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 USACE maintains > 1000 coastal structures, most 
over 50 years old.

 Structural and Functional Condition drives 
maintenance funding (nav) through relative risk 
ranking.

 Functional condition metrics only loosely related to 
structure functions at present.

USACE Coastal Structure Portfolio
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Research Goals
 Augment subjective, qualitative navigation structure performance metric (OCA), and proxy project 

maintenance prioritization metrics (tonnage, value).
 Cast structure performance in terms of vessel activity for navigation structures.
 Formulate management metrics at “portfolio scale”.

Presenter
Presentation Notes
Left: A JettyRight: Relative Risk Ranking Matrix, https://operations.erdc.dren.mil/pdfs/assetmgmt-brochure.pdf
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Why this matters…
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USACE has awarded contracts valued at ~$47M per year since 2007 on Jetty maintenance, repair, 
and construction.

The average maintained HMTF project (~521) costs $~1.9M annually. 
There are ~541 HMTF projects that are not maintained.

10-year coastal structure expenditure ≈ 24 HMTF projects.

MCR Repair costs ($257M):
North Jetty: $79,797,000
South Jetty: $146,884,000
Jetty A: $30,520,000

Project BCR: 1.1
http://cdm16021.contentdm.oclc.org/utils/getfile/collection/p16021coll7/id/3/filename/4.pdf

MCR Repair Costs ≈ 25% annual USACE dredging budget.

Presenter
Presentation Notes
Image: Search from USASpending.gov for “Jetty”, “Jetties” results in ~$47M in structure spending annually since 2007.
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Structure Function Drives Maintenance Funding
 Structure functional condition is tied to vessel 

navigability, O&M dredging increase.
 “Vessel navigability” is anecdotal or was

expensive to measure directly
 O&M dredging increases over background:

 marginally related to structure function
 otherwise explained, e.g. budget increase

 Authorized limits relates to width and depth. 
Shoals don’t preclude safe navigation
 Vessels frequently transit with less than design vessel draft
 Vessels call at water levels above design water level
 Vessels sail around shoals

 Currently no practice for quantifying the vessel 
operating functions described in FCR

Presenter
Presentation Notes
Image: Table F-10 from EC11-2-206 (ca. 2014)
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Marine Cadastre
 Nationwide AIS 1-minute sampling 
 Available 2009-2017
 Marinecadastre.gov
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Distributed AIS-derived Inlet Structure Metrics

 Metrics are easy:
► Vessel transit count
► Number of unique vessels
► Transits/unique vessel
► Vessel closest point of approach
► Seasonal time-series decomposition
► Information Entropy

 Portfolio scale analysis requires parallel approach
► Historical vessel data (~600GB) 
► Structure portfolio (~1,200 structures)
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Results
 We considered:

• 6 years of data (2009-2014)
• 865 navigation structures
• 8M vessel transits (+ i.d.)
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Ship and Cargo Type
Code

Description

30 Fishing

31, 32 Towing (ahead or alongside, astern)

52 Tugs or workboats

6X*+ Passenger ships ≥ 100 gross tons

7X* Cargo (freight) ships or integrated tub barge (ITB) vessels

8X* Tankers or integrated tug tank barge vessels

* where X indicates digits 0-9, representing all vessels in this class.

+ passenger vessels ≤ 100 gross tons and high speed craft coded as 4X were
excluded

Traffic volume & unique users Traffic entropy

User intensitySeasonality

Presenter
Presentation Notes
Scully et al. 2019 “Mining Marine Vessel AIS to Inform Coastal Structure Management” - in revision!



US Army Corps of Engineers  • Engineer Research and Development Center

UNCLASSIFIED

UNCLASSIFIED

Clustering Structures: Management Cohorts

 Feature vectors defined with relevant performance metrics (20)

 Each structure gets a score (-1 ≤ x ≤ 1) for each performance metric

 Feature vectors are compared for similarity
• Pearson Correlation (865 x 865 dense matrix)

 r-neighborhood (90th %) pruning of affinity scores
• (865 x 865 sparse binary matrix)
• No management interpretation for negative correlation.

 Structures are clustered into management groups
• Label Propagation Community Detection Algorithm, Cordasco, G., & Gargano, L. 2010

9

Presenter
Presentation Notes
Cordasco, G., & Gargano, L. (2010, December). Community detection via semi-synchronous label propagation algorithms. In Business Applications of Social Network Analysis (BASNA), 2010 IEEE International Workshop on (pp. 1-8). IEEE. 



US Army Corps of Engineers  • Engineer Research and Development Center

UNCLASSIFIED

UNCLASSIFIED

Feature Vectors: The Original 20
 r2Cnts – The coefficient of determination for overall fit of the time series decomposition model of vessel traffic at each structure based on the total 

number of observed vessel transits.
 FsCnts – The coefficient of determination for the seasonal component of the time series decomposition model of vessel traffic at each structure 

based on the total number of observed vessel transits, 𝐹𝐹𝑠𝑠𝑠𝑠
 r2Unq – The coefficient of determination for overall fit of the time series decomposition model of vessel traffic at each structure based on the total 

number of unique vessels observed.
 FsUnq – The coefficient of determination for the seasonal component of the time series decomposition model of vessel traffic at each structure 

based on the total number of unique vessels observed.
 unq – The total number of unique vessels observed at each structure.
 count – The total number of individual transits observed at each structure.
 trips_per_unq – The average number of individual transits observed for unique vessels at each structure.
 avg_dist – For each structure coordinate pair, 𝑥𝑥 is the distance between the coordinates and the AIS broadcast location nearest the structure for 

each observed transit within the search radius. Avg_dist, �̅�𝑥, is the average of these CPA distances for each structure.
 fish_% – The fraction of the total number of observed vessel transits at each structure with ship and cargo type code 30.
 fishUnq_% – The fraction of the total number of unique vessels observed at each structure with ship and cargo type code 30.
 tow_% – The fraction of the total number of observed vessel transits at each structure with ship and cargo type code 31 or 32.
 towUnq% – The fraction of the total number of unique vessels observed at each structure with ship and cargo type code 31 or 32.
 work_% – The fraction of the total number of observed vessel transits at each structure with ship and cargo type code 52.
 workUnq_% – The fraction of the total number of unique vessels observed at each structure with ship and cargo type code 52.
 passenger_% – The fraction of the total number of observed vessel transits at each structure with ship and cargo type code 60 through 69.
 passengerUnq_% – The fraction of the total number of unique vessels observed at each structure with ship and cargo type code 60 through 69.
 cargo_% – The fraction of the total number of observed vessel transits at each structure with ship and cargo type code 70 through 79.
 cargoUnq_% – The fraction of the total number of unique vessels observed at each structure with ship and cargo type code 70 through 79.
 tanker% – The fraction of the total number of observed vessel transits at each structure with ship and cargo type code 80 through 89.
 tankerUnq_% – The fraction of the total number of unique vessels observed at each structure with ship and cargo type code 80 through 89.
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Detected Communities
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LA-LB Breakwaters

Port Clinton Harbor 
E. & W. Jetties, OH

North Edisto River, SC

Galveston Entrance Jetties

SW Pass

Charleston Jetties

Savannah Jetties

MCR Jetties

Gray’s Harbor S. Jetty
Depoe Bay Breakwater, OR

MRGO Jetties, LA

Chetco River Jetty, OR
Oregon Inlet, NC

Gray’s Harbor N. Jetty

Hyannis Harbor Breakwater, MA
Nantucket Harbor E. & W. Jetty, MA

Masonboro Inlet
Jetties, NC
Cape Cod Canal
Jetties, MA

Presenter
Presentation Notes
Some of these look like things we currently manage:“Top 59”: - Cargo and Tanker vessels, high traffic volumeModerate use: - Seasonal cargo vessels, moderate traffic volumeSubsistence harbors/Harbors of Refuge/Emerging Harbors: - Fishing Vessels, low traffic volume  - Passenger vessels, moderate traffic volumeWhat about Tow and Work vessels, moderate traffic volume?
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Update: Additional Metrics
 Type

• Dictates service benefit
• Multiple partially overlapping lists (!)

 Structural condition
 Vessel-Wave correlation

• Captures structure service
 Volume trend
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 The timing and distribution of vessel transits can be viewed in context with wave activity.
• Negative correlation of user activity & structure loading: low potential for sheltering service.
• Structures may demonstrate different traffic signatures when subject to identical wave  

conditions.

Coupling Vessel Activity with Wave Data
13
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Coupling Vessel Activity with Wave Data
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 Growing the Team
• Candice Hall, Charlene Sylvester, Nathan Mays

 List validation
• Multiple coastal structure datasets.

 New metric development
• Type
• Condition
• Vessel-wave correlation

►Linking datasets takes time
 Workflow automation
 Visualization

• Partnered with College of Charleston
• Translating student effort

Update Summary

HPC Metric 
Computation

Vector 
Comparison

r-neighborhood 
Pruning Clustering Visualization/ 

Communication

Internal Viewer

https://www.arcgis.com/apps/mapviewer/index.html?webmap=59cdf756765a4ef3ac576c70024840b8
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 AIS-derived traffic metrics quantitatively relate portfolio assets (structures) to use 
(vessels) 

 Feature vectors can be customized to describe relevant metrics. We could add:
• Wave loading/design height
• Historical maintenance cost or effort
• Transit vs. wave height timing coincidence

 AIS-derived metrics facilitate rational allocation of scarce operating funds
 Community detection can facilitate group-wise management
 Parallel computing approach facilitates “portfolio scale” analysis
 Development of parallel computing capability in this space strategically positions CIRP 

within the vessel computational analysis space
 Next steps, i.e computation of 4-d vessel clearance, builds on this work.

Conclusions
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Benefits
 Working at scale strategically positions CNPM to explore other AIS-derived portfolio-wide metrics

 4-D around-ship clearance – FY 19 goal
 Vessel-based infrastructure classification
 Large scale quantification of navigation risk

 A variety of alternative datasets can be swapped in for structure dataset
 Ports
 Habitat
 Population centers

 Nationwide answers – navigation projects don’t exist in a vacuum.
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