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Abstract:
Abstract: The
The time
time scale
scale of
of beach
beach morphological
morphological response
response to
to meteorological
meteorological and
and oceanographic
oceanographic forcing
forcing ranges
ranges
from
from almost
almost instantaneous
instantaneous to
to long-term.
long-term. The
The understanding
understanding of
of this
this behavior
behavior should
should be
be therefore
therefore supported
supported on
on
efficient
efficient monitoring
monitoring methods
methods that
that can
can cover
cover those
those wide
wide ranges
ranges of
of scales.
scales. In
In this
this study,
study, photographs
photographs taken
taken with
with aa
standard
standard compact
compact camera
camera and
and processed
processed using
using simple
simple photogrammetric
photogrammetric techniques
techniques (rectification
(rectification and
and
photogrammetric
photogrammetric restitution)
restitution) were
were used
used to
to quantify
quantify beach
beach profile
profile changes
changes and
and dune
dune retreat.
retreat. Moreover,
Moreover, the
the
information
information portrayed
portrayed by
by the
the image
image conveys
conveys additionally
additionally information
information useful
useful to
to understand
understand and
and evaluate
evaluate major
major
morphodynamic
morphodynamic drivers
drivers (such
(such as
as incident
incident wave
wave characteristics),
characteristics), mass
mass movement
movement events
events and
and coastal
coastal
infrastructures
infrastructures damages.
damages. Results
Results shows
shows that
that this
this simple
simple and
and easy
easy to
to implement
implement approach
approach can
can be
be used
used either
either in
in
characterization
characterization of
of the
the impacts
impacts due
due to
to short-term
short-term events,
events, such
such as
as storms,
storms, as
as well
well as
as to
to support
support long-term
long-term
monitoring
monitoringprograms
programs supported
supportedin
inaaset
set of
ofcoastal
coastalindicators.
indicators.
Key
Keywords:
words:photogrammetry,
photogrammetry, monitoring,
monitoring,coastal
coastal features,
features,indicators.
indicators.

in
in aa coastal
coastal monitoring
monitoring program:
program: The
The Coastal
Coastal Photo
Photo
Monitoring
Monitoring Project
Project (Perth
(Perth Region
Region NMR,
NMR, 2013).
2013). This
This
project,
project, based
based on
on the
the systematic
systematic acquisition
acquisition of
of
photographs
photographs since
since July
July 2006,
2006, aims
aims to
to provide
provide aa
visual/qualitative
visual/qualitative record
record of
of change
change to
to selected
selected
priority
priority sites
sites within
within the
the Southern
Southern Perth
Perth Metropolitan
Metropolitan
coastal
coastal zone.
zone. However,
However, and
and despite
despite the
the obvious
obvious
relevance
relevance of
of this
this approach,
approach, itit only
only supports
supports aa
qualitative
qualitative perspective
perspective of
of the
the system.
system. Benefiting
Benefiting
from
this
experience,
the
present
from this experience, the present work
work aims
aims to
to
demonstrate
demonstrate the
the potential
potential of
of close-range
close-range
photogrammetry
photogrammetry in
in the
the quantification
quantification of
of the
the
evolution
evolution of
of beach
beach features.
features. The
The methods
methods presented
presented
herein
herein focus
focus on
on image
image acquisition
acquisition using
using standard
standard
compact
cameras
and
are
oriented
to
compact cameras and are oriented to simple
simple feature
feature
extraction
extraction procedures,
procedures, thus
thus aiming
aiming to
to support
support their
their
widespread
widespread application.
application.

1.
1. INTRODUCTION
INTRODUCTION
One
One key
key element
element for
for integrated
integrated coastal
coastal zone
zone
management
management isisaa correct
correct understanding
understanding of
of the
the coastal
coastal
zone
zone evolution;
evolution; however,
however, the
the permanent
permanent evaluation
evaluation
of
morphological
changes
of
a
of morphological changes of a coast
coast isis aa non-trivial
non-trivial
task,
task, due
due to
to the
the complex
complex and
and intrinsically
intrinsicallynon-steady
non-steady
nature
nature of
of the
the processes
processes (Taborda
(Taborda and
and Silva,
Silva, 2012).
2012).
Beaches,
Beaches, in
in particular,
particular, are
are one
one of
of the
the most
most mutable
mutable
environments
environments in
in the
the world.
world. Therefore,
Therefore, beach
beach
monitoring
monitoring -- the
the continuous
continuous or
or periodic
periodic process
process of
of
collecting
collecting and
and analyzing
analyzing data
data to
to measure
measure the
the
dynamic
dynamic of
of the
the beach
beach -- should
should be
be seem
seem as
as an
an integral
integral
and
and continuing
continuing part
part of
of coastal
coastal management
management agenda,
agenda,
since
since itit provides
provides to
to managers
managers regular
regular feedback
feedback on
on
implementation
implementation and
and progress
progress towards
towards the
the attainment
attainment
of
of environmental
environmental objectives.
objectives. Effective
Effective monitoring
monitoring
requires
requires baseline
baseline data,
data, as
as well
well as
as diagnostic
diagnostic
indicators
indicators and
and related
related measurements,
measurements, regular
regular
reporting,
reporting, and
and aa feedback
feedback mechanism
mechanism for
for
management
management decision-making
decision-making (UNESCO,
(UNESCO, 2006).
2006).

2.
2. METHODS
METHODS
The
The workflow
workflow adopted
adopted follows
follows aa simple
simple approach
approach
that
that includes:
includes: camera
camera calibration,
calibration, image
image acquisition,
acquisition,
image
image processing
processing and
and features
features extraction,
extraction, and
and
validation.
validation. All
All the
the images
images used
used in
in this
this study
study were
were
acquired
acquired with
with aa Pentax
Pentax WG-3
WG-3 GPS
GPScompact
compact camera.
camera.

Aerial
Aerial (far-range)
(far-range) photogrammetry
photogrammetry -- the
the practice
practice of
of
determining
determining the
the geometric
geometric properties
properties of
of objects
objects from
from
aerial
aerial photographic
photographic images
images -- isis one
one of
of the
the methods
methods
traditionally
traditionally used
used by
by geomorphologists
geomorphologists and
and earth
earth
scientists
scientists to
to establish
establish reference
reference scenarios
scenarios and
and to
to
quantify
quantify morphological
morphological change
change through
through the
the
extraction
extraction of
of coastal
coastal indicators
indicators (e.g.,
(e.g., shoreline
shoreline
position,
position, dune
dune configuration,
configuration, barrier
barrier width).
width).
However,
However, and
and despite
despite the
the excellent
excellent spatial
spatial coverage,
coverage,
itit presents
presents logistic,
logistic, cost
cost and
and weather
weather constraints,
constraints,
which
limits
the
temporal
coverage.
which limits the temporal coverage.

2.1.
2.1. Camera
Camera calibration
calibration
In
In order
order to
to support
support images
images taken
taken by
by standard
standard
compact
cameras,
that
can
generate
strong
compact cameras, that can generate strong image
image
distortions,
distortions, calibration
calibration procedure
procedure can
can be
be regard
regard as
as aa
mandatory
mandatory step.
step. In
In this
this work,
work, camera's
camera's focal
focal length,
length,
lens
lens distortion,
distortion, format
format aspect
aspect ratio,
ratio, and
and principal
principal
point
were
computed
using
specific
point were computed using specific routines
routines to
to
attend
attend to
to the
the requirements
requirements of
of the
the used
used image
image
processing
and
processing software:
software: Rectify
Rectify Extreme
Extreme (Taborda
(Taborda
and
®
Silva,
2013. For
For
Silva, 2012)
2012) and
and PhotoModeler
PhotoModeler Scanner
Scanner® 2013.
the
the use
use of
of Rectify
Rectify Extreme,
Extreme, calibration
calibration parameters
parameters
were
were computed
computed using
using the
the camera
camera calibration
calibration toolbox
toolbox
®®
of
Bouguet
(2010).
for
Matlab
For the
the use
use of
of
for Matlab of Bouguet (2010). For
®®
2013,
calibration
PhotoModeler
Scanner
2013,
calibration
PhotoModeler
Scanner

A
A more
more adaptable
adaptable and
and project-orientated
project-orientated approach
approach isis
close-range
(terrestrial)
photogrammetry.
close-range (terrestrial) photogrammetry. This
This
method
method isis easier
easier to
to implement
implement and
and allows
allows aa better
better
match
match between
between the
the time
time and
and spatial
spatial scales
scales of
of system
system
variability
variability and
and monitoring
monitoring frequency.
frequency. In
In fact,
fact, closecloserange
range photo-monitoring
photo-monitoring has
has already
already being
being included
included
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parameters were computed using the camera
calibration application for this specific software. In
both calibration procedures, the lens focus was setup
to infinity mode and fixed zoom.

To monitor the evolution of the erosional scarp at
Lizandro beach, the dune toe and dune crest
positions were identify and drew in the oblique
photographs (Fig. 1). Afterwards, the images were
rectified in the program Rectify Extreme (Taborda
and Silva, 2012) using at least four ground control
points (GCPs) in each image, that were measured by
GPS-RTK equipment (global positioning system in
real time kinematic mode) around the site for this
specific purpose. Each image was individually
rectified to two 2-dimensional planes: 3.5 MSL
(mean sea level) for the dune toe and 8.0 MSL for
the dune crest (Fig. 3). The RMS error obtained in
rectification processes (i.e., the root mean square
difference between estimated and GCPs) ranged
from 3.1 m and 0.9 m, depending on the image
quality and GCPs location. In order to undertake
dune toe and crest evolution analyses, rectified
images were imported into the ArcGis®
environment.

2.1. Image acquisition
Image acquisition should be performed in locations
with the proper overview of the beach that assure a
good perspective of the target object, which can be a
particular feature or the entire beach itself. Usually,
a high place with good access would be the best
option. During image acquisition procedure it is
important that the settings of the camera are the
same used in the calibration procedure. The strategy
adopted concerning the number and range of the
images to acquire will depend of the chosen coastal
indicator to characterized beach morphodynamics
(Carapuço et al., 2014). While some indicators
needs 3-dimension information for their extraction
(e.g., beach profile volume, berm level, run-up level)
which implies a set (at least two) of photographs
with a certain level of overlap, others indicators can
relied on the extraction of 2-dimension (planimetric)
features (e.g. coastline position, berm width and due
toe position) and thus their extraction can be
supported in a single image.
In the present work, photogrammetric techniques
were used to measure morphological beach response
to a set of severe storms that hit the Portuguese coast
in 2014 winter. For this purpose, two target sites
were chosen: Lizandro beach (Ericeira, Portugal) in
order to measure the evolution of an erosional scarp
at the base of the foredune (Fig. 1 and Fig. 2) and
Grande beach (Sintra, Portugal) aiming to evaluate
profile changes (Fig. 3).
At Lizandro beach, the erosional scarp evolution
was based on a single image taken at 7th January
2014, 13th February 2014, 6th March 2014 and 4th
April 2014.

Fig. 1. Lizandro beach: dune toe and dune crest draw in the
original photographs and images rectified for the 3.5 MSL plane,
for each survey.

At Grande beach, beach profile extraction was based
in a set of three convergent photographs were taken
in 10th April 2014 targeting the northern part of
beach area. In this latter case, it was used a tripod
and the timer function (2 seconds) to assure camera
stability during image acquisition.
2.2. Image processing and features extraction
Image processing routines were selected attending to
the specific objectives of the study at each site. In
this study, the techniques used were image
rectification and photogrammetric restitution
preceded by image correction. Image rectification
aims to transform oblique images into vertically
equivalent images (rectified images) and image
restitution aims to transform the perspective between
the image (2-dimensions) and the target-feature
space coordinates (3-dimensions) given the
corresponding target-feature image coordinates on
two or more photographs.

Fig. 2. Lizandro beach: erosion scrap formed by erosion
(photograph taken in the last field survey - 4th April).

Beach profile evolution at Grande beach was
measured using photogrammetric restitution. This
tasks was done using the PhotoModeler Scanner ®
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2013 application. A standard project was created
based in three photographs of the study area.
Through manual referencing, in which the user
identifies marks on all the considered photographs
that refer to the same physical point, external
orientation for each photo was computed (Fig. 3).
Next, the solution was georreferenced to ETRS89PTM06 using three GCPs. Beach profile was finally
built based on extracted 3-dimension points
identified at the beach face.

Fig. 3. Grande beach: points used in manual referencing, in the
definition of the coordinate system and used in the extraction of
the beach profile.
Figure 4. Lizandro beach: dune toe and dune crest positions
extract from rectified images, dune toe position measured with
GPS-RTK (validation) and images acquisition position.

2.4. Validation
The beach features extracted were validated with
morphological data acquired by GPS-RTK. At
Lizandro beach, the dune toe position was measure
in the 4th April survey while at Grande beach, beach
profile was measure simultaneous to the image
acquisition.
3.

Figure 5 presents the result of the beach profile
extracted through photogrammetric restitution.

RESULTS AND DISCUTION

Figure 4 presents dune toe and dune crest evolution
at Lizandro beach. During the monitoring period,
between 7th January and 4th April, the dune toe
position retreat circa of 25 meters and the dune crest
position retreat circa of 30 meters. This feature first
appear as a consequence of the Christina storm that
hit in Portuguese coast in January 2014 (Diogo et
al., 2014) and then suffer changes over time due to
other storm events that lashed the Portuguese coast
during the monitoring interval, mainly in January
and February 2014. For this reason, the major retreat
identified between two sequential field surveys was
between 13th February and 6th March, with the scarp
retreat circa of 23 meters, both at toe and crest level.
From validation, it is possible to conclude that the
maximum error (i.e. the difference between image
extraction and ground surveyed positions) was circa
of 4 meters, which is significantly smaller that the
magnitude of the erosion signal detected. Thus, this
approach is suitable to monitoring the evolution of
this erosion scarp as well as other coastal features
with similar variation magnitude and that can be
described in a 2-dimensions plane.

Figure 5. Grande beach: beach profile extracted from
photographs acquired in position 1 to 3 (photomodeler profile)
and comparison with the beach profile measured with a GPS-RTK
(validation). View from the three positions adopted in image
acquisition.
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CONCLUSIONS

This work confirms the applicability of close-range
photogrammetry in supporting coastal monitoring: it
is an efficient tool in beach data acquisition and in
the extraction of coastal features that can be
translated in coastal indicators and thus supporting
coastal management activities. The simple
equipment needed and availability of data processing
tools make this method suitable for regular and
occasional (e.g. storm events) beach monitoring.
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