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 General model 

 Trade, distribution, use and contact 

 Monthly time scale and EU NUTS2 spatial scale 

 Multiple sources to all EU for single pest species 

 Initial EFSA development (Extra EU sources) 
 Apple (Cydia prunivora) 

 Orange (Xanthomonas citri citri) 

 Plum (Conotrachelus nenuphar) 

 Wheat (Listronotus bonariensis) 

 https://www.efsa.europa.eu/en/supporting/pub/1062e  

 Current DROPSA development (Intra/Extra EU sources) 

 Multiple commodity/Host (Drosophila suzukii) 

 http://dropsaproject.eu/  

 

Quantitative Pathway Analysis 

QPAFood Development of quantitative pathway analysis 

PURPOSE 

https://www.efsa.europa.eu/en/supporting/pub/1062e
http://dropsaproject.eu/
http://dropsaproject.eu/


 Excel based, VB macros and @Risk 

 Model has two modules 

 Module 1 

 World trade into Europe 

 Infested trade 

 Production 

 EU transhipments of infested trade 

 Extra-EU exports 

 Infested trade in each MS by month 

 Module 2 

 Distribution of infested trade in each MS to NUTS2 regions 

 Retail 

 Processing 

 Vulnerability by NUTS2 

 Phenological susceptibility by zone by month 

 Output tables and Summary graphs 

GENERAL MODEL STRUCTURE 
 

QPAFood Development of quantitative pathway analysis 



General Model Module 1 – Screenshot of Main page 



General Model Module 2 – Screenshot of Main page 



Gross infested imports by 
MS by Month 

Module 1 

EUROSTAT Import data 
By 261 states by Month 

Infestation levels of imports 
from each state by Month 

Net infested imports 
by MS by Month 

Gross infested imports by 
MS by Month -  NET OF 

TRANSHIPMENTS 

EUROSTAT Import Data by 
EU28 MS by Month 

EUROSTAT or FAOSTAT 
Production by EU28 (Annual 

adjusted by Month) 

EUROSTAT EX-EU 
Exports Data for 

EU28 MS by 
Month 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Module 2 – 
Distribution 

Net infested imports 
in EU28 by Month 

% to PROCESSING by EU28 
MS by Month 

% to RETAIL by EU28 MS 
by Month 

 % to Juicing 

PROCESSING units by NUTS2 

% to Non-Juicing 

 % to Land App % to Feed  % to Land App % to Feed 

Infested VIABLE material by PROCESSING 
Waste Stream by NUTS2 by Month 

 Viability  Viability  Viability  Viability 

POPULATION units by NUTS2 

% to Land 
App 

 Viability 

Infested VIABLE material by RETAIL 
Waste Stream by NUTS2 by Month 

Infested VIABLE commodity by NUTS2 by Month 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Module 2 - 
Vulnerability 

Commodity 
area by NUTS2 

Crop phenological 
vulnerability by month 

 North EU 

Max pest dispersal in 
single month 

 South EU Central EU 

Vulnerability by 
NUTS2 by Month 



Module 2 - 
Outputs 

Vulnerability by 
NUTS2 by Month 

Infested VIABLE commodity 
by NUTS2 by Month 

Contact potential by 
NUTS2 by Month 

Table: Ranked and 
sorted risk table by 
NUTS2 by Month 

 
 

Charts: Annual 
summary of 

Vulnerability vs 
Infested Viable 

Commodity by MS 

Summary Outputs 

Charts: Annual 
summary of 

Vulnerability vs 
Infested Viable 

Commodity by NUTS2 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



QPAFood Development of quantitative pathway analysis 

GENERAL MODEL INPUTS – APPLE EXAMPLE 
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GENERAL MODEL INPUTS – APPLE EXAMPLE 
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GENERAL MODEL INPUTS – APPLE EXAMPLE 
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GENERAL MODEL INPUTS – APPLE EXAMPLE 



Apple risk (infested volume.km2.month); UK NUTS2 

QPAFood Development of quantitative pathway analysis 

GENERAL MODEL OUTPUTS – APPLE EXAMPLE 

NUTS2 Region Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

UKC1 - Tees Valley and Durham 0 0 0 0 1.32E-07 9.06E-08 8.47E-08 3.92E-08 2.26E-08 3E-08 0 0

UKC2 - Northumberland and Tyne and Wear0 0 0 0 0 2.51E-08 6.04E-08 2.79E-08 1.61E-08 0 0 0

UKD1 - Cumbria 0 0 0 0 0 2.81E-10 6.76E-10 3.13E-10 1.8E-10 0 0 0

UKD3 - Greater Manchester 0 0 0 0 2.38E-08 1.63E-08 1.52E-08 7.05E-09 4.06E-09 5.4E-09 0 0

UKD4 - Lancashire 0 0 0 0 4.03E-08 2.76E-08 2.58E-08 1.2E-08 6.89E-09 9.15E-09 0 0

UKD6 - Cheshire 0 0 0 0 3.59E-08 2.46E-08 2.3E-08 1.06E-08 6.13E-09 8.14E-09 0 0

UKD7 - Merseyside 0 0 0 0 4.13E-08 2.83E-08 2.65E-08 1.22E-08 7.06E-09 9.38E-09 0 0

UKE1 - East Yorkshire and Northern Lincolnshire0 0 0 0 2.51E-07 1.72E-07 1.61E-07 7.45E-08 4.29E-08 5.7E-08 0 0

UKE2 - North Yorkshire 0 0 0 0 1.25E-07 8.58E-08 8.03E-08 3.72E-08 2.14E-08 2.85E-08 0 0

UKE3 - South Yorkshire 0 0 0 0 1.44E-07 9.83E-08 9.2E-08 4.26E-08 2.46E-08 3.26E-08 0 0

UKE4 - West Yorkshire 0 0 0 0 1.34E-07 9.16E-08 8.57E-08 3.96E-08 2.29E-08 3.03E-08 0 0

UKF1 - Derbyshire and Nottinghamshire0 0 0 0 3.33E-07 2.28E-07 2.13E-07 9.86E-08 5.69E-08 7.55E-08 0 0

UKF2 - Leicestershire, Rutland and Northamptonshire0 0 0 0 4.14E-07 2.84E-07 2.66E-07 1.23E-07 7.08E-08 9.4E-08 0 0

UKF3 - Lincolnshire 0 0 0 0 1.86E-07 1.27E-07 1.19E-07 5.51E-08 3.18E-08 4.22E-08 0 0

UKG1 - Herefordshire, Worcestershire and Warwickshire0 0 0 0 2.77E-07 1.9E-07 1.77E-07 8.21E-08 4.73E-08 6.28E-08 0 0

UKG2 - Shropshire and Staffordshire 0 0 0 0 2.02E-07 1.38E-07 1.29E-07 5.99E-08 3.45E-08 4.58E-08 0 0

UKG3 - West Midlands 0 0 0 0 2.41E-07 1.65E-07 1.54E-07 7.13E-08 4.11E-08 5.46E-08 0 0

UKH1 - East Anglia 0 0 0 0 8.31E-07 5.69E-07 5.33E-07 2.46E-07 1.42E-07 1.89E-07 0 0

UKH2 - Bedfordshire and Hertfordshire 0 0 0 0 2.55E-07 1.75E-07 1.64E-07 7.57E-08 4.36E-08 5.79E-08 0 0

UKH3 - Essex 0 0 0 0 3.07E-07 2.1E-07 1.97E-07 9.11E-08 5.26E-08 6.98E-08 0 0

Infested volume (100s Kg) in contact with 1 km2 of vulnerable crop



QPAFood Development of quantitative pathway analysis 

GENERAL MODEL OUTPUTS – APPLE EXAMPLE 

Self sorting table showing only Top 50 risk

Rank NUTS2 Region Month Risk % Risk

1 UKH1 - East Anglia May 8.31E-07 4.0%

2 UKH1 - East Anglia Jun 5.69E-07 2.7%

3 UKH1 - East Anglia Jul 5.33E-07 2.5%

4 UKK1 - Gloucestershire, Wiltshire and Bristol/Bath area May 4.76E-07 2.3%

5 UKJ1 - Berkshire, Buckinghamshire and Oxfordshire May 4.64E-07 2.2%

6 UKF2 - Leicestershire, Rutland and Northamptonshire May 4.14E-07 2.0%

7 UKJ3 - Hampshire and Isle of Wight May 3.35E-07 1.6%

8 UKF1 - Derbyshire and Nottinghamshire May 3.33E-07 1.6%

9 UKK1 - Gloucestershire, Wiltshire and Bristol/Bath area Jun 3.26E-07 1.6%

10 UKJ1 - Berkshire, Buckinghamshire and Oxfordshire Jun 3.18E-07 1.5%

11 UKH3 - Essex May 3.07E-07 1.5%

12 UKK1 - Gloucestershire, Wiltshire and Bristol/Bath area Jul 3.05E-07 1.5%

13 UKJ1 - Berkshire, Buckinghamshire and Oxfordshire Jul 2.97E-07 1.4%

14 UKF2 - Leicestershire, Rutland and Northamptonshire Jun 2.84E-07 1.4%

15 UKG1 - Herefordshire, Worcestershire and Warwickshire May 2.77E-07 1.3%

16 UKJ4 - Kent May 2.69E-07 1.3%

… continues 
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GENERAL MODEL OUTPUTS – APPLE EXAMPLE 
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GENERAL MODEL OUTPUTS – APPLE EXAMPLE 



 General model 

 Individual and “clustered” pathways 

 Trade, production components plus retail (fruit)/feed 
(wheat) use defines greatest risk 

 High volume trade where end use occurs close to host 
crops at susceptible stages has greatest pest risk 

 Spatial and temporal management of trade chains 
could reduce risks without more direct treatment 

 Higher volume but lower risk for urban regions 

QPAFood Cases 

QPAFood Development of quantitative pathway analysis 

CONCLUSIONS 



 General model 

 Trade and production data are available for major 
commodities; aggregated for minor ones 

 Retail distribution can approximate population 

 Processing detail is poor (proportion, location, waste) 

 Infestation distributions are highly skewed 

 High uncertainty on pest load and release rate 

 Uncertainty in parameters allows for different levels of 
data input 

 Spatial and temporal scale gives different risk 

 Release point numbers are hard to estimate 

 Waste at consumer level is riskiest stream for fruit; 
losses at mills and feed use is riskiest for wheat 

QPAFood Detail 

QPAFood Development of quantitative pathway analysis 

CONCLUSIONS 



 Demonstrates feasibility of practical modular approach 

 Allows a broad flexible definition of “pathways” 

 Data availability is good on trade, production, retail 

 Less good on processing proportion and location; 
release kernels 

 Good potential for analysis of major commodities with 
existing data; aggregated data on minor commodities 

 New trade needs scenario analysis, so models have 
been designed to do this 

 Good potential for forensic analyses 

 Further potential for human-assisted spread analysis 
for intra-EU trade 

 

 

QPAFood Summary 

QPAFood Development of quantitative pathway analysis 

CONCLUSIONS 



QPAFood model parameterised for 
movement of Drosophila suzukii into 

and within the EU 

This project has received funding from the European Union’s Seventh 
Framework Programme for research, technological development and 
demonstration under grant agreement number 613678  



QPAFood Module 1 application to 
Drosophila suzukii  

• Module 1 calculations for polyphagous pests 
such as D. suzukii 
• Series of Module 1 calculations 

• 12 main commodity groups were identified 

• D. suzukii sources inside and outside EU28 taken 
into account 
• Total of 34 source countries, worldwide  

• Infestation rate scenario according to country 
status with respect to D. suzukii – widespread, 
present, few or absent 



Potentially 
infested annual 
import volumes 

of 12 
commodities 

Some countries are net 
importers of an 
infested commodity 
and Red cells highlight 
highest net import 
volumes 

Some countries are net 
exporters of an 
infested commodity 
and Blue cells highlight 
highest net export 
volumes  

 

Mean direct imports plus net 

transhipments 2011-2015
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AUSTRIA 126 0 2 0 1 47 16 57 28 10 8 38

BELGIUM (and LUXBG -> 1998) 153 0 9 0 3 64 25 96 42 20 3 30

BULGARIA 13 0 0 0 0 3 0 1 1 0 0 0

CYPRUS 10 0 0 0 0 0 0 0 2 0 0 0

CZECH REPUBLIC (CS->1992) 12 0 0 -1 1 59 11 54 11 5 0 17

GERMANY (incl DD from 1991) 798 0 20 3 4 355 121 477 178 58 13 162

DENMARK 93 0 1 0 1 26 6 29 24 10 1 12

ESTONIA 7 0 0 0 0 5 1 4 3 1 0 1

SPAIN 272 0 -22 0 -6 -84 84 -542 -35 -64 -5 -220

FINLAND 67 0 1 0 0 21 5 15 18 4 0 2

FRANCE -236 0 9 0 12 248 38 207 90 13 12 138

UNITED KINGDOM 559 0 33 1 3 202 32 141 130 67 17 72

GREECE 19 0 0 0 0 1 1 2 8 0 0 1

CROATIA -2 0 0 0 0 11 5 17 7 1 0 2

HUNGARY 20 0 0 0 0 8 7 10 2 0 0 3

IRELAND 64 0 1 0 0 13 4 7 6 3 2 2

ITALY -520 0 3 2 -3 -386 -190 -98 -33 -19 6 51

LITHUANIA 85 0 2 0 0 24 14 56 43 4 1 6

LUXEMBOURG 5 0 0 0 0 3 1 2 1 1 0 2

LATVIA 11 0 0 0 0 5 3 8 4 1 0 1

MALTA 8 0 0 0 0 2 1 3 1 1 0 0

NETHERLANDS -22 0 1 0 1 51 26 46 -168 11 -1 -9

POLAND 39 0 1 0 1 176 40 176 32 16 2 20

PORTUGAL 77 0 4 0 2 40 7 76 4 10 0 26

ROMANIA 50 0 0 0 0 23 5 26 15 1 0 1

SWEDEN 120 0 2 0 1 30 14 45 34 8 1 8

SLOVENIA 1 0 0 0 0 7 3 16 5 2 0 3

SLOVAKIA 35 0 0 0 0 23 7 21 5 2 0 3



Potential infested import volume/yr  

Examples from table: 

Red cells Germany is a large net importer of Apple, Grape, Kiwi and 
Peach; Spain is also a large net importer of Apple and Kiwi 

Blue cells Spain is a large net exporter of Peach and Grape 

 

Mean direct imports plus net 

transhipments 2011-2015

A
p

p
le

B
lu

e
b

e
rr

y

C
h

e
rr

y

C
u

rr
a

n
t

F
ig

G
ra

p
e

K
iw

i

P
e

a
c
h

P
e

a
r

P
lu

m

R
a

s
p

b
e

rr
y

S
tr

a
w

b
e

rr
y

AUSTRIA 126 0 2 0 1 47 16 57 28 10 8 38

BELGIUM (and LUXBG -> 1998) 153 0 9 0 3 64 25 96 42 20 3 30

BULGARIA 13 0 0 0 0 3 0 1 1 0 0 0

CYPRUS 10 0 0 0 0 0 0 0 2 0 0 0

CZECH REPUBLIC (CS->1992) 12 0 0 -1 1 59 11 54 11 5 0 17

GERMANY (incl DD from 1991) 798 0 20 3 4 355 121 477 178 58 13 162

DENMARK 93 0 1 0 1 26 6 29 24 10 1 12

ESTONIA 7 0 0 0 0 5 1 4 3 1 0 1

SPAIN 272 0 -22 0 -6 -84 84 -542 -35 -64 -5 -220

FINLAND 67 0 1 0 0 21 5 15 18 4 0 2

FRANCE -236 0 9 0 12 248 38 207 90 13 12 138

UNITED KINGDOM 559 0 33 1 3 202 32 141 130 67 17 72

GREECE 19 0 0 0 0 1 1 2 8 0 0 1

CROATIA -2 0 0 0 0 11 5 17 7 1 0 2

HUNGARY 20 0 0 0 0 8 7 10 2 0 0 3

IRELAND 64 0 1 0 0 13 4 7 6 3 2 2

ITALY -520 0 3 2 -3 -386 -190 -98 -33 -19 6 51

LITHUANIA 85 0 2 0 0 24 14 56 43 4 1 6

LUXEMBOURG 5 0 0 0 0 3 1 2 1 1 0 2

LATVIA 11 0 0 0 0 5 3 8 4 1 0 1

MALTA 8 0 0 0 0 2 1 3 1 1 0 0

NETHERLANDS -22 0 1 0 1 51 26 46 -168 11 -1 -9

POLAND 39 0 1 0 1 176 40 176 32 16 2 20

PORTUGAL 77 0 4 0 2 40 7 76 4 10 0 26

ROMANIA 50 0 0 0 0 23 5 26 15 1 0 1

SWEDEN 120 0 2 0 1 30 14 45 34 8 1 8

SLOVENIA 1 0 0 0 0 7 3 16 5 2 0 3

SLOVAKIA 35 0 0 0 0 23 7 21 5 2 0 3

GERMANY (incl DD from 1991) 798 0 20 3 4 355 121 477

DENMARK 93 0 1 0 1 26 6 29

ESTONIA 7 0 0 0 0 5 1 4

SPAIN 272 0 -22 0 -6 -84 84 -542

Apple 

Grape 

Kiwi 

Peach Blueberry 

Cherry 

Currant 

Fig 



% net IMPORT risk from D. suzukii 

76% of Spain’s net import risk comes from apple and 24% from kiwi, most other 
commodities are net exports 

Germany, Denmark and Estonia all have large % of their import risk from apple, 
grape, peach and pear; no net exports with respect to risk 

Apple 

Grape 

Kiwi 

Peach 

GERMANY (incl DD from 1991) 36 0 1 0 0 16 6 22 8 3 1 7

DENMARK 46 0 1 0 0 13 3 14 12 5 0 6

ESTONIA 30 0 2 0 0 23 6 18 13 3 0 6

SPAIN 76 0     24      

Blueberry 

Cherry 

Currant 

Fig Pear 

Plum 

Raspberry 

Strawberry 



% net EXPORT risk from D. suzukii 

Apple, grape and kiwi are largest contributors to potential export risk from Italy 

Pear (especially), apple and strawberry are largest contributors to potential 
export risk from the Netherlands 

In both countries these risks are associated partly with home-produced 
commodity and partly with transhipped commodity 

Apple 

Grape 

Kiwi 

Peach Blueberry 

Cherry 

Currant 

Fig Pear 

Plum 

Raspberry 

Strawberry 

ITALY 42    0 31 15 8 3 2   

NETHERLANDS 11   0     84  0 5



Next steps: Trade pathways 

• Decline in pest viability in imports for commodities 
that are stored for long periods – apple and pear 
• Now infestation of apple and pear relative to other more 

perishable commodities is probably over-estimated 

• Differences between potential infestation burden (per 
unit weight) between fruit commodities  

• Provide gross infested imports separately from gross 
infested exports 
• Net import/export works when pest sources are all 

outside EU so only ‘exports’ are due to transhipment 



Next steps:  Distribution, transfer 
and management 

• Set up Module 2 to allow estimates of pest transfer risk, 
from imports to local production in NUTS2 regions, to be 
calculated for D. suzukii 

• Consider which other alert-list pests could usefully be 
evaluated in DROPSA using QPAFood and apply model 

• Use parameterised models to explore predicted effect of 
management scenarios  
• Import and/or export of infested material is reduced by 

specific countries or at specific times of year 


