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Goal: Develop analysis tool to assess 

risk from vessel-based marine oil 

spills to subsistence harvests in:

● Utqiagvik / Barrow

● Nuiqsut

● Kaktovik

The method combines:

● Ship density from AIS

● Subsistence harvest data

● GNOME oil spill particle 

tracking

Project overview

The analysis could be used in similar situations in the Gulf of Mexico or other regions with high 

potential for vessel accidents.



Previous Work

Trajectory Analysis Planner by the Office of Response and Restoration



Ship Track Density - AIS

Automatic Identification System (AIS) is 

composed of ship-based transmitters and land or 

satellite-based receivers

● Required on all large vessels >300 gross tons

● Required on all US fishing boats over 65'

In AK, MXAK maintains 48 AIS receivers, 48 of 

which are in Arctic regions providing wide 

coverage of ship traffic.

Alaska AIS receiver locations with sample heatmap



AIS Datasets
Available datasets:

● US Coast Guard Terrestrial

○ Jan 2015 to Dec 2016

● US Coast Guard Satellite

○ Dec 2015 to June 2016

● Marine Cadastre Terrestrial

○ Jan 2009 to Dec 2014

● Marine Exchange of Alaska Terrestrial

○ Jan 2013 to Dec 2017

For Arctic purposes, the Marine Exchange dataset 

provides the largest spatial and temporal coverage

Find more at: http://ais.axds.co/

Vessel data processing:

1. Raw messages turned into vessel pings

2. Vessel pings into vessel voyages

3. Filter voyages into ship type

4. Generate vessel traffic heatmaps



AOOS Catalog Entry for Marine Exchange AIS Data (all vessels, August 2016)



Ship Track Density - AIS
More information on this AIS data : 

http://ais.axds.co/

Explorable in the AOOS data portal:

portal.aoos.org

http://ais.axds.co/
https://portal.aoos.org/?ls=cb6b3a6b-873a-5bc9-0250-9b0deaf388e1#map


Harvester intensity index values provided by 

Stephen R. Braund & Associates:

● Surveys by SRB&A conducted from 

1995-2006, funded by Mineral Management 

Service

● One-on-one interviews conducted in 

Utqiagvik, Nuiqsut, and Kaktovik

● Local experts drew areas on maps, which 

were then digitized, aggregated, anonymized, 

and summarized to protect individual 

hunters' data

● SRB&A produced harvest areas by resource, 

month, and relative importance to 

community

Subsistence Harvest Data



AOOS catalog entry for subsistence use areas 
mapped around Kaktovik, Nuiqsut and 
Utqiagvik provided by Stephen R. Braund & 
Associates



In addition to the tool, the data layers can be viewed using the AOOS Ocean Data 
Explorer Interactive map - AIS data from August 2017 along with August subsistence 
use areas.



July 2015 ship track density, July harvest intensity of ringed seals near Utqiagvik, and sea 
ice concentration.



Oil Spill Risk Assessment

Method developed by 

Sepp-Neves et al. (2015, 2016, 

2018) attempts to answer:

1. Which areas are more likely 

to be affected by a spill?

2. Which areas are at more risk 

if there is a spill?

3. How does the spatial 

distribution of risk change 

over time?

American Fireboom testing by Elastec



Oil Spill Modeling - GNOME

Oil spill modeling tool of the 

NOAA's Office of Response and 

Restoration Emergency Response 

Division (source)

● Predicts oil spill spreading based 

on wind and ocean currents

● Incorporates inherent 

uncertainty

● Includes weathering terms

AOOS/Axiom runs the GNOME 

model with:

● Navy HYCOM results to 

forecast ocean currents

● GFS model to forecast winds

Example GNOME particle tracking

Example GNOME particle tracking from single point 

https://response.restoration.noaa.gov/oil-and-chemical-spills/oil-spills/response-tools/gnome.html


Method: Overview
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Hazard (AIS) x Social Value 
(subsistence) = Calculated Risk

Example: Hazard indexes from Tugs in October and 
Tankers in September

Social value (subsistence use areas)

Calculated risk to the resource

Calculated hazard (probability of spill 
based on ship tracks)

+

=



Results: AOOS portal and dedicated portal

portal.aoos.org portal.aoos.org/?portal_id=114



Subsistence for bowhead in October



With AIS tracks (all vessel types) from October, 2017



With risk analysis - intersection of use and where modeled particles end up



Add HYCOM to see along shore currents that protect Kaktovik (and hurt Utqiagvik) 
from modeled oil



Find the tool online
http://arctic-osra.aoos.org

Link

http://arctic-osra.aoos.org

