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ABSTRACT
ARMAROLI, C.; CIAVOLA, P.; BALOUIN, Y. and GATTI, M., 2006. An integrated study of shoreline variability
using GIS and ARGUS techniques. Journal of Coastal Research, SI 39 (Proccedings of the 8th International Coastal
Symposium), 473 - 477. Itajaí, SC, Brazil, ISSN 0749-0208.
GIS techniques (Arcview) were used to study the long term (last 20 years) shoreline variation in the area of Lido di
Dante, Ravenna, northern Italy. The shoreline was identified on the photos as the High Water Line on 4 flights (1978,
1982, 1996, 1998). Evaluation of the error associated to the method (tidal range) indicates an horizontal variability
of HWL in the order of 10-30 m, according to the beach slope typical of the different parts of the beach. This means
that GIS techniques can be only used as a qualitative instrument for long-term assessments, as on short periods the
noise can be high. In any case, the coastline can be broadly described by two segments: one in erosion affected by the
presence of structures and one quite stable, dominated by natural process. To assess the correctness of the data
extracted from the GIS, topographic surveys were carried out with a GPS in kinematic relative positioning and a total
station. These surveys revealed that the area is eroding in the northern part, is oscillating in the central part and is in
oscillation/accretion in the southern one. An ARGUS station was installed in the area. Short-term (hours) shoreline
surveys were carried out to compare the GPS data with the ARGUS ones after putting them in a GIS. This
comparison revealed that theARGUS and GPS shorelines are identified with a precision which is comparable
ADDITIONALINDEX WORDS: High water line, GPS, total station, detection model.

INTRODUCTION
The identification of shoreline changes remains a crucial
issue in coastal engineering studies, particularly for the
assessment of the success of nourishment projects (HANSON et
al., 2002). One of the most important outputs of numerical
modeling is indeed the prediction of shoreline evolution (STIVE
et al., 2002): just to mention the widespread use of the Genesis
model of the US Army corps of Engineers, not exempted from
criticisms about its predictive capabilities and assumptions
(THIELER et al., 2000).
In order to validate and calibrate numerical modeling it is
necessary to carry out direct shoreline measurements. Clearly,
map comparison involves quite large errors, so for long-term
assessments aerial photography is to be preferred. However,
flights cannot take place frequently due to high costs and safety
restricts the surveys during storm events, because of the low
altitude necessary to have large-scale imagery. Determination
of the element from satellite imagery can be an alternative,
especially now that commercial high-resolution platforms (e.g.
IKONOS, QuickBird, etc.) provide a resolution in the order of
one meter for panchromatic images. Unfortunately the
interpretation of the images requires good geomorphological
skills, if complex features like deltas and sand banks have to be
mapped: for a topographer the shoreline is just a boundary
between emerged and submerged areas and often the
importance of water level variability and its morphological
meaning are forgotten. No standard in photointerpretation is
adopted in most works, although regional studies in the U.S. and
in Europe have now adopted the High Water Line (HWL) as a
common criterion (MOORE, 2000; CIAVOLA et al., 2003). The
HWL is easy to identify on both black and white and color
images. Thus, its usage overcomes the variable quality between
old and recent flights.
Direct surveys are normally carried out using GPS technique
by post-processing or real time methods. The main limitation of
this method is the time required for covering large stretches of
the coastline. Lidar surveys are certainly more satisfactory from
a cost/benefit point of view but their overall cost is more
appropriate to large-scale regional studies (e.g. IRISH and
LILLYCROP, 1999). In any case, the deployment of the sensor
can only be done for limited periods and because of their
airborne nature suffer from the same limitations as the

traditional air surveys.
Possibly, use of video systems like ARGUS (HOLMAN et al.,
1993) is a good compromise between remote and direct
measurements. Video systems provide a remotely sensed
measurement, are fixed at a secure location (e.g. a tower or
high-point), they have the capability of acquiring imagery at a
frequency ranging from fractions of seconds to hours, the only
limitation being computer power and memory requirements.
The technology is relatively low-cost, but the main issue is the
processing method, especially the rectification process,
considering that the imagery is strongly oblique and relies on a
number of GCPs (Ground Control Points) for finding the best
geometry solutions. In this sense, the ARGUS technique is the
most validated method, which benefits from a worldwide user
community and testing over a range of physical conditions and
studied issues (AARNINKHOF and HOLMAN, 1999). The tool is
becoming operational in support of Coastal Zone Management
applications and is being used at the study site of this paper to
provide support to local end-users to evaluate coastal defense
policies (ALBERTAZZI et al., 2003). The system's algorithm for

Figure 1. Location of Lido di Dante, Ravenna, northern Italy
(CGR Parma, VoloAIMA1996).
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study of intertidal beach characteristics is now very robust and
seems to identify well the shoreline, with errors in the order of a
few meters (AARNINKHOF et al., 2003). The aim of this paper is
to evaluated the methods available for shoreline studies, to
evaluate the errors compared to traditional GPS surveys and
finally to integrate the results with longer term measurements
using GIS techniques.
GIS techniques to monitor long term shoreline variability
provide an important support to CZM. Unfortunately there are
many problems associated with this method (MOORE, 2000).
First of all, it is important to define what to consider as
“shoreline”. Here we chose as shoreline the HWL (High Water
Line) because it is considered by many the best shoreline
indicator (CROWELL et al., 1991). In this paper georeferenced
aerial photographs were used to define coastal changes
occurred during the last twenty years. To check the GIS results,
direct surveys with a GPS in kinematic relative positioning and
a Total Station were carried out starting from December 2001.

The Studied Site
The studied site is the Lido di Dante beach, located in the
Emilia Romagna region of northern Italy, facing theAdriatic sea
and stretching between the Fiumi Uniti and Bevano rivers
(Figure 1). This area is 3 km long and is aligned in a north-south
direction. The site is divided into two parts: the northern one is
protected by three groins and a semi-submerged breakwater (1
km long), the southern one is completely natural, with dunes
and a pine forest behind them (2 km long). The present paper is
about the natural part of the beach, considering the zone
between the southern groin and the Bevano river mouth.
Here, and in the whole northern Adriatic Sea, tides are
strongly asimmetric (with diurnal and semi-diurnal
components). Maximum tidal range is 1.2 m during spring
tides. The wave climate is charachterised by low energy events
with significant wave heights less than 0.5 m mainly from the
East (65% of occurrences, GAMBOLATI et al., 1998). The two
most important winds that blow in the area are the Scirocco
(south-east) and the Bora (north-east) (IDROSER, 1996).

images is done through the ARGUS software (HOLMAN et al.,
1993; AARNINKHOF and HOLMAN, 1999), rectifying them using
a series of Ground Control Points (GCPs) established in the
field of view of the camera. The software converts the Real
World Coordinates of the images into a Cartesian system with
the origin centered on the tower.
The shoreline was extracted using the IBM (Intertidal Beach
Mapper) tool (AARNINKHOF et al., 2003): the principle of
discrimination of the feature, which is done on time exposure
images, is the intensity in the color and luminance domain.
Pixels are then clustered into two dominant categories (wet/dry)
separated by a beach contour that is georeferenced into the
system as the shoreline (Shoreline Detection Model). If wave
and tide data are available in the database associated to the
processing routines, the system calculates an absolute elevation
of this contour, accounting for tide contributions and wave setup processes (Shoreline Elevation Model).
Cross-shore resolution is 0.25 m up to 500 m from the tower
and is better than 0.5 m up to 1 km from the tower.
Alongshoreresolution is not as good: it is 4 m up to 400 m from
the tower, it is 4-8 m between 400-570 away and degrades to 815 m between 570 and 800 m.
The shoreline study was carried out on six datasets captured
between 9:00 GMT and 14:00 GMT on 17h April 2003. Tide and
wave data were provided by an ADCP wave gauge installed for
the experiment in front of the unprotected beach at a depth of
about 5 m (BALOUIN et al., 2004).

METHODS
High Water Line Mapping
The HWL is defined as the intersection between the highest
limit reached by the water and the beach surface (DOLAN et al.,
1983). This boundary between wet and dry sand is clearly
visible both on black and white and color images.
The long-term shoreline variability was studied using two
types of sources covering the period from 1978 till 1998. The
sources are: the Regional Topographic Cartography of 1978
(1:10000), the 1982 IDROSER flight (1:10000), the 1996
AIMA flight (1:40000), the 1998 IT2000 flight (1:40000). The
photos were imported as georeferenced images into a GIS
system (Arcview) and the shoreline was mapped at a 1:3000
scale following a protocol recently set for this studies at a
regional level (CIAVOLA et al., 2003). In the case of the
cartographic source, the shoreline published on the maps was
considered equivalent to the HWL, after discussions with the
interpreter of the flight on which the maps are based. The rate of
accretion/erosion (m/year) was estimated along 44 transects,
spaced 50 m, starting from the southernmost groin.

ARGUS Images
In February 2003 a tower 18 m high was installed in Lido di
Dante (Figure 1). There are four cameras mounted on the top of
the tower: three looking at the protected part of the beach, one
looking at the natural one. The study presented in this paper
only uses the latter (Figure 2).
The camera captures 10 minutes of video at the beginning of
each hour during daylight. The raw pixels are pre-processed on
site and the images are stored as snapshots, time average and
variance of all pixels and transferred to a dedicated space on the
server of Delft Hydraulics in Delft (NL). The processing of the

Figure 2. ARGUS oblique time exposure image; captured on
17hApril 2003, 09:00 GMT.

GPS Surveys
The GPS technique in kinematic relative positioning was
initially used for mapping the instantaneous shoreline along 3
Km of coast starting from the Fiumi Uniti River and ending at
the Bevano river mouth (Figure 1). Six surveys were
undertaken: three in 2002 (April, June, September) and three in
2003 (March, July, October). The operator walked along the
upper limit of the swash in one way and back, stopping every
50/100 m to measure sections of the beach, according to the
method of CIAVOLA et al. (2000). For each survey four
parameters were estimated: the position of the daily high tide,
the low tide one, medium sea level (using the tide gauge of Porto
Corsini, Ravenna) and the instantaneous shoreline. The two
shorelines (one way and back) were interpolated and shifted on
the daily mean sea level to obtain the tide-corrected daily
shoreline.
Additional surveys for short-term variability, to be compared
with results from the video, were undertaken in April 2003. The
surveyed stretch of coast was almost 950 m long and was chosen
to have optimum pixel resolution in the ARGUS images. The
coastline was surveyed six times starting at the beginning of
every hour at the same time as the camera captures the video,
walking along the upper limit of the swash for ten minutes. The
results extracted from the GPS were put inside a GIS and
compared with the ARGUS ones. To notice that this implied a
conversion of the arbitrary video coordinates into a geographic
space (UTM).
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Total Station
In addition to shoreline surveys by GPS, 13 beach profiles,
spaced every 100-200 meters, were surveyed in October and
December 2001, February, October and November 2002,
March 2003. The profiles extended from the dune crest down to
a depth of 1m. In order to convert the survey coordinates into the
UTM system, benchmarks located on one of the groins were
used. The field coordinate system was aligned N-S using a
surveyor's compass. The covered area is almost two kilometers
long; therefore distortion of the earth's curvature may become a
problem, considering also projection's difficulties, due to the
fact that we are at the boundary between fuses (32/33).
Additional control was therefore performed creating a
temporary benchmark on the dunes midway between the groin
and the Bevano.

RESULTS AND DISCUSSION

Long-term Trends (years)
The GIS analysis (Figure 3) for the period 1978-1996 shows
that the shoreline was generally retreating in the northern part
(up to 700-800 m away from the protection structures). In the
central part (up to 1700 m away from the groin) the beach was
retreating up to 1982, while it shows contrasting behaviors for
the years 1982-1996. Finally, the shoreline is weakly advancing
in the area next to the river.
The beach behavior is completely different between 1996
and 1998. It seems that the coastline next to the southern groin is
in accretion and that this part of the beach, that previously
eroding, is now no longer at risk. This is just an apparent trend;
the GPS and profile surveys prove instead widespread erosion
at the site, with wave uprush touching the dune base in storm
conditions (see paragraph on medium-term observations). This
may result from the strong influence of human interventions on
the area.

Figure 3. Rate of erosion/accretion: years 78-82, 82-96, 96-98.
Two nourishments were done in front of the protected area in
1995 and 1996 at the same time as the breakwater was built
(CASADEI et al., 1998). A considerable amount of sand
probably came out through the gap between the southern groin
and the breakwater and was deposited immediately to the south.
Moreover the results may be strongly influenced by the distance
in time between the images (WINJBERG, 2002). As it is clearly
visible in Fig. 3, the background noise becomes larger when
short time intervals are compared (78-82, 96-98). The
identification of the HWL is also exposed to errors (MOORE,
2000): its position is strongly influenced by meteorological and
oceanographic conditions before and during the flight. Other
elements that influence the position of the HWL and are the
seasonal changes in beach profile, grain size and beach slope.
Clearly is often impossible to know these elements for old
photographs and it is very difficult to quantify them when
planning a new flight, especially if the monitored area is wide.
To avoid errors coming from the seasonal beach profile
changes, a solution is to compare flights done during summer
when weather conditions are usually calm. But the most
important cause of error is due to the tidal cycle. When

Figure 4. (a) Total station surveys; (b) comparison between GPS shoreline (09GMT, 17h April 2003) and 1998 HWL (volo IT2000,
CGR Parma); (c) Shoreline variability during the falling tide of 17h April 2003; (d) Comparison between GPS and ARGUS shorelines
at high tide on 17h April 2003.
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analyzing an image, it is fundamental to evaluate the range of
variation of the HWL due to tidal oscillations. If predicted high
tide levels are extracted from tide tables, max High Water
Springs of +0.65 above m.s.l., the boundary between wet/dry
sand has an horizontal variability of about 10 m near the groin
(slope 0.08-0.10 m), 14 m in the central part of the beach (slope
of 0.04) and of 30 m in the part close to the Bevano river (slope
of 0.02). The influence of the swash is believed not to be so
relevant, since close to high tide wave shoaling becomes less
evident and the flights were done during summer, under
moderate wave regimes.

Medium-term Trends (months)
The repeated profile surveys were used to assess mediumterm coastal stability, studying the migration of the 0 m contour
(Mean Sea Level) and of the dune base, here defined at an
elevation of +2 m above MSL. Clearly this cannot be compared
directly with the HWL interpreted from aerial photographs, but
the method has better accuracy, quantifiable in the same order of
magnitude of a GPS survey by carrier phases in postprocessing
or in real time (HUANG et al., 2002).
The study area can be broadly divided into two segments
(Figure 4a). The first extends from the southernmost groin to
about 700 southwards. Between December 2001 and March
2003 both the 0 m and the +2 m contour retreated 10 m, giving a
migration rate of 0.7 m/yr. The second segment, down to the
Bevano inlet, shows spatially alternated erosion/accretion
pattern, but the dune foot stays stable. According to BALOUIN et
al. (2004), the area receives consistent sediment input from
lateral erosion of dunes, due to northward migration of the river
mouth. The fact that the beach becomes unstable at about 1 km
north of the inlet testifies that longshore drift here becomes
negligible. The other issue to be considered is the influence of
the breakwater. When north-easterlies generate storm waves,
diffraction by the barrier's edge may generate a concentration of
wave energy on this coastal stretch. The beach slope is indeed
generally steep in the area immediately to the south of the
barrier and unpublished echo-sounder surveys undertaken by
the authors do not identify offshore bars in this area. The
receding trend of this part of the beach is also confirmed if the
h
coastline obtained by GPS close to High Water on 17 April
2003 is overlaid to the 1998 air photo interpretation (Figure 4b).

Short-term Trends (hours)
The direct comparison between GPS and remotely
h
measurements was undertaken during the falling tide of 17
April 2003, with a tidal elevation varying between +0.63 m and
+0.38 m above M.S.L. The wave regime was moderate (Table
1), with offshore wave direction varying between NNE and E.
To notice that this implied an almost shore-parallel angle of
wave approach. Waves had short periods, in the order of 3-4 s
and the fact that the wave climate was quite constant during the
experiment minimizes variations in wave set-up which could
introduce errors in the video interpretation, especially if the
beach is not truly planar (PLANT and HOLMAN, 1997). To notice
in Fig. 4c that as the tide goes down the shoreline measured by
GPS enhances the presence of intertidal morphologies, e.g.
swash bars and/or low tide terraces, which are evident between
400-500 m from the tower, at about 700 m and from 1 km
Table 1. Tidal elevation (above m.s.l) and wave climate for the
short term survey with ARGUS and GPS. The last column is the
standard deviation of the elevation above M.S.L of GPS data.
Time
(GMT)

Tide (m)

Hs (m)

Tp (s)

St. Dev
(M)

southwards. In any case, the constant elevation of the shoreline
contour for a given survey is confirmed by the low standard
deviation from the mean elevation, presented in Table 1 (max 12
cm). For the beach slopes typical of this area, this implies a max
horizontal shift of about 6 m.
ARGUS is possibly the most recent innovation in shoreline
monitoring but one may question how comparable is to field
observations. In order to do so, instantaneous shorelines
measured with the GPS were compared with those obtained
from the ARGUS imagery (e.g. the measurement at High Tide
of Fig. 4d). The morphologies are in agreement on both
shorelines: however, the ARGUS one seems deformed starting
at 700-800 m from the tower. This may be caused by the
deterioration of longshore pixel resolution in this area, which is
lower than 15 m. An additional source of error may be the
method of rectification of the images, based on GCPs located
close to the camera. The ARGUS shoreline is always located
onshore with respect to the GPS one: this was also observed by
AARNINKHOF et al. (2003) at Egmond, corresponding to an
offset of 6 m, over 85% of an area 2 km wide. If one compares
the shorelines in the high-resolution field of view, where
longshore stretching is minimal, the landward shift of the
ARGUS output is in the order of 4-6 m, proving that the IBM
tool is robust or at the least the output is comparable to the error
in direct measurements.
Finally, it is important to point out that the study of this paper
used a version of the IBM tool that did not include the elevation
and swash models of AARNINKHOF et al. (2003). These authors
found that the precision of their predictions improved if the
amplitude of the swash zone was accounted for. However, the
use of the method implies limited variability of the beach slope
across the image, which may not be the case for this site. Further
testing of the method is planned.

CONCLUSIONS
The study presented here has provided a new perspective on
the methods for studying shoreline variability on a time scale
ranging from hours to years. Clearly the accuracy of the datasets
is a function of the method used. Air photography remains a
mean for assessing trends at a qualitative level, unless the flight
is coupled with field surveys. The other disadvantage is the low
temporal resolution of the datasets, because of financial and
operational restrictions.
ARGUS is a tool that can fill this gap, since the datasets
obtained are continuous and the interpretations of shoreline
position may be correlated with hydrodynamic parameters like
tidal levels and wave heights. Further validation of the
algorithms used for shoreline mapping is required, considering
a spectrum of beach slopes and morphodynamic conditions.
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