 1 per cent chance of

happening in any given year) be made more widely

available. 

The Environment Agency duly acted, with the

production of an indicative flood map provided to all

professional partners (Institution of Civil Engineers,

2001). In the autumn of 2000, the UK experienced another

significant flooding event with areas of the south east and

Yorkshire experiencing the largest rainfall totals in any

four-month period since 1766 (Marsh, 2001). The

occurrence of these two events in quick succession raised

the profile of flooding with the public and ensured that

there was an ongoing requirement for estimated flood risk

to be accurately mapped and inherent in future land use

and management decisions. 

Flood Map and Planning
The indicative flood map was further enhanced in 2004

with the production of an extreme flood outline and the

introduction of generalized modelling for all catchments

in excess of 3 km2. Whilst generalized computer

modelling does not have the same level of sophistication

as detailed hydraulic calculations, the ability to map

overland flow routes using aerial ifSAR (interferometric

Synthetic Aperture Radar) elevation data, and later

LiDAR (Light Detection and Ranging) elevation data,

was a vast improvement in the way in which flood plain

extents were determined. These outputs formed the basis

for the production of the Environment Agency’s Flood

Zones1, now inherently embedded within land-use

planning policy. By gradually supplementing these initial

outputs with an increasing number of detailed hydraulic

model results, the validity of the Environment Agency

Flood Map has been maintained, becoming an invaluable

tool in ensuring sustainable behaviours in and around

flood risk areas.

The incorporation of the Flood Map into town and

country planning policy has resulted in an informed

approach to land-use development and an evolving

understanding of the benefits that the planning system

might provide in managing future flood risk. In 2004, new

legislation ensured that flood risk was at the fore of

development decisions and, whilst there was still no single

piece of legislation that dealt with flooding related issues,

the introduction of Planning Policy Statement 25 (PPS25),

resulted in Flood Risk Assessments (FRAs) being required

for all developments in excess of one hectare as well for

those sites located within Environment Agency Flood

Zones (Jones, 2008). The policy further enforced the

concept of the sequential and exception test, ensuring that

sites were either situated appropriately, or, where more

appropriate sites could not be identified, provided

adequate mitigation. Again, at the forefront of this concept

were the mapping products provided by the Environment

Agency or by commercial outfits who quickly developed

the necessary skill-base to produce highly detailed mapped

assessments of site-specific risk. 

The move also led to the Flood Map being made

widely available publically, with many commercial and

private land owners being alerted to potential flood risk for

the first time. The incorporation of flood mapping into

various facets of land development, ownership and

improvement increased in prominence and is now inherent

in all processes from land allocation at a strategic level

right through to individual property searches at the point of

sale. The need to update, maintain and improve our

understanding of risk, and as such the quality of our

mapping, has also accelerated rapidly, with generalized

modelling quickly being superseded by hydrodynamic

computer modelling capable of undertaking fast and

accurate calculations of the key elements of river channel

and floodplain systems (CH2MHill, 2013).

Mapping Products and the Need to
Diversify
The need to publicize and consider flood risk had always

been skewed towards fluvial and coastal flooding, and all

mapped outputs produced by the Environment Agency

adhered to this function. The summer floods of 2007 were

to prove a catalyst for change, with a more holistic,

integrated view of flood risk being required.  The flooding

witnessed in 2007 was later described by Pitt (2007) as

being the largest peace-time emergency since World War

II. Around 55,000 properties were flooded with 13 people

tragically losing their lives during the event (Mayes,

2008). Significantly, it was estimated that more than half

of the properties affected by flooding were inundated by

surface water (ibid.). The subsequent review, whilst

acknowledging the fluvial and coastal mapping undertaken

up to that point, highlighted the lack of detail regarding

surface water flood risk and the need for this to be better

understood alongside fluvial, coastal and groundwater

flooding (Pitt, 2007). As with previous events, the need for

mapping to define this risk was evident and the resulting

Areas Susceptible to Surface Water Flooding Map and

later the Flood Map for Surface Water, were to prove

invaluable tools in beginning to manage and plan for the

flood risk associated with surface water.

12 SoC BULLETIN Vol 47

SOC Bulletin (Vol 47)j_SOC Bulletin  11/06/2014  09:30  Page 12



The Environment Agency has since produced a

series of mapping products for use in spatial and strategic

planning, incident management and public awareness

campaigns. The inception of the reservoir breach maps

and production of groundwater flooding maps, has further

added to the catalogue of available datasets for which

there are a vast array of customers from a huge variety of

both private and public sector organizations. The

production of these mapped outputs is now fundamental

to many of the processes that govern the management of

flood risk throughout the UK, with the understanding of

flood risk that these maps provide underpinning all facets

of work undertaken by risk management authorities

(RMAs). 

The diversification of mapping tools has in part been

driven by the additional volume of data available from

hydraulic modelling studies capable of producing flow,

depth and hazard outputs for individual elements of the

floodplain. This level of detail and accuracy is further

demonstrated by the Environment Agency’s production of

the National Flood Risk Assessment (NaFRA). Rather

than being a deterministic extent on a map, NaFRA

introduces the theory of probabilistic modelling. The

floodplain, represented by cells, is assessed on a risk-based

approach, taking into account the integrity of flood

defences, depth and velocity of water, and the receptors

that might be affected in any given event (Environment

Agency, 2009). The result is a mapping product that not

only suggests to the user which areas of land might get

wet, but provides an indication as to the level of risk in any

given location considering both the probability of flooding

and the potential consequences.

Mapping for Incident Management and
Public Awareness 
Mapping has also become a key aspect of incident

management and is fundamental to the flood warning

service offered by the Environment Agency, and many of

the decisions taken during a flood event. The 2007 Pitt

report called for the Environment Agency to ‘work with its

partners to progressively develop and bring into use flood

visualisation tools that are designed to meet the needs of

flood-risk managers, emergency planners and responders’

(Pitt, 2007). The result was a series of mapping products

for use throughout the various levels of incident response. 

Within area incident rooms, mapping has now been

used to accurately assess the number of properties affected

in any given storm event, related to the nearest gauge

level. Further, the production of the flood visualization

tool has enabled incident managers at a strategic and

tactical level to identify where those properties are, whilst

highlighting particularly vulnerable infrastructure. The

development of 2D mapped outputs2, has resulted in the

ability to embed flood-sequencing animations within the

mapped extent, allowing for the progression of a modelled

flood to be examined. The use of such animated maps can

prove crucial to the way in which the emergency services

and risk-management authorities handle the progression of

a flood. 

The flood viewer tool takes this concept a step

further, enabling the user to alter a sliding scale to reflect

the level at the nearest gauge and see the corresponding

flood extent on the screen. The ability to relay information

such as this in a visual format has become an integral

aspect of flood incident management, enabling all key

players to have a clear understanding of the potential

development of any given incident (Figure 2). As
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Zlatanova (2004) highlights, the need for reliable

geographical systems helping rescue operations is urgently

appealing. Historically, specialized systems have been

used in emergency response, but the need to provide

appropriate geo-information to those individuals without

prior experience of such systems is evident (Zlatanova et
al., 2004).

Additionally, maps for a series of ‘what if’ scenarios

are now available, with culvert blockage or failure having

been modelled and mapped for key Environment Agency

assets within the Midlands region. The results from this

generalized modelling approach are indicative, but provide

a far greater understanding of the risk associated with

vulnerable assets, which, up to now, has been assumed on

the basis of present-day modelled outputs. These mapped

products have also enabled key information to be extracted

regarding the economic benefits of maintaining such

assets, ensuring that flood defence management is efficient

and supported by a defensible evidence base.

Many of these tools have also been incorporated into

much of the public engagement work undertaken to ensure

a level of understanding is held by those communities

most at risk. The ability to not only present a map showing

an area of land at risk but to visualize this progressively,

and to present differing scenarios, can help members of the

public relate to flood risk in relation to known areas of

their community. A simple large extent shown on a map

can often seem unimaginable but showing the build up of

such an event, often incorporating the areas of land that

have been known to flood previously, encourages

individuals to imagine the wider potential.

Mapping for Funding
In May 2011, the Secretary of State for the Environment

introduced a new policy: Flood and Coastal Erosion

Resilience Partnership Funding. This policy described a

new approach to funding projects in England to reduce

flood and coastal erosion risks (Environment Agency,

2011). With a changing economic outlook, the need to

deliver flood improvement works in partnership with other

public organizations, communities and private business

was evident. The result has put added emphasis on the way

in which we can use our mapped information to not only

communicate risk but to deliver an interactive user

experience, encouraging engagement in the concept of

flood risk.

Environment Agency teams in Midlands region,

Central area have produced a number of products designed

to offer a more comprehensive picture of flood risk in any

given area. These tools allow the user to navigate through

a series of intuitive PDF (Portable Document Format)

maps. Interactive 3D environments, 3D visualizations and

flood-sequencing animations have all been embedded

within what has traditionally been considered the map

environment (Figure 3). The introduction of simplistic

buttons has enabled the user to change the content

displayed within the map window without the need to

hyperlink to other file paths or create PDF documents with

multiple pages and page links. Further, the ability to query

content within the maps, and interrogate the attribution

data assigned to each element, allows the end user the

freedom to extract the information of most relevance

without the need for a series of tabulated data to be

provided alongside the mapped content.
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The majority of these products have been produced

using Sterling’s TerraGo Publisher v.5.2 to enable

attribution data to be associated within any mapped layers

exported out of Esri ArcGIS v.9.3.1. The data held in PDF

format are then manipulated using a series of commands

within the Tools available in Adobe Acrobat X. Changing

view settings associated with each button command and

embedding multimedia content results in a product that

can visualize flood risk in a number of dimensions that are

dependent upon the end-user’s preference. The ability to

transform a fixed-format PDF into a small and intuitive

GIS enables a huge degree of flexibility and invites the

user to become more involved in a map that they can

interact with. Using JavaScript for Acrobat (Adobe, 2010),

pop-up windows have been inserted within the maps,

allowing the user to scroll over or click content to explore

another facet of the mapped information.

3D environments created in Esri’s ArcScene v.9.3.1

and exported to Virtual Reality Modelling Language (or

.wrl format) have also been embedded within the PDF

environment, using Acrobat’s 3D extension plug-in. The

resulting 3D landscape opens within the map window at

the click of a button, allowing the user to zoom in and out

and navigate around the 3D environment (Figure 4). The

prototype that has been created is compact and suitable for

email, making it an incredibly compelling tool for

disseminating data to a wide audience who may not have

previously engaged with the traditional flood-risk maps

provided on the Environment Agency website. 

Conclusion
Flood-risk mapping has become inextricably linked with

the management of flood-risk areas by all risk-

management authorities. From European Union directives

to more local strategic and community based planning

approaches, maps and the way in which they represent

future flood risk are fundamental. Being able to adapt this

concept and allow the user the opportunity to involve

themselves and their imagination within the map window

further enhances the value of flood-risk mapping. 

The merit of interactive mapping products has

already been realized within the Environment Agency with

valuable contributions of land, resource and money having

been acquired as a result of these compelling mapping

tools. The future production of these products will

inevitably be shaped by public interest and the continually

changing economic environment within which flood-risk

management authorities operate. However, within an

evolving multimedia world, the need for mapping to keep

pace is self-evident. With social media becoming rapidly

entrenched in how we disseminate flood-risk information,

the expectations of those who receive that data are only set

to increase. The traditional flood-risk maps of the past ten

years may no longer fulfill the information needs of an

increasingly demanding public.
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Notes
1. Environment Agency’s Flood Zones:

• Flood Zone 3 – shows the area that could be
affected by flooding, either from rivers or the
sea, if there were no flood defences. This area
could be flooded: 
(a) from the sea by a flood that has a 0.5 per

cent (1-in-200) or greater chance of
happening each year;

(b) or from a river by a flood that has a 1 per
cent (1-in-100) or greater chance of
happening each year.

• Flood Zone 2 – shows the additional extent of an
extreme flood from rivers or the sea. These
outlying areas are likely to be affected by a major
flood, with up to a 0.1 per cent (1-in-1000)
chance of occurring each year. 

2. Information providing depth, velocity and hazard for
each grid square (of definable resolution) within the
floodplain.
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