
Introduction to the Modelling Approach 
as a Potential Tool to Estimate IUU
Fishing Losses
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What is a model?

• At its core, a model is a 
simplified representation of 
reality.

• A good model strips away 
the noise to help us 
understand, explain, or 
predict how something 
works.
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L = s(Age) + s(BT) + haul ID



Mathematical & Statistical Modelling

• Deterministic Models: These assume perfect certainty. If you 
input X, you will always get exactly Y. (or input X, Y, R, Z to get r)

(√(x² + y²) − R)² + z² = r²



Mathematical & Statistical Modelling

• Stochastic 
(Probabilistic) Models: 
These account for 
randomness and 
uncertainty. They give you 
a range of likely outcomes 
rather than a single 
number.

• Such as General Additive 
Model (GAM) g(η) = s(depth) + 

 s(BT) + 
 s(salinity) + 
 s(DO) + 
 s(Chl) + 
 factor (fishing period) 
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Mathematical & Statistical Modelling

• Why Use a Modelling Approach?
• Test scenarios safely and cheaply
• Identify key drivers
• Forecast the future



Modelling Process

• Define the Objective
• Formulate the Model 
• Parameter Estimation (Calibration)
• Validation
• Implementation & Scenario Analysis



Modelling Process

• Define the Objective (s)
• What specific question are you 

trying to answer?
Example: 
• Does fish distribution in Flemish Cap 

change over time?
• Do environmental factors affect fish 

distribution?
• Does fisheries affect fish distribution?



Modelling Process

• Formulate the Model 
• Determine the boundaries of the 

system. What variables matter? 
What are the assumptions?

• Example: GAM

g(η) = s(latitude) + s(longitude) + 

s(depth) + s(year) + s(BT)

g(η) = s(latitude, longitude) + s(depth) + 

s(year) + s(BT) 

g(η) = s(latitude, longitude, year) + 

s(depth, year) + s(BT) 



Modelling Process

• Parameter Estimation 
(Calibration)
• Feeding real-world data into the 

model to tune its settings so that 
its output aligns with known 
historical realities.

• Example: GAM

Partial temperature effects on occurrence



Modelling Process

• Validation
• Testing the model against a 

new set of data it hasn't 
seen before to ensure it 
actually works and isn't 
just "overfitted" to the old 
data.

• Example: 
• Corelation between observations 

and predictions
• Bootstrap
• k-fold validation 



Modelling Process

• Implementation & 
Scenario Analysis
• Running the model to 

predict 
scenarios/forecast/hindcast 
and inform decision making.

Large cod (>46 cm) distribution



Example



Example
Hotspot of unseen fishing vessels

Objective
• Identify IUU fishing from AIS gaps

Methods
• Vessel data

• 28 billion AIS messages from 
2017 to 2019

• Classification using 
convolutional neural network
• fishing and non-fishing 

events
• identify vessel gear types
• vessel days, fishing days, and 

suspected disabling events



Example
Hotspot of unseen fishing vessels

Methods
• Modelling Drivers of Disabling Activity

• Boosted Regression Trees (BRTs)
• Four behavioural drivers

• distance to shore
• loitering by transshipment vessels
• distance to reported piracy events 
• distance to Marine Protected Areas (MPAs)

• Four environmental driver
• chlorophyll-a concentration, 
• eddy kinetic energy, 
• sea surface temperature (SST)
• temporal SST variability

• Models were constructed individually for 4 gears



Example
Hotspot of unseen fishing vessels

Results
• The Global Scale of AIS Disabling

Overall Activity Hidden: 
• Out of 3.7 billion fishing messages, the final 

dataset identified 55,368 suspected intentional 
disabling events across 5,269 distinct vessels 
from 101 flag states. 

• More than 40% of vessels operating in the study 
area disabled their AIS at least once, obscuring up 
to 6% (>4.9 million hours) of global commercial 
fishing activity.



Example
Hotspot of unseen fishing vessels

Results
• The Global Scale of AIS Disabling

Disabling hotspot: 



Example
Hotspot of unseen fishing vessels

Results
• Behavioural drivers



Example
Hotspot of unseen fishing vessels

Results
• Environmental drivers



Example



Example
Hotspot of unseen fishing vessels

Objective
• Identify IUU fishing from AIS data

Methods
• Study area

• Arafura Sea
• Vessel data

• 2.6 million AIS messages from 2015 to 2016
• 2700 vessels of various types

• Movement Metrics
• Time spent in a cell (seconds) 
• Distance travelled within a cell (meters) 
• Average speed inside a cell (knots) 

• GAM
• capture complex spatial and temporal 

trends
• Anomaly Detection and Ranking



Example
Hotspot of unseen fishing vessels
Results
• Spatial Trends: longer time spent in cells close to 

major land ports compared to the open ocean. 

• Flagged Track Profiling: While normal tracks 
crossed a gridded cell in a direct, linear transit, 
anomalous vessels were flag-triggered for moving 
back and forth latitudinally or lingering for 
excessively long periods 

• Hotspots & Vessel Categories: Out of the top 
100 highest-ranked anomalous vessels, nearly 
half belonged to classes like tugs, pilots, military, 
or fishing vessels. 
• Tug and pilot vessel anomalies occurred 

mostly near ports
• Fishing vessels were far more likely to behave 

anomalously near EEZ boundaries.



Example



Example
Hotspot of unseen fishing vessels

Objective
• Estimate both the direct and indirect 

impacts of illegal foreign fishing (IFF)
Methods
• Study area

• Gulf of Carpentaria
• Ecopath with Ecosim

• 83 functional biological groups
• Fleets Modelled

• Commercial
• Non-commercial
• Modelling scenarios with and 

without IFF
• Data & Parameters

• 1990 as the base equilibrium year 
and tracked changes over a 15-
year period to 2005



Example
Hotspot of unseen fishing vessels

Results
• Mass balance



Example
Hotspot of unseen fishing vessels

Results
• IFF impacts on the ecosystem



Example
Hotspot of unseen fishing vessels

Results
• Economic impacts of IFF
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