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This paper describes a decision-support scheme (DSS) for mapping the area where economically
important loss is likely to occur (the endangered area). It has been designed by the PRATIQUE
project to help pest risk analysts address the numerous risk mapping challenges and decide on the
most suitable methods to follow. The introduction to the DSS indicates the time and expertise that is
needed, the data requirements and the situations when mapping the endangered areas is most useful.
The DSS itself has four stages. In stage 1, the key factors that influence the endangered area are iden-
tified, the data are assembled and, where appropriate, maps of the key factors are produced listing
any significant assumptions. In stage 2, methods for combining these maps to identify the area of
potential establishment and the area at highest risk from pest impacts are described, documenting
any assumptions and combination rules utilised. When possible and appropriate, Stage 3 can then be
followed to show whether economic loss will occur in the area at highest risk and to identify the
endangered area. As required, Stage 4, described elsewhere, provides techniques for producing a
dynamic picture of the invasion process using a suite of spread models. To illustrate how the DSS
functions, a maize pest, Diabrotica virgifera virgifera, and a freshwater invasive alien plant, Eich-

hornia crassipes, have been used as examples.

Introduction

This paper summarises the work undertaken by the PRATIQUE
project (Baker et al., 2009; Baker, 2012) to develop a decision-
support scheme (DSS) for pest risk analysts when mapping
endangered areas. The full scheme is freely available as a module
linked to the EPPO DSS for pest risk analysis (PRA) (http://
capra.eppo.org/deliverables; http:/www.pratiqueproject.eu) and
integrated with modules for modelling and mapping climatic risk
(Eyre et al., 2012) and pest spread (Kehlenbeck ez al., 2012).

*This paper is an outcome of PRATIQUE (Enhancements of Pest Risk
Analysis Techniques) a research project funded by the European Union under
its 7th Framework Programme.

As specified in the outline of requirements of the International
Standard for Phytosanitary Measures (ISPM) number 11 (FAO,
2004), a key objective of a PRA is to identify the endangered
area which is defined as: ‘an area where ecological factors
favour the establishment of a pest whose presence in the area will
result in economically important loss’ (FAO, 2010). ISPM 11
shows that this is a two step process. Firstly, following the assess-
ment of entry, establishment and spread (paragraph 2.2.4.1), ‘the
part of the PRA area where ecological factors favour the estab-
lishment of the pest should be identified in order to define the
endangered area. This may be the whole of the PRA area or a
part of the area.” Secondly, following the assessment of potential
economic consequences (paragraph 2.3.3.1), ‘the part of the PRA
area where presence of the pest will result in economically
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important loss should be identified as appropriate. This is needed
to define the endangered area.” The first step of the process thus
identifies the area where establishment is possible (the area of
potential establishment) that contains the endangered area which
is identified in the second step.

The identification of the endangered area is important not only
as part of a PRA to support quarantine listing for pests that have
yet to invade, but, following their invasion, it can also play a role
in justifying the maintenance of official control if it can be shown
that the pest is not widely distributed in the endangered area.
A clearly defined endangered area, e.g. with a map, is also very
useful when targetting actions following outbreaks and for
designing efficient and effective surveillance programmes and
contingency plans.

Like all ISPMs, ISPM 11 does not describe or recommend the
particular methods that should be used when undertaking any
component of a PRA. EPPO, in common with a number of other
national and regional plant protection organisations worldwide,
has therefore designed a DSS to assist with the qualitative assess-
ment of risk. This is based on expert judgement supported, as far
as possible, by documentary evidence. While modelling and
mapping can be undertaken to evaluate particular issues such as
endangered areas in detail, this is not essential and the EPPO
DSS for PRA states that such areas can, if appropriate, be defined
simply by reference to existing ecoclimatic zones, geographic
areas, crop distributions, production systems (e.g. protected culti-
vation) and ecosystems. None of the other qualitative schemes
reviewed by PRATIQUE, provides guidance on how to identify
endangered areas. This is primarily because, apart from referring
to predefined zones, further investigation requires the application
of some form of risk mapping technique and this tends to be con-
fined to detailed PRAs, undertaken, for example, to combat a
specific new threat, to determine whether expensive or stringent
phytosanitary measures are justified or to respond to legal or
trade challenges. As such, methods for mapping endangered
areas can generally only be inferred by examining these detailed
PRAs.

However, maps in detailed PRAs tend to have shortcomings
because they: (i) do not follow a common methodology, (ii) are
frequently limited to identifying the area of potential establish-
ment based on climatic suitability, (iii) may include host distribu-
tion but rarely combine this with other key factors, (iv) exclude
economic and environmental impact factors, (v) do not show the
areas at highest risk or the endangered area and (vi) do not
attempt to represent spread and uncertainty. However, the suite
of models available through NAPPFAST (Magarey et al., 2007)
allows risk assessors to model pest phenology and pathogen
infection combining the results with host distributions to map
pest risk in the USA. NAPPFAST is now being extended to
include a technique for climatic matching, pathway risk maps
and a method for combining maps using pareto dominance
(Magarey et al., 2011).

Venette et al. (2010) have set out the principal challenges in
pest risk mapping, providing a road map for improvement. Map-
ping the area of potential establishment is already difficult but
mapping endangered areas creates additional challenges primarily

because the maps need to show where the population density
of the pest is likely to reach the Economic Injury Level (EIL)
(Pedigo et al., 1986) and thus cause an ‘economically important
loss’. The EIL is difficult to determine because, although Oerke
(2006) provide yield loss data for many crops, these need to be
extrapolated to the crop, pest management and market conditions
in the PRA area. However, even in the rare cases where an
appropriate EIL is available, it is difficult to make sufficiently
accurate estimates of population abundance because population
dynamics models are complex to construct and difficult to para-
meterise reliably.

Additional challenges include: (i) the lack of consistently accu-
rate and up to date data for all the key parameters particularly if
the PRA area includes several countries, e.g. the European
Union, (ii) the difficulty of combining datasets at different resolu-
tions and formats without clear combination rules, (iii) the com-
plexity of many geographic information systems (GIS) and (iv)
the absence of clear techniques or conventions for representing
pest risk uncertainty in maps.

This paper describes a DSS for mapping endangered areas that
attempts to address these challenges by: (i) showing pest risk ana-
lysts when an attempt to map an endangered area is appropriate,
(ii) setting out procedures for combining maps of different factors
to identify crops and other plants at highest risk, (iii) utilising a
simple computer program for creating and combining maps and
(iv) describing how to incorporate spread/economic impacts. To
illustrate how the DSS functions, the maize pest, Diabrotica
virgifera virgifera (the western corn rootworm), is used as the
principal example. Procedures for mapping the risks posed by
Eichhornia crassipes (water hyacinth), a highly invasive freshwa-
ter plant, are also described to illustrate the procedures for an
organism that primarily causes environmental impacts.

The DSS has two sections. Section A provides an introduction
to the DSS and the DSS itself is described in Section B. There
are also 18 annexes available from the website that provide addi-
tional tools, datasets and guidance, particularly to support cli-
matic risk mapping (Eyre et al., 2012).

Section A: Introduction to the DSS for
mapping endangered areas

Section A outlines the context by defining the endangered area

and showing where it fits into the EPPO DSS for PRA. To ensure

that pest risk analysts only undertake endangered area risk map-

ping having carefully thought through all the options and impli-

cations, the following issues are then highlighted:

¢ Risk mapping may not be necessary because it may be suffi-
cient to estimate the endangered area by referring to existing
national boundaries, climatic zones, ecoclimatic zones, host
distribution, habitats or latitudes and longitudes.

¢ Considerable time and expertise may be needed. Although the
DSS provides some of the data required, e.g. crop maps, the
automation of several processes using the ‘R’ software lan-
guage (http://cran.r-project.org/) and a user-friendly method for
combining maps using the MCAS-S multi-criteria software
(see below), some experience with GIS software may also be
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necessary. In addition, for modelling and mapping key factors,
such as climatic suitability, an appropriate level of proficiency
with relevant software packages, e.g. CLIMEX (Sutherst et al.,
2007), is required.
Without sufficient or reliable data on the distribution and mag-
nitude of the key factors that influence the area of potential
establishment, the areas at highest risk and the endangered area,
these areas cannot be defined accurately and there may be a
danger of misinterpretation. Although there may be substantial
difficulties in obtaining adequate information on several key
factors, such as the distribution of hosts (or suitable habitats for
plants), in general, if there is insufficient information to map
climate suitability, it will also be inappropriate to map endan-
gered areas.
Mapping the endangered area will be most useful when: (i) the
endangered area is not already clearly identifiable from the
qualitative EPPO PRA scheme, (ii) the pest does not pose a
similar threat throughout the area of potential establishment,
(iii) the impact assessment section has identified some spatially
distinct ‘worst cases’ where major or massive impacts may
occur that cannot readily be described in words, (iv) surveil-
lance strategies are under consideration or there is a require-
ment to prioritise eradication, containment or suppression
actions following an outbreak, (v) the imposition of phytosani-
tary measures to particular parts of the PRA area may be
challenged or (vi) an existing PRA with an endangered area
map is being updated or reviewed.

As the difficulties of representing risk and uncertainty are mag-

nified when mapping combinations of risk factors, the DSS

stresses the importance of ensuring that maps displaying the
different risk factors are presented before combination. Where
possible, maps showing the most likely outcome and the
extremes should also be provided to risk managers. For exam-
ple, this can be done by presenting three maps depicting a ‘best

case’ (e.g. 10% percentile outcome), median scenario (50%)

and ‘worst case’ scenario (90%). In some cases, it will be

appropriate to investigate different scenarios, especially when
considerable changes in risk over time are expected.

Section A also sets out the work that needs to be undertaken

before starting Section B. Risk assessors should have completed

(at least in draft) the EPPO DSS for PRA so that they already

have the following information that is required to map the endan-

gered area:

* A list of the key factors that set the limits to the area of poten-
tial establishment.

* A description of the area of potential establishment.

* A list of the key factors that influence the suitability of the area
of potential establishment.

* Ratings and justifications for the key factors that influence the
suitability of the area of potential establishment, the most likely
points of entry, natural and human-assisted spread and eco-
nomic, environmental and social impacts.

Section A describes the four stage structure of the DSS and
the reasons for the approach that has been adopted:

e In Stage 1 the key factors are confirmed and the data are
assembled and mapped.

Decision-support scheme for mapping endangered areas 67

e In Stage 2 priority is given to combining maps to represent the
areas of highest risk rather than endangered areas due to the
difficulties (noted above) in determining where economic loss
occurs.

* However, in Stage 3 some methods for mapping endangered
areas are provided based on worst-case scenarios using a logis-
tic growth model and climatic suitability estimates modelled in
CLIMEX.

* Stage 4 provides a suite of spread models that allows the inva-
sion process to be portrayed dynamically. This stage is
described by Kehlenbeck ef al. (2012) and is not discussed
further here.

Section B Stage 1: Confirming, assembling
and mapping the data for the key factors

Having completed the EPPO DSS for PRA, at least in draft, and
decided that mapping endangered areas is appropriate, risk ana-
lysts start Stage 1 of Section B by assembling the data and map-
ping the key factors that determine the suitability of the area of
potential establishment described in question 3.08. These factors
have already been identified and given a risk rating in questions
3.01-3.16 in the EPPO DSS for PRA. Sources of data and any
existing maps can be accessed through the Capra Data Explorer
(http://capra.eppo.org/). A map showing areas of climatic suit-
ability is particularly important and this may be created using the
climatic mapping DSS (Eyre et al., 2012). For D. virgifera
virgifera, the key factors are climate and host (grain maize and
forage maize) distribution and these were obtained respectively
from a CLIMEX model (Kriticos & Reynaud, 2012) and the
McGill University database (Monfreda et al, 2008). For
E. crassipes, climate and habitat are most important.

Data and any existing maps then need to be assembled for the
factors that determine the area of potential impact — where hosts
or habitats are at highest risk from impacts (excluding the factors
that enhance establishment selected above). Guidance is given
for selecting the economic and environmental receptors at highest
risk. The most vulnerable cultivated plants include crops:
¢ of susceptible cultivars
e grown in conditions that favour pest impacts, e.g. soils that are

not sandy (for D. virgifera virgifera)

e of high value, e.g. seed potatoes compared to ware potatoes

and, for D. virgifera virgifera, grain maize compared to forage

maize

with high quality standards, e.g. dessert fruit

with long replacement times, e.g. timber and fruit trees

with pest friendly management practices, e.g. no rotation (for

D. virgifera virgifera)

* that form a significant proportion of national production or the
export market

¢ of heritage varieties

¢ with organic status and/or biological control systems

with no effective control methods available.

The most vulnerable environmental vulnerabilities include:

Keystone and indicator species

* Rare and endemic species
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* Nature reserves and special areas of conservation under, e.g.
the EC Habitats Directive

* Islands and other isolated habitats

* Species, habitats and ecosystems providing important ecosys-
tem services.

Guidance, data and tools are provided to ensure that all the
key datasets are available at 10 km X 10 km resolution across
the EU by appropriate reprojection, up-scaling and down-scaling
so that MCAS-S, the Multicriteria Analysis Shell for Spatial
Decision Support program (Australian Bureau of Agricultural
and Resource Economics and Sciences, 2009) can be employed.
MCAS-S is a free, user-friendly software tool that allows differ-
ent spatial datasets to be displayed and combined to represent risk
using a variety of arithmetical, logical and matrix methods that
can be set by the user. Tables can also be generated to summarise
the maps, e.g. to give the number of 10 km x 10 km grid cells
for each risk class for all EU member states.

MCAS-S allows the user to set the thresholds for data classifi-
cation. In this DSS the pre-classification of factors generally into
six (absent, very low, low, medium, high and very high) or two
(absent and present) classes is provided before combining them
with other factors because at this stage it is generally easier for
the assessor to attempt a judgement of the relationship between
outputs from, e.g. a climate suitability model or a particular level
of host abundance, with the likelihood of establishment. For CLI-
MEX, guidance is provided to help with this judgement. How-
ever, it is recommended that great care is taken when classifying
factors and that it may be worthwhile to explore the effect of dif-
ferent classifications. An example is given for D. virgifera virgifera
representing the most likely, the best and the worst case
scenarios showing how changing scenarios influences uncer-
tainty. As map combinations based on pre-classification can
lead to a loss of information (Dupin et al., 2011) they can also
be compared with those created by post-classifying continuous
variables that can be combined using arithmetical methods.

Section B Stage 2: Combining maps to
identify the areas at highest risk

In Stage 2 the maps of the key risk factors prepared in Stage 1
are combined: first to map the area of potential establishment,
second to map the area of potential impacts and third to map the
areas at highest risk. Any assumptions and combination rules uti-
lised need to be documented. Seven matrix rules (with examples)
have been implemented MCAS-S (see Table 1).

Examples

Diabrotica virgifera virgifera

To map the area of potential establishment for D. virgifera virgif-
era in Europe (Fig. 1C), maps of the areas harvested for grain
and forage maize (in ha per 10 km x 10 km grid cell) were
added, divided into two classes (presence and absence) (Fig. 1A)
and combined using a minimum rule matrix with a map of cli-
matic suitability based on the CLIMEX Ecoclimatic Index (EI)
(Fig. 1B). As the D. virgifera virgifera CLIMEX maps were gen-

erated, new information has come to light that shows that the
CLIMEX model needed to be rewritten to correctly reflect the
role of soil moisture. The new model is described and outputs are
provided by Kriticos er al. (2012).

A map of the area of potential impact for D. virgifera virgifera
was constructed by taking into account two factors: the produc-
tion of grain and forage maize and the presence of sandy soils.
Grain maize is approximately five times as valuable as forage
maize and values of €250 and €50 per tonne respectively were
chosen based on data from Eurostat (2011) so that production
could be expressed in euros per grid cell. Hungarian observations
that yield losses from D. virgifera virgifera do not occur on
sandy soils were also taken into account. Maps representing the
production of grain and forage maize crops (Fig. 1D,E) were first
produced separately by combining maps of the area harvested
and yields taking into account the price difference between the
two crops. They were then added together to provide a map of
total maize production (Fig. 1F). The modified average matrix
was then used to combine this map with the presence of sandy
soils (see Fig. 1H) from the European Soils Database (JRC,
2010) to produce the area of potential impact (Fig. 1G).

The area at highest risk (Fig. 1I) was then constructed by com-
bining the areas of potential establishment (Fig. 1C) and potential
impact (Fig. 1G) using the high risk matrix. The highest risk
occurs in the grid cells where: the climate is most suitable for
pest establishment, crop production (or output) is highest, there
are no additional factors that may decrease the likelihood of
impacts and there are additional factors that may increase the
likelihood of impacts. For D. virgifera virgifera, the areas at
highest risk were based on climatic suitability, host (grain and
forage maize) production and soil suitability (see Fig. 2 for a
summary of the process). Other factors, such as the absence of
crop rotation, could not be mapped because of the lack of data
for all EU member states.

Eichhornia crassipes

For E. crassipes, the area of potential establishment was con-
structed by using a limiting factor matrix to combine a CLIMEX
climatic suitability map with a map representing habitats (inland
marshy areas, watercourses and water bodies) suitable for estab-
lishment based on Corine Land Cover (EEA, 2011a). To map the
areas of potential impact (highest conservation importance), the
extent to which this DSS could help identify Natura 2000 sites
(special areas of conservation established under the 1993 EU
habitats directive) (EEA, 2011b) that could be invaded by
E. crassipes was explored.

Eichhornia crassipes colonises still or slow moving water
resulting in thick extensive mats. It occurs in estuarine habitats,
lakes, urban areas, water courses, and wetlands. It can tolerate
extremes of water level fluctuation and seasonal variations in
flow velocity, and extremes of nutrient availability, pH, tempera-
ture and toxic substances (Gopal, 1987), but does not tolerate
brackish or salt water (Muramoto et al., 1991). Based on this
evidence, the authors of this paper selected five Natura 2000 hab-
itats: natural eutrophic lakes with Magnopotamion or Hydrocha-
rition, constantly flowing Mediterranean rivers with Glaucium
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Table 1 Matrices available for combining two factors (X and Y) in two, three of five classes. Once combined, the sequence of colours goes from grey (absent)
through dark green (very low) to red (very high)

Matrix diagram

Matrix description

e
i

1. Minimum rule matrix

This is used when both factors, e.g. climatic suitability and host presence, are required so that the factor
with the most severe constraint (lowest classification) dominates and the other factor is ignored.
Equivalent scores for each factor impose equivalent levels of constraint.

2. Maximum rule matrix

This is the inverse of the minimum rule matrix. The factor with the highest classification is what matters
and the classification of the other factor is ignored. For example, if protected environments are present,
the climate, as measured at weather stations, may not be important.

3. Addition rule matrix
This sums both factors, e.g. combining lack of rotation (which may increase population densities of
Diabrotica virgifera virgifera) with the amount of crop production in the area of potential establishment.

4. Limiting factor matrix
This can be used when the absence of one factor, e.g. soil above a pH threshold or host absence prevents
establishment but, if present, has no additional effect on habitat suitability.

5. Modified Average

This changes the classification by +1 if favourable or unfavourable, e.g. an early harvest date may prevent
some pests from completing their life cycle whereas a late harvest date may allow time for all individuals
to develop.

6. High risk matrix

This can be used to identify locations where there is a coincidence of high classes, e.g. when combining
the suitability of the area of potential establishment with factors influencing impact, to produce a five
level risk classification.

7. Cox’s risk matrix
This can be used as for the high risk matrix but when combining the area of potential establishment and
area of potential impact into three classes (Cox, 2008).
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e

Fig. 1 Maps produced to identify the area at highest risk from Diabrotica virgifera virgifera. In Fig 1A: grey indicates absence and red is presence. In Fig 1B: grey
is unsuitable (Ecoclimatic Index (EI) = 0), dark green is very low suitability (EI between 1 and 15), green is low suitability (EI between 15 and 20), yellow is
moderate suitability (EI between 20 and 25), orange is high suitability (EI between 25 and 30) and red is very high suitability (EI greater than 30)). In Figs 1C, 1H
and 1I: grey is zero, dark green is very low, green is low, yellow is moderate, orange is high and red is very high. In Fig 1D, 1E and 1F: grey is zero, dark green is
very low (between 1 and 100 000 euros), green is low (between 100 000 and 500 000 euros), yellow is moderate (between 500 000 and 1 million Euros), orange is
high (between 1 million and 2.5 million euros) and red is very high (greater than 2.5 million Euros). In Fig 1D, soils with sandy texture are coloured in blue (all other

soils are in green).

Sflavum, watercourses of plain to montane levels with Ranuncu-
lion fluitantis and Callitricho-Batrachion vegetation, rivers with
muddy banks with Chenopodion rubri p.p. and Bidention p.p.
vegetation and constantly flowing Mediterranean rivers with Pas-
palo-Agrostidion species and hanging curtains of Salix and Popu-
lus alba. The area of the Iberian peninsula at highest risk (Fig. 3)
from E. crassipes was created by overlaying the raster map of the
area of potential establishment and the vector map of Natura 2000
sites that are particularly suitable for E. crassipes colonization.

Section B Stage 3: Mapping endangered
areas

As noted above, to estimate the area where economically impor-
tant losses are likely to occur, it is important not only to identify

the areas at highest risk (from Stages 1 and 2) but also to indicate
the extent to which the conditions necessary for pest populations
to exceed the EIL are present in the PRA area. In the absence of
models of pest abundance and the extent to which they are likely
to exceed the EIL, yield and quality loss scenarios can still be
explored, e.g. by applying the worst case scenario, where it is
assumed that the pest has already reached its maximum geo-
graphical extent but at an extremely low initial abundance,
requiring many generations for the population to build up before
economic impact is observed. The authors have therefore: (i) pro-
vided a method based on a logistic growth model (model C, see
Kehlenbeck et al., 2012) for identifying the areas that are likely
to have the highest population density based on climate and
(ii) described how climatic suitability in areas where high impacts
have already been observed can be used to help identify where
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Fig. 2 Summary of the combination process for mapping the area at highest risk from Diabrotica virgifera virgifera.[H,d: grain maize harvested area (ha); H;y:
grain maize yields (tonnes hafl); H,p: grain maize production (€); H,d: forage maize harvested area (ha); Hyy: forage maize yields (tonnes/ha); H,p: forage maize
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Fig. 3 Freshwater Natura 2000 sites (special areas of conservation established under the 1993 EU habitats directive) especially suitable for E. crassipes colonization
based on climate and habitat. Sites in red within the black circles are at highest risk.
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economic loss may occur in the PRA area. Yield loss scenarios
can also be explored. Where yield and quality loss scenarios are
being explored for polyphagous species, decision rules for com-
bining maps of economic impact for different hosts have also
been provided.

To estimate the population densities in the area of potential
establishment based on climatic suitability and relate these to
areas where economically important losses might occur, model C
from Stage 4 (Kehlenbeck ez al., 2012) can be applied to the grid
cells in the area of potential establishment for, e.g. 10 years,
assuming that the same initial population is introduced to all suit-
able cells. As the model C is based on a growth parameter con-
stant (the maximum year to year multiplication factor A, or the
finite growth rate derived from the literature) and a variable for
favourable climate (GI,, the CLIMEX annual Growth Index) that
influences the growth parameter, the finite growth rate varies in
the area of potential establishment according to the GI. As such,
maps of GI (constrained to the area of potential establishment)
may also indicate areas with the highest potential population
abundance based on climate. For some species, it may be appro-
priate to map the number of degree days available for growth
over the minimum threshold of development, the number of gen-
erations per year or the CLIMEX EL

Relationships between modelled climatic suitability and mea-
surements of pest impact can also be explored. Pinkard er al.
(2010) described a technique for regressing simple qualitative
assessments of site suitability for a pathogen that can be used for
the post-hoc classification of climate suitability for pest impact.
However, the regression approach exposes the variability in the
system that encompasses the climate itself, the relationship
between the organism and climate variables, the climatic suitabil-
ity model and experimental observations of impact. Impacts
recorded in the literature are often based on limited, disparate
studies that measure impacts in different ways. The challenge lies
in transforming these disparate measures into a coherent dataset
with a single measure of impact (Kriticos DJ, Leriche A,
Palmer D, Cook DC, Brockerhoff EG, Stephens AEA & Watt
MS, unpublished data). When using data that summarise climate
over a long sequence of years (commonly 30 years) care needs
to be taken because published impacts may only refer to the year
when the maximum was recorded. It is also important to note
that: the relationship between climate suitability and pest impact
will probably be non-linear as the amount of host damage can
depend on a complex interaction between the suitability of the
climate for the pest and for the host plant and the mere presence
of the pest at any non-zero level of density may be sufficient to
trigger phytosanitary regulations based on loss of area freedom.

Conclusions

This DSS provides pest risk analysts with guidance and tools for
mapping and combining the key components of endangered
areas. It focuses on mapping areas of highest risk due to the diffi-
culties in identifying areas where economic loss will occur. Fur-
ther testing and additional developments are required to identify
best practice. These include:

Identifying the most appropriate methods for calculating and
representing uncertainty in risk maps

Accurately reflecting current climate and taking climate change
into account

Mapping organisms with complex life cycles

Mapping areas where economic loss will occur

Providing guidance on the choice of models in particular situa-
tions
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Un schéma d’aide a la décision pour
cartographier les zones menacées dans les
analyses de risque phytosanitaire

Cet article décrit un schéma d’aide a la décision pour carto-
graphier la zone dans laquelle les pertes économiquement
importantes sont susceptibles de se produire (la zone menacée).
11 a été congu par le projet européen PRATIQUE pour aider
les analystes du risque phytosanitaire a faire face aux nom-
breux problemes pour cartographier le risque et décider des
méthodes les plus appropri€es. L’introduction du schéma indi-
que le temps, I’expertise et les données qui seront nécessaires
ainsi que les situations pour lesquelles cartographier les zones
menacées est le plus utile. Ce schéma d’aide a la décision est
constitué de quatre €tapes. Dans 1’étape 1, les facteurs clés qui
influencent la zone menacée sont identifiés, les données sont
assemblées et, si nécessaire, les cartes des facteurs clés sont
produites en listant les hypothéses importantes. Dans I’étape 2,
les méthodes pour combiner ces cartes pour identifier la zone
d’établissement potentiel et la zone la plus a risque d’impact
par l'organisme nuisible sont décrites, en documentant les
hypotheses et les régles utilisées pour les combiner. Quand
cela est possible et pertinent, 1’étape 3 peut ensuite étre suivie
pour montrer si des pertes économiques se produiront dans la
zone la plus a risque et pour identifier la zone menacée. Au
besoin, I’étape 4, décrite par ailleurs, fournit des techniques
pour produire une image dynamique du processus d’invasion
en utilisant un ensemble de modeles de dissémination. Pour
illustrer le fonctionnement du schéma, un ravageur du mars,
Diabrotica virgifera virgifera, et une plante exotique envahis-
sante d’eau douce, FEichhornia crassipes, ont ¢été utilisés
comme exemples.

Cxema nopaepXXku NPUHATUA peLueHUi

ANsi KAPTUPOBAHUA 30H, NOABEPXKEHHbIX
onacHocTu, npyu aHanuse MTOCaHMTapPHOIro
pucka

B paGote nmaercs omucanue CXeMbl NMOJJCPKKH NPUHATUSL
pewenuii (DSS), mo3pomsromel npoBecTH KapTUPOBaHHE
30HBI, TJi€ IO BCEl BEPOSTHOCTH OyNeT HMETb MecTo
OKOHOMHMYECKH 3HAauYUMbIA ymepO (30Ha, IIOJBEpIKEHHAs
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omacHocTH). Cxema Obla pa3zpaboTaHa B paMKax IIPOEKTa
EC «PRATIQUE» ¢ uensio
(GUTOCAaHUTAPHOTO  pHUCKA  peliaTh
mpoOJIeMbl KapTHPOBaHHUA pucka U Au(dHEepeHIHPOBAHHO
BBIOMpATh ONTUMAJIBHBIE METOIbI 0OphOBI. Bo BBeneHHH K
DSS yka3biBaeTcst BpeMsi 1 HEOOXOUMBIH OITBIT, TPeOOBaHMS,
NPEABABISAEMBIC K JaHHBIM, a TAaKXE TE€ CUTYyalluu, Korja

IIOMOYb aHaJINTHKaM

MHOI'OYHMCJICHHBIC

KapTUPOBAHUE 30H, ITOJABEPKCHHBLIX OIIACHOCTHU, SBJIACTCA
Hanbosee  menecooOpasHpiM.  Cxema  KapTHPOBaHHS
DSS nognpaspensiercs Ha detblpe craguud. Ha cramum 1
OIPENEISIIOTCSL KIIIOUeBbIe (haKTOPbI, BIHSIOIINE Ha 30HHI,
TIO/IBEPXKEHHbIE ONACHOCTH, IPOM3BOAUTCS COOp JaHHBIX W,
TaM T/ie 3TO IeJIeco00pa3Ho, Ha KapTy HAHOCATCS KITIOYEBBIE
(akTophl C TEepevHeM pa3IMYHBIX 3HAYUMBIX rurnore3. Ha
CTaauu 2 MPOBOJWTCS OMKMCAHUE METOIO0B KOMOWHHPOBAHHS
9TUX  KapT IS MOTEHIHATBHON
AaKKIMMATH3alMd ¥ 30HBI pHCKa Haubolee BBICOKOTO
BO3JCHCTBUSI BPEIHBIX OPTaHU3MOB C JOKYMEHTHPOBAaHHEM
BCEX THUIOTE3 U HCIIOJIb3yeMbIX MPABHJI KOMOHHHUPOBAHMSI.
Ecnu 310 cunTaeTcss BO3MOXKHBIM U I[€7eCO00pa3HbIM, MOXKET
MPOBOJIUTHCS CTaAus 3, MPU3BaHHAS 10KA3aTh, MPOU30MIET
M OKOHOMHYECKasl IOoTepsi B 30He HamOojee BBICOKOTO
pHCKa, M BBISIBUTH 30HY, IIOJIBEP)KCHHYIO OIIACHOCTH. B
cilyyae HeoOXOIMMOCTH, Ha CTaJUH 4, ONMCAHHOH B JPYroM
MecTe, YKa3bIBalOTCS METOJABI JTUHAMHYHOTO OTOOpaXKEHHS
Ipoliecca MHBA3WH, C HCIOJIb30BaHHEM Habopa Mogjelnei
pactipoctpanenust. [t TOro 9ro0bl MPOUILTIOCTPHPOBATH
(dynkuonupoBanue DSS, B kauecTBe IPUMEPOB

BBIABIICHHUS 30HBI
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