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• Barnegat Inlet 
Reimbursable Study

• Identified data coverage gap
• Footprint of hydrographic 

surveys are limited
• National Coastal Mapping 

Program lidar and imagery = 
5-year cycle

• “Missing middle”

• Is satellite/aerial image 
classification a viable 
solution?

Motivation
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Motivation, cont.

ArcView Tool (INLETGIS)
K. Connell and G. Zarillo, 2004
• Image Rectification
• Image Analysis
• Image Classification
• Shoreline Extraction
• Import XYZ Bathy Data
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Added Motivation
• SON 1923 (Chasten)
• Inlet shoals pose hazards to navigation
• Understand/predict temporal changes
• New tools to monitor shoals

• SON 2159 (Malburg)
• Great Lakes channels
• Remote sensing and local tools
• Near real-time estimates of shoal formation and 

migration
• Influence of water levels on shoaling
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Project Path
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Kickoff Meeting with PDT
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Feedback from PDT
• Multi-tiered approach to 

feedback
• Structured slide deck with 

background material followed 
by additional slides with 
questions

• Options for participation:
• Verbal
• Chat post
• Anonymous white board using 

Excalidraw.com (simple, no 
accounts required for users)  
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Takeaways from Kickoff meeting with PDT

More workshops to engage districts – getting tools to the 
districts and better incorporating their use. Address 

disconnects between ERDC tools and district use. How to 
connect these tools with the district and show their 

applicability to district work. 

Spatial/regional variability in inlets. How can this tool be 
used in different regions. Can this tool be applied at W. 

Coast inlets? Perhaps a case study? 

Video looping of shoal migration as a qualitative product. 
Planet can provide bi-daily imagery which could allow us to 

have a high temporal resolution that could allow us to select 
imagery with appropriate weather and wave conditions.

Shoals shifting too quickly to cost effectively monitor shoal 
conditions/location with current vessel surveys, lidar, etc. 

Quarterly surveys desired.

What if we could map the general trajectories of shoals in 
an inlet? Something along the lines of a shoal location 
probability/ shoal trajectory maps. Prediction of shoal 
trajectories? Track inlets/navigable water and shoals?
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Literature Review
60+ peer review articles, conference proceedings, reports, and 
theses/dissertations

Non-Satellite Based Tools for Inlet Shoal Monitoring
• Hydrographic Surveys
• Airborne Bathymetric Lidar
• Radar Inlet Observing System
• Imagery & Video (fixed camera, UAS, aerial) 

Satellite Approaches 
• Satellite Derived Bathymetry
• Image Classification of Inlets & Similar Environments

• **Workflow will rely on these methods**
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Literature Review – Error

Reliability of remotely inferred bathymetry:
• Qualitative/features are generally good
• Relative bathymetry and/or feature tracking common
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Literature Review – Challenges
Wave celerity-based approaches are feasible but 
can be challenging due to complexity of inlet 
hydrodynamics

• **This project needs to fill gap where not 
feasible to use celerity-based approaches 

• Working collaboratively with Conery/Brown 
work unit
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Literature Review – Shoal Migration

Shoal migration rates of 
100 – 1000 m/yr 

Velasquez-Montoya et al., 2020, Geomorphology
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Literature Review – Key Indices
Normalized Difference Water Index (NDWI) 
and modified NDWI (mNDWI)

• CoastSat – 2nd step of shoreline detection

• InletTracker – thalweg migration 
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Literature Review – NDWI Challenges

Normalized Difference Water Index (NDWI) 
also used to track turbidity 

Need to keep in mind 

Potential to mistake turbidity for shoals

Singh et al., 2023, Environmental Research
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Pilot Studies
East Pass Inlet

• FL Panhandle
• Good water clarity
• Decent ground-truthing data available
• Maintained and dredged since 1931
• History of thalweg migration/rotation

Barnegat Inlet
• NJ Coast
• Poorer water clarity
• Decent ground truthing data available
• Initial jetty construction in 1930s
• Ongoing dredging needs – persistent shoals 
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NDWI Application
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NDWI Application, cont.
NDWI is projected onto transects to 
identify shoals
• Low pass filtering to remove wave 

and environmental “noise”

• Peaks and inflections in NDWI used 
to identify shoal crests and “flanks”.
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NDWI Challenges

- Cloud cover
- Waves 
- Turbidity 
- Vessels 
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Final Products
Visualize and quantify change
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Summary and Conclusions
Key Highlights:
- PDT Engaged – example of gather input 

from multiple practitioners and technical 
experts 

- Literature Review draft complete with key 
takeaways identified 

- NDWI identified as common index from 
literature; tested at two distinct sites with 
reasonable success 

Next Steps:
- Refine workflow and apply to case study 

sites (Map on right) 

- Collaborate with Conery/Brown work unit 
to combine celerity and image-based 
approaches

Questions?
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