
Introduction
Did you know that the Health and Safety Executive (HSE)
carries out geographical analysis and maintains a detailed
population dataset? This work is carried out on behalf of
HSE by a small but expanding GIS team at its research
agency, the Health and Safety Laboratory (HSL).

It is HSE’s mission to prevent death, injury and ill-
health to those at work and those affected by work
activities, and it is this latter point where the GIS team
often get involved in projects. HSE is interested in the
number of people living, working, attending school, etc. in
the vicinity of hazardous facilities such as chemical plants
or nuclear power stations, and the GIS team can estimate
this using its National Population Database (NPD). This
paper will introduce this dataset, and then look at how it is
used in assessing the potential impacts of accidents in the
nuclear and chemical industries.

The National Population Database
HSL has developed and maintains a detailed population
database on behalf of HSE in order for HSE to estimate the
number of people potentially at risk should there be an
accident (at a hazardous site such as a chemical works, for
example). This information informs decisions on land use
planning and also emergency planning. HSE has a duty to
provide advice and guidance to local authorities on the
development of land around major hazard sites, which

includes risk assessments of sites and the production of
contours of risk around sites. Populations around sites are
also used to inform decision-making.

A number of different types of population are
modelled within the NPD and these include:

• Residential (night time and weekday);

• Schoolchildren;

• Childcare/nurseries;

• People in care homes;

• Patients in hospital;

• People on the road (average and peak flows, plus
traffic jams); and

• Workplaces.

Splitting the population into categories like this enables
the GIS team to model different scenarios such as the
differences between day time and night time populations.
HSE is also interested in the locations of vulnerable people
such as those in schools, hospitals and in care homes.
Populations such as these may be more susceptible to harm
and potentially more difficult to evacuate should there be a
need.

The information used to create the NPD comes from
a variety of sources. The majority of the locational
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information comes from Ordnance Survey’s
AddressLayer, to which population data from the census
or from various Government departments is added. The
actual methods used in creating each layer is described in
detail in two research reports available from HSE’s
website (Smith et al., 2005 and Smith and Fairburn,
2008).

Population Estimates for Land Use
Planning for Chemical Sites
The Hazardous Installations Directorate (HID) of HSE is
interested in knowing the size and type of population in the
vicinity of hazardous chemical sites. These are sites that
have the potential to create hazards that extend outside
their own site boundary and potentially affect the general
public. These scenarios are extremely rare, but are
modelled and examined by HSE as they could potentially
happen and cause offsite effects. The need for population
estimates for use in this type of modelling work led to the
development of the NPD.

Both HID and HSL have models that can run through
the potential scenarios should there be an accident at a
particular site. These scenarios depend on factors such as
the type and quantity of the substance stored/processed on

site and also local prevailing weather conditions, amongst
others. This provides information on the probability that a
hazard such as a toxic plume of a particular size might
occur and blow in a particular direction. It is at this point
that population data is used to analyse the event in order to
give an estimate of the number and type of people
potentially affected by each hazard.

Once all hazard scenarios have been analysed, a
measure of societal risk can be made. This is the
relationship between frequency and the number of people
sustaining a specified level of harm in a given population
due to the realisation of specific hazards. The output is
often displayed on a graph known as an ‘FN1 curve’ and
shows the cumulative frequency of an accident leading to
a certain number of casualties. The general shape of FN
curves illustrates that major accidents that would affect a
large number of people are a lot less likely than more
minor accidents, which is as would be expected.

In 2007, HSE published the consultative document
‘Proposals for revised policies to address societal risk
around onshore non-nuclear major hazard installations’
which sought views on the proposal that societal risk
should be taken more explicitly into account in land use
planning. To support this policy area, the NPD has been
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Figure 1 How the geography of the surrounding population
can affect societal risk calculations: (a) a fictional site with
the surrounding population spread out; (b) a fictional site
with the majority of the population to one side; and (c) the
slope of typical FN curves for these two sites. © Crown
copyright, all rights reserved, HSE 100021025 (2009)
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used in trials and for experimenting with future
development scenarios.

Although the substances stored or used on site have a
strong influence on the shape of the FN curve by
determining the various hazard scenarios, the spread of the
surrounding population also has an influence. This is best
explained using two extreme examples of fictional sites
that are identical but in different locations (Figure 1).

In the first fictional site, the surrounding population
is spread fairly evenly in all directions from the site.
Should there be an incident that leads to a plume of toxic
gas leaving the site boundary, there is a good chance that
some people will be affected no matter which direction the
wind is blowing. This is represented in the FN curve
labelled 1, which has a steep gradient with a relatively low
maximum number of casualties. There is a relatively high
probability of a low number of casualties due to there
being a small population in all directions.

The second fictional site has most of the nearby
population in one direction. If the wind blows in any
direction other than the one in which the majority of the
population lies, hardly anyone will be affected by the
hazard. However, if the wind is blowing in the direction of
the majority of the population, there are potentially many
casualties. The FN curve labelled 2 tends to describe such
sites. The curve is much flatter than the previous example
and has a higher maximum number of casualties. There is
a relatively low probability of a low number of casualties
as there are many scenarios when a plume could avoid any
people. However, if the wind blows to the north east a
whole town could be affected in extreme cases, thus the
FN curve shows a higher maximum N.

HSE and HSL are actively looking at alternative
methods of displaying societal risk, including displaying a
measure of this on a map. As many of the inputs and the
final uses of this data have an important geographic
component, mapping could be a useful way of representing
this data. This is also important because local authorities,
who will be the end users of this information, need to have
something that they can use to create development plans.
Issues such as how to present the contribution to the
current overall risk from certain areas on a map are being
explored, as are how to present change in societal risk as a
result of changes to the land use in the area.

Emergency Preparedness and Response for
the Nuclear Directorate of HSE
HSE has an incident suite in its offices in Liverpool
(Redgrave Court Incident Suite or RCIS) from which it
can monitor emergencies should they occur, and the
Nuclear Directorate (ND) regularly uses the room for
training and emergency exercises. It is a requirement of
REPPIR (Radiation Emergency Preparedness and Public
Information Regulations) 2001 that Local Authorities test

their off-site plans every three years. For the nuclear sites
a mock accident is simulated during such an exercise, with
the operator of the nuclear site, local emergency services,
and all agencies required by the Local Authority off-site
plan responding as they would to a real event by attending
the Strategic Co-ordination Centre located at Police
Headquarters, or at a dedicated off-site centre located
away from the nuclear site. From the Incident Suite, HSE
can monitor how the accident is being managed and can
provide independent technical prognosis of the event. This
includes making sure that local agencies are aware of the
location and number of people at risk.

In order to improve its ability to perform the latter
function, ND commissioned HSL to design a GIS system
that would allow non-experts in GIS to quickly query a
map to identify the location, number and types of
population at risk should the wind be blowing in a
particular direction. This system was required to be
operated by non-GIS experts, and therefore be easy to use.

HSL created a customised MapInfo Professional
program that can display Ordnance Survey maps at a
variety of scales and allow ND to query population data in
a format that is suitable for their needs. The existing paper
maps of each nuclear licensed site display a varying
number of sectors centred on the site, each with its own
labelling system. These maps are used in both ND and by
the site, so the GIS system needed to be consistent in order
that the information provided by HSE was easily
understood at the site. The sectors were also broken up into
distance bands to allow the user to ask questions such as
‘how many people are in sector 4 between 3–10 km?’

The user can also enter information about the wind
direction, speed and time, which can then be displayed as
an arrow on the map. The wind conditions will affect the
direction and distance of any radioactive releases. This
information then informs the sector(s) of interest for
population queries (Figure 2).

The raw population data can also be displayed and
interrogated in order that the names and addresses of
vulnerable groups in locations such as a school or care
home could be found. This information may then be
passed on to people in the field to help inform decision-
making with regard to evacuation requirements, for
example.

Summary
HSE has created a detailed population database in order to
be aware of the number and types of people potentially at
risk from a variety of industrial hazards. The use of this
population data is expanding into new areas all the time
and is increasingly being used in the nuclear sector. This
work helps HSE in its mission to prevent death, injury and
ill-health to those at work and those affected by work
activities.

SoC BULLETIN Vol 43 5



References
Saw, J.L., Wardman, M., Rushton, A., Wilday, J.,

McGillivray, A., Reston, S., Balmforth, H., and
McManus, H. (2009) Societal Risk: Initial Briefing to
Societal Risk Technical Advisory Group (HSE
Research Report: RR703) Sudbury: HSE Books
(Available at:
http://www.hse.gov.uk/research/rrhtm/rr703.htm)

Smith, G., Arnot, C., Fairburn, J. and Walker, G. (2005) 
A National Population Data Base for Major Accident
Hazard Modelling (HSE Research Report: RR297)
Sudbury: HSE Books (Available at:
http://www.hse.gov.uk/research/rrhtm/RR297.htm)

Smith, G. and Fairburn, J. (2008) Updating and
Improving the National Population Database to
National Population Database 2 (HSE Research
Report: RR678) Sudbury: HSE Books (Available at:
http://www.hse.gov.uk/research/rrhtm/rr678.htm)

Note
1 Frequency-number
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Figure 2 Results of a query to find how many people are downwind of a potential radioactive release
© Crown copyright, all rights reserved, HSE 100021025 (2009)


