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Issues Restoration Gaps
Shore instability due to several morpho-dynamic

factors (elev below MSL, natural subsidence)
Perini et al., 2016

Associate risks & exposure to hazards

widespread coastal erosion, seawater intrusions 
related to SLR, storm surges & land subsidence due 

to added human pressures and underground 
exploitation

Perini et al., 2016 Giambastiani et al., 2016

In 2016, installation of 2 windbreak wooden fences in 
front of the dune foot and parallel to the coast

stop wind, facilitate sand deposition & accumulation, 
favor embryo dune formation, prevent sand loss 

toward the inland (Giambastiani et al., 2016)

Availability of repeat topographic surveys after 
installation → monitoring restoration efficacy

Establishing the added value of soft-engineering 
solutions could provide support for ICZM guidelines, 

DRR plans, and coastal system protection in 
Ravenna (Scarelli et al., 2017; Fernández-Montblanc et al., 2020)

Informed decision from quantitative data analysis 
using the proposed SfM & GCD approach

www.istockphoto.com
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OBJECTIVES

Analyze the geomorphological changes 
from 2016 to 2021 using SfM* & GCD**

Validate the accuracy of the elevation & 
change detection models

Establish a systematic workflow for 
dune evolution analysis using SfM & 
GCD

Assess the vegetation change using 
SfM-derived orthophotographs

* Structure from Motion
** Geomorphic Change Detection 3



METHODS
Methodological Framework
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Survey details
• October 26 2016 (S4)
• October 25 2021 (W4)



METHODS

SfM

DEM validation

Workflows

Agisoft LLC, 2021
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METHODSGeomorphic Change

Vegetation Change

WorkflowsRiverscapes Consortium, 2021

Silvestri et al., 2020
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RESULTS
DEM validation – sample transects
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T2
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RESULTS
Geomorphic Change Detection – Oct 2021 vs Oct 2016 DEMs
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RESULTS
Geomorphic Change Detection – Oct 2021 vs Oct 2016 DEMs
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RESULTS
Transect profile comparison – sample transects of Oct 2021 vs Oct 2016
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RESULTS
Vegetation Change – Oct 2016 vs Oct 2021

2016 2021 Percent Cover
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Vegetation 

Change

Geomorphic Change

Detection
DEM 

Validation

DISCUSSION

Transect Profile

Comparison

Model fitting statistics 
show a good fit between 
the DEM & GPS elevation 
values for the sample 
transects

significant deposition in 
terms of area and 
volume

erosion has only been 
evident in the northern 
beach portion towards 
the end of the fence

observed progradation 
of the front dune, 
development of embryo 
dunes, decrease in slope 
and change from the 
'falesia' shape to gentler 
slope

Shift in elevation along 
the back dune area may 
be due to 
misclassification of 
vegetation to ground 
points

An overall increase in 
vegetation cover along 
the dune foot has been 
observed

Increase of debris (logs) 
near the restoration 
fence has also been 
evident
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CONCLUSION

• Seasonal change, wind, waves, and tides contribute greatly to the annual erosion and deposition dynamics in 

the area

• The windbreak fence has proven to be an effective intervention to prevent dune erosion since significant 

geomorphological changes and vegetation colonization have occurred based on 2021 vs 2016 data

main sand accumulation & progradation were observed along the front dune & dune foot where the fences were established

increase of vegetation & debris cover within and near the fence

• Applying a uniform and systematic workflow to SfM photogrammetry is important to identify and reduce errors 

in elevation modelling

• GCD can be an effective tool for coastal dune monitoring
13
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