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BACKGROUND AND MOTIVATION
• SoN 2024-N-1968: New volume-change tools to 

improve sediment management
• USACE operations in Navigation, Flood Risk 

Management, and Environment require advanced 
spatio-temporal sediment volume change 
analysis tools to capture sediment transport 
during planning, construction, and monitoring 
phases of projects.

• SoN 2024-N-1969: Incorporating shoaling rates 
into sediment budget creation to improve 
sediment management

• USACE operations in Navigation, Flood Risk 
Management, and Environment can benefit in 
efficiency gains from volume change analysis 
tools to capture sediment transport during 
planning, construction, and monitoring phases of 
projects.

https://gateway.erdc.dren.mil/son/index.cfm?Option=View&SId=1968&View=User&Step=1&Code=View
https://gateway.erdc.dren.mil/son/index.cfm?Option=View&SId=1969&View=User&Step=1&Code=View
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LIMITATIONS OF CURRENT METHODS
• While the existing framework of DEMs of Difference 

(DoD) and Transect Bins can quantify volumetric 
change within the fixed in space volume “bins”, there 
are several limitations to this approach:

1. Following storm events, it is often necessary to 
modify the cross-shore extent of the transect 
bins. The modification of the spatial extent of 
transect bins limits direct comparison to 
previous results.

2. Bathymetric data coverage varies with water 
clarity and breaking waves at the time of data 
acquisition. Therefore, the net volume 
quantities between time periods are not 
directly comparable where bathymetric data 
coverage varies.

3. While the movement of sediment may be inferred 
from the DoD, transport direction of sediment 
is not currently captured.
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RESEARCH AND DEVELOPMENT GOAL
The research team is addressing requirements for a flexible volume change framework 
leveraging current geomorphic feature extraction and classification R&D together with multi-
dimensional space-time and conformal mapping approaches to improve both the 
characterization and quantification of volumes for coastal projects in support of sediment 
budget development, operations and maintenance, and project monitoring.

The project is a three-year effort:

Year 1: Apr – Sep 2024
Year 2: Oct 2025 – Sep 2025 
Year 3: Oct 2025 – Sep 2026



UNCLASSIFIED

6UNCLASSIFIED

PROJECT ROADMAP
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LITERATURE REVIEW AND SPACE-TIME CUBE WORKFLOW
Scott Spurgeon
Research Civil Engineer, USACE-CHL
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LITERATURE REVIEW - IN PROGRESS
Literature Review Purpose
• BLUF: To determine the current state-of-art 

related to multi-temporal change detection in 
the coastal environment, identify temporal 
data requirements for robust change 
analysis, and identify existing tools for 
performing change detection analysis. 

• 75+ Refereed Pieces of Literature Sourced 
from 1976-2024

Topics Include:
• Coastal Volume Change Detection 

Background
• Shoreline Change Method
• Beach Profile Method
• DEM of Difference Method
• Space-Time Cube Method
• Errors and Uncertainties

IN REVIEW!
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LITERATURE REVIEW
Literature Review Compilation
Literature of interest was downloaded, and metadata information was sourced into a tracking 
spreadsheet that can serve as a deliverable. Rows in the tracking spreadsheet were color-coded 
based on their inclusion in the Special Report.
Tracked fields included:

• Title
• Authors
• Publish Year
• Abstract
• Summary & Key Points
• Keywords
• Quotes with Page Number
• Category
• Current Status

Literature Review Tracking Link 

https://usace.dps.mil/:x:/s/TDL-CEERD-HNC-CIRP/EfAKcJbq9x9AqfwwXat001IBrIuluSM3MSlO-mb6oZWl3A?e=8jqFEe
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PILOT AREA: MS/AL BARRIER ISLANDS
Project Overview
• Part of Mississippi Coastal Improvements Project 

(MsCIP)
• Aligns with MS Sediment Budget update (SAM 

reimbursable project)
• Existing volume change products, advanced 

landcover and vegetation metrics

Data Requirements:
• Spatial resolution supports 3-m DEM (1-m ideal) 
• Datasets are available for at least 10 temporally-

unique time periods
• Adequate geospatial metadata to 

support datum transformations
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SPACE-TIME CUBES – WHAT ARE THEY?
• Space-Time Cubes (STC) are geostatistical 

tools that allow for analysis in three 
dimensions.

• The first two dimensions (horizontal plane) are 
typically x- and y-coordinates, and the third 
dimension (vertical axis) is typically time.

• Each x, y, and z point is defined as a “bin” 
within the Space-Time Cube.

• Space-Time cubes provide statistical analyses 
methods across the entire domain

• Hotspot Trend Analysis over time
• Spatial Pattern Identification
• Time Series Forecasting

• ArcGIS Pro has various geoprocessing tools to 
create, visualize, and analyze space-time 
cubes.

Environmental Systems Research Institute (ESRI). “How Create Space Time Cube Works.” Space Time Pattern Mining Toolbox (blog). 
Accessed March 14, 2025. https://pro.arcgis.com/en/pro-app/latest/tool-reference/space-time-pattern-mining/learnmorecreatecube.htm.
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STC WORKFLOW OVERVIEW
1. Data Sourcing and Preparation
2. Mosaic Dataset (MDS) & Attribute Field 

Creation
 Create MDS
 Add Rasters to MDS
 Add “Survey Date” and other metadata fields 

to MDS attribute table
3. Make MDS Multidimensional
4. Create Cloud Raster Format (CRF) File
5. Create STC from CRF
6. Analyze STC
7. Visualize STC
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STC BEST PRACTICES
1. The finest possible resolution of the STC should be governed by the smallest cell size represented in the 

input datasets to avoid interpolation artifacts. 
2. Suggested file formats for Mosaic Datasets are GeoTIFF (.tif) or NetCDF (.nc) files. 
3. Errors with “Create Space Time Cube from Multidimensional Raster Layer” often arise when creating STCs 

with lots of bins (either a RastertoNumpyArray Runtime Error or Error 110005). Suggested solution: Increase 
cell size of input multidimensional raster, reduce extent of AOI, reduce number of input datasets, and/or 
increase the time step interval to reduce number of time layers.

4. STCs require 10 individual time steps. If the data is not collected at regular intervals, the time step interval for 
the multidimensional raster and STC will be defined by the smallest time gap between datasets.

𝑩𝑩𝑩𝑩𝑩𝑩𝑩𝑩 =
𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝑩𝑩𝒆𝒆 𝑩𝑩𝑩𝑩 𝒆𝒆𝒕𝒕𝒆𝒆 𝒆𝒆 − 𝒅𝒅𝑩𝑩𝒅𝒅𝒆𝒆𝒅𝒅𝒆𝒆𝑩𝑩𝒅𝒅𝑩𝑩 (𝒎𝒎𝒆𝒆𝒆𝒆𝒆𝒆𝒅𝒅𝑩𝑩)

𝑪𝑪𝑪𝑪𝑪𝑪 𝒅𝒅𝒆𝒆𝒄𝒄𝒄𝒄 𝑩𝑩𝑩𝑩𝒔𝒔𝒆𝒆 (𝒎𝒎𝒆𝒆𝒆𝒆𝒆𝒆𝒅𝒅𝑩𝑩)
∗
𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝑩𝑩𝒆𝒆 𝑩𝑩𝑩𝑩 𝒆𝒆𝒕𝒕𝒆𝒆 𝒚𝒚 − 𝒅𝒅𝑩𝑩𝒅𝒅𝒆𝒆𝒅𝒅𝒆𝒆𝑩𝑩𝒅𝒅𝑩𝑩 𝒎𝒎𝒆𝒆𝒆𝒆𝒆𝒆𝒅𝒅𝑩𝑩

𝑪𝑪𝑪𝑪𝑪𝑪 𝒅𝒅𝒆𝒆𝒄𝒄𝒄𝒄 𝑩𝑩𝑩𝑩𝒔𝒔𝒆𝒆 𝒎𝒎𝒆𝒆𝒆𝒆𝒆𝒆𝒅𝒅𝑩𝑩
∗ 𝑩𝑩𝒏𝒏𝒎𝒎𝒏𝒏𝒆𝒆𝒅𝒅 𝒅𝒅𝒐𝒐 𝒆𝒆𝑩𝑩𝒎𝒎𝒆𝒆 𝒄𝒄𝒍𝒍𝒚𝒚𝒆𝒆𝒅𝒅𝑩𝑩
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NEXT STEPS – SPACE TIME CUBES
• Technical Note

• Best Practices
– “Soft Cap” of number of bins vs. absolute cap

• Products & Analysis
– Emerging Hot Spot Analysis
– Space-Time Pattern Toolbox
– Time Series Forecasting Toolbox
– Others?

• Alternative Testing
– Tools outside of ESRI?
– NetCDF vs. CRF vs. others?
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ASSESSMENT OF BIAS IN DEMS OF DIFFERENCE

Shane Nichols-O’Neill
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ELEVATION BIAS
Biases exist in DoD-based change 
detection products
• Lidar Measurements (Glennie, 2007)
• Effects of Bathymetry (Guenther, 1985)
• DEM creation (Williams, 2012)

Elevation bias may be significant enough 
to affect elevation-based analysis
• Change detection
• Volume change estimates 
• Habitat suitability 

Goal: Identify and filter elevation bias in 
DoD-based change detection products

Flightline elevation banding, 2016 NCMP
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IDENTIFYING ELEVATION BIAS

Elevation change patterns examined 
based on initial conditions 

Plot shape helps to differentiate 
elevation change results
• physical processes
• human intervention
• measurement/processing error

Potential bias sources
• GPS accuracy
• Water depth-bathymetric lidar 

calibration 

Dauphin Island
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ELEVATION BIAS: CAT ISLAND, MS
Cat Island bathymetric banding related to 
Lidar flight lines 

Solution: provide elevation adjustment for 
each flight line zone based on an individual  
mean elevation difference

Moving Forward: identify and apply 
different techniques to quantify and limit 
spatially distributed error

Zonal mean elevation difference adjustment
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VOLUME CHANGE: SETTING THE STAGE FOR A FLEXIBLE 
FRAMEWORK

Brooke Walker
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VOLUME CHANGE – 
2018-2020

Data Sets:
• 2020 USACE NCMP Post Sally Topobathy Lidar 

DEM: Gulf Coast
• Collected September-October 2020
• Mississippi's Ship Island through St. Vincent 

Island, FL. Also includes shoreline from Biloxi 
through Pascagoula.

• 2018 USGS Topobathy Lidar: Gulf Coast Islands
• Collected October-November 2018
• Dauphin Island and Breton NWR.

• 2016 USACE NCMP Topobathy Lidar DEM: Gulf 
Coast

• Collected July-October 2016
• Covers Barrier Islands from Texas through 

Destin, FL.
• 2011 USACE NCMP Topobathy Lidar DEM: Gulf 

Coast
• Collected May/June 2011
• Covers the Barrier Islands from Louisiana's 

Breton NWR to Alabama's Dauphin Island.
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VOLUME CHANGE –
2016-2018

JALBTCX Quick Response Toolbox:

• Leveraged existing 2020 Post-Sally volume 
change bins to begin workflow at Step QR 04.

• Testing of companion “Multi-Dataset Toolbox”
• Sensitivity testing of bin geometry on volume 

quantities (Modifiable Areal Unit Problem 
(Openshaw 1984))

https://cirpwiki.info/wiki/JALBTCX 

https://cirpwiki.info/wiki/JALBTCX
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VOLUME CHANGE – 
2011-2016

Cell by cell (1-meter by 1-meter) comparison of 
before and after elevation values using

where 𝑍𝑍𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 is the change in elevation for 
elevations surveyed later, 𝑍𝑍𝑎𝑎𝑑𝑑𝑎𝑎𝑑𝑑𝑑𝑑, and earlier, 
𝑍𝑍𝑏𝑏𝑑𝑑𝑑𝑑𝑏𝑏𝑑𝑑𝑑𝑑

Summation of these cell differences yields 
volumes (Wheaton et al. 2010; Williams 2012).
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VOLUME CHANGE COMPARISON
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VOLUME CHANGE: NEXT STEPS

• Modify volume bin geometry for full coverage and compare to existing bin volumes.
• Apply bias filtering techniques with Shane.
• Recalculate volumes without bias.
• Analysis will cover from Dauphin Island to Cat Island.
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VOLUME PARTITIONING: DEVELOPMENT OF DUNE 
VEGETATION PRODUCTS

Sam Jackson
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LANDCOVER AND DUNEVEG PRODUCTS
The Dune Vegetation (DUNEVEG) tool is a Geospatial Toolbox for remote vegetation extraction 
from NCMP Hyperspectral Imagery and Lidar

Extracted Metrics include the following:
• Normalized Difference Vegetation Index (NDVI)
• Vegetation Cover (Presence/Absence)
• Vegetation Density Estimate (inferred biomass calculated from NDVI threshold)
• Leaf Area Index (LAI)
• Canopy Height Model (CHM)

CIRP (next-gen) NCMP datasets analyzed to date:
• 2020 Post-Sally MSCIP (MS Coastal Improvements Program)
• 2019 MS Barrier Islands
• 2016 MS MSCIP

Software requirements: Windows 10, ENVI integration with ArcGIS Pro, Python, ENVIpy
ENVI analytics, Band Math Algorithms, ArcGIS Pro Geoprocessing, Spatial Analyst Extension
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LANDCOVER AND DUNEVEG PUBLICATIONS

List of Publications:
• Jackson, S.S.; Saltus, C.L.; Reif, M.K., and Suir, G.M. (2023). During Nearshore Event 

Vegetation Gradation (DUNEVEG): Geospatial Tools for Automating Remote 
Vegetation Extraction. USACE ERDC/EL SR-23-5. Vicksburg, MS: US Army Engineer 
Research and Development Center.

• Suir, G.M.; Jackson, S.S.; Saltus, C.L., and Reif. M.K. (2023). Multi-Temporal Trend Analysis of 
Coastal Vegetation Using Metrics Derived from Hyperspectral and LiDAR Data. Remote 
Sensing, 15(8): 2098.
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ANTICIPATED MILESTONES AND PRODUCTS
FY25
• Volume Partitioning

• Relative Relief, Geomorphons, and Vegetation 
Metrics for Pilot Sites

• Segmented DEMs and Volumes for Pilot Sites
• TN: DEM Segmentation Using Regional 

Datasets
• Hot Spot Analysis

• ArcGIS Pro Workflow and Space-Time Cube 
Products for Pilot Sites

• TN: Workflows for Creating Space Time 
Cubes from DEM Datasets

• Investigate Methods to Address Bias
• Calculation of Bias Metrics and Anomaly 

Surfaces for Pilot Sites
• Application of methods reported in the literature

FY26
• Refinement of Volume Partitioning

• Enhanced Landcover Derivative Products for 
Pilot Sites

• Proof-of-Concept Demonstration of Using 
Enhanced Landcover Derivative Products in 
SBAS

• TN: Use of Segmented Volumes in SBAS: A 
Case Study

• Refinement of Hot Spot Analysis
• TN/JA: Parameter evaluation for Hot Spot 

Analysis using ArcGIS Pro
• Planform Mapping Products for Pilot Sites

• Refinement of Methods to Address Bias
• ERDC Publication or Journal Article on 

Developing Uncertainty Estimates for 
Volumes



29

HAVE FEEDBACK? 

Have thoughts?
Challenges?
Uses?
Requirements?
Tools?

• Feedback form
• Public data 

collection
• No login 

required

https://arcg.is/Tr5v50 

“Volumes play a critical role in the navigation and beach 
nourishment projects from all project phases from feasibility to 
O&M. Without volumes, it is impossible to design projects or 
maintain them. Volumes are used during design, development 
of plans and specs, and during emergency post-storm 
evaluations.”

“Ability to compare baseline conditions as both rates and raw 
volume changes while also being able to include storm 
impacts, management changes and actions. So, to include 
them in my analysis but separate them.” 

“Sediment budget analysis of tidal inlets and coastal barrier 
islands.  Planning Beneficial Use and DMMPs for coastal Nav 
projects.”

“There is a variety of tools being employed in our district and 
no consistency. A set of tools that are easy to use and to 
replicate the results would be ideal. This was when projects 
shift, or staff retire new engineers can recreate the old 
analysis.”

“For navigation, capacities for placing channel sediments; 
understanding sediment budgets.
For CSRM, renourishment quantities and locations; tracking 
hot spot causes and dynamics; sediment budgets
For Emergency Management, post-storm calculations that 
help inform response for emergency supplemental repairs.”

https://arcg.is/Tr5v50
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QUESTIONS?
PI Team: 

Charlene Sylvester (Charlene.S.Sylvester@usace.army.mil)
 Scott Spurgeon (Scott.L.Spurgeon@usace.army.mil) 
Sam Jackson (Samuel.S.Jackson@usace.army.mil) 

Loderay Bracero Marrero (Loderay.I.BraceroMarrero@usace.army.mil)


	Next-generation Volume Change Preliminary Products
	Research Team
	Background and Motivation
	Limitations of current methods
	Research and development goal
	Project roadmap
	Literature Review and Space-time Cube workflow
	Literature review - in progress
	Literature review
	Pilot area: MS/AL barrier islands
	Space-Time Cubes – what are they?
	STC Workflow Overview
	STC Best Practices
	Next Steps – Space Time Cubes
	Assessment of bias in Dems of Difference
	elevation Bias
	Identifying Elevation Bias
	Elevation Bias: Cat island, ms
	Volume change: setting the stage for a flexible framework
	Volume change – �2018-2020
	Volume change –�2016-2018
	Volume change – �2011-2016
	VOLUME CHANGE comparison
	Volume Change: next steps
	Volume partitioning: development of dune vegetation products
	Landcover and duneveg products
	Landcover and duneveg PUBLICATIONS
	Anticipated Milestones and products
	Have feedback? 
	Questions?

