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SOCIETAL RISK CRITERIA IN LAND USE PLANNING – THE SCALE
OF ‘SCALE AVERSION’

Dr Ivan Vince, ASK Consultants, Bromley, UK
The current UK land use planning (LUP) regime near major
hazard (MH) installations is based on modelled hazard or
risk to hypothetical individuals at specified locations.
These straightforward and transparent model outputs are
convenient for drawing Consultation Distance (CD) and
zone boundaries, and for comparisons. True, they are
“blind” to population density and, partially, also to differ-
ences in vulnerability (though allowance can be and is
made, for example, for slower escape by vulnerable
people). However, these objections are addressed1 by
assigning each development type a sensitivity level, which
takes into account both density and vulnerability, and
restricting more sensitive developments to zones further
from the installation. The LUP regime thus implicitly
takes account of societal risk (SR). How it is to do this
explicitly remains unclear, however, even after HSE’s
recent consultation (HSE 2007).

There are conceptual as well as practical problems
with a comprehensive SR assessment. Not only is it rela-
tively complex and expensive to carry out, but the results,
even plotted as an FN graph2, can be difficult to interpret,
especially in terms of tolerability criteria. If a line is
drawn to demarcate the region where the risk is deemed
intolerable from that where it is tolerable-if-ALARP (As
Low As Reasonably Practicable), it is unclear whether a
graph that is above the intolerable threshold in one place
but well below it elsewhere should be judged intolerable.
Again, it can be difficult to compare FN graphs for different
sites, or for different risk reduction options at a given site.
Internal contradictions and potential inconsistencies are
clearly set out by Evans (1997).

Partly for these reasons, efforts have been made by
HSE and others to organise or manipulate the data under-
lying the FN graph to generate a single characteristic
number. Unfortunately, this is to trade transparency for con-
venience: such risk indices are convenient for comparisons,
but their meaning can be far harder to discern than that of
the originating graphs. In the case of the Scaled Risk Inte-
gral (SRI), even the dimensions are baffling (no matter
that they are logically derived):

ðpeople2 þ peopleÞ=hectare:

Probably the simplest numerical index is obtained by
multiplying the frequency of each component incident by
the number of fatalities it would cause and summing the
results over all components. The result is the calculated

1Within PADHI (Planning Advice for Developments near Hazardous

Installations).
2Frequency F of events causing N or more deaths; F v N plotted on

log-log scales.
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annual fatality rate or Potential Loss of Life (PLL) from
all accidents at the major hazard facility.

An important disadvantage of this natural approach
is that it does not acknowledge the putative aversion of
the public to multiple fatalities, also known as scale aver-
sion. HSE and other industry experts have debated
whether a single accident killing, say, fifty people is, or is
considered by society to be, a worse outcome than fifty indi-
vidual fatal accidents; and whether, if such aversion does
exist, it should be incorporated in SR criteria (see e.g.
Stallen, 1996; Jonkman, 2002 and detailed discussion in
Appendix 6 of HSC, 1991). HSE now has a published
policy not to use scale aversion (HSE, 2010).

Much HSE guidance cites its landmark publication
(HSE, 2001), affectionately known as R2P2, in recommend-
ing an ostensibly scale-neutral slope of –1 for SR criteria on
logarithmic FN axes. Note that R2P2 does not indepen-
dently endorse this value for the slope, but refers to
another report commissioned by HSE (Ball, 1998) –
which also does not endorse a particular value for the
slope. Nevertheless, HSE guidance and publications by
others cite R2P2 as an authority for the –1 slope. The toler-
ability line passes through the R2P2 “anchor point”, namely
a frequency of 2 � 1024 per year (¼ 200 chances per
million, or cpm, per year) for single events causing 50 or
more deaths. On this basis, accidents causing 5 or more
deaths would be tolerable at 2000 cpm/yr, those causing
500 or more deaths at 20 cpm/yr, and so on.

The reason I have laboured the word “ostensibly” and
stressed “or more” in the above paragraph is that, contrary
to appearances, an FN criterion slope of –1 incorporates a
considerable degree of scale aversion, concealed within
the words “or more”. This is explained in detail in several
publications, including HSC (1991).

The dotted line in Figure 1, labelled F(N), is the toler-
ability criterion described above, which I shall loosely term
the R2P2 criterion. The curve below it, labelled f(N), is
plotted to pass through 100 points representing accidents
in which exactly N people die3. It is important to realise
that the two curves correspond to identical risk profiles.
Thus, the condition that the risk of 50 or more deaths
from a single event should have a predicted frequency of
one-tenth (10%) that of 5 or more, corresponds to the con-
dition that the risk of exactly 50 deaths should be no more
than approximately one eighty-fifth (1.2%) of the risk of
exactly 5 deaths.

According to HSC (1991) “it is a matter of judgement
whether and if so to what extent an FN limit curve of slope

3Strictly, the curve should be dotted, since fN is not a continuous func-

tion: it is defined only for integral values of N.
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minus 1 is indeed risk averse: that is, shows extra repug-
nance to deaths of large numbers. We consider that it does
include some risk aversion.” The reason for the authors’
hesitation is that “one might think in terms [not of exact
numbers of victims, but] of the chance of killing ‘about
10’ (say, 9–11), ‘about 100’ (say, 90–110), and ‘about
1000’ (say, 900–1100). The frequency of events would
indeed be in the ratio 1:10:100.”

However, the scale aversion definitely exists and can
be objectively measured. To begin with, the ratio quoted
by HSE is not quite correct. The just-tolerable frequency
of events killing about 1000 (900–1100), about 100 and
about 10 (the HSE sequence is back to front) is in the
ratio 1:10:137. If we include in our survey the just-tolerable
frequency of killing one person4, the ratio, which would be
1:10:100:1000 without scale aversion, turns out to be
1:10:137:2465.

For the criterion to be truly scale-neutral, the
maximum tolerable PLL should be directly proportional to
the maximum number of fatalities (Nmax). In the hypotheti-
cal situation where at most one fatality could be caused, ie
Nmax ¼ 1, the value of PLL consistent with the R2P2
anchor point is 5.00 � 1023. Table 1 compares calculated
just-tolerable PLLs that are truly scale-neutral, ie pro-
portional to Nmax, with those derived from the R2P2
graph. A marked scale aversion is clearly apparent.

It must be conceded that the gap between the curves
in Figure 1 tends to decrease, together with the degree of
scale aversion, for sparser sets of N values – rather than a
continuous spectrum (Ball, 1998).

The SRI was originally applied in the LUP context,
prior to the introduction of PADHI. It therefore dealt
originally with risks of dangerous dose (or worse); how-
ever, there is no objection, in principle, of using it to ex-
press fatality risks, as is appropriate in the present context.

Figure 1. Scale aversion implicit in apparently scale-neutral

FN criterion

4Since we are dealing with integers, “about 1” ¼ 1.
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The derivation of the SRI is set out in Carter (1995)
and further explained in Hirst (1998), Carter (2000) and
elsewhere. The SRI is calculated from IR values:

SRI ¼ (P� R� T)=A

where:
P ¼ population factor
¼ ½[mnþ (mn)2], where

m ¼ population modifier:
m ¼ 1 for house residents

2 for a sensitive/vulnerable population
0.25 for people at a workplace

n ¼ population of development
R ¼ IR (at the proposed development near the MH

site) (cpm/yr)
T ¼ proportion of time for which the development is

occupied
A ¼ area of development (ha)

The population factor P represents an enormous scale
aversion, with the aversion factor growing at approximately
half the rate of the number of fatalities. Thus, it is implied
that society is as averse from an accident in which 50
people are killed as it is to ½(50þ 502) ¼ 1275 separate
fatalities.

I have been unable to find any justification for this
weighting, beyond the observation made by Hirst (1998)
that it falls within the range of weightings used by others.
In fact, as Hirst himself demonstrates, the SRI scale aversion
grows with N in parallel (beyond approximately N ¼ 10)
to the system in use in the Netherlands, which HSC (1991)
branded “extreme” – and which has caused “some local
difficulties of implementation which have necessitated
permission for derogations” (Ball, 1998). Indeed, it appears
to outdo in severity of aversion the distantly related “worst-
case” screening tool, the Approximate Risk Integral
(Carter, 2000; Hirst, 2002); though perhaps not the recently
proposed risk integral for land-use planning (Saw, 2009).

It is instructive to pit R2P2 and SRI against one
another – instructive, though perhaps somewhat mischie-
vous: R2P2 is concerned with regulatory compliance of
hazardous installations and SRI is used in the management
of residual risk through LUP; therefore, strictly, we are
not comparing like with like. For simplicity, let us do this

Table 1. Comparison of scale-neutral PLL values with those

derived from R2P2

Nmax

Maximum tolerable PLL

Truly

scale-neutral

R2P2 (FN

slope ¼ 21)

1 0.005 0.005

10 0.050 0.020

100 0.50 0.042

1000 5.0 0.065
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in the context of a planning application near a MH installa-
tion which has no other neighbours within the CD. Let us
start from the R2P2 anchor point: the SR is intolerable if
the calculated frequency of accidents causing 50 or more
fatalities exceeds 2 � 1024 per year.

The same document suggests that the ALARP zone
should encompass two orders of magnitude; whence, if
the frequency of such accidents is no more than 2 � 1026

(2 cpm) per year, then the risks (at least from such large
accidents) are deemed broadly acceptable, with no immedi-
ate need for further risk reduction measures.

Now, suppose the application is for a nursing home
with 100 residents on a 1ha site in the outer zone of the CD.

P ¼ ½[mnþ (mn)2]
¼ 20100

R ¼ 0.3 cpm per yr (characteristic of outer
zone)

T ¼ 1
A ¼ 1

Whence
SRI ¼ (P � R � T)/A
¼ 6030

This is more than double the value of 2500, which triggers
an Advise Against (AA) decision.

Re-stating: the SRI would trigger AA in a situa-
tion where 100 people are exposed to a risk of 0.3 cpm
of receiving a dangerous dose. Since a dangerous dose is
reckoned to be fatal to roughly 1% of the exposed popu-
lation5, the situation equates to 0.3 cpm per year of one
fatality.

But we have seen that R2P2 considers 2 cpm of 50 or
more fatalities per year, i.e. more than 300 times the above
risk, to be not merely tolerable, but broadly acceptable
without the need for further risk reduction.

I repeat the health warning given above: regulatory
compliance and land use planning require different appro-
aches, so may not be entirely fair to contrast their criteria.

The knotty issues of scale aversion have aroused a
great deal of debate in recent years. A satisfactory resolution
of the many strands – science, ethics/philosophy, socioeco-
nomics – still appears elusive. Meanwhile, the available
choice is not “for” v “against” scale aversion, but between
moderate and severe expressions of scale aversion.

5This is uncontroversial if we assume that the hazard is toxic rather than

flammable (Rushton, 2009).
410
ACKNOWLEDGEMENT
The author is grateful to the non-anonymous reviewer
Martin Goose for very helpful criticisms of the draft.

REFERENCES
Ball, D.J. and Floyd, P.J., 1998, Societal risks – a report pre-

pared for the Health and Safety Executive.

Carter, D., 1995, The scaled risk integral – a simple numerical

representation of case societal risk for land use planning

in the vicinity of major accident hazards, Proc 8th Int

Symp Loss Prevention and Safety Promotion in the Process

Industries, Antwerp, 2: 219–224.

Carter, D. and Hirst, I.L., 2000, “Worst-case” methodology for

the initial assessment of societal risk from proposed major

hazard installations, J Haz Matl, 71: 117–128.

Evans, A.W. and Verlander, N.Q., 1997, What is wrong with

criterion FN-lines for judging the tolerability of risk? Risk

Anal, 17: 157–168.

Hirst, I.L., 1998, Risk assessment. A note on F-n curves,

expected numbers of fatalities, and weighted indicators of

risk, J Haz Matl, 57: 169–175.

Hirst, I.L. and Carter, D.A., 2002, A “worst case” methodology

for obtaining a rough but rapid indication of the societal risk

from a major accident hazard installation, J Haz Matl, A92:

223–237.

HSC, 1991, Major hazard aspects of the transport of dangerous

substances – Report of the Advisory Committee on

Dangerous Substances.

HSE, 2001, Reducing risks, protecting people – HSE’s

decision-making process.

HSE, 2007, Proposals for revised policies to address societal

risk around onshore non-nuclear major hazard installations,

CD212.

HSE, 2010, Status summary of 23 issues February 2010,

http://www.hse.gov.uk/societalrisk/technical-policy-issues.

pdf (item 3).

Jonkman, B., van Gelder, P. and Vrijling, H., 2002, An over-

view of quantitative risk measures and their application for

calculation of flood risk, ESREL 2002 European Conference.

Rushton, A.G. and Carter, D.A., 2009, “Total risk of death” –

towards a common and usable basis for consequence assess-

ment, PSEP, 87: 21–25.

Saw, J.L. et al., 2009, Societal risk: initial briefing to Societal

Risk Technical Advisory Group, HSE RR703.

Stallen, P.J.M., Geerts, R. and Vrijling, H.K., 1996, Three

conceptions of quantified societal risk, Risk Anal, 16:

635–644.


	Acknowledgement
	References
	Table 1
	Figure 1
	Contents
	Homepage


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


