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Research Design: Optimal Surveillance

Benefit: Surveillance ensures “early detection’, lowering economic and
environmental losses and pest/disease management costs.

Tradeoff: The more early the detection the more expensive the
surveillance measure.

Objective: Find optimal surveillance expenditures to minimize (how
many traps and where? ...

» Economic losses (e.g., plant and animal losses, damage to the
environment, recreational losses, trade bans, etc.)

 Eradication and management costs of any pest/disease
Incursion

 Surveillance expenditures (e.g., monitoring, the cost of setting
and monitoring traps, etc.)

Method: Stochastic (Optimal Control) Bioeconomic Model with a
Jump-Diffusion Process and Spatial Optimization.



Optimal Surveillance Grid and Expenditures
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Optimal: one trap per 2,000 km?and E*(c) = $3m (AUS)
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Wind and Temperature
Affect Qfly Spread & Reproduction

AGENTS: Qfly Propagules
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AGENTS

Attributes: ID, age, location (geospatial coordinates)

Behaviour:

+ move locally and/or over a long distance,

+ sense food,

+ avoid collision with other propagules and species

+ infest habitat suitable cells,
+ and reproduce.
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Wind and Temperature
Affect Medfly Spread & Reproduction

AGENTS: Medﬂy Propagules
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Table 1: Model parameterisation

Pameter | Description Unit MedFly QFly
Random Dispersal Model

Ags Am Arrival rate by a single fruit flies®) per year 0.20 0.35

Ag * Ay | Arrival rate by both fruit flies(®) per year 0.07 0.07

A Period when propagule can survive as flies week 10 10
and infest a habitable cell®

Pjump Probability of a propagule to take a long P(X=1) 0.3 0.3
jump ()

Tjumg Maximum distance of a long jump!® km/1* week 9.5 40

Tiocal Maximum distance of local travel®™) km /week 1.0 1.4

¥ Time until the natural detection point week 26 26
(y=1)®

T Average number of propagules released(®) # [week 2.5 2

Economic Model

Teradication | Radius for eradication zone!” km 1.5 1.5

Tsuspension | Radius for suspension zone km 13.5 13.5

e Eradication cost'f) $/per ha 269 269

d Damage cost (60% of production value)(®) 5 cell-specific | cell-specific

z Suspension cost!?) L] cell-specific | cell-specific

r Revenue loss of the research area'® §/week 2905.6 2905.6

5 Surveillance cost per trap location® $/year 202.9 202.9

Tkt Length of international market closure!?) month 8.5 8.5
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Figure 2: Simulated versus actual outbreaks
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Table 3: Breakdown of the Total Expected Cost of Qfly and Medfly incursions

Grid size in Surveillance Eradication Suspension| Damages | Revenues Total expected
residential |production cost cost cost loss cost
areas (km) |areas (km) | (Mil. SAU) | (Mil. SAU) | (Mil. $AU)|(Mil. SAU)|(Mil. 3AU)| (Mil. $SAU)
0.1 0.1 53.0 0.052 0.997 0.032 1.62 55.7
0.4 0.5 3.57 0.402 2.78 0.294 3.34 10.4
0.4 5 2.7 0.573 3.18 0.465 3.69 10.6
5 0.5 1.30 1.38 4.23 1.061 4.83 12.8
5 5 0.263 1.70 4.43 1.344 5.26 13.0

Notes: The optimal grid size is highlighted in grey.
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Thanks for listening!

Tom Kompas
tom.kompas@unimelb.edu.au
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