
The unintentional transport of invasive species through the
global shipping network causes substantial losses to social and
economic welfare: an invisible tax that everyone has to pay.

Annual damage and control costs of invasive species:

How data mining helps solve aquatic invasions for social good?
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Risk of aquatic invasions

$120 billion in the U.S. 

$800 million in the Great Lakes

Imposing expensive and cumbersome regulations on the shipping 
industry could harm the country’s economy and trade relationships. 
A thorough understanding of ship-borne invasion risks is 
necessary to devise policies that are feasible, e�ective, and capable
of bringing to bear the net long-term bene�ts to human welfare.

Global shipping is responsible for:

Demands of management
Ship-borne invasions are a result of a complex interplay of ship
tra�c, ballast uptake/discharge dynamics, species survival during
transport, various environmental/biological variables, etc.

The few studies that have attempted to quantify invasion risks
via probablistic approaches have relied on multiple simplifying
assumptions. Numerous di�culties associated with quantitative
risk assessments (e.g. inadequate characterizations of invasion
processes, lack of crucial data, large uncertainties associated
with available data, etc.) have hampered the usefulness of such
estimates in the task of supporting the authorities who are
battling to manage invasions with limited resources.

Challenges of risk assessment
We present here an approach for addressing the problem at hand 
via creative use of computational techniques and multiple data 
sources, thus illustrating how data mining can be used for solving 
crucial, yet very complex problems towards social good. 

By experimenting on actual global shipping tra�c data for years 
1997-2006, we have discovered crucial knowledge on how patterns 
in global shipping network a�ect aquatic invasions, and we 
illustrated how such knowledge can be used to devise e�ective 
and economical invasive species management strategies.

Contributions of our work

90% of global trade
69% of known aquatic invasions

Species can be carried from any arbitrary port to another in the
world within two intermediate stops on average. This indicates a
generally high risk of invasions in the absence of risk management.

Six major clusters continue to exist over the duration studied. 
The vast majority of ports continue to remain in the same cluster.
This provides a solid foundation for devising management 
strategies targeting clusters and inter-cluster connections.

A few ports contribute to lots of inter-cluster species �ow.
For example, Singapore alone contributes to 26% of total 
inter-cluster �ow from/to Paci�c cluster which contains 818 ports. 
By taking precautions on top 20% of most-connected ports,
translocations of species will be at least twice as di�cult.

Vessels such as container carriers travel frequently between
clusters, while barge ships etc. usually stay within clusters.

Framework of data mining for risk assessments

      Vessel movement
Lloyd’s Maritime Intelligence Unit
1997 - 2006, worldwide
6.9 M voyages, 50 K vessels, 5.5 K ports

      Ballast discharge
National Ballast Information Clearinghouse
Jan 2004 to present, U.S. ports

      Ecoregion data
Marine Ecoregions of the World
Freshwater Ecoregions of the World
More realistic than geographic distance

      Environmental data
Global Ports Database
World Ocean Atlas
Temperature and salinity
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Six major clusters of species �ow network:

Clustering analysis
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Evolution of major clusters duing 1997-2006:

Risk assessment
Inner-cluster invasion risk w.r.t. Singapore:
Colors of ports correspond to risk levels

Inter-cluster invasion risk w.r.t. Singapore:
Colors of links correspond to risk levels

Highlights of discoveries
Use of discovered knowledge in a potential deployed setting for
invasion risk assessment with respect to changing climate, 
policy and infrastructure:

Deployment of framework Future work
We are preparing to launch a detailed project looking at numerous 
aspects of invasive species. This project was recently funded by US 
National Science Foundation (NSF) for 2015-2019 for USD 2M. 

Under this project, we are planning to develop elaborate methods 
to generate species distributions, mathematical modeling of 
invasions, evaluation of the impact of global climate change on 
invasions, etc. 

Furthermore, we are also going to implement a Management 
Transition Board, where our research �ndings will be e�ectively 
communicated with the authorities and their feedback will be 
utilized to drive our research to be both e�ective and useful 
to the society.
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