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Abstract

Monitoring and mapping variations in shoreline location
is an activity that can be undertaken using several
different techniques of data collection, e.g.,
photogrammetric restitution, satellite images, LiDAR
(Light Detection and Ranging) or classical topographical
surveys to support coastal environmental protection such
as identifying flood risk areas. The global navigation
satellite system (GNSS) has been employed by the
Federal University of Parana (UFPR) as part of their
research into the application of geodetic survey methods
for shoreline mapping in coastal environments since
1996. The advantages of using GNSS are accuracy and
productivity, given that a great number of points can be
determined within a short period of time at decimeter-
level accuracy. In this work, GNSS relative kinematic
positioning approach was applied to monitor Matinhos
coastal district of Brazil. Other important data, such as
the high- and low-tide marks, all obtained using GNSS,
and thematic maps have also been incorporated. Through
the reanalysis of historical surveys, it is possible to make
some conclusions about the shoreline dynamics and to
use this information as material in support of the
planning and management of the coastal environment,
for example, when planning engineering works that set
out to minimize coastal erosion and for urban planning.
The results achieved in this work include defining the
position of the shoreline for 2008, developing the
thematic map of the shoreline, the quantification of the
advance and retreat of the shoreline between 2001 and
2008, and a map showing those critical areas where the
shoreline position is equal to the high-tide water line.
GNSS-based method offers quicker, all-weather, highly
accurate and continuously updatable shoreline positional
time series relevant for monitoring, thus enabling
quicker management decisions to be undertaken, which
may be of benefit to coastal engineering applications.

Keywords: coastal monitoring, shoreline, GNSS, coastal
erosion.

1. Introduction

The unplanned growth of settlements along shorelines
and the natural dynamics of coastal regions can have
serious effects on the nature of an area’s coastal erosion.
Monitoring and management of shorelines, therefore, are
very important tasks, although they remain difficult to
undertake. On the importance of shoreline monitoring,
Di et al. (2003) states that shoreline mapping and
shoreline change detection are critical for safe
navigation, coastal resource management, coastal
environmental protection, and sustainable coastal
development and planning. Information about the high
tide marks in association with the shoreline maps can be
usefully in identifying areas of higher flood risk. With
the historical cartographic documentation, it is possible
to quantify the advance and retreat of the shoreline’s
position, providing results that are very useful for the
planning and management of costal zones. Boak and
Turner (2005) brought the importance of shoreline
variability to the attention of coastal scientists,
engineers, and managers by recommending a functional
definition of the shoreline, and also in pointing out that
the challenge is to develop a sufficiently robust and
repeatable technique to enable the detection of a chosen
shoreline feature within the available data source.

Shoreline monitoring is dependent upon the availability
of economic support thereby necessitating a correct
choice of a mapping technique. One form of shoreline
mapping adopts the application of historical information
to long-term analysis, and is always dependent on the
uncertainties associated with the old data collection that
normally comes from aerial photographs or topographic
maps. Pajak and Leatherman (2002) showed the
importance of accurate shoreline for mapping and
management and explained that even for scientists and
engineers experienced in the problems associated with
identifying the correct position of shorelines using aerial
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photos and the adverse effects of the inherent
subjectivity, the spatial error involved in determining the
historic shoreline positions may exceed the predicted
rate of shoreline change.

Furthermore, concerning shoreline historical data, there
are some important requirements on error analysis and
mapping accuracy that should be considered. For
example, Crowell et al. (1991) indicate the importance of
having a consistency in data application when computing
coastal erosion rates. A challenge posed in attempting to
achieve consistency in data is that of manipulating old
data together with highly accurate new data for
predicting shoreline positions.

Modern techniques that attempt to address uncertainties
in data include the application of geospatial approaches
(see, e.g., Ahmad and Lakhan 2011). Of the geospatial
approaches, the use of GIS has received quite an
extensive coverage (see, ,g., Li, Weng and Willis 1998;
Cracknell 1999; Kevin and EI Asmar 1999; Green and
King 2003; Hennecke et al. 2004; Liu and Jezek 2004;
Schupp et al. 2005; Srivastava et al. 2005; Guariglia et
al. 2006; Vanderstraete et al. 2006; Ekercin 2007; Sesli
et al. 2009; Addo 2009; Pais-Barbosa et al. 2010; Ahmad
and Lakhan 2011). For example, Li et al. (2001) describe
a case study in Malaysia using aerial photos (taken at 5
year intervals) to map and monitor erosion while
integrating the different data into a GIS. White and
Asmar (1999) proposed the use of satellite images from
Landsat Thematic Mapper (30 m spatial resolution) for
monitoring and evaluating the rates of shoreline
movement by comparing the positions of historical data
points to identify areas of changes. Surveys with LIDAR
involve the combination of the laser, a device that
records the movements of the aircraft and GNSS
receivers. LIDAR can make surveys in coastal areas with
vertical accuracy 8-15 ¢cm and a set of points spaced at
least 1 m (without taking into account the processes of
extraction shoreline). From those data the shoreline can
be extracted and used in position analysis and also for
obtaining the digital terrain models applied to coastal
zones see e.g. Gorman et al. (1998), Gibeaut et al.
(2001), and Awange and Kiema (2013, Chapter 24) .
LiDAR data can also used to to identify vulnerable areas
such as in the Queensland coasts and visualise the
impacts of climate change, referring to the website
http://www.longpaddock.qgld.gov.au/coastalimpacts/impr
ovedcoastalmapping.html.

In comparison to GIS techniques, global navigation
satellite systems (GNSS)-based techniques have not
received wide coverage. Documented works on the
applications of GNSS include, e.g., Ruggiero et al.
(2005) who described shoreline monitoring by a variety
of innovative surveying techniques, including real time
kinematic global positioning systems (RTK-GPS) and
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Goncalves et al. (2012) who compared the linear
regression, robust parameter estimation, and neural
network predictions models to predict the shoreline
position in Brazil with the underlying data being from
different kind of cartographic sources.

In attempting to contribute towards GNSS-based
shoreline monitoring methods, this paper describes a
consistent, highly accurate, and low-cost method of
shoreline monitoring that enables the evaluation of rates
of short-term changes using relative kinematic GNSS
positioning method. The study area is Matinhos coastal
district of Brazil, an area where urban management has
shown little concern about the position of the shoreline
and its dynamical and local morphology (e.g., Soares et
al.,, 1995). GNSS surveys were carried out in 2001,
2002, 2005, 2007 and 2008, and used to map the
shoreline position.

We organize the study as follows: Section 2 discusses
the data collection (data source and study area) while
section 3 presents the analysis method. The results are
presented and analyzed in section 4, and the study
concluded in section 5.

2. Data Collection

2.1 Study area

The study area for this work is located in Matinhos
district of the state of Parand, Brazil (approximate
coordinates 25°49'00"S, 48°32'30"W, with an altitude of
3 m above sea level, see Fig. 1). According to IBGE
(2010), the district of Matinhos with an area of 117
km?is inhabited by approximately 29,428 people.
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Figure 1: The study area, Matinhos District, Parana
State, Brazil

2.2 GNSS data collection

To obtain a shoreline’s position and the water line using
GNSS, the kinematic relative positioning mode of
operation was adopted. For detailed discussion on this
GNSS mode of operation, we refer to Hofman-
Wellenhof et al. (2001, 2008), Seeber (2003), El-
Rabbany (2006), and Awange (2012). In this method,
one receiver remains at the station whose position is
precisely known (i.e., the base station in Fig. 2) while the
other receiver (known as rover) moves to the features of
interest (i.e., shoreline positions). Detailed discussion of
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this approach can be found in the standard text books
listed above.

Using this method, surveys over a 6 km shoreline
extension were carried out with the base station
“PEDRA” (25°49°05,7799”S, 48°31°49,1364"W) located
at “Matinhos Rock” shown in Fig. 2. The receivers at the
base and roving stations were both set to collect data
every 3 seconds at an elevation mask of 10° to minimize
the influence of atmospheric and multipath errors (see,
e.g.,, Awange 2012). Two crew manned the roving
receivers along the shoreline, where one person started
from Orquidas Street in the northern most point of the
survey area while the other started from Londrina Street
in the southern most point (Fig. 2). The surveys were
stopped as soon as the two crew met somewhere in the
middle of the observation area.

MNorthem start paint for
Raver 11 Orquideas Street

Shoreline Position
2008

Hase Station
“Pedra”

Southern start point for
Rover 20 Londrina Street

Figure 2: GNSS base station at Pedra and the start of
rovers at Orquidas street in the North and Londrina street
in the south

During the surveys, the team endeavored to follow the
same criterion in extracting the shoreline indicator. For
example, in Fig. 3 (a) the shoreline was defined by the
erosion scarp that can easily be seen in the boundary
between the coast and ocean. For the case of Figure 3
(b), the shoreline was defined by the landward edge of
shore protection structure. Also, in this study, the
seaward stable dune vegetation line was used as an
indicator of shoreline. ~ The collected data was later
post-processed using Ashtech Solutions 2.6 software,
from which decimeter-level accuracy for shoreline
positioning was achieved using relative kinematic
positioning.

The water line was observed at high and low tides, in
accordance with the tidal predictions provided by the
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(@) (b)
Figure 3: Shoreline definition: (a) the shoreline is
defined as erosion scarp, while in (b) it is the landward
edge of shore protection structure.

Center of Ocean Studies (CEM) at Federal University of
Parana, the objective being to plan the best time to
undertake the surveys. Fig. 4 shows an example of water
levels reaching high tide on 13/09/2008. The high tide
was between 12h00 and 15h00 and the survey was done
between 12h34 and 13h43. The low tide was mapped on
14/09/2008, where it was expected between 6h00 and
9h00. The survey for this case was done between 06h54
and 07h54. In these tidal surveys, the line followed was
the furthest point to which the waves reached. In some
parts, the high-tide mark was equal to the shoreline.

Tide prediction

High tide
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hour
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Figure 4: (a) Predictions of the occurrence time for the
high and low tides on 13/09/2008 (source: CEM (2008)
http://www.cem.ufpr.br/mares.htm), (b) line of the high
tidal survey, (c) water line survey, and (d) Line of the
low tidal survey.

3. Analysis Method

The analyses of the advance and retreat of the shoreline
was done using the 2001 shoreline position as a
reference, which was the time of the first GNSS
shoreline survey.

First, using the AutoCad software, the required
shorelines (i.e., the reference 2001 shoreline and the one
whose motion is desired) are selected and a visual
inspection performed to determine if any change exist
between lines.
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If a positional change in a location is identified, then the
software is used to mark at least 3 pairs of points that
identify the perpendicular distance between the
shorelines. An example is shown in Fig. 5 for the case
of identifying shoreline movement between 2001 and
2005. Along a 70 m segment of shoreline, 5 pairs of
points are marked and the distances between them
stored. From such values, the mean and standard
deviation of shoreline movement along this specific 70
m segment can be determined.

Shoreline 2001

Shoreline 2005

Figure 5: An example of identifying shoreline movement
between 2001 and 2005 for a 70 m segment of coastline

The length of the shoreline analyzed in this study is 6 km
which was divided into 5 sectors in accordance with the
similarity of identifiable features. Fig. 6 shows the
sectors into which the study area was divided, with the
extension of each sector and the principal thematic
features listed in Table 1.

A thematic map was developed from field observations
to allow features near the coast to be identified. To
recognize the features and create the thematic map, we
used a satellite image (from the IKONOS spacecraft) of
the study area and a vector file with the squares of the
district, all plotted in a map. Before using these
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materials, a geometric correction of the IKONOS image
was done to fit it with the map (note: all maps used in
this work are in the WGS-84 datum, which is the system
used by GPS and also by the Brazilian Directory of
Hydrographic and Navigation (DHN) for their nautical
charts). Field measurements and photographs were
taken to allow features in the maps and IKONOS image
to be identified. For example, Fig. 7 shows how
photographs enabled features to be better identified on
the thematic map, i.e., vegetation, a bicycle path,
pavement road, the shoreline and foot path.

I1I

AN

Figure 6: The manner in which the study area was
subdivided into sectors

In addition, as examples, Fig. 7 and 8 show the parts of
the thematic map for sectors | and Il, respectively. As
can be seen, Fig. 7 is an example where the current high-
water mark and shoreline coincide, indicative of a
greater potential for erosion. On the other hand, Fig. 8
shows a section of the coast where the shoreline and
high-water mark do not coincide and also there is a
vegetation line used as a shoreline indicator.

Table 1: The extent of the coastal sectors that make up the study area, and the most important thematic features.

Sector | Extension (m) Features
I 1300 vegetation - foot path - bicycle path - pavement road
1 1900 riprap- road with problems of erosion
I 700 vegetation with dunes - sediments - sand road
v 700 sediments - foot path with problems of erosion — riprap
\% 1300 vegetation -riprap - bicycle path - pavement road — grass
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Figure 7: The part of thematic map of the study area, covering sector |
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Figure 8: The part of thematic map of the study area, covering sector II.

4.  Results and Analysis

4.1 Comparison between the 2008 shoreline and
high-tide line

In Table 2, we list the mean distances between the 2008

shoreline and high-tide line for each sector (I to V, see

Figure 7), as well as the maximum and minimum

distances. The first point is that nowhere along sectors |

and Il do the shoreline and high-tide lines coincided,
while for the other sectors (Il, 1V and V) both lines
coincided in many locations. This indicates that the
ocean is eroding the coastline along sectors II, IV and V,
causing damage to the streets and other constructions.
An example is shown in Fig. 9, which shows an area in
sector 1V where during high tide some constructions
along the shore were being directly affected by the
ocean.
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Table 2: Distance (in meters) between shoreline (SL)
and high tide line water (HTLW)

Minim|Maxim .
. Mean |Extension of
Extensi [Exten| um um of sector
Sect| onof | sion |distanc|distanc ;
the with
or| fthe |Analy e € sample | coincidence
sector | zed |HTLW|HTLW
SL | -sL S HTLW-SL
I | 1300 | 1300 | 2.62 |22.55| 11.15 0
11| 1900 | 985 | 3.61 |13.76 | 7.21 915
1| 700 700 |11.61|42.34| 26.76 0
IV | 700 245 | 16.68 | 36.37 | 26.94 455
V | 1300 | 525 | 8.02 | 27.07 | 15.52 775

Figue 9: An image from sector 1V (2008) showing how
storm directly impacts upon urban infrastructure.

Mean shoreline movement - Sector
|

2001- 2001- 2001- 2001-
2002 2005 2007 2008
9.53
6.41
4.91
0.00 0.00

-3.82 -4.29

Figure 10: Mean Shoreline movement — Sector |
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4.2 Sector Analysis
Maps to document the advance and retreat of shoreline
were produced with respect to the sectors.

The methodology applied to generate the results is
described in some detail below, where the changes in
shoreline location between 2001 and 2002 in Sector I,
are used as an example. For the other sectors and years,
only the results are presented. Table 3 represents a
summary for sector |, where it is possible to observe the
maximum advance of 9.53 m advance in 1300.00 m of
extension between the years 2001-2005, and the
maximum retreat of -4.29 m taking as reference the years
2001-2008 in 15 m of extension. Fig. 10 represent the
plotted data of Table 3, the number 0.00 means no
significant change between the comparisons in analysis
in this sector. It can be seen that between 2001 and 2002,
the shoreline advanced while from 2001 to 2005, the
shoreline retreated.

Table 3: Summary of the displacement of the shoreline
for those segments of the coast along Sector | that
experienced advancing or retreating shorelines.

Vectors Interval of time Extension Shift (m)
(years) analyzed (m)

1 2001-2002 0.00 0.00

2 50.00 -2.15

3 001-2005 1300.00 9.53

4 0.00 0.00

5 001-2007 730.00 491

6 38.00 -3.82
2001-2008 705.00 6.41

15.00 -4.29

Fig. 11 shows the extent (1900 m) of Sector Il that has
been divided into a number of segments or vectors,
within which a number of pairs of points are selected to
enable the amount of shoreline movement to be defined.
Table 4 shows the values of shoreline movement inferred
from these points, including the means, standard
deviations, velocities (m/year) and extent of the vectors,
with the results summarized in Table 5. Based on the
results outlined in Table 5, it can be stated that a process
of shoreline advancement occurred between 2001 and
2002 over 1264 m of the 1900 m of shoreline examined,
representing 66.5% of this sector. During this time, the
shoreline advanced with a mean velocity of 5.2 m/year,
although over a 40 m long vector of this sector, the
shoreline retreated at a rate of 4.73 m/year.

Similarly to Table 5, we present the shoreline movement
between the years 2001 and 2005, 2007 and 2008 in
Tables 6 to 8, respectively. For the years 2001 to 2005
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(Table 6), a retreat of 5.5 m over the 4 year period
occurred over a 80 m long vector of shoreline. However,
the shoreline appeared to be advancing over ca. 50% of
Sector Il (i.e., 955 m), at an average velocity of 4.7
m/year. What should be noted is that for the 2001 to
2005 analysis, 10 vectors were defined, showing that the
shoreline behavior is not necessarily linear, and a
significant amount of spatial and interannual variability
is to be expected.

Considering now the analyses for 2001-2007 (Table 7),
over an extent of 505 m over Sector 11, there was a mean
shoreline advance 4.72 m, although there was also
shoreline retreat of 3.08 m over a length of coast of 140
m. For the period between the years 2001 and 2008
(Table 8), there are a mean advance of 4.30 m over a
length of coastline of 675 m, with shoreline retreat of 6.3
m over a 80 m length of coast. These results are
summarized by Table 8, where the average values of the
segments of Sector Il coastline that advanced or retreated
are listed, and visualized in columns in Figure 13.

The appearance of such shoreline movement in reality is
shown in Fig. 13, which shows the advance of shoreline
in 2008 compared to 2001. Note the placement of riprap
along the shore as an attempt to reduce the erosive action
of the ocean. Through the relatively simple analysis
shown here, one can still identify problems that may
arise in infra-structure and coastal erosion, as seen in
Figure 14, which shows how a bicycle path was
destroyed by ocean action due to the advancing
shoreline.
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Figure 11: Collecting samples over the 1900 m of
segment Il that is divided into a number of portions.
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Table 4: The results of the analysis of the
shoreline movement from 2001 to 2002 for Sector 11 (see
Figure 12).

Part 1 Shift Part 2 Shift| Part3 |Shift
Advance | 3.77 | Advance | 7.34 |Advance |4.46
3.60 7.33 4.86
3.16 6.08 4,15
velocity
3.48 | (mlyear) |6.92 5.70
velocity standard velocity
(m/year) | 3.50 | deviation | 0.72 | (m/year) | 4.79
standard extension standard
deviation | 0.26 | analyzed | 54.0 |deviation|0.67
extension extension
analyzed | 50.0 analyzed | 60.0
Part4 | Shift Part 5 Shift| Part6 |Shift
Advance | 3.66 Retreat 4,06 | Advance | 4.70
3.30 5.24 5.20
3.18 4,90 8.40
velocity
3.28 (m/year) 4.73 6.54
standard
4.60 | deviation |0.61 7.72
extension
2.64 | analyzed 70.0 8.68
3.36 7.58
4.01 4,02
3.73 7.03
5.27 8.14
6.95 9.37
5.21 8.92
3.95 6.81
3.39 4,90
velocity
(m/year) | 4.04 6.43
standard
deviation | 1.13 7.04
extension
analyzed [470.0 5.09
4.84
4.46
8.41
7.05
8.47
velocity
(m/year) | 6.81
standard
deviation | 1.64
extension
analyzed [630.0
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Table 5: Comparison in the change of the v7 150 5.23 0.91
shoreline locations for ZSggtzc;r Il between (2001 and v8 90 4.46 053
Mean | Standard v9 90 3.69 1.31
Vector]  Extension analyzed shift | deviation v10 50 4.92 0.48
vl 50 350 0.26 mean.of shifting .
V2 54 6.92 0.72 (velocity (m/year) extension (m)
v3 60 479 0.67 Advance 4,72 505.00
va 470 404 113 Retreat -3,08 140.00
Vo 40 -4.73 1.24 Table 8: Comparison in the change in the
v6 630 6.81 1.64 shoreline locations for Sector Il between (2001 and
mean of shifting (velocity 2008)
(m/year) extension (m) Mean | Standard
Advan Vector | Extinction analyzed | shift deviation
ce 5.21 1264.00 vl 145 2.86 0.96
Retrea v2 50 4.87 1.16
t 473 40.00 v3 80 4.21 0.94
Table 6: Comparison in the change in the v4 40 3.54 0.32
shoreline locations for Sector I between (2001 and VS 80 -6.30 1.03
2005) V6 150 5.72 1.26
Mean | Standard v7 80 4.16 0.91
Vector]  Extension analyzed shift deviation v8 80 354 0.79
vl 70 412 0.21 vo 50 5 46 056
V2 60 1.93 0.58 mean of shifting
v3 265 4.33 1.07 (velocity (m/year) extension (m)
v4 55 2.62 0.94 Advance 4.30 675.00
v5 30 6.47 0.33 Retreat -6.30 80.00
V6 100 4.92 1.24
v7 80 553 0.69 Table 9: Summary of the displacement of the shoreline
T o0 a0 | ose | [ o sy of e com sy Secor I
v9 150 242 027 Interval of time | Extension Shift
v10 65 7.03 1.57 Vectors
mean of shifting (velocity (years) analyzed (m) (m)
— (m/year) extension (m) ; 2001-2002 1j§280 54 27 ;
ce 4.68 955.00
Retrea 3 9001-2005 955.00 4.68
t -5,53 80.00 4 80.00 -5.53
Table 7: Comparison in the change in the : 2001-2007 igggg _L;EZ
shoreline locations for Sector 11 between (2001 and : :
2007) - 9001-2008 675.00 4.30
Mean | Standard 80.00 -6.30
Vector | Extension analyzed | shift deviation
vl 50 1.75 0.34
v2 10 -4,71 0.78
v3 55 6.36 0.97
v4 30 4.23 0.25
v5 40 4,17 1.17
V6 80 -6,29 1.47
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Mean shoreline movement -

Sector 11
2001- 2001- 2001- 2001-
. %qoz 2005 2007 2008
4.68 4.72 4.30

-3.08

-4.73 o
-5.53
-6.30

Figure 12: Schematic diagram showing the relative
displacement of the shoreline in Sector 11 between 2001
and 2008.

Figure 13: An example of how shoreline advancement
causes damage to urban infrastructure, shown here by
the damaged bicycle path.

Results for sectors Ill, IV and V are summarized in
Tables (10, 11, 12), with the corresponding Figs. (14, 15,
16) providing column graphics for analysis. In Table 10
shows that for Sector 111 a retreat of -12.34 m for 215.00
m of extension for the years of 2001 -2002, -15.89 m for
275.00 m of extension for the year 2001 — 2005 and -
13.50 m for the years 2001-2007 and 2001-2008 with the
extensions of 320.00 m each is observed.
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Table 10: A summary of the displacement of the
shoreline for those segments of the coast along Sector 111
that experienced advancing or retreating shorelines.

Vectors Interval of time Extension Shift (m)
(years) analyzed (m)

2001-2002 90.00 6.55
215.00 -12.34

2001-2005 190.00 17.32
275.00 -15.89

2001-2007 140.00 12.34
320.00 -13.5

2001-2008 70.00 11.09
320.00 -13.5

Fig. 14 shows the mean shoreline movement for sector
111 with cases of retreat of shoreline with the variation
between -12.34 m and -15.89 m and advance variations
between 6.55 mand 17.32 m.

Mean shoreline movement -

Sector Il
2001-2  2001-  2001-2 2001-
002 2005
1299 007 2008
12.34 11.09

6.55

-12.34

-13.5 -13.5

-15.89

Figure 14: Mean Shoreline movement — Sector 111

Table 11 shows some stable cases of shoreline between
the analysis for 2001-2005 and no detection of advance
between of 2001-2007.
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Table 11: A summary of the displacement of the
shoreline for those segments of the coast along Sector IV
that experienced advancing or retreating shorelines.
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17. Table 13 shows the summary of the velocity along
Sectors | to V. In the comparison between 2001 and
2008, sector Il is seen to have the highest velocities of
6.76 m/year for advances and -7.89 m/year for retreat.

Table 12: Summary of the displacement of the
shoreline for those segments of the coast along Sector V
that experienced advancing or retreating shorelines

Vectors Inter(\; aelac::)tlme ari)l(;ir;ﬂo(% Shift (m)

1 200.00 9.34

2 2001-2002 50.00 -6.51

3 170.00 12.08
4 2001-2005 0.00 0.00
5 0.00 0.00

6 2001-2007 80.00 -11.47
- 0.00 0.00
2001-2008 255.00 -7.41

Fig. 15 shows the overview for sector IV with the
maximum of reatreat of -11.47 m between the years of
2001-2007.

Mean shoreline movement - Sector

v
2001- 2001- 2001- 2001-
2002 2005 2007 2008
12.08
9.34
0.00 0.00 0.00

651 -7.41

-11.47

Figure 15: Mean Shoreline movement — Sector 1V

In Table 12 and Fig. 16, we visualized the analysis for
sector V. Note that this sector presents problems in the
infrastructure due to the retreat of the sea that occurred
since 2005. To a large extent this passage is remarkable
as it shows the presence of sidewalks destroyed, and in
some places, the erosion reaches out to the street. When
the value 0.00 is found in the table it doesn’t necessary
mean that there is no problem of infrastructure, but in
most of cases this indicate that the shoreline does not
have natural space for its movement like shown in Fig.

Vectors Interval of time Extension Shift (m)
(years) analyzed (m)
1 2001-2002 0.00 0.00
2 0.00 0.00
3 2001-2005 85.00 421
4 315.00 -4.99
5 9001-2007 0.00 0.00
6 435.00 -7.09
2001-2008 0.00 0.00
540.00 -7.61
Mean shoreline movement - Sector
V
2001- 2001- 2001- 2001-
2002 2005 2007 2008
4.21
0.00 0.00 0.00 0.00
1 2 3 4 5 6 7
-4.99
-7.09 761

Figure 16: Mean Shoreline movement — Sector V
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Figure 17: Sector V in'astructureproblems.

Table 13: Summary of the velocities (m/year; 2001 and
2008) of the shoreline along Sectors | to V that
experienced advancing or retreating shoreline.

Sector | Il 1 v \Y

Advance 298 | 2.70 | 6.76 | 3.06 0.60

Reatreat | -1.46 | -2.81 | -7.89 | -3.63 | -2.81

5. Conclusion

This paper has presented an example of how
GNSS techniques (in this case the relative kinematic
GPS method) can be used to monitor the advance or
retreat of coastal areas. The area of interest, the district
of Matinhos, Brazil, is experiencing damage to
infrastructure from ocean erosion arising from advancing
or retreating shoreline.

Five GPS surveys were carried out in 2001, 2002,
2005, 2007 and 2008. Relative positions of the shoreline
and high-tide mark were mapped and changes in the
shoreline defined over one sector of the coastline. The
result was a series of thematic maps that are useful to
urban planning and coastal management authorities as
they provide tools for monitoring.

In the study area, it was found that tendencies
towards shoreline advance were more prominent than
retreat. Zones where the shoreline coincides with the
high-tide mark were identified, and in fact in some case,
these lines are in direct contact with engineering
constructions. Hence, the resulting maps show areas
where the coast may be expected to suffer erosion in the
event of storms.

However, this is not to say that the shoreline
will continue to advance over time, with the additional
need for more historical data and a longer-term period of
observation being important to reach and obtain more
accurate conclusions and predictions. GNSS-based
method thus offers a quicker, all-weather, highly
accurate and continuously updatable shoreline positional
time series relevant for monitoring and management
tasks undertaken by engineers and coastal authorities. Its
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disadvantages, however, is that it is only limited to small
monitoring regions such as the case of Brazil considered
in this contribution. For the countries such as Australia
with very long coastal lines, the application of GNSS-
based approach faces challenges of being time
consuming and may require high manpower thus
increasing the costs. Also, depending on coastal
characteristics, e.g., of escarpment and mangrove trees,
data collection using GNSS could be impracticable. In
such cases, other techniques such as LIDAR come in
handy. However, considering the case of Brazil where
the cost of undertaking a GNSS shoreline monitoring is
cost effective, the approach presented in this contribution
suffices.
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