"Zorbas" on Southeastern Sicily | Encyclopedia.pub

"Zorbas" on Southeastern Sicily

Subjects: Geology
Contributor: Giovanni Scicchitano , Giovanni Scardino , Sebastiano Tarascio , Carmelo Monaco , Giovanni
Barracane , Giuseppe Locuratolo , Maurilio Milella , Arcangelo Piscitelli , Gianfranco Mazza , Giuseppe

Mastronuzzi

Over the last few years, several authors have presented contrasting models to describe the response of boulders
to extreme waves, but the absence of direct observation of movements has hindered the evaluation of these
models. The recent development of online video-sharing platforms in coastal settings has provided the opportunity
to monitor the evolution of rocky coastlines during storm events. In September 2018, a surveillance camera of the
Marine Protected Area of Plemmirio recorded the movement of several boulders along the coast of Maddalena
Peninsula (Siracusa, Southeastern Sicily) during the landfall of the Mediterranean tropical-like cyclone (Medicane)
Zorbas. Unmanned autonomous vehicle (UAV) photogrammetric and terrestrial laser scanner (TLS) surveys were
performed to reconstruct immersive virtual scenarios to geometrically analyze the boulder displacements recorded
in the video. Analyses highlighted that the displacements occurred when the boulders were submerged as a result
of the impact of multiple small waves rather than due to a single large wave. Comparison between flow velocities
obtained by videos and calculated through relationships showed a strong overestimation of the models, suggesting

that values of flow density and lift coefficient used in literature are underestimated.

coastal boulders Zorbas Hydrodynamic

| 1. Introduction

Mediterranean hurricanes, also called Mediterranean Tropical Like Cyclones (TLCs) or medicanes, are warm-core
cyclones that develop over the Mediterranean Sea B4 with characteristics similar to tropical cyclones. Such
storms are constituted by rotating cloud systems characterized by gale force winds, severe precipitation, and a low
pressure center, accompanied by a spiral pattern of thunderstorms BIEIZIEIE Two specific areas appear to be the
favored locations for medicane genesis: the western Mediterranean 1911 and the central Mediterranean—lonian
Sea 1213l puring the last decades, the impacts of medicanes along the coasts of Mediterranean basin have
strongly influenced the human settlements, causing a lot of damage and casualties [14I15 Moreover, several
authors predict that, in the next future, climate changes could modify medicanes, decreasing the frequency of their
occurrence but increasing the strength of their impacts WUI8I7 | the last 10 years, two dierent medicanes made
landfall along the coast of Southeastern Sicily; the first one occurred in 2014 and was called Qendresa, and the
second occurred in 2018 and was called Zorbas. In September 2018, Medicane Zorbas impacted the lonian coasts
of Southeastern Sicily and was registered along the coasts of Apulia, Basilicata, and Calabria with minor energy
(18] Evidence of this storm event was observed along the rocky coast of the Maddalena Peninsula (Siracusa,

southeastern Sicily; Figure 1), where a surveillance camera of the Marine Protected Area of Plemmirio recorded
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several boulder displacements that occurred inside an ancient Greek quarry. This coastal sector is characterized
by the presence of important boulder fields, interpreted as evidence of the impact of severe storms and tsunami
events in the past 2220 Since 2009, the ancient quarry has been intensely monitored, using several survey
techniques, to identify and analyze boulder displacements with the main purpose to verify if storm waves could be

responsible for the movement of boulders which have been attributed to tsunami events 21,

A determination if storm or tsunami waves were responsible for the boulder displacements on coastal area has
been the object of considerable debate. Several studies agree that severe storms are generally able to displace
most of the small boulders found along coastlines all over the world [21[22][23][24]125][26][27] Some authors proposed
that, although boulder displacements occur both during storm and tsunami events, the main cause for movements
of the biggest boulders are probably tsunami 2227 |n contrast, other studies ascribe storms the capability to
detach and transport the boulders 28, A new debate has been recently opened on the number of tsunami events
reconstructed for the Mediterranean Sea. Marriner et al. 29 consider this number strongly overestimated,
contesting the attribution to tsunami of most of the field evidences described in the literature, and suggesting that

cyclical periods of increased storminess, driven by late Holocene climate changes, would be responsible for them.

Vétt et al. B2 replied to this theory disputing the tsunami DB and the statistical analyses used by Marriner et al. (211,

confirming the reliability of the literature in the definition of tsunami events occurred in the Mediterranean Sea.

The Mediterranean basin, due to the lack extreme events such as cyclones, has been considered an excellent area
for studies aimed to describe tsunami events 32, In the absence of observatories, the analytical approach for the
study boulder displacements has been the application of different hydrodynamic models (e.g., references 3334135
[36[37]) t0 estimate the main features of the wave responsible for the dislocation (Typology, Wave Height, Wave flow
velocity). To apply these models it is fundamental to acquire high-resolution data of the boulders (size, volume and
mass), but it is also very important to reconstruct (i) the scenario in which the movement occurred (joint bounded or
subaerial/submerged); (ii) the typology of movement (sliding, rolling/overturning, saltation/lifting); and (iii) the entity
of displacement. These parameters are often very complicated to deduct by field evidence B8189 Up to the
present, all the studies started from the assumption that the different position of a boulder, after and before an
extreme marine event, represents the effect of a single wave impact 294142l For these reasons, until now, it has

been very dicult to test the reliability of the hydrodynamic models in the description of the natural processes.

The aim of this work is to overcome this problem through the analyses of video recorded along the Maddalena
Peninsula. Given that video witness has never been used before to analyze boulder displacements, we defined a
methodology to reconstruct immersive scenarios, useful for georeferencing the images recorded in the video and to
accurately measure, from them, several important parameters such as the wave heights at time of impacts and the
wave flows at time of displacements. This kind of approach let us accurately test hydrodynamic equations, showing
a significant overestimation of them, probably due to an underestimation of important parameter, such as seawater
flow density and lift coefficient 43](441[45],
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Furthermore, the work provides evidence about the dynamics of boulder movements, suggesting that single wave
impacts are unlikely to be responsible for displacements, which normally occur as a result of multiple waves
impact, generating a turbulent flow able to nullify frictions. In addition, our work shows that some boulders,
previously interpreted as deposited by a tsunami event, have never been displaced in 10 years of monitoring, and
so accord with the hypothesis that only tsunamis could be responsible for the deposition of boulders with particular
features as dimension and shape.

- |
lonian Sea |
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Figure 3. (A) Orthophoto (Resolution 1cm/pxl) of ancient Greek quarry located in the northern sector of the
Maddalena Peninsula, the arrow shows the Monitoring Station. (B) Monitoring Station mounted on pole at 9m
height. (C) HDTV camera. (D) Unmanned Autonomous Vehicle (UAV) survey operations in the studied area, the

pole with Monitoring Station is also visible.

3.1. UAV Data and GIS Analyses
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The use of Unmanned Autonomous Vehicles (UAV), better known as drones, in various fields of geoscience has
increased during the last five years. In coastal geomorphology studies, UAV photogrammetry techniques have
been applied for flood estimation B[22 and for boulder field monitoring 223!, Since 2015, the area of study has
been seasonally monitored with UAV photogrammetry surveys in order to detect boulder movements inside the
Greek quarry sited in Maddalena Peninsula. Considering the large number of boulders displaced during the impact
of the storm generated by the Medicane Zorbas, we performed an UAV survey three days after the storm. The
survey was performed with a Multicopter NT4 Airvision (Studio Geologi Associati T.S.T., Catania, Italy) (Figure 3),
equipped with an High Definition camera (resolution 24Mpx, lens 16 mm, f3, 5-5, 6), that flew at 30m of altitude,
during four distinct flights, with a speed of 1.5 m/s.

In order to obtain an accurate georeferencing of the UAV data, we used the ground control point (GCP) net
installed in 2015 and composed of 40 benchmarks regularly spaced along the quarry area (Figure 4A).
Benchmarks positions were surveyed with real-time kinematic (RTK) GPS performing 1 h of acquisition for each
point of the net. Colored markers, visible from 30 m of altitude, were placed on the benchmarks (Figure 4B) before
realizing the flights. A total of 152 pictures were collected and processed using Agisoft Photoscan Professional
software version 1.4.0 (St. Petersburg, Russia) to obtain a high-resolution digital elevation model (DEM, 2 cm grid

cell; Figure 5A) and orthophotographs (1 cm/pxl; Figure 5B).

Figure 4. (A) Ground control point (GCP) net installed in 2015 and composed of 40 benchmarks regularly spaced

along the quarry area. (B) Detail of the colored markers positioned on the ground.
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Figure 5. (A) High-resolution digital elevation model (2 cm grid cell). (B) Orthophotographs (resolution 1 cm/pxl)
reconstructed by UAV photogrammetric survey.

These two products were integrated into the general Geo Data Base developed in 2009 and composed by (i)
orthophotos and DEM obtained by TLS (2009) and UAV surveys (2015-2018); (ii) orthophotos provided by
Regione Sicilia (2007, 2008, 2013); (iii) RTK-GPS data of boulder positions and displacements (2009-2018); and
(iv) a 3D model of all boulders dislocated inside the quarry since 2009. Morpho-topographic surveys were
performed every year and interpreted in the GIS environment (QGIS) through the digitalization of all the main
morphological features such as boulders, fractures, detached part of coastline, score marks and sediment
accumulations. These features have been compared with those extracted from the orthophotographs and DEM
obtained in the previous year to identify boulder movements or other changes in coastal landscape. As it is
possible to observe in Figure 6, several boulders were displaced in the studied area for effects of the impact of
Medicane Zorbas; some of these were already in the area and moved from their original position, while others were

detached from the infralittoral zone and deposited on the coastline.
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~—— Existing Fixed Boulders
~—— MNew boulde

Figure 6. Boulders edited in Quantum Geographic Information System (QGIS) from the Orthophoto reconstructed
after the impact of Medicane Zorbas; the boulders already present on the coastline and displaced by Zorbas are
marked in yellow, the boulders detached from the coastline and dispersed on the shore-platform by Zorbas are

marked in orange, and the boulders not displaced by Zorbas are marked in green.

3.2. Boulders Survey

Once identified in the most recent orthophoto, the new boulders dispersed on the coastline by the impact of
Medicane Zorbas have been surveyed with photogrammetry techniques to accurately calculate volume, dimension,
and organic encrustations. Pictures were collected with an High Definition camera (resolution 24Mpx, lens 16mm,
f3,5-5,6). Around each boulder, 38 benchmarks were positioned on the boulders and surveyed with a total station
for georeferencing the reconstructions of the blocks. Pictures and Benchmarks were processed in Agisoft

Photoscan Professional software version 1.4.0 (Figure 7A) to obtain high-resolution 3D surface of the boulders and
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then post processed in Rhino 6 (Rhino Software 6, Mc Neel Europe, Barcellona, Spain) to close holes and missed
surface and generate the final 3d model (Figure 7B). Determination of bulk density was carried out on rock
samples collected from the surveyed boulders. The volume of rock samples was determined through the
Instantaneous Water Immersion Method 2. The mass of each boulder was estimated as the product of boulder’s
density and volume. Density was assigned to each boulder on the basis of results of bulk density measurements as

well as considering its thickness and lithology (Table 1).

Figure 7. (A) Pictures (blue rectangles) and benchmarks (light blue flags) processed in Agisoft Photoscan

Professional software version 1.4.0. (B) Three-dimensional model of boulder B2 reconstructed with Rhino 6.

Table 1. Boulder features detected through photogrammetry surveys and laboratory analysis.
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o Volume (m?) Density Masses (kg) a-Axis b-Axis c-Axis a-Axis.
(kg/m?3) (m) (m) (m) Direction

BN  0.367 2080 763.36 1.8 0.95 0.3 N110E

B2 0.705 2080 1466.4 1.5 1.17 0.42 N120E

B3 0.828 2040 1689.12 1.9 0.96 0.45 N210E

B4 0.569 2070 1177.83 1.57 0.97 0.4 N190E

D 2.283 2040 4657.32 2.4 1.95 1

F 1.461 2040 2980.44 2.1 1.9 0.6 N354E

H 3.377 2040 6889.08 2.6 2.4 0.9

L 0.89 2040 1815.6 2.5 1.6 0.5 N338E

N 4.031 2040 8223.24 3.2 2.2 1.15 N281E

J 3.367 2040 6868.68 2.2 2.1 1.25

X 1.61 2040 3284.4 2.2 1.95 0.7

K 18.782 2200 41320.4 5.8 5.18 1.3 N159E

3.3. Video Editing

More than 7 h of consecutive video recorded on 28 September 2019 were analyzed, detecting 28 distinct boulder

movements occurred in the Greek quarry (Table 2). In particular, we focused on five boulders, for which a reliable
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identification in field and in the orthophoto was possible. Boulders B2, B3, B4, and BN were not present on the
coastline before the impact of Zorbas. Boulder K is a very large block, about 41 ton in weight, first displaced by a
storm in 2009 and moved again by the two medicanes (2014 and 2018). Videos highlighted the wave impacts on
the Greek quarry and showed the boulder movement that occurred in subaerial/submerged scenario. In the video
frames, the moment of boulder movements is visible, which occurred with a clear wet surface caused by a
continuous wave flow impacting. At the moment of boulder movement, wave flow assumed a turbulent motion with

main directions from SE and E, with subsequent backwash flow detected in different directions.

Table 2. Results of video analyses of boulder displacements detected in the Maddalena Peninsula.

No. Video Time Frame Boulder Movement Dynamics Found in Field Flow u (m/s)
1 14:21:37.221-14:21:50.945 Bl Sliding NO
2 14:29:32.769-14:29:44.885 Bl Sliding/overturning NO 2.012
3 14:31:08.964-14:31:13.264 B1 Overturning NO 1.71
4 14:33:11.857-14:33:16.157 B1 Saltation NO 1.29
5 14:35:32.948-14:35:36.648 B1_F Overturning NO 1.588
6 14:41:13.447-14:41:15.147 B1 Overturning NO 2.113
7 15:01:18.471 Bl Saltation NO
8 15:02:17.148-15:02:18.948 B2 Overturning NO 2.101
9 15:14:57.718-15:15:04.118 B2 Overturning NO 1.687
10 15:51:53.464 Bl F Saltation NO 1.783
11 15:52:46.083 B2 Saltation YES 2.101
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12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

15:57:57.546-15:58:02.145

15:59:05.542-15:59:07.342

15:59:16.666

16:05:17.440-16:05:24.040

16:08:04.024-16:08:34.941

16:16:17.351-16:16:23.504

16:16:57.984-16:17:05.536

16:18:08.880-16:18:13.080

16:26:28.971

16:28:04.317-16:28:14.854

16:28:30.688-16:28:44.506

16:31:27.882

16:31:30

17:41:35.526

17:42:45.483-17:42:52.613

B3

B3

B3

B3

B3

B3

BN

B3

B3

BT

BT

B3

B4

B4

Sliding

Sliding

Sliding

Overturning

Overturning/Sliding

Overturning

Overturning

Overturning/Sliding

Overturning/Sliding

Overturning

Overturning

Overturning

Sliding

Saltation

Saltation

YES

YES

YES

YES

YES

YES

YES

YES

YES

NO

NO

YES

YES

YES

YES

2.58

1.663

2.331

1.305

1.981

1.345

2.269
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27 17:49:26.616-17:49:36.252 B4 Overturning YES

28 18:16:30 B4 Sliding YES 2.525

Video analysis has been performed by means of Tracker software (Doug Brown, Cabrillo College, California, U.S.)
using as metric reference the measures of the quarry borders detected by TLS data and some other specific
features recognizable on the bedrock of the quarry (Figure 8). Metric references were selected very close to the
boulders displaced in the video in order to avoid issues related to perspective distortion that could induce
significant errors in the measurements of flow velocity. Videos were acquired with a frequency of 25 fps; detecting
a fixed point on the boulders in each frame, it was possible to assess the wave flow velocity, wave period, wave
height, velocity, and acceleration of boulders when they start to move. For boulders B2, B3, B4, and BN, we
selected the movement showing highest values of flow velocity as reported in Table 3. Boulder K moved just one
time, but, unfortunately, the presence of strong turbulence at that time did not permit us to evaluate the flow for
each frame of the video. In this case, velocity was calculated considering distance and time between two clearly
visible frames.
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Figure 8. Editing analysis of video frames during boulder movements through Tracker software. (A) Rolling of
boulder B2 at hour 15:02:00 UTC; (B) movement of boulder B3 at hour 16:16:00 UTC. In the red box diagrams are
showed the flow velocity estimations marked for each frame of the video.

3.4. Hydrodynamic Models

In the last few years, several hydrodynamic models have been proposed by different authors to describe boulders
displacement in coastal areas as result of the propagation of an extreme wave [28181]143]35][82] Nandasena et al.
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33 in particular, elaborated a model to calculate the flow velocity needed to start the movement of a boulder for
various dynamics of movement (sliding, rolling/overturning, saltation/lifting) and different pre-settings conditions of
the boulder (the joint-bounded-JB, subaerial/submerged-SB). At the present, the main limit for applying Nandasena
et al. 33 to field evidence has been that the dynamics of the movements were not certain but reconstructed

comparing the final position of a boulder with the previous position.

As exposed in the videos editing, the final position of the boulders, displaced during the Medicane Zorbas, is never
related to a single wave impact, but it is the result of several different movements that occurred in different
directions and with different amplitudes. In this case, we overcome this problem because, through the recorded
video, it was possible to extract, for each movement, certain information about the original position and pre-setting
condition of the boulder and the dynamics of the movement. Moreover, from video editing, we obtained values of
flow velocity at the time of movement of the boulders that could be directly compared with values estimated by
Nandasena et al. B3 model. This model has been applied to the five considered boulders in relation to five specific

movements recorded in the video (Table 3), in subaerial/submerged scenario:
sliding
u’ =2(p, / p,, — 1)gelp,cosf + sinb) /(Cale / b) + p, Cr)

rolling/overturning

2 _ 2(ps/pw — 1) ge(cos6 + (c/b) sine)
Ca (c2/b?) + C

saltation/lifting

2 2 (ps/’pw o 1) gc (CDS B)
Ci

in joint-bounded scenario

saltation/lifting
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02— 2 (ps/pw — 1) gc (COS 6 + g 5in 6)
G

where
u is the flow velocity needed to start the boulder movement;
ps is the density of the boulder;
pw is the density of the water (equal to 1025 kg/m3);
g is the gravity acceleration;
ug is the coefficient of static friction;
8 is the angle of the bed slope at the pre-transport location in degrees;
Cy is the drag coefficient (equal to 1.5);
a — b — c are the axis of the boulder, with the convention a > b > ¢;
C, is the lift coefficient (equal to 0.178).

Although some authors attributed to the wave flow the same density value for the seawater [28,29,31,32], recent
work [77] has demonstrated that flow density, resulting from a mix of seawater and sediments, should be estimated as
follow:

pm = (f*ps) + (fv + pw) ®)

where p,, is the average density of the seawater and sediment mix, f,, is the seawater fraction by volume between 0
and 1, fs is the sediment fraction by volume between 0 and 1, pw is the density of clear seawater (1.025 g/cm?3), ps is
the sediment density, and f,, + fg = 1.
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