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1. Introduction

Reporting on the state of the environment often requires policy makers and
regulators to prioritise a range of diverse environmental issues for the purpose of
directing future action on environmental protection and improvement. Information
on environmental issues to inform this type of analysis can be disparate, it may be
too voluminous or even absent. Data on a range of issues are rarely presented in a
common fonnat that allows easy comparison. Nevertheless, strategic judgements
are required on the significance of impacts from various environmental pressures
and on the inherent uncertainties. Prioritising issues forces a discussion among
stakeholders of the relative significance of 'environmental hann' [1] from pressures
acting on various receptors in the environment. Discussions of this sort rapidly
evolve into a discourse on risks and values.

In an attempt to help systerrialise these discussions and provide practical tools for
the analysis of environmental risks at a strategic level, the Environment Agency of
England and Wales has initiated developmental research on strategic risk
assessment 25]. The tools developed under this research use the concept of
.environmental harm' as a common currency, viewed from technical, social and
economic perspectives, to analyse impacts from a range of environmental pressures.
Critical to an informed debate is an understanding and analysis both of the various
characteristics of harm (spatial and temporal extent, reversibility, latency, etc.) and
of the social response to the actual or potential environmental harm 4, 61. Recent
developments in this approach [5] allow a presentation of the analysis in a
structured fashion so as to better inform risk management decisions.

Here, we present recent developments in the strategic risk assessment research tool,
as tested by case studies from state of the environment reporting and the analysis of
a regional environmental plan [5]. We discuss its relative advantages and
limitations and its wider potential role among a range of strategic appraisal tools for
environmental assessment.
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2. The Strategic Risk Assessment Tool

2.1 Overview

The tool is based on qualitatively scoring a set of generic attributes that capture the
physical, social, and economic characteristics of the environmental harm associated
with any risk issue (i.e., a source or potential source of harm). The identification of
the risk issues, the associated harm, and the characterisation, or scoring, of the harm
attributes requires an understanding of the attributes and familiarity with the risk
issues. Therefore, the scoring process should involve a group with expertise that
covers the physical, social, and economic arenas of the environmental harm being
assessed, and should preferably be facilitated by an individual who has experience
of the tool and its application.

The tool can be used to assist in two key areas in the Agency's risk framework 7]:
• Risk Screening and Prioritisation: the attribute scores can be examined in

isolation and in combination using graphs to help identify and prioritise key
risk issues from various standpoints. Different presentational styles can be
adopted to help present and justify decisions for different audiences (e.g.,
senior managers, affected communities, technical groups).

• Options Appraisal and Risk anagement: the attribute scores and graphs can
be used to identify which aspects of each risk issue are of most potential
concern and, therefore, what risk management actions might be most effective.

2.2 Attributes

An initial classification of attributes and their scoring scales was presented in 2.
Each attribute represents a distinct characteristic of environmental harm relevant to
the overall assessment. The grouping of characteristics assists in presentation and
in use of the tool for risk prioritisation and options appraisal. A refined list of
attributes has been developed and classified according to those characterising the
physical properties of the hann (attributes AI to AI 1), and those characterising the
social response or valuation of the harm ( I to 136). Within these two groups, the
attributes can be further categorised:

• Value characteristics
"Stock at Risk" (AI) represents a valuation (either economic or in terms
of numbers of receptors) of the overall harm.
"Knock-on Effects" (A2) reflects that harm to one receptor may affect
the wellbeing (physical, social, or economic) of another receptor.

• Impact characteristics
"Spatial Extent" (A3) denotes the overall area in which exposures to the
hazard that causes the environmental harm are experienced.
"Heterogeneity" (A4) reflects that within the overall area denoted by the
"Spatial Extent", there may be heterogeneity in exposure to the hazard.
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10, "Sensitivity of Receptor" (A5) reflects the proportion of receptors
exposed that exhibit the harm.
The "Severity of Effect" attribute M) defines the general (rather than
worst case) physical effect on an individual sensitive receptor only.

• Temporal characteristics
"Temporal Extent" (A7) denotes the length of time that the
environmental harm will be experienced.
"Latency" M) considers that, although the hazard may already be
present, there may be a period of time before the consequent
environmental harin starts to be realised.
"Accumulation" (A9) reflects that, over the temporal extent of the harrn,
there may be changes in the rate at which the harm progresses.

• Scarcity characteristics
"Reversibility" (AI 0) considers both whether the effects of the harm are
reversible and, if so, over what timescale.

RI -Scarcity" (Al 1) reflects the abundance of the receptor, and is used to
consider the loss of cultural resources, as well as physical environments.

• Concern characteristics
"Dread" (B 1) reflects that society can have an aversion to, or fear of, a
harm that may be largely urelated to its physical nature.

Al "Unfamiliarity" (133) gives an assessment of concern that may arise out
of a low degree of knowledge and understanding of the harm.
"Notoriety" (136) reflects the potential for raised awareness of, and
anxiety about, the harm via the media and other channels of information.

• Discontent characteristics
"Unfairness" (132) reflects the discontent that may arise from the inequity
or unfairness of a harm's distribution.
"Imposition" (134) measures the social value afforded by the degree of
personal control over the harm.
"Distrust" (135) captures the consequences of a lack of trust in the
characterisation of the harm or in those responsible for its management.

2.3 Scoring

The application of the tool is shown as a flowchart in Figure 1. The selection of
risk issues, identification of key receptors, and the basis for the assigning of scores
for each risk issue is recorded in a pre-defined forinat. This allows users to record
and justify the scoring of the attributes and promotes compatibility between
multiple applications of the framework.

It is first necessary to identify which risk issues are to be assessed. The risk issues
should be described in terms of: (a) the hazard (a property or situation that could
lead to harrn), e.g., flooding, radon; (b) the sources or causes of the hazard (to feed
into development of risk management strategies), e.g., traffic, agriculture; (c) the
key receptors that can be harmed by the hazard and the consequences of the harm
(to allow the characterisation of the risk issue).
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Figure 1: Flow chart showing the application of the assessment tool.
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Next, the total value of the damage associated with each risk issue is assessed,
assuming the harm from the hazard is realised (the scoring of Attribute Al - "Stock
at Risk"). Because of a lack of data and partly because of widely varying estimates
of the costs of environmental damage, only a very broad evaluation of the value is
required. Use of a qualitative scale inevitably means that the actual value
represented by "high" or "low" designations will vary between each application of
the tool. Different types of information can be used to place the risk issues on this
scale, such as the economic cost of the consequences of each risk, the number of
people affected, budgetary provisions per year to manage the risk. A scoring report
encourages this information to be recorded offering the potential for a database of
applications and improved consistency with time.

It is also necessary to specify:
• the probability of each risk issue, i.e., the probability of the hazard occurring,

the receptors being exposed to the hazard, and the harm being realised from the
exposure, on a scale of high, medium, and low;

• the overall uncertainty associated with each value estimate, in terms of high,
medium, and low levels of confidence; and

• whether any knock-on (secondary) effects of the harm are included in the value
estimate, or whether a multiplier needs to be applied (the scoring of Attribute
A -Knock-on Effects").

For each risk issue, each of the remaining attributes are given a qualitative score. A
simple Likert scale running from I to has been adopted, where represents a low
level of impact or concern and a high level of impact or concern. A table giving
descriptive guidance on the scoring scale for each attribute has also been developed.

2.4 Presentation

Attribute scores can be presented schematically to assist in the communication and
application of the results. A number of configurations are discussed below.

Probability- Value-Response Schematic
The value of the Probability-Value-Response schematic is in communicating risk
prioritisation to senior decision-makers. In their work 7 WGBU applied a
summary schematic showing the probability of the damage occurring versus an
indication of the overall extent of damage. With this tool, a similar schematic can
be derived showing risk issues in terms of their likely probability of occurrence, the
relative value of the resultant damage, the uncertainty associated with these
measures, and the social response to the risk (Figure 2 The X-axis presents
relative value, calculated from [AlxA21. The Y-axis presents the probability of
occurrence of the risk, as rated on a scale of high, medium or low. The risk issues
are presented as representative areas on the schematic to reflect the uncertainty in
the scoring. The area for each issue is shaded in red, orange or green to reflect the
social response to the issue as presented by its position on the Social Response
schematic (see below).
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Figure 2 Probability - Value - Response Schematic

Character - Response Schematic
A potentially useful method of showing social versus physical valuation of the harm
associated with each risk issue is to plot the averages of the "B" attribute (social
response) versus "A" attributes (physical character) scores, with error bars based on
the standard deviation (Figure 3 This gives an overall assessment of the scoring
of the harm, and the variability of the scoring. However, the Character- Response
schematic does not necessarily differentiate strongly between risk issues that cause
harm of significantly differing values, and it does not take into account the
probability of the harm being realised.
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Figure 3 Character - Response Schematic

Social Response Schematic
The Social Response schematic is also intended to help users identify risk
management techniques appropriate to social priorities. The B-attributes, are
grouped to eflect the potential level of personal concern ("Dread", "Unfamiliarity"
and "Notoriety" [B]+B3+B6]), and the potential level of discontent ("Unfairness",
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"Imposition", and "Distrust" [B2+B4+B5]). These two groups are plotted on the Y-
and X- axes, respectively. The schematic is divided into areas of low (yellow),
medium (orange), and high (red) response. The area that an issue occupies here is
transposed to the Probability-Value-Response schematic.

Harm Characteristics Schematic
The remaining attributes (A3 to All) can be presented on three Hann
Characteristics schematics, reflecting the three main groups of characteristics:
• The Impact Characteristics schematic plots the coverage of the harm ("Spatial

Extent" x "Heterogeneity" [A3xA4]) against the impact of the harm
("Sensitivity of Receptor" x "Severity of Impact" [A5xA6]).

• The Temporal Characteristics schematic plots the temporal extent of the harm
("Temporal Extent" [A7]) against the urgency of the harm ("Latency" "Rate
of Accumulation" [A8+A9]).

• The Scarcity Characteristics schematic plots "Reversibility" AlO] against
"Scarcity" [AI I].

3. Treatment of Uncertainty

The tool deals with uncertainty in three principal ways:
• through its attributes, some of which are concerned with the variability of the

harm e.g., "Heterogeneity" and "Sensitivity of Receptors";
• through the scoring of the attributes, which can be given an "error" range to

reflect uncertainty in data or in cause and effect; and
• through the assessment of probability of the characterised harm being realised.

A further development would be to introduce an assessment of the lack of
knowledge about each risk issue as an extra dimension. This could act as an
indicator of overall confidence in the characterisation of the harm and be used in
options appraisal to identify where a precautionary approach may be appropriate.

4. Identification of Risk Management Techniques

The characterisation of the risk issues using the attributes and figures described
above can be used to identify appropriate risk management strategies. Both the
assessed level of harm and the nature and range of harrn characteristics ought to be
amenable to reduction by the focussed use of risk management techniques. To
assist in the process, lists of risk management techniques that are appropriate to
reducing the scoring for each attribute/group of attributes have been developed.

5. Advantages and Limitations

The tool provides a basis for comparing disparate risk issues by identifying
common attributes of the environmental harm associated with the risk issues and
scoring these attributes on a common scale. In doing this, the tool helps to
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fon-nalise the strategic analysis of risk issues and provides traceability to decisions.
However, the output cannot be used to prioritise issues "at a glance". Rather, it can
be used by technically aware users to analyse different issues, attach priorities, and
communicate such information to non-expert groups. Furthermore it is but one,
among an array of existing strategic environmental appraisal tools.

The tool favours the advantages of an unweighted and essentially qualitative
approach, although there is the potential for more quantitative expressions of
analyses if the data are available [8]. The tool does not replace, and is not intended
to replace, detailed and more quantitative risk assessment of individual issues.
During development, the complexity of the presentation of the results has increased
from one to several schematics. This reflects a desire to avoid oversimplification
and recognition of the range of infon-nation that needs to be presented to support
decisions on risk management. The additional schematics break out the attributes
into similar groups or types of information, helping to identify the key attributes of
each risk issue that need to be focussed on by risk management programmes. The
underlying documentation justifying the scoring is equally important.

A structured workshop-type approach to using the tool has been tested and was
found to be more time-consuming, but also more deliberative and enlightening than
participants had anticipated. This aspect may be one of the most significant
benefits of applying such a tool.
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