Period of trade and trade volume in import risk analysis

T
acera

J- Australian Centre of Report Cover Page

Excellence for Risk Analysis

ACERA Project

Round 2, Project 2 (Project Number 0702)

Title

Review of the use of period of trade and trade volume in import risk analysis

Author(s) / Address (es)

Mick McCarthy, Mark Burgman and lan Gordon, University of Melbourne

Material Type and Status (Internal draft, Final Technical or Project report, Manuscript,
Manual, Software)

Project final report

Summary

The aim of this project was to review literature on the way in which risk is integrated over time and
over volume of trade in Import Risk Assessments in Australia, to evaluate the implications of the
approach, to compare it to the approaches used in other places and in other technical areas, and to
evaluate potential avenues to improve application or communication. The report provides examples
that illustrate assumptions of the current approach, and makes suggestions regarding the future use of
tools for integrating and communicating probabilities.

ACERA Use only Received By: Date:
ACERA Use only ACERA / AMSI SAC Approval: Date:
ACERA Use only ACERA / AMSI SAC Approval: Date:




Period of trade and trade volume in import risk analysis

T
acera

Australian Centre of
Excellence for Risk Analysis

ACERA project 0702

Review of the use of period of trade and trade
volume in import risk analysis

Final Report
June 1, 2007

Michael McCarthy*, Mark Burgman®, and lan Gordon?

1. Australian Centre of Excellence for Risk Analysis
School of Botany

The University of Melbourne

Victoria 3010 Australia

2. Statistical Consulting Centre
Department of Mathematics and Statistics
The University of Melbourne

Victoria 3010 Australia

THE UNIVERSITY OF

MELBOURNE




Period of trade and trade volume in import risk analysis

Acknowledgements

This report is a product of the Australian Centre of Excellence for Risk Analysis (ACERA). In
preparing this report, the authors acknowledge the financial and other support provided by
the Department of Agriculture, Fisheries and Forestry (DAFF), the University of Melbourne,
the Australian Mathematical Sciences Institute (AMSI), and the Australian Research Centre
for Urban Ecology (ARCUE).

The report was supported by an informal steering committee that contributed many useful
comments that greatly improved earlier drafts of this report. We are grateful to the people
and organisations listed in Appendix 1 of this report.



Period of trade and trade volume in import risk analysis

Table of contents

F o2 g g LoV VA T=To Lo T=T g =T 0 | £ PSPPSR 3
TabIE Of CONTENTS ... e e e e et e e e e e e e eeeennnns 4
LIST OF TADIES vttt s 5
LIST OF FIQUIES .ttt s 6
1. EXECULIVE SUMMAIY ....oiiiiiiiii e e e e e e e e e e e e e s 7
2 = F=Tod (o] 01U ] o o R PP PP TP PP PP PPPPPPPPPPPPPPPP 8
3 F N ] o1 0 Y= Uo o IO 9
4. PO C S S e 10
5 REVIBW ...ttt e ettt ettt ettt e ettt e et et ee ittt eeeeeeeeeeeeees 11
5.1 Volume and duration of trade in Australian IRAS .........cci i 11
5.2 Relevant methods used in IRAS in other JuriSAiCtIONS .........cccovvviireiieiic e 14
51.1 UNIEEA STALES ...ttt bbbt bt 14
5.1.2. NEW ZEAIANM ..ottt e b e e e reenaeseenes 14
5.1.3. U] (o] o1 TP P U PPV URTURRORN 15
5.1.4. (O T Lo - H TSR T PP PRPTR 15
EoTRC I D 1Yot U1 [ o PSSR 16
6. Relevant methods used to deal with volume and time in other disciplines17
6.1 Food additives and COLOXICOIO0Y......cciiiiiiiiiiieii ettt re e e 17
6.2 CONSErVALIoN DIOIOGY ......civiiiiiiieee e 17
5.3 INVESTMENTS ...ttt ettt b b e e bbbt e s e s bt e bt e ebe e s be e e ae e e sbe e ebe e sbeesaeesabenanas 18
6.4 Engineering and ManUTaCLUMING .......c.coviioiiieiie et re e 18
6.5 NOMOGrams and graphiS ........ooveiiiieieiei ettt bbb 20
7. [SSUBS @ITSING . eeiiiiiiiiiiiiiiiiiiiii ittt ettt ettt et e e e e e e e e e e eeeeeeeeeeeees 23
7.1 Language based interpretation of likelihood may be preferable to ‘semi-quantitative’ numerical
L0 T C5ES] 10 o 13U 23
D 1< oo (=] o 1= 23
7.3 How to communicate the temporal dimension of probability..........c..cccccoviviiiiiiiiice e, 24
7.4 Decisions may be sensitive to timeframes: longer horizons may be preferable ............cccceveee. 25
8. Discussion and CONCIUSIONS ...oooviiiiiiiieie e 27
9. REFEIENCES ..o e 29
10. Appendix 1. The Steering COMMITIEE ........uuuuuiiiiiiiiiiiiiiiiiiiiiiiiiiieieeaeeees 31
11. Appendix 2. Language-based likelihoods .........cccooeeeeeiiiiiiiiiiiie e, 32
12. Appendix 3. LiSt Of @CrONYMIS . ....uuuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieei e 34



Period of trade and trade volume in import risk analysis

List of Tables

Table 1. Relations between language-based descriptions and probabilities as used by BA for semi-

quantitative risk assessments (Commonwealth of Australia 2001)...

Table 2. Regional risk classifications (after Rickansrud et al. 2001)



Period of trade and trade volume in import risk analysis

List of Figures

Figure 1. Probability that an incursion will have occurred within a specified time for three annual
probabilities of entry, establishment and spread (based on equation 1).........c.ccccevivivevevinnieese s, 12

Figure 2. Levels of threat faced by species as a function of time and the probability of extinction
(reproduced from AKGaKaYa 1992). .......ooiiieieeieie sttt sttt neeeneas 18

Figure 3a. Hazard functions for the constant hazard model (h(t) = 0.1), and a model in which the
hazard increases with time (h(t) = 0.160(1 — e*%)). The mean time to failure is 10 years for both of
TNESE MOGEIS. ...ttt e st s e st b e st e e st e e be e beeebeeebeeeaeeeseessbeesbeeabeesbeesaeesrbeanrens 19

Figure 3b. Cumulative probability of failure versus the time for the constant hazard model and the
model in which the hazard increases with time (from Figure 3a). The mean time to failure is the same
for both of these models (10 years), but the ranking of the probability of failure depends on the time

oo ] ool 10T o OSSR 20

Figure 4. Nomogram recommended for risk assessment of mining operations in Victoria to integrate
likelihood, frequency of exposure and severity. Reproduced from the Mining Health and Safety
Guidance Note No. 3 (State of Victoria 2002). .........coveiiiieieiieie e 21

Figure 5. Chart for translating the likelihood from a unit volume of trade (e.g., volume of trade over
one year) to a different volume of trade using the geometric model (from C. Thompson, pers. comm.).
............................................................................................................................................................... 21

Figure 6. Chart for translating the likelihood from a unit volume of trade (e.g., volume of trade over
one year) to a different volume of trade, expressed in terms of the subjective risk scale used in IRAS.
The subjective scale was derived by re-scaling the probabilistic scale in Figure 5. .......c.ccoovevveeienenn. 22

Figure 7. The time at which the cumulative probability of entry, establishment and spread is equal to
0.95 versus the annual probability of entry and establishment, assuming the geometric model. Note
that both axes are on a 10garithmic SCalE. ...........cccveiiiiiiiice e 24

Figure 8. Probability of entry, establishment and spread versus time for three different organisms that
have a low consequence impact, summarizing the implications of probabilities changing at different
FALES OVEE TIMIE. ..eeeeteetiet ettt ettt b bbb e bRt h bbbt b s b bt e e bbbttt st 25



Period of trade and trade volume in import risk analysis

1. Executive Summary_

Import risk analyses (IRAS) provide estimates of the risk — in terms of likelihood and
consequences — of the entry, establishment and spread of pests and diseases associated with
commodities imported in varying volumes and over varying periods. This report deals with the
likelihood component of risk and does not consider how consequences are assessed.

A one-day workshop was held to identify the primary concerns of a sample of stakeholders
regarding how the duration and volume of trade are treated in IRAs. The results of the workshop were
combined with reviews of IRAs, guidelines from Australia and several other countries, and analogous
risk analysis procedures from other professional areas, to provide an assessment of Australian
procedures.

The report concludes that a case-by-case assessment for each pest or disease in each IRA is
needed to determine whether greater than one year’s worth of trade should be included in the analysis.
The decisions and justification regarding time and other assumptions should be transparent within the
IRA. If probabilities are derived from considering more than one year, they need to be standardised to
one year (or some other consistent probability framework) to ensure consistent comparisons and
decisions.
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2. Background

Import risk analyses (IRAS) provide estimates of the risk — in terms of likelihood and
consequences —of entry, establishment and spread of pests and diseases of concern associated with
commodities that are imported in varying volumes and over varying periods. This report deals with the
likelihood component of risk and does not consider how consequences are assessed. Currently,
Biosecurity Australia (BA)’s IRA method uses the volume of trade in one year to estimate the
likelihood of entry, establishment and spread, while consequences are usually assessed over a longer
period. Note that BA refers to the probability of an event as the likelihood — we use the terms
"probability" and "likelihood" interchangeably in this report. One year is used in part because it allows
the evaluation to account for seasonal variation in probabilities.

People respond differently to risks depending on the timeframes in which probabilities are
specified, and their reactions may differ when their concerns are viewed over longer or shorter
timeframes. The pattern of events can be expressed in different ways, including:
the likelihood of an event occurring at the end of a specific period,;
the likelihood of an event occurring at least once during a specific period;
the total number of events expected, on average, during a specific period; or
the average time until the occurrence of the first event.

Some stakeholders have expressed concern about the how the volume of trade is considered in
Australia’s IRA process. Some stakeholders recalculate the probability estimates by factoring in
additional years of trade and claim that the resulting risk estimates exceed Australia’s appropriate level
of protection (ALOP). In brief, the claim is that the method used by BA provides only one year's
quarantine protection and that this is not compatible with Australia’s conservative quarantine policy.
Others claim that this approach is an incorrect interpretation of the method. BA states (see p. 17 of
Part B of the Revised Draft Import Risk Analysis Report for Apples from New Zealand, December
2005) that if the method is followed, then the risk estimates reflect Australia’s policy for ongoing
quarantine protection, not just for one year.

This project aims to explore different approaches to incorporating the volume and duration of
trade in IRAs. The project focuses on methods for analysis of probability and does not address
Australia’s policy on ALOP.
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3. Approach

A one-day workshop was held to identify the primary concerns of a sample of stakeholders
regarding how volume and duration of trade are treated in IRAs. Stakeholders were identified,
beginning with a list provided by BA of relevant groups and individuals. The facilitator (Mark
Burgman) asked each group to nominate additional potential participants and continued the process
until there was substantial overlap in recommendations. The resulting list was too long for an effective
workshop. Our collaborator (Dr Jane Gilmour) mapped the stakeholders onto axes representing sector
(five: local, State Government, Australian Government, industry, and other) and trade position (three:
import, export, both). Representatives from each of the sectors were invited, resulting in a total of
about 20 participants.

The meeting agreed a process to complete the project (outlined below). There was broad
agreement at the workshop on the following issues:

e Risk analysis is subject to the disciplines and methods in the Sanitary and Phytosanitary
Agreement, the OIE and the IPPC.

e Volume of trade is a fundamental consideration in an IRA.

e Language-based interpretation of likelihood provides an alternative approach to the use of
‘semi-quantitative’ numerical thresholds.

e Although the equation, likelihood = 1 — (1 — p)', where p is the likelihood of entry,
establishment and spread per year and t is the number of years, has been used to estimate
likelihood over time, it is not the only way to represent the issue or to estimate likelihood in
this context.

The following issues were identified as needing more detailed consideration in this project:

e Do changes in the volume or duration of trade influence the consequence component of risk?
In its IRA process, BA uses a structured set of questions to determine the consequence of a
pest or disease becoming established and spreading in Australia. Volume of trade could have
implications for consequences. For example, a larger volume of trade could lead to a wider
geographical distribution of the pest or disease across Australia, and this might make control
or eradication more expensive. Possible influences of volume of trade on the consequence
component of IRAs are not considered by BA, these are a subset of the issues and we do not
focus on them in this review.

e Isalonger period (e.g. 5 to 10 years) preferable to 1 year for estimation of likelihoods
(considering numerical thresholds in the risk matrix and how recalibration might affect
decision-making)?

e Isitappropriate and feasible to use different timeframes for different commodities
(considering pest and disease biology, management timescales, and related issues)?

The procedures for assessing probabilities are integral to how volume and duration of trade are
used to estimate the likelihood of entry, establishment and spread. Successful risk management
recommendations are defined in policy as those that meet Australia’s ALOP. The risk matrix and
quantitative and qualitative nomenclature are considered to the extent that they are directly relevant to
the techniques used to deal with the volume and duration of trade, but a full review of them is outside
the limits of this project.

The project aims to explore relevant issues by reviewing:

1)  Published Australian IRAs and other relevant documents to determine how they address the
volume and duration of trade.

2)  Methods used to address the volume and duration of trade in published IRAs in other countries
(particularly Canada, the European Union, New Zealand, and the United States, taking into
account differences that relate to different countries” ALOP); and

3)  Methods used to address volume and duration in risk analyses used in a range of other
disciplines (including ecology, engineering and public health) to determine whether any of the
approaches used in other disciplines might be useful for biosecurity risk analysis.

Based on this review, this project provides a basis for considering methods used to address the volume
and duration of trade in IRAs.
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4. Process

10

1.

10.

11.

BA proposed an examination of the issue of volume of trade and time in IRAs and asked
ACERA to undertake a review and assessment.

ACERA'’s Scientific Advisory Committee approved the proposal.

ACERA facilitated a stakeholder workshop on 22 November to identify the primary concerns
of stakeholders regarding how time and volume of trade are treated in IRAS.

A ‘project steering committee” was formed from workshop participants who volunteered to
read and provide feedback on progress reports and draft documents. The composition of the
steering committee is shown in Appendix 1.

ACERA prepared and circulated a report of the stakeholder workshop held on 22 November
and a detailed draft project proposal in December 2006.

ACERA wrote a final project proposal, based on comments received, and distributed it to the
project steering committee before the end of December.

ACERA conducted the review and prepared a draft report for distribution to the project
steering committee before the end of February 2007.

The project steering committee and ACERA’s Scientific Advisory Committee had a month to
consider the report, discuss options and their implications. They provided feedback to ACERA
by the end of March.

ACERA received and assessed the comments and provided a final report to DAFF, for its
consideration, by the end of April.

ACERA sought a second round of comments on the draft final report in May and sought
responses by May 18, aiming to submit the final report by the end of May.

When finalised, the report will be posted on ACERA’s website.
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5. Review

This review considers only the likelihood of entry, establishment and spread. It is beyond the
scope of this work to evaluate methods for assessing consequences. In evaluating published Australian
IRAs, it examines whether the current system provides an overall assessment of risk in which
decisions are consistent with ongoing quarantine protection. That is, this report evaluates whether
BA’s method for undertaking IRAs implicitly considers the volume and duration of trade, and whether
it provides a basis for decisions that are consistent with those taken previously for other commodities
and at other times.

BA stated in its recent IRAs that, ‘The estimate of the likelihood of entry, establishment and
spread is combined with the estimate of the consequences according to the matrix ... . The reference to
‘annual’ indicates that the likelihood estimate is based on one year of trade. One year of trade is a
convenient timescale to estimate the likely volume of trade and the risk analysis system is based on
using this volume. However, it does not mean that the quarantine protection only applies to one year.
Clearly the consequences of pest entry, establishment and spread will normally extend beyond a year,
and the assessment of consequences is not restricted to a particular time period. Estimates of ‘very
low’ or ‘negligible’ are considered to be acceptable’ (Commonwealth of Australia 2006a, page 7,
Commonwealth of Australia 2006b, Page 9).

The risk assessment uses a risk matrix that was developed as part of the BA method and was
agreed by all State/Territory governments and the Australian Government (Commonwealth of
Australia 2006a). BA uses the matrix to combine the estimates of likelihood and consequence. BA
states that this provides a risk assessment that reflects the risk (and level of protection) for periods
much longer than a year, accounting for conservative estimates of likelihood and consequence that
emerge from the method. This report will not examine the construction of the matrix. This report will
examine more explicit approaches to dealing with volume of trade and duration in risk assessments.

5.1 Volume and duration of trade in Australian IRAs

BA's approach to IRAs considers the pathways by which pests and diseases can affect
Australian industry, expressing assessments in stages of entry, establishment and spread. The IRAs
estimate the various components of the potential incursion pathways, leading to an estimate of the
probability of entry, establishment and spread (PEES, which we also call the probability of incursion).
When the various pathways are combined, the complete IRA model can be detailed, with a large
number of variables. For example, the recent NZ apple IRA used approximately 40 parameters to
estimate the probability of entry, establishment and spread of fireblight, one of 16 pest species
considered in detail (Commonwealth of Australia 2005).

The PEES is assessed on a per-year basis by BA. Over a longer timeframe, the volume of
trade would be greater, so the likelihood of entry and establishment would also be greater.

If the PEES of an organism resulting from an annual volume of trade is equal to p, then the
probability that the organism will not invade, given a year of trade, is equal to 1 — p. If the annual
PEES is the same from one year until the next, and each year represents an independent chance of
incursion, then the probability that the organism will not invade in t years is (1 — p)". ‘Independent’
means that if a pest or disease appears in one year, it implies nothing about its chances of appearing
the following year. This leads to the likelihood or probability of entry, establishment and spread over t
years being

I=1-(1-p). (eqnl)

The term t could equally refer to volume (see below). This is a well-established result that is
presented in the IRA Guidelines for converting the likelihood of entry, establishment and spread based
on one unit of trade (such as a single shipment) to the likelihood when importing a year's worth of
trade (Commonwealth of Australia 2001). The equation for the likelihood of incursion is numerically
identical to that used by Wallace (2006) to estimate the probability of incursion by at least one of
many species (see below).

11
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In equation 1, time is used as a surrogate for volume, so when importing a total volume of v
units of the product, the likelihood of incursion is 1 — (1 —p')’, where p' is the probability of incursion
when importing one unit of volume of the product (Commonwealth of Australia 2001). In this case,
the discreteness and independence of the units needs to be considered carefully. For example, if one
unit of volume is a single shipment, then the underlying assumptions may be reasonable provided the
conditions are the same, so that the PEES for each shipment is identical. However, if one unit of
volume is simply a standard volume unit (e.g. a single piece of fruit or one animal) applied in the
context of a large volume of material, then the units would not be discrete or independent, and the
equation may not be applicable.

Under this model (equation 1), the number of years until incursion occurs follows a geometric
distribution (e.g. Balakrishnan and Nevzorov 2003), so we will refer to it as the geometric model.
Providing conditions remain the same, the probability of one or more incursions within a period (the
cumulative probability) approaches certainty as time increases. The probability of incursion within
different periods for different annual probabilities of incursion is shown in Figure 1.

Note that if the chance of incursion in any single year is small (e.g., p = 0.01 or less), the
probability of incursion increases in an approximately linear fashion for an extended period. If the
annual probability is not very small (e.g., p = 0.3) the probability of incursion increases rapidly and is
effectively equal to one (certainty) after a relatively short time. Further, for the geometric model, the
average time until incursion is (1/p) years; thus if p = 0.1, the average time until incursion is 10 years.

0.4

0.2 -

Probability of incursion

O T T T 1
0 5 10 15 20

Time

Figure 1. Probability that an incursion will have occurred within a specified time for three annual
probabilities of entry, establishment and spread (based on equation 1).

Each line in Figure 1 may represent the cumulative probability of incursion by, for instance, a
different organism. Under the geometric model, if one organism has a higher probability of invasion
than another over one particular period, it will also have a higher probability over another period (i.e.
the lines in Figure 1 do not cross).

Because the lines in Figure 1 do not cross, the choice of period does not influence the relative
ranking of probabilities. The Australian Government aims to make risk-based import decisions that are
consistent from one decision to the next (Commonwealth of Australia 2001). This is achieved by
Australia setting an ALOP against which risk (combining the likelihood and consequence) is
compared. Once the ALOP is defined, so too implicitly is the PEES that is acceptable for a particular
consequence. Thus, if the risk of importing a disease under one proposed import permit is assessed at a
particular level and the import is permitted, then a second import must also be permitted if the risk
associated with it is assessed to be the same as or lower than the first. To make the IRAs more useful
to industries sensitive to estimated probabilities, it may help to make explicit the probabilities over
longer time horizons.

12
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Import decisions that are inconsistent can be appealed against successfully to the WTO
Appellate Body (e.g. Atik 2004). Given the assumptions of the model outlined above, the logic
employed by BA to rank relative probabilities implies that a commodity with lower probabilities in the
short term (one year) will have lower cumulative probabilities over all timeframes.

It is worth re-stating some assumptions of the geometric model:

1) The volume of trade is the same from year to year, or (for the formulation of the model in
terms of volume) the probability of incursion is the same for each unit of volume; and

2) The chance of incursion is independent from year to year.

Violation of these assumptions might make the geometric model overestimate or
underestimate the cumulative probability of an incursion. In a subsequent section of this report (see
Section 6.2), an alternative model demonstrates that cumulative probabilities of incursion might
increase with time or volume at a rate that is different from the geometric model. This report outlines
some conditions under which the assumptions of the geometric model may be violated in routine
assessments.

Australian IRAs are based on defining the components of the pathways by which a pest or
disease might enter. For example, a pest or disease might enter on a commodity if it is present in the
source country, infects the commaodity, and survives processing, transport, treatment and storage. The
likelihood of entry can be obtained by multiplying the probability that the agent is in or on the
commodity by the probabilities of the subsequent events. Probabilities at each step are conditional on
the agent surviving the previous steps.

When assessing different components of likelihood using semi-quantitative methods, the IRA
Guidelines define language-based likelihoods by probability intervals. For example, a ‘low’ likelihood
of an event is defined as having a probability between 0.05 and 0.3 (Commonwealth of Australia
2001). The full range of definitions is given in Table 1.

Table 1. Relations between language-based descriptions and probabilities as used by BA for semi-quantitative risk
assessments (Commonwealth of Australia 2001).

Language-based Probability Interval
description of likelihood

High 0.7-1.0
Moderate 0.3-0.7
Low 0.05-0.3
Very Low 0.001 -0.05
Extremely low 10° - 0.001
Negligible 0-10°

The different components of the probability of entry, establishment and spread (PEES) are
combined to estimate the overall PEES. The resulting probability can then be expressed either in terms
of probability (e.g. a range of 0.001 — 0.05) or a language-based description (e.g. very low). Thus, the
terms used to describe probability intervals (very low, low, moderate, etc.) have the same meaning
whether they occur on the left- or right-hand side of the equations that are used to combine the
different components of the PEES. This is a sensible approach for the sake of internal consistency.

The PEES is then combined with the consequence to calculate the risk, which is compared to
Australia's ALOP. The import would not be permitted if the consequence is sufficiently large for a
particular likelihood (or, equivalently, if the likelihood is sufficiently large for a particular
consequence) such that the risk exceeds the ALOP. However, the language in the IRAs might provide
a misleading assessment for some stakeholders. If an IRA report states that there is a low risk of an

13
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industry being affected, unless the context was fully understood, a stakeholder might scale the
probabilities assessed for a year of trade to probabilities over longer periods and then be surprised to
learn that it would almost certainly be affected within, for example, 10 years.

5.2 Relevant methods used in IRAs in other jurisdictions
5.1.1.United States

Import risk assessments in the US do not explicitly consider the volume or duration of trade.
For example, wood import risk assessments do not mention the period over which probabilities are
assessed (e.g., Kliejunas et al. 2003). Instead, the number of interceptions of pests or diseases at ports
guides subjective judgements of the likelihood of introduction. The period over which these
interceptions are observed is not considered. Although 20 interceptions in one year should represent a
different risk from 20 interceptions in 50 years, this is not explicitly addressed in the US's wood IRAsS.
In practice, it is likely that the rate of interceptions (e.g. number of interceptions per year or per
volume of wood) is considered in these subjective assessments of risk. However, the risk analysis
process is incomplete because the time period and the volume of trade are not stated explicitly.

USDA uses qualitative risk assessments to evaluate the likelihood that a disease exists in a
region, or might be introduced into a region in the near future. It equates qualitative expressions of
probability (negligible, moderate, high and so on) with quantitative probabilities (Table 2). The
definitions used by the USDA (Table 2) are sometimes identical to those used by BA (Table 1), such
as ‘negligible’, but can be very different, such as the definition of “high’. The differences between the
USDA and Australian definitions are not important provided that all stakeholders have a common
understanding of the meanings, because in both cases the probabilities are on an ordinal scale, which
permits consistent decisions.

Table 2. Regional risk classifications (after Rickansrud et al. 2001).

Unknown/Unclassified > 107 or unknown
High 10° - 1072
Moderate 10 -10°

Low 10°-10"

Slight 10°-10°
Negligible 0-10°

! Rickansrud (et al. 2000) nest the categories, so that in their publication low is <1 per 10* and
‘moderate’ is <1 per 10° (thus, ‘moderate’ includes ‘low’). The categories are rearranged here to be
exclusive rather than nested, consistent with Table 1.

5.1.2.New Zealand

The draft Risk Analysis Procedures (see IPPC 2006) of the New Zealand Ministry of
Agriculture and Forestry (MAFF) state that IRAs estimate the combination of entry, establishment and
spread. These likelihoods are combined with a consequence assessment to assess risk. The standard
protocol employs binary qualitative assessments of each step, based on judgement of whether the
likelihoods and consequences are ‘negligible’ or ‘non-negligible’.

The procedures indicate that it will not normally be necessary to undertake formal external
consultation. However targeted peer review (internal and/or external) may be helpful when the
potential mitigation measures are likely to be contentious and/or costly, or when there is a high level
of uncertainty associated with any of the assessment stages. Where there is significant uncertainty in
the estimated risk, ‘a precautionary approach’ to managing risk may be adopted (IPPC 2006). If the
risk estimate is non-negligible, sanitary measures can be justified.

14
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The guidelines provide no explicit consideration of duration or volume of trade in estimating
probabilities or specifying monitoring conditions. For example, to manage effectively the risks of
Aspidiotus destructor (coconut scale), phytosanitary measure(s) would need to ensure with 95%
confidence that not more than 0.5% of the units in any given consignment of a commaodity are infested
with the scale when given a biosecurity clearance into New Zealand. A contamination level of less
than 0.5% of the units in any given consignment will be achieved with 95% confidence if a sample of
600 fruit randomly collected from a homogenous lot is visually inspected and no live Aspidiotus
destructor life stages are found (IPPC 2006). Analyses make many assumptions (such as independence
of samples) and the reliability of this approach depends on whether the assumptions are reasonable.
Heavy clustering of a pest or disease agent among consignments or other units of trade might make the
assumptions problematic.

In New Zealand, quantitative IRAs have been employed for some import access requests. For
example, New Zealand’s Animal Biosecurity (Biosecurity Authority 2000) estimated probabilities on
an annual basis and assumed a fixed import volume of the commodity. They found that, even with a
consumption of US chicken equivalent to 0.1% of current New Zealand consumption, the upper 95th
percentile of the estimated probability of disease being introduced was 0.03 per year (that is, a
probability of three introductions per 100 importation years). MAFF considered this to be an
unacceptably high risk. The analysis was based on Monte Carlo simulation to propagate uncertainties
through the chains of probabilities in the exposure pathway.

5.1.3.Europe

Plant quarantine protocols in Europe follow European (European and Mediterranean Plant
Protection Organisation) and international standards (IPPC 1996). They employ standardised
questions that reflect pathway analysis, requiring qualitative judgements in one of several categories
(very unlikely, likely, very likely, etc.). These questions give some consideration of volume of trade,
albeit qualitatively. For instance, they ask how large is the volume of the movement along the pathway
(minimal, minor, moderate, major, massive) (Schrader 2005)? The answer to this question contributes
to the overall assessment of risk.

The Animal Health and Welfare Risk Assessment Team of the UK’s Department for
Environment, Food and Rural Affairs noted that its IRAs estimate the probability of experiencing an
outbreak in any one year (Adkin et al. 2004). Adkin et al.’s (2004) view is that if this is thought of as a
true probability, it could be interpreted as the probability of exactly one outbreak in a year, or the
probability of one or more infections in a year. For low probability situations, the probability of having
two or more events in the same year is low, so the distinction between ‘exactly’ one or ‘one or more’
is of little practical interest. Their paper points out that the situation would be different if the period
were extended, say to 10 or 100 years, in which case the mathematics of these probabilities would
become complex.

5.1.4.Canada

In Canadian plant IRAs, likelihoods of introduction, establishment potential and consequences
are assessed qualitatively using subjective language-based scales. For example, PHRAU (2004)
outlines guidelines for rating the likelihood of introduction of a pest or disease. Negligible (score =0)
implies the likelihood of introduction is extremely low given the distribution of the pest or disease at
the source, management practices, commodity volume, probability of survival in transit, probability of
contact with susceptible hosts in the area (given the intended use), or unsuitable climate. Low
(score=1) implies that the likelihood of introduction is low but clearly possible given the expected
combination of factors necessary for introduction. High (score=3) implies that introduction is very
likely or certain. Consequences are similarly scored subjectively. The product of these scores is used
to provide an assessment of the risk. For example, European stone fruit yellows were estimated to
have a low likelihood of entry and a medium impact (= Low (1) x Medium (2)), giving an overall risk
rating of Low (2). The Canadian procedure provides for a subjective judgement of the degree of
uncertainty associated with each assessment. For instance, the uncertainty in the assessment of
European stone fruit yellows was considered to be ‘generally low” (PHRAU 2004).

The Canadian guidelines for IRAs for plants and animals consider both qualitative and
guantitative methods (Moreau and Jordan 2005, CFIA 2007). For example, a risk assessment of
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Bovine Spongiform Encephalopathy (BSE) in cattle (Animal Health Risk Assessment Group 2002)
used second-order Monte Carlo methods to estimate probabilities of exposure to BSE in Canada. The
number of animals imported to Canada over particular periods was considered explicitly in the risk
assessment. The risk assessment considered the possible pathways of infection, and then estimated the
relevant probabilities of the steps on that pathway. The method CFIA used for risk assessment of BSE
in Canadian cattle is similar to the method used in risk assessments undertaken in IRAs conducted by
BA such as the New Zealand apple IRA (Commonwealth of Australia 2005).

5.3 Discussion

Volume of trade is an important consideration, but it is treated differently by different
jurisdictions. Volume is not considered explicitly in some IRAs (e.g. US, see Kliejunas et al. 2003),
but is used explicitly in others (e.g. the Canadian BSE risk assessment, see Animal Health Risk
Assessment Group 2002). All approaches to import risk assessments examined in this project consider
using qualitative categories to estimate probabilities. Sometimes the categories are linked to explicit
numerical thresholds; more often they are not.

All examples of quantitative risk assessment in IRAs we have seen rely on Monte Carlo
simulation of uncertainties to estimate a distribution for the probabilities of entry, establishment and
spread, and for the consequences of the pest or pathogen. All analyses in other countries either do not
specify a model for aggregating probabilities over volume or duration of trade, or they use the
geometric model implicitly.
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6. Relevant methods used to deal with volume and time in
other disciplines

When predicting the probability of an event, it is usual to specify explicitly the period and
quantity for which the probability is assessed. For example, probabilities of extinction in conservation
biology can be assessed over decades (Mace and Lande 1991), risks from exposure to chemicals are
assessed over lifetimes (Suter 1993), risks associated with food additives are based on daily intake
rates (WHO 1995), and financial risks are assessed over investment time horizons (Kritzman and Rich
2002). For IRAs, BA uses an annual volume of trade to assess the probability of entry and
establishment of pests and diseases.

6.1 Food additives and ecotoxicology

The assessment of chronic health risks associated with food (WHO 1995) demonstrates that
short-term risks are extrapolated to longer timeframes in other disciplines. For example, the Joint
FAO/WHO Expert Committee on Food Additives evaluates toxicological effects of food additives,
and calculates an acceptable daily intake that estimates the amount of the additive, expressed on a
body weight basis, that can be ingested daily over a lifetime without appreciable health risk. That is,
acceptable risk is calculated over a person’s lifetime and acceptable daily exposures are back-
calculated from this dose.

One protocol in ecotoxicology operates in the opposite manner, determining acceptable
concentrations based on lethal acute (short-term) effects, and recalibrating these to estimate acceptable
rates of chronic (long-term) exposure. For example, organisms are assessed in laboratories to
determine the concentration of a chemical that causes 50% of individuals to die within 96 hours of
exposure (Suter 1995). This concentration is known as the LCs,. In the environment, organisms are
exposed for extended periods, and it is necessary to estimate the long-term responses based on the
short-term (96-hour) results. The concentration that leads to no observable effect in the long term is
known as the chronic No Observed Effect Concentration (NOEC).

In ecotoxicology and food safety, relatively simple relationships between long-term and short-
term risks have sometimes been employed. These simple relationships can lead to incorrect
assessments of risk. For example, because the chronic NOEC has been evaluated for few species, it
has been assumed that the chronic NOEC is a fixed proportion of the LCsq. The ratio of the two is
sometimes assumed to be 100. Thus,

chronic NOEC = LCsy/ 100.

However, in the few instances where the ratio has been assessed directly, it is commonly very
different from 100, varying over a range of three orders of magnitude (Calow and Forbes 2003,
Burgman 2005). This simple re-scaling of probability over time leads to underestimation or
overestimation of risk, depending on the organism being assessed. The possible magnitude of error
should be assessed before using similarly simple rescaling of probabilities over time or volume in
IRAS.

6.2 Conservation biology

Other fields of risk assessment routinely assess probabilities over a number of different
timeframes, typically including timeframes that suit management considerations. For example,
critically endangered species have been defined in the field of conservation biology as those that have
at least a 50% probability of extinction within 5 years. Endangered species are those that are not
critically endangered but have a 20% probability of extinction within 20 years (Mace and Lande
1991). Note that different periods are employed for the different levels of endangerment. Akgakaya
(1992) recognised that classification of risk had three dimensions, namely, level of decline (the
consequence), time, and probability of decline (the likelihood). He generalised the approach of Mace
and Lande (1991) to represent conservation status using these three dimensions (Figure 2). For
example, a species is regarded as critically endangered if the probability of extinction is greater than
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0.5 within 5 years or 0.7 within 50 years. The exact shape of the curves that separate the different
categories of threat (Figure 2) depends on the model used to extrapolate risks over time.
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Figure 2. Levels of threat faced by species as a function of time and the probability of extinction
(reproduced from Akgakaya 1992).

Spatially and structurally explicit population models are used to integrate annual changes, to
predict the probability of extinction within a particular time frame (Shaffer 1981), probabilities that
the abundance will become unacceptably small (termed quasi-extinction by Ginzburg et al. 1982), the
average time to (quasi-)extinction, and the smallest abundance that is expected within a particular
timeframe (McCarthy and Thompson 2001).

6.3 Investments

Models of investment performance, and calculations of investment risk operate in a similar
manner to those in conservation biology (Jorion 2001). In fact, some of the models of population
change that are used in ecology (Ginzburg et al. 1982) are mathematically identical to those used for
predicting changes in the value of investments (Kritzman and Rich 2002). Methods for quantifying
probability over longer timeframes are also similar, with the probability of the value of the investment
becoming unacceptably small within a particular timeframe (Kritzman and Rich 2002) being
equivalent to the probability of quasi-extinction (Ginzburg et al. 1982). Some of these tools are
reviewed in detail by Franklin et al. (2007), in ACERA project 0602.

Explicit process-based models of how probabilities accumulate over time are used in
conservation biology and the management of investments. Similar process-based models could be
employed in IRAs. The value of doing this depends in part on how the much the details of the models
will deviate from the assumptions of the geometric model, which includes constant per unit
probabilities and independence.

6.4 Engineering and manufacturing

Reliability analysis (alternatively known as failure analysis) is a general mathematical
approach to analysing how probabilities (typically of failure) accumulate over time (Zacks 1992). It is
applied in engineering and manufacturing industries, but can also be applied to biological problems
(Johnson and Gutsell 1994, McCarthy et al. 2001).

The concept of hazard is central to reliability analysis. Note that its definition is different from
that used by BA. In reliability analysis, hazard is the instantaneous probability of an event (failure)
occurring. A hazard function defines how the hazard changes with time. Once the hazard function is
defined, mathematical relationships provide the probability of failure within a particular time period
and the probability distribution of the time until failure (Zacks 1992).
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The simplest model is that the hazard is constant, which leads to an exponential distribution of
time until failure. This distribution is the continuous time equivalent of the geometric distribution that
forms the basis for how BA assesses the likelihood of entry, establishment and spread for a particular
volume of trade (Commonwealth of Australia 2001).

Other models can be characterised on the basis of whether the hazard increases or decreases
with time (Zacks 1992). Models in which the hazard function increases over some periods of time and
decreases over others can also be considered (e.g., McCarthy et al. 2001). Examples of two hazard
functions are shown in Figure 3a, with the resulting probability of failure versus time given in Figure
3b. These illustrate that the timeframe of analysis can interact with assumptions about the underlying
hazard rate to influence the ranking of the probability of failure.

In biosecurity risk assessment, a realistic example of such a case is represented by a pest or
disease that is known to have become established in an exporting country and is still spreading,
compared to one that is established and has reached equilibrium in terms of spread and the frequency
of occurrence in orchards or on farms. The former case would be reflected in a hazard function that
increased through time and slowly levelled off as it reached equilibrium. In the latter case, where the
pest or disease is already at equilibrium and is expected to occur with a particular probability on farms
or in produce, the hazard function would be constant.

These observations have implications for IRA. Different commodities are likely to have
different hazard functions. Diseases that have a relatively constant infection intensity in source areas
and for which there are stable and tested control measures may be reasonably well described by a
constant hazard function. Other pests and diseases that are, for example, changing their virulence,
pathogenicity, response to treatment, or host or geographical range and have a variable incidence
(increasing, decreasing or fluctuating from year to year) may be better represented by alternative
hazard functions. The ranks for different commodities (hazards) will then depend on the timeframe of
the analysis.

It is not always known whether or how the distribution and frequency of a pest or disease is
changing over time in response to processes such as pathogen evolution, global warming or disease
control strategies. If there are substantial shifts in the distribution or prevalence of a pest or disease,
the deliberations in a risk assessment in an IRA should change. A biosecurity risk analysis system can
cope with such dynamics by providing for re-analysis whenever there is a prospect that conditions
have changed. This is the approach taken by BA.
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Figure 3a. Hazard functions for the constant hazard model (h(t) = 0.1), and a model in which the hazard
increases with time (h(t) = 0.16(1 — e *?")). The mean time to failure is 10 years for both of these models.
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Figure 3b. Cumulative probability of failure versus the time for the constant hazard model and the model
in which the hazard increases with time (from Figure 3a). The mean time to failure is the same for both of
these models (10 years), but the ranking of the probability of failure depends on the time horizon chosen.

Prevalence in areas from which there are no data may be inferred from frequencies in other
jurisdictions, or from knowledge of the basic biology of the species. If the knowledge base is uncertain
and a pest or disease may not yet have reached the full extent of its eventual distribution, or may
increase its range or pathogenicity as it adapts to a new environment, or if experts are unsure of the
ultimate distribution of the species, a conservative (bounding, risk-averse) approach would assume the
pest or disease is everywhere in the environment being assessed. It would be possible to assume the
asymptotic rate and then use the constant hazard model to place an upper bound on the PEES. This
would be equivalent to assuming the hazard is constant, rather than increasing, and equal to the
asymptotic probability in Figure 3a that the increasing curve approaches.

6.5 Nomograms and graphs

Nomograms are graphical devices for calibrating one set of numbers or outcomes with
another. Nomograms are tools that aim to assist in calculation and communication. They have been
used in a variety of applications, including risk analysis and risk management (Kinney and Wiruth
1976). For example, the Department of Primary Industries in Victoria recommends the use of a risk
nomogram as one way of considering likelihood, frequency and consequence when evaluating the risk
of mining operations (State of Victoria 2002). The purpose of introducing nomograms and some
related graphs here is that they represent a simple way of communicating probability that may
overcome some of the problems encountered with more quantitative approaches such as the
presentation of mathematical equations.

Nomograms work by tracing the intersection of lines. For example, the nomogram in the risk
assessment guidelines for the Victorian mining industry demonstrates the calculation of an event that
has a remote possibility of happening in any one instance, people are exposed to the possibility of this
risky event once per month and extensive injuries would occur if the event occurred (Figure 4). The
risk score in this case is evaluated by first drawing a line between the likelihood ‘Remotely possible’
and exposure ‘Unusual Once per month’. This first line is extended to the middle ‘tie line’. Then a
second line is drawn from the point at which the first line intersects the tie line through the relevant
severity score (‘Extensive injuries’ in this example). The resulting risk is read from the risk score axis,
which in this example leads to ‘A substantial risk — correction required’.

This is a relatively straightforward way of integrating the likelihood of an event (e.g. an
accident) from a single exposure (e.g. a visit to the mine), the frequency of exposures, and the
consequence of an event occurring. These measures are analogous to the likelihood of an outbreak for
a particular volume of trade over which the risk is being assessed, and the consequence of an outbreak.
Note that nomograms are graphical devices for doing calculations, removing the need for stakeholders
to use the detailed model or formulae on which the nomogram is based.
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Simple graphical devices other than nomograms can be used to communicate the results of
analyses without having to use the underlying details or mathematics involved. For example, C.
Thompson (pers. comm.) developed a graphical translation of the likelihood from a unit volume of
trade (e.g. volume of trade over one year) to a different volume of trade using the geometric model. It
works by identifying the likelihood arising from a unit volume of trade on the x-axis. A line is traced
vertically until the appropriate curve is reached for the smaller or larger volume of trade. Then a line is
traced horizontally to arrive at the likelihood for this different volume. In the example below, a
likelihood of 0.2 from a unit volume of trade is translated to that for 5 units (vt = 5), leading to a
likelihood of 0.67 (Figure 5; but see below for possible problems with the assumptions for this
situation).
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Figure 4. Nomogram recommended for risk assessment of mining operations in Victoria to integrate
likelihood, frequency of exposure and severity. Reproduced from the Mining Health and Safety Guidance
Note No. 3 (State of Victoria 2002).
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Figure 5. Chart for translating the likelihood from a unit volume of trade (e.g., volume of trade over one
year) to a different volume of trade using the geometric model (from C. Thompson, pers. comm.).
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The primary difficulty in applying nomograms and other graphs to biosecurity risk contexts is
that many of the critical risks have very low likelihoods. Many assessments would result in likelihood
estimates on the extreme left of Figure 5, with values much less than one in a thousand.

To deal with situations where most likelihoods are small, it is possible to re-scale the two axes
of the nomogram. For example, the axes can be re-scaled to reflect the six language-based probability
classes used in Australian IRAs (Table 1). Figure 6 illustrates that a likelihood that is ‘Low’ over a
unit volume of trade (e.g. one year), will be ‘Low’, ‘Moderate’ or ‘High’ over 5 units of trade. This
interval analysis is analogous to using the limits of the probabilities for ‘Low’ (0.05 and 0.3), and
using the probabilistic diagram (Figure 5), or the geometric model (1 — (1-p)*) to covert the
probabilities. In this example, the limits for the ‘Low’ category (0.05 and 0.3) translate to the limits
0.23 and 0.83, which are classified as ‘Low’ and “High’, respectively, on the language-based scale.

likelihood equivalent
Neg. Ellow V.low Low Mod. High

Neg. E low V.low Low Mod. High

likelihood (vt =1)

Figure 6. Chart for translating the likelihood from a unit volume of trade (e.g., volume of trade over one
year) to a different volume of trade, expressed in terms of the subjective risk scale used in IRAs. The
subjective scale was derived by re-scaling the probabilistic scale in Figure 5.

Re-scaling can alleviate the problem of dealing with many low-likelihood events but the
straight lines typical of nomograms can become convoluted and more difficult to interpret. There is
potential to use them in various parts of the IRA process (e.g. to summarise calculation of probability
over volume and time). The utility of nomograms, and the degree to which they contribute to
improved understanding and decision-making, would have to be tested before they could be adopted.

In presenting these nomograms and graphs, it is important to emphasise the two assumptions
of the geometric model: that the probability of the event occurring is the same for all units; and that
the units are independent. These two assumptions might be met if each unit of trade is imported under
the same conditions, is of similar size, and if it is sufficiently large (e.g. a shipment or series of
shipments of a commodity) but would be unlikely to be met if, for example, the unit of trade was a
single piece of fruit. Violations of these assumptions may be taken into account in decision-making by
defining units appropriately, or by making a range of different assumptions and evaluating their
importance (i.e., doing sensitivity analyses). For example, the importance of violations of the
assumption of independence depends on the degree of clustering of pests or diseases (see, for example,
Section 6.2).
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7. Issues arising

7.1 Language based interpretation of likelihood may be preferable to
‘semi-quantitative’ numerical thresholds.

One option for estimating parameters in explicit probability trees is for experts to judge the
probabilities subjectively, by providing either a quantitative estimate (e.g. a number such as 0.1 per
year) or a language-based assessment such as ‘low’, ‘medium’ or ‘high’. These subjective assessments
may be supported by a range of sub-modules, as they are in some BA IRAs. These sub-modules might
use rule sets (e.g. Kliejunas et al. 2003), quantitative models, or peer-review processes. We outline
some details and issues arising from the use of language-based likelihoods in Appendix 2.

7.2 Dependencies

BA's IRA process assesses the probability of entry, establishment and spread for a unit volume
of trade, and assesses the annual probability by using the geometric model (Commonwealth of
Australia 2001). An example of this is the Pig Meat IRA (Commonwealth of Australia 2004), in which
the basic unit is termed a waste unit. A waste unit is a particular quantity of waste from imported pig
meat that is discarded and, if infected, could lead to exposure of pigs in Australia. The annual
probability of entry and exposure (for a particular scenario) was calculated as (e.g. Commonwealth of
Australia 2004, p. 56):

Annual Likelihood of Entry and Exposure = 1 — (1 - p)", (equation 2)

where p is the probability that each unit of waste will result in exposure, N is the number of
waste units generated by one year of trade, and p is the product of individual probabilities that describe
the chain of events that would lead to exposure. The chain of events includes the probabilities that an
individual waste unit is infected, the pathogen remains viable, and a sufficient quantity is consumed by
another pig to cause infection.

We will demonstrate why dependencies matter, using as an example the within-year geometric
model presented in the IRA guidelines. Similar dependencies would also matter when using the
geometric model to extrapolate beyond one year. When using the geometric model to calculate the
annual probability, it is assumed that these events are independent among waste units. For the sake of
illustration, we will ignore the subsequent steps in the exposure pathway.

Assume there is an overall infection probability of 0.00001 for each waste unit. If 1000 waste
units are discarded in a year, then the geometric model predicts that the probability of at least one
infected waste unit being discarded is 1 — (1 — 0.00001)'°® = 0.01. However, there may be
dependencies. For example, consider the situation where there is a small chance that numerous imports
from a single source in a year will be infected, but in other years no infected waste is expected from
that source. For instance, there is a 0.001 probability that 0.01 of waste units will be infected in a year,
and a 0.999 chance that no waste units will be infected. The overall risk per waste unit is the same as
used in the geometric model above (0.00001), but the probability of at least one waste unit being
infected is now 0.001 x [1 — (1 — 0.01)%°] = 0.001. This is an order of magnitude smaller than the
estimate obtained with the geometric model.

The purpose of these calculations is to demonstrate that dependencies can lead to large
differences in the calculated probabilities of exposure. The nature of the dependencies will influence
whether the geometric model will over-estimate or under-estimate the probability of entry,
establishment and spread. Currently, BA accounts for dependencies where they are known to exist
(e.g. Commonwealth of Australia 2007). We suggest that the risk analyst has a responsibility to
substantiate assumptions of independence, wherever they are made, or to bound probabilities
appropriately. Otherwise, there will be the possibility that risks will be poorly estimated or
misunderstood. There are methods for placing bounds on probability estimates as a function of the
assumptions the analyst is willing to make about dependencies (e.g. Ferson 2005).
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7.3 How to communicate the temporal dimension of probability

The temporal dimension of probability in the models considered in the preceding Section is
expressed as the probability of entry, establishment and spread within a particular period. BA uses a
period of one year for import risk assessments. This provides a benchmark for comparing different
import risk assessments. The choice of a single year for likelihood estimates allows assessments to
rely on relatively reliable trade estimates, but it concerns some Australian stakeholders because what
may appear to be a low probability event over one year (e.g. 0.2), can become a much higher
probability event when extended to, for example, 10 years (0.89 = 1 — (1-0.2)*° from the geometric
model). However, this increase in the probability with time is not necessarily transparent to
stakeholders.

Alternative frameworks for considering the temporal dimension of probability include the
average time to entry, establishment and spread, or the time at which the probability of entry,
establishment and spread is equal to a particular value. These alternatives have different implications
for communication and implementation.

Expressing the pattern of entry, establishment and spread in terms of the average time
removes the need to choose an arbitrary period. The trade-off in using this approach is that the actual
time of entry, establishment and spread will almost certainly be different from the average, and given
the typically right-skewed nature of arrival distributions (e.g., Balakrishnan and Nevzorov 2003), the
actual time of entry is more likely to be before the average time than after it.

Another approach is to determine the time (t) at which the likelihood of entry and
establishment reaches a particular value (). Under the geometric model with annual probability p, this
is given by

t=In(2-1/In(1-p) (equation 3)

This equation illustrates that, for example, for | = 0.95, the critical time is less than 100 years
when the annual probability of entry, establishment and spread is greater than 0.03 (Figure 7).
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Figure 7. The time at which the cumulative probability of entry, establishment and spread is equal to 0.95
versus the annual probability of entry and establishment, assuming the geometric model. Note that both
axes are on a logarithmic scale.

If a method such as estimating the time to reach some probability were used in IRAs, the IRA
procedure would need to change to accommodate it. We do not suggest such whole-scale change;
rather we suggest that IRAs might be more informative to some stakeholders if other metrics were
calculated in addition to the analyses conducted at present.
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7.4 Decisions may be sensitive to timeframes: longer horizons may be
preferable

BA assesses the likelihood of entry, establishment and spread using the volume of trade over a
one year period. Some stakeholders assert that if probabilities were estimated over a different period of
trade, recommendations with regard to risk management would not change because likelihoods would
need to be scaled to a common standard. Implicit in this argument is that the rank ordering of
probabilities over different commodities, pests and diseases would remain unchanged when the period
changed (e.g. Figure 1).

If an organism is assessed as higher probability than another for one period, and the
assumptions of the geometric model are met, the rank order of the probabilities will be insensitive to
the choice of the period over which probabilities are assessed. Import decisions would then remain
consistent with the ALOP regardless of the time period chosen.

However, under different assumptions the rank order of probabilities of entry, establishment
and spread can change when different periods are chosen (Fig. 3b). This means that if import
probabilities are assessed over a one-year period, there might be a decision to not permit one import
because the risk exceeds the ALOP assessed over one year, but to allow another because the risk is
less than the ALOP. However, the rank order of these probabilities could be reversed if the likelihood
of entry, establishment and spread were was assessed over a longer period (e.g. 10 years: Figure 8), so
the import decision would also change (assuming the same low consequence impact).
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Figure 8. Probability of entry, establishment and spread versus time for three different organisms that
have a low consequence impact, summarizing the implications of probabilities changing at different rates
over time.

The line labelled ‘Commodity 2’ in Figure 8 represents a situation where Australia’'s ALOP is
met, as assessed over one year for a low consequence event. The probability of at least one event that
causes entry, establishment and spread increases over time according to the geometric model. The
underlying hazard rate is fixed. The situation labelled *Commaodity 3’ has a probability of entry,
establishment and spread that is less than "Commaodity 2" at year 1. However, the probability of at
least one event increases more rapidly because, for example, the hazard rate is increasing (as in Figure
3). The situation labelled ‘Commodity 1’ has a greater probability at year 1. However, dependencies
such as numerous infected commaodities from a single source in a single year and none in other years
(Section 7.2) result in smaller chances of at least one event over longer time horizons. The ranking of
these three situations is the same at year 5, but is reversed at year 10. This example illustrates the kind
of circumstances in which the choice of timeframe may matter.
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It may be preferable to use different periods to estimate probabilities for different
commodities. BA uses one year of trade to estimate the likelihood of entry, establishment and spread
but consequences may be assessed over longer periods. As the period of trade increases, it becomes
more difficult to predict the volume of trade reliably, leading to greater uncertainty about the
probability of entry, establishment and spread. Although uncertainty about future volume of trade can
be accommodated in risk analysis procedures, it is generally true that probabilities are more
predictable over shorter periods than over longer ones, a result found in range of disciplines (e.g.
McCarthy et al. 1996). Thus, short-term estimates may be preferable.

However, the period used should also be matched to management and investment timeframes
(e.g. decision-making timeframes of regulators and of investment decisions by producers) and the
biology of the pest or disease (e.g. to account for incubation periods, and likely times until detection).
It is unlikely that a period of one year will be the most appropriate choice in all these circumstances.

It is worth noting here that the probability of spread as used by BA, is not the probability of
spread within a particular year but is the probability of spread at some stage given that the disease has
established in Australia and is assessed to reflect the biology of the disease . Spread is accounted for
by extrapolating the outcome of one year of trade to whatever period is necessary for the pest or
disease to reach equilibrium. However, this is not explicitly stated in the IRA Guidelines
(Commonwealth of Australia 2001) and could be more explicitly stated in these and in individual
IRAs. For example, individual IRAs define the annual probability of entry, establishment and spread
as the probability of entry, establishment and spread if one year of trade is conducted. The actual
spread may occur a considerable time later.

Analyses of probability over more than a single period may be informative, but protocols for
how to weigh probabilities that are assessed over different periods would be required if the
assumptions of the geometric model were not met. It may be effective to assess and rank risks using
the time at which the likelihood of entry, establishment and spread reaches a particular value (as
outlined in Figure 7). Decision-makers would need to convert assessments to a common period or time
or other probability frame to ensure consistency between decisions. The tools for these innovations
would need to be developed and tested for a range of circumstances.
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8. Discussion and conclusions

The following points summarise the issues that arose during the development of this report.
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1.

Currently, IRAs estimate probabilities of entry, establishment and spread based on an annual
volume of trade to assess relative risks for a range of commodities.

Consequences are assessed using unlimited periods.

Communication of probability can be obscured by inconsistent or unspecified timeframes. The
occurrence of at least one event (of entry, establishment and spread) that is virtually
impossible for a small volume of trade (e.g. of one year) may become much more certain
when risks are assessed for larger volumes of trade (e.g. of 50 or 100 years). Volume of trade
and associated risks should be assessed over periods that are relevant to decision-making, but
also reflect the biology of the organism and other relevant aspects. The periods over which
probabilities and consequences are assessed should be stated explicitly.

The risk matrix was developed as part of the BA method and BA’s position is that it was
agreed by all State/Territory governments and the Australian Government. BA uses the matrix
to combine the estimates of likelihood and consequence, stating that this provides a level of
protection for periods much longer than a year. This report did not evaluate the matrix. Rather,
it evaluated more explicit ways of examining risk as a function of volume or duration of trade.
Monitoring 'systems failures' can be used to assess how well this risk matrix is functioning in
practice.

Commodities that trade for more (or less) than a year should be judged in context. The
duration or volume of trade may need to be assessed explicitly but there is still a need to
convert assessments to a common timeframe or other consistent probability frame, to support
consistent decision-making.

IRASs account for many commaodities and an enormous number of potential pests and diseases.
For each, there are usually significant deficiencies in data needed to estimate the likelihoods of
various steps in the pathways leading to entry, establishment and spread (and sometimes in
understanding of exposure pathways themselves).

The equations explored in this report illustrate that it is possible to produce qualitatively
different estimates with plausible changes in model structures and assumptions. The geometric
model may provide a reasonable approximation but IRAs should include an assessment of the
potential for, and consequences of, violations of assumptions.

Analysts sometimes overlook the importance of indicating the uncertainty embodied in
numerical estimates of probabilities. They are a guide to the relative ranks of the probabilities.
Quantitative estimates of absolute probability are rarely reliable when considering extreme
values in data-poor and novel circumstances. Models can generate an appearance of false
precision, especially when sensitivity analyses are incomplete or are not communicated
clearly. The precise results of such quantitative models assist thinking but are not appropriate
for decision-making per se. There was broad consensus on this point among stakeholders and
it was not considered explicitly in this report.

The task of BA is to consider the potential ramifications of alternatives. BA’s advice needs to
account for the ideas that result from models, violations of model assumptions, and the
possibilities that modellers have not (yet) thought of, and to deal with the deficiencies in data
that are used in them.

10. There are many potential approaches to assessing and ranking probabilities resulting from

propositions to import commodities. The product of the probabilities of entry, establishment
and spread provides a reasonable template around which to structure assessments. However,
human judgement informed by models should continue to have the last say in IRA decisions,
combining precedents, accumulated evidence of past successes and failures, and structured
expert advice.
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11. Few, if any, other countries appear to have explored comprehensively the range of quantitative
alternatives to qualitative and subjective risk assessment systems. Where quantitative analyses
have been used, they rely almost exclusively on Monte Carlo simulation.

12. A range of methods is available to account for the imprecision of probability estimates. The
potential utility of such models to IRAs should be explored.

13. Several ways of communicating probabilities were outlined in the report. These include
specifying the probability of entry, establishment and spread for longer periods and specifying
the time at which the PEES is equal to some value. Including these metrics in IRAs should be
considered.
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11. Appendix 2. Language-based likelihoods

A range of methods could be used to analyse how cumulative probabilities of entry,
establishment and spread increase with the volumes of trade. One possibility is to use a language-
based assessment for translating likelihoods for one volume of trade to another. This appendix
discusses the use of language-based likelihoods.

IRAs conducted by BA use a range of sub-modules to help estimate the likelihood of each step
of the potential pathway. When the sub-modules are combined, the complete IRA model can be quite
detailed, with a large number of parameters. In many cases there are few data for estimating
parameters. A basic principle of modelling is that the complexity of the model should reflect the
available information, and a simple model is preferable when data are scarce (Burnham and Anderson
2002). One consequence of using a model with a large number of parameters but few data is that
estimates or assessments tend to be imprecise, and precision deteriorates as complexity increases.

A language-based assessment of probability, rather than the use of actual probability values,
avoids the requirement to estimate parameters formally. It may be easier for experts to make
subjective judgements of probabilities by specifying ordinal values of ‘low’, ‘“medium’ and *high’
rather than attempting to assignnumbers.

However, there are well-documented difficulties of using language-based risk assessments.
One obvious problem is that what constitutes a low probability for one person may seem like a high
probability to another, particularly if cast in another light. This was seen in the workshop that was
conducted for this project, where a stakeholder noted that a 30% probability of a ‘low” impact hazard
seemed like a *high’ risk, even though this is regarded as ‘low’ risk in the method used by BA.

A common understanding of language-based risk assessments can be established by defining
the terms such as ‘low’, ‘medium’ and “high’ in terms of actual probabilities. The consequence is that
numerical probabilities are simply re-introduced to the process. Further, different scales may be
employed in different jurisdictions, limiting communication. For example, the meaning of a
‘moderate’ probability has very different meanings from risk assessments conducted in Australia and
the United States (see Tables 1 and 2).

It is difficult to combine probabilities consistently when using language-based assessments.
For example, the IRA guidelines (Commonwealth of Australia 2001, p.41) describe how different
likelihoods can be combined, with an example of combining likelihoods in the pathway of entry of a
pathogenic agent. The rules state that two ‘low’ likelihoods are equivalent to a ‘very low’ likelihood
when multiplied, and two “very low’ likelihoods are equivalent to an ‘extremely low’ likelihood. In
contrast, a ‘low’ likelihood and a “very low’ likelihood combine to form a ‘very low’ likelihood.

There are two possible outcomes of these rules when multiplying two ‘low’ likelihoods and
one ‘very low’ likelihood. If first combining the two ‘low’ likelihoods, and then the “very low’
likelihood, we have:

(low x low) x very low = very low x very low = extremely low.

However, if we first combine the very low and one of the low likelihoods, we have:
low x (low x very low) = low x very low = very low.

This example shows that language-based methods can be sensitive to the order in which

operations are performed, making it possible for them to be used improperly or to be misunderstood.

Numerical approaches to multiplying probabilities, including the semi-quantitative and
quantitative methods used by BA, are not subject to these inconsistencies. This does not suggest that
all IRAs should be based on numerical methods. We do not intend to imply that Monte Carlo and
related techniques are a panacea — they are not. Rather, when combining language-base estimates, the
results will be more consistent if the methods for combining categories reflect an underlying numerical
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logic. There are several quantitative tools that could be used to ensure that language-based methods
operate consistently.

For example, when multiplying two ‘low’ probabilities (defined as the interval 0.05 - 0.3,
Commonwealth of Australia 2001, p. 43), the result must be in the range 0.0025 — 0.09 (assuming
independence of events), which spans the language-based intervals ‘very low’ (0.001 — 0.05) and part
of the range of ‘low’. In contrast, the language-based rules in the IRA Guidelines do not include the
possibility that the result of multiplying two ‘low’ probabilities is ‘low’, thereby providing an
unrealistically precise representation of the likelihood.

An additional issue in using language-based descriptions of probability is that subjective
judgements are conditioned by the scale employed (Slovic et al. 2000). For example, if an expert is
asked to provide a probability, the results are likely to differ depending on whether the expert is
provided with a three point scale ‘low’, ‘medium’ and ‘high’, or a five-point scale ‘negligible’, ‘very
low’, ‘low’, ‘medium’ and ‘high’. Therefore, considerable care is required in framing the questions to
elicit subjective judgements of probabilities.

We have highlighted difficulties of using language-based assessments in IRAs because similar
difficulties would arise when determining how the cumulative probability of entry, establishment and
spread would increase with greater volumes of trade. A number of quantitative and qualitative
techniques may be useful in supporting language-based methods. They include fuzzy arithmetic
(Kaufmann and Gupta 1985), second-order Monte Carlo analysis (Biosecurity Authority 2000),
interval bounds of various types (Alefeld and Herzberger 1983, Ferson 2002), and decision theory
methods (e.g. Ben-Haim 2006). For example, treating each probability as a bounded interval and
specifying the nature of any correlation among variables permits calculation of bounds of estimates
(Ferson 2002). The multiplication of two ‘low’ likelihoods (an interval of 0.05 — 0.3) to produce an
interval of 0.0025 — 0.09, is an example of interval analysis. However, there is no broad scientific
consensus on appropriate numerical strategies in circumstances such as those encountered in most
IRAs. The methods have different strengths and weaknesses in these contexts and they should be
explored and evaluated before adoption.
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12. Appendix 3. List of acronyms

ACERA: Australian Centre of Excellence for Risk Analysis

ALOP: Acceptable Level Of Protection

BA: Biosecurity Australia

DAFF: the Australian Department of Agriculture, Fisheries and Forestry
IRA: Import Risk Assessment

NOEC: No Observed Effect Concentration

PEES: Probability of Entry, Establishment and Spread

SAC: Scientific Advisory Committee

USDA: US Department of Agriculture
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