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Preface

The following project is done in collaboration with Swedish Geotechnical Institute (SGI).
Established in 1944, SGI is an administrative authority in Sweden focusing on ensuring safe
and sustainable development. To reach the latterly mentioned objective, they aim at reducing
factors such as landslides and coastal erosion. In addition, SGI also aids municipalities and
external authorities with their expertise (SGI, 2023a). SGI is currently working on analysing
the aftermath as a result of Babet. In 2023, SGI have done LIDAR scanning of the coastal area
of Scania. This data, along with a LIDAR scanning from 2019 will be utilized in this study. In
addition, SGI has provided the author with GPS point data transects along the coast taken before
and after Babet.



Abstract

The majority of the coastal area of Scania is highly susceptible to sediment transportation. Due
to various influences which are both human induced and natural, the morphology of coastal
dunes often alters. Therefore, it is important to assess these changes, especially after major
cyclonic storms such as the storm Babet in order to get a comprehensive understanding of the
aftermath. The purpose of this study is to assess changes in sediment volume after storm Babet,
conduct a map quality assessment on the data used, as well as discuss various mitigation
strategies along the coastal area of 8 municipalities stretching from Vellinge to Sélvesborg.

Using GIS, Digital Elevation Models (DEMs) from 2019 and 2023 were
subtracted from each other, which yielded positive (accumulation) and negative (erosion)
values. These values were analyzed individually across two digitized zones that were split per
municipal border - zone 1 (from dune top to dune toe) and zone 2 (from dune toe to waterline).
Both zones were digitized based on images interpretation, with the help of visual data such as
HillShades and numerical data such as contour lines. However, it still yields some level of
subjectiveness. The study found that Ystad had the highest change in zone 1 (-4.33 m3/m) and
Bromolla the lowest (-0.01 m3/m). In zone 2, Simrishamn had the highest change (1.53 m3/m)
and Solvesborg the lowest (-0.16 m3/m). These variations are influenced by factors like sand
availability, strong winds, urbanization, mitigation strategies, vegetation, and soil type of the
specific area. Coastal areas consisting of pebbles, and vegetation resulted in less sediment
displacement than area consisting of sand grains.

A site-specific assessment was done remotely for Anton Fiskares Vag (Ystad)
and Rérum (Simrishamn), with volume change calculated per 1000 square meters and
visualized using Getis-Ord-Gi* HotSpot analysis. This provided a clearer picture of erosion
and accumulation patterns, indicating possible causes like wind patterns, barriers such as
fallen trees as a result of Babet, and tourism.

Map quality was assessed by comparing DEMs with manually collected
elevation data with high-precision coordinate points. It is concluded that the accuracy varied
depending on the location and the date of the manually measured RTK-GNSS points. This
alternation is influenced mainly by LiDAR errors but also altering environmental factors such
as tides and sediment displacement. Even though not all volume changes can be attributed
solely to Babet, it remains the most significant event between 2019 and 2023, influencing the
majority of the volume changes during this period. For more significant research, it was
concluded that continued site-specific volume change assessments and comparisons with
other methods are recommended for better dune identification and monitoring.

Keywords: Volume Change Assessment, Storm Babet, Sediment Transportation, GIS, LiDAR
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1 Introduction

The coastal area of Scania has crucial ecosystem functions in the form of dunes, vegetation,
and vulnerable species. For example, dune can act as a protective barrier against storm surges
and erosion, thus offering habitat for various species of flora and fauna (Sigren, et al., 2014;
Provoost, et al., 2009; Debaine & Robin, 2012). Therefore, coastal dunes are generally rich in
biodiversity. They also hold historical significance as the slow morphological process can tell
the history of past landscapes and climate change processes (Provoost, et al., 2009). However,
these features have changed more frequently since the 1900s century as a result of numerous
factors, including both human-induced and natural disturbances such as storm surges.
Overtime, this can make dunes unstable, decreasing their protective function and increasing
sediment transportation which in turn leads to destruction of nearby settlements and ecosystems
(Hesp & Martinez, 2007). Sediment transportation is a natural process that stems from erodible
sediments that are exposed to the flow of fluids, such as water or air, setting bed particles into
motion (P&htz, et al., 2020). Although the process is similar to erosion, it focuses solely on
movement of sediment, excluding the process of detachment and dissolution (The Geological
Society, n.d.).

Storm surges and sediment transportation are expected to become a more frequent issue
in the future (IPCC, 2021). This will also result in higher levels of destructiveness exhibited by
cyclones, a trend researchers attribute to human-induced climate change (Eyring, et al., 2021).
Numerous scenarios project a decrease in the number of storms with more intense precipitation
rates whereas others project no significant change in frequency making the future uncertain
(McDonald, 2011; Ranson, et al., 2014).

An example of extreme erosion of the coastal area occurred as a result of an extratropical
cyclone called “Babet” that hit numerous countries during October 2023. Urban areas near the
southern and southeastern coast of Sweden have been highly affected, as the sediment was
transported inland (SMHI, 2023a). The effect of this event is still present and the assessment
of it is still ongoing. Various governmental organizations and companies such as Swedish
Geotechnical Institute (SGI) are collaborating on data collection in Scania, Sweden with the
objective to compare the changes within the coastal area before and after Babet (SGI, 2023b).

As of December 2023, laser scanning of the affected coastal areas in Scania have been
conducted through a collaboration with SGI, the Land Survey, Swedish Forest Agency, and the
affected municipalities. The aim of the laser scanning was to gather general understanding of
the aftermath and to better detect the most affected areas (SGI, 2024a). As of now, it can be
concluded that the majority of Scania’s south- and east coast were affected by the storm,
showecasing at least 0.75 m sediment loss (SGI, 2024b). Nevertheless, a more thorough analysis
is needed to completely understand the aftermath of the storm and to compare the accuracy of
the newly generated elevation data. For this reason, this project will be carried out as a
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collaboration with SGI in order to assist in their ongoing efforts. Furthermore, it will emphasize
the importance of enhancing preparedness to build resilience against similar events and to
increase understanding of the consequences of the storm Babet.

1.1 Objectives

The primary aim of this project is to observe the sediment displacement along Scania’s south-
and east coast as well as assessing whether the change correlates with Babet or other factors.
The secondary aim is to assess the quality of the data used in this study. Through the use of
the available data, observations and analysis will be conducted through GIS.

The objectives for this study are to:

(1) Assess the sediment transportation within the beach area in m3/m.
(2) Find municipalities with highest and lowest erosion and accumulation values.
(3) Assess the availability of the data and how it affects the outcome of coastal change analysis.

Additionally, some possible solutions for the future are discussed. These are mostly based on
literature.

1.2 Hypotheses

(1) It is hypothesized that the difference between the digital elevation models from before
and after Babet is the highest in municipalities already prone to sediment displacement
such as Ystad and Simrishamn.

(2) Beach areas near towns or villages are assumed to be affected the most since human
activities can disrupt the natural processes of dunes reducing their protective
effectiveness against storms and erosion.

(3) It is expected that the coastal area in various places would experience erosion and
accumulation simultaneously as the result of sediment displacement.

2 Background

2.1 Storm Babet

During the span of 18-21st of October 2023, various parts of northern and Western Europe,
including the UK, Germany, Denmark, and Sweden, experienced an intense extratropical
cyclone storm named "Babet". This cyclone originated from the southeast of the Atlantic Ocean
(SMHI, 2023a). An extratropical cyclone can be defined as a cyclonic storm that forms in the
mid-latitudes in both hemispheres. It is the result of polar front jet stream and baroclinic
instability, which is the instability between the warm and cold air (Ahrens & Henson, 2018).



The storm can bring heavy precipitation and winds, as well as sea level fluctuations, attributed
to pressure differences, wind, and intensive waves (Olaoluwa, et al., 2022).

Babet was energized by a strong jet stream as well as the warm sea surface temperatures
from the Atlantic Ocean (Kendon, 2023). Consequently, it caused a rising of sea levels and
strong wind gusts (SMHI, 2023a; Kendon, 2023). For example, Denmark reported a water level
rise of up to two meters above mean sea level in various coastal areas, such as southern Little
Belt and Jutland fjords. This has marked Babet as the most violent storm in over 100 years in
the country (Brandt, 2023). Similarly in Sweden, the aftermath of the storm led to sea levels
exceeding 1 m above mean sea level, as observed in Simrishamn municipality where the water
rose to 1.26 m, causing damage to sections of the infrastructure (SMHI, 2023b). Overall, the
sea level rise has led to considerable erosion damage in the coastal regions of Scania, impacting
nearby settlements and land along the affected areas.

2.2 Sediment Transportation

As mentioned in chapter 1, sediment transportation involves the erosion of sediment from one
location and its subsequent accumulation in another. In order for sediment transportation to
occur, the exerted shear stress by the fluids must exceed the threshold shear stress of the
sediment (Pahtz, et al., 2020; Huertos, 2020). Factors such as grain size, density, and the
morphology of the particles can also determine the sediments susceptibility to erosion. For
instance, fine sediments tend to suspend in the water for longer periods and are therefore more
susceptible to displacement than coarser sediments (Huertos, 2020; Costa, 2016). These factors,
along with the velocity rate and depth of water, determine whether the sediment will be
transported as bedload or suspended load (Turowski, et al., 2010; Fondriest Environmental Inc,
2014). Generally, denser sediments tend to be transported through bedload. This means that
they are set into motion through rolling and sliding along the channel bed. On the contrary,
lighter particles that are transported as suspended load are buoyed by turbulent forces, allowing
them to travel longer distances without adhering to the channel bed (Turowski, et al.,2010;
Fondriest Environmental Inc, 2014; Costa, 2016).

Different environments may also influence the rate of erosion and transportation. In
marine areas for example, transportation is often driven by tides, surges, or waves whereas in
terrestrial environments, factors such as gravity and wind are the main contributors (Costa,
2016; Mitchell, 2020). In addition to this, the susceptibility of erosion is influenced by the
sediment’s placement. Sediments situated near barriers such as pebbles, bigger rocks, or
vegetation result in lower rates of erosion and transportation as they slow down the process. In
contrast, open landscapes with no barriers make the sediment less resilient (Sigren, et al., 2014).
Moreover, due to gravity, sediment situated on steeper hillslopes is more prone to displacement
compared to sediment located in gentle hillslopes (Attal, et al., 2014). Sediment transportation
rate is also linked to anthropogenic factors. Land cover changes have played a significant role



in shaping coastal dunes throughout the centuries. This has led to alterations in soil
characteristics, vegetation, and ecosystem dynamics (Provoost, et al., 2009). This alternation
can make dunes more susceptible to sediment transportation as they disrupt the natural
processes. This disruption can gradually lower dunes effectiveness in storm protection
(Martinez, et al., 2013).

2.2.1 Coastal Dunes

Coastal dunes, or sand dunes, are sedimentary structures situated at the interface of land and
ocean and can be a result of erosion. In the coasts of Scania, the dunes have a high variety,
ranging from being exposed nearer to the waterline to being fully vegetated with mosses and
lichens further away (Sandlife, n.d.). The structure of the dunes is generally shaped though
geological processes over centuries, tracing them back to past landscape dynamics and climate
change processes (Provoost, et al., 2009). This slow process is a result of repeated deposition
of sediment grains over an obstacle, such as sea vegetation and litter, causing the wind or water
velocity to decrease. This gradually results in grain accumulation and eventual formation of
dunes (Costa, 2016). Coastal dunes are often characterized by layers of sediments with larger
grain sizes which are inclined in the downstream direction, showcasing the deposition (Costa,
2016). Further, they vary in shape, size, and vegetation cover depending on their location and
their morphological processes. For example, dunes situated on the backshore are formed
through aeolian processes while dunes situated in coastal areas are formed through erosion
(Martinez, et al., 2013). The linear ridge situated parallel along the coastal area is called a
foredune and can range from 1 up to 20 meters, depending on the surrounding factors such as
wind (Hesp & Martinez, 2007).

Normally, dunes can act as a buffer against stormy conditions. However, during intense
storms, dunes are susceptible to erosion and sediment displacement due to increased water level
and intensity of waves. Consequently, this can result in flattening of dunes, displacing the
sediments offshore, alongshore, or inland, causing a risk to the nearby infrastructure. This
process can be further intensified near urban areas as increased urbanization diminishes the
dunes' capacity to shield against storm impacts (Martinez, et al., 2013). Dunes' vulnerability to
erosion does not only damage infrastructure settlements, but also nearby ecosystems and plant
species. Slight disturbances on a foredune can result in dieback of plants, whilst moderate
disturbance can remove vegetational zones and severe disturbance can result in erosion,
consequently rearranging species’ geographical position (Hesp & Martinez, 2007).

2.2.2 Ongoing Mitigation and Adaptation Strategies Against Storm Surges and
Erosion

Nature-Based Solutions



One of the most emphasized strategies against storm surges and erosion is dune restoration.
This involves reshaping of the dunes, restoring natural sediment dynamics as well as vegetating
the dunes which hinders the erosion process. Reshaping of dunes can be achieved by
constructing fences along the backshore, which can retain wind-blown sand and facilitate the
gradual formation of foredunes (Martinez, et al., 2013; U.S Climate Resilience Toolkit, 2024).
Alternatively, sediment can be transferred from the shoreline plane into the foredune. Other
strategies include modification of the pathways to the beach so that they are angled rather than
perpendicular (Martinez, et al., 2013; U.S Climate Resilience Toolkit, 2024).

Strategies revolving vegetational restoration involve dune planting. New roots from
native species can trap the wind-blown sand eventually leading to dune formation (State of
Florida, n.d). Locally, Ystad Municipality is implementing nature-based solutions such as
planting vegetation, re-creation of sand dunes by reshaping and fencing, as well as adding beach
nourishments. Beach nourishment, which is the process of adding sand to the beach, helps
maintain the shoreline and increases sediment availability. This ongoing project, done near
Sandskogen and Loderups coastal area, has proven to be successful in achieving its goals (Ystad
Kommun, 2024; Osterlen Syd, n.d.). Post Babet, Kristianstad Municipality has also started
planning on beach nourishment near Ahus, located southeast of Kristianstad city center
(Kristianstads Kommun, 2024).

Gray Infrastructure

Additional approaches aim to directly address the storm surges themselves. This can involve
the alternation of the environment with the help of physical structures such as storm surge
barriers or seawalls. The seawalls can protect the coastal area against storm surges and floods
(Horn, 2015; Mendelsohn & Zheng, 2020; Siegel, 2020). However, this approach comes with
high costs in regard to both construction and maintenance (Mendelsohn & Zheng, 2020).
Seawalls can come in a variety of forms and sizes, everything including concrete to brick
structures with heights ranging from five up to ten meters. The structure depends mainly on
local conditions such as wave height and wind speed (Siegel, 2020).

Alternative solutions include human-made dikes. They are typically built with material
such as sandy clay with a seaward slope which reduces wave action and erosion on the low-
lying areas (Siegel, 2020; RISC-KIT, n.d.). Hillblocks, which are alternative methods for sea
dikes, can also prevent flooding events. This new method is constructed with concrete blocks
with unique shapes that can reduce the wave impact on dikes. Hillblocks is becoming a
recognizable method, currently employed in different countries such as the Netherlands and the
United Kingdom (Siegel, 2020).

Gray infrastructure is currently being implemented in various locations within the study
area. For instance, Falsterbo, located in the southeastern part of the study area, is undergoing
construction of a sea-dike measuring 3 meters in height above sea level. The purpose of the
dike will be to protect Falsterbo from future sea level rise and prevent damage from cyclones,
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like Babet (Vellinge Kommun, 2019). Similarly, Trelleborg municipality is currently
developing a smaller dike system in the western area that will reach up to 1.5 m in height above
ground. Areas near other coastal settlements will also be investigated (Trelleborgs Kommun,
2023a). In Ystad, gray infrastructure such as piers, dikes, breakwaters are used as well with the
purpose of preventing erosion risks. This has resulted in decreased erosion within the protected
areas, but increased erosion outside of the protective areas (Ystad Kommun, 2024).

Soft Strategies

Other strategies involve the modification of human behavior, such as for example
implementation of early warning systems, which can enhance preparedness (1ISO, 2022). An
example of this can be shown in 2013 when the United Kingdom experienced a large storm
surge but did not suffer any significant damages due to the increased defense system. As a
result, over 10 000 homes were evacuated in Eastern England. This was thanks to the early
warning system called “UK Coastal Monitoring and Forecasting Service ", (UKCMF) (Horn,
2015). In addition to this, it is also crucial to mention the importance of shelters and evacuation
plans in order to reduce mortality rate during cyclonic events. This, in combination with early
warning systems, has been proven to be effective worldwide (Horn, 2015).

Other soft strategies include spreading awareness, collaborations, and including
adaptation into policies (1ISO, 2022; Climate ADAPT, n.d). An example of this is municipalities
such as Trelleborg which have released information to affected property owners and are
updating them about further actions after the storm Babet (Trelleborgs Kommun,
2023c). Furthermore, Trelleborg is monitoring the coastal area and conducting various risk
assessments regularly against various future scenarios (Trelleborgs Kommun, 2023b).
Similarly, Simrishamn has undergone risk assessments in the purpose of improving the
resilience of settlements and removing various parts of infrastructure such as stairs and activity
areas near the coastal area (Simrishamn Kommun, 2024a). Lastly, soft strategies also aim at
enhancing effective urban planning (ISO, 2022; Climate ADAPT, n.d.). An example of
effective urban planning can be the implementation of beach drainage systems which can lower
the ground water table beneath the beach area through the installment of buried drains. The
lowered groundwater can in turn create a thick layer of dried sand, which can hinder wave’s
ability to displace sediments (Fischione, et al., 2022).

2.3 Theory Behind Coastal Monitoring Through GIS

As mentioned in section 2.2.1, coastal dunes can contribute to significant destruction of nearby
settlements and ecosystems. The morphological alterations are often intense and heavenly
influenced by the weather conditions as well as waves and tides (Lysko, et al., 2023). For this
reason, monitoring morphological changes on the sand dunes is of utmost importance. This is
normally done using various methods including both ground measurements through the use of
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GPS, as well as remote sensing methods. These normally include the use of LIDAR (Light
Detection and Ranging) scanning or drone capturing which provide aerial imagery. In addition,
coastal areas can be measured from space, which provides satellite data. Satellites such as Earth
Observation Satellite can obtain coastal elevation data which can be analyzed for a larger scale.
In contrast, LIDAR data utilizes light from a pulsed laser in combination with other data such
as GPS-data points, in order to provide a three-dimensional image of the Earth, showcasing the
topography. Since LiDAR data is often collected from airplanes and helicopters, it can be used
for smaller scaled analysis (NOAA, 2023). If one wants to gather a visual representation of the
area, aerial images and orthophotos can provide a bird-eye view of the desired area on a small
scale, depending on whether the image is taken from an airplane, helicopter, or a drone.
However, the difference is that orthophotos have a uniform scale as the effect of tilt is removed
in comparison to aerial photography, minimizing distortions and showcasing the true
proportions of site (USGS, n.d.). Whether to utilize ground measurements, satellite, or aerial
based images depends on the scale of the study area as well as the aim. This is due to there
being advantages as well as disadvantages for all the latterly mentioned methods. The higher
the image is taken above the ground, the greater its susceptibility to atmospheric scattering and
distortions, which hinders image interpretation (Joshi, et al., 2020).

The most common way to monitor coastal morphological changes is to gather ground
data GPS measurements as well as digital elevation models of the desired area. These are mostly
acquired through LiDAR scanning, from which point-cloud data can be converted into DEM.
For example, a study done by Doyle & Woodroffe, (2018) identified dunes utilizing LIDAR
data within the south-east Australian coast. The LIiDAR data underwent classification into
multiple layers and was transformed into a TIN surface, revealing terrain details which in turn
facilitated the identification of features such as dunes. Furthermore, aerial imagery
complemented this process, further facilitated the identification of dunes.

On the other hand, there are several difficulties regarding remotely assessing coastal
changes that should be noted. Various factors, including time of day, cloud cover, wind, season,
and tides hinder correct interpretation of the data (Lysko, et al., 2023). For example, cloud cover
can impede the scanning process by absorbing incoming light. Furthermore, factors such as
shadows, commonly cast during the afternoon, can obscure the interpretation of affected areas.
Further is elaborated in the “discussions” chapter 5.

3 Materials and Methodology

3.1 The Study Area

The coastal area, located in Scania, southern Sweden, stretches from the county border of
Scania/Blekinge down to Falsterbo and is approximately 250 km long. It includes 8
municipalities in total including Vellinge, Trelleborg, Skurup, Ystad, Simrishamn, Kristianstad,
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Bromolla, and Solvesborg (see fig 1). The elevation ranges between 0 to 50 meters within the
study area. Moreover, the climate is shaped by both coastal and inland influences, characterized
by strong winds, little precipitation, and temperature variations (Persson, et al., 2012).
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Figure 1: The study area showcased by the red polygon. It should be clarified that the study area is
not fully representative of its true size.

The majority of the soil type within the coastal area of Scania consists of postglacial
sand. However, there are small occurrences of glaciolacustrine sediments, particularly in areas
above Simrishamn, as well as glaciofluvial sediments in Hammar, located outside of Ystad
(Esko, et al., 2000). Typically, postglacial sand are deposits characterized by different layers
showcasing the result of various processes, such as for instance aeolian, fluvial and glaciofluvial
(Shinn, et al., 2007). The formation is influenced by external factors such as sediment supply
and sea-level changes, and climate (Shinn, et al., 2007). Postglacial sand within the study area
typically consists of swell-sediments formed as a result from sea-level changes. In addition,
some of these sediments consist of gravel and pebbles (Esko, et al., 2000; Ising, 2022).
Moreover, glaciolacustrine sediments, caused by lacustrine processes, primarily consist of fine
to medium sand grains (Esko, et al., 2000). Lastly, glaciofluvial sediments consist of sand,
gravel, and stones which are deposited as eskers and deltas (Esko, et al., 2000; Ising, 2022).
The susceptibility towards erosion and sediment transportation depends on the grain size, soil
type, and whether the shoreline mainly consists of pebbles or sand (Ising, 2022). Fig. 2
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illustrates that the entire area is prone to erosion, with minor hotspots above Simrishamn, near
Ystad municipality, and Falsterbo, showcasing very high susceptibility to significant erosion in
loose soil layers. Fig. 2, acquired from SGU, is based on combined estimations from various
data and expert assessments (SGU, 2020).

N
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Figure 2: Coastal areas susceptibility to erosion in Scania, Sweden. Blue line showcases area not
susceptible to erosion, yellow line showcases beach with conditions conductive to erosion, purple line
showcases ongoing slow erosion on cliff areas and red line showcases ongoing erosion in loose soil
layers. Map acquired from Swedish Geological Survey (SGU), 2020.

The land cover near the coastal study area is diverse and varies from urban to forested
areas, as well as open landscapes. The most predominant land cover type is “open landscape
with vegetation”, however forested areas classified as mixed and deciduous forest can also be
observed. Additionally, due to the presence of several towns and settlements within the study
area, urban areas are also identifiable (Naturvardsverket, 2023).

3.2 Materials

3.2.1 Data
The following data was used in the analysis. Majority of the data below is provided by SGI, but
some data was also downloaded from Lantmateriet.

% Real time kinematic- global navigation satellite system (RTK-GNSS) points with x, y, and z
coordinates from years 2021-2023. Provided by SGI.

% Digital Elevation Model of 1x1 m resolution based on LiDAR data from the year 2019
(before Babet) and 2023 (after Babet). Provided by SGI.

% Aerial orthophotos with 25 m resolution from year 2022 made by Lantmateriet, acquired

from SCALGO Live

Municipality borders in polyline and polygon format acquired from SCB and Lantmateriet

K/
X4

)



Table 1 illustrates the names given to various datasets in the 3.3 section.

Table 1: Explanation of names given to the datasets in the following chapters.

Generated data Data type |Name given in following chapters
DEM depicting elevation change between year 2019 and 2023 Raster Substracted DEM

Zone displaying the area from dune top to dune toe Polygon |Zonel

Zone displaying the area from dune toe to waterline Polygon |Zone 2

Zone displaying entire beach area, from dune top to waterline  |Polygon |Beach area polygon

RET-GMSS points from years 2021-2023 Polygon |GPS point

DEM from the year 2023 Raster DEM 2023

DEM from the year 2019 Raster DEM 2015

Table 2 illustrates all the GPS points, their location as well as the date they were measured.

Table 2: lllustration of GPS points, their location as well as the date they were measured.

GPS5-point location Date
Falsterbo, Vellinge 2023-10-25
Falsterbo, Vellinge 2023-10-22
Falsterbo, Vellinge Mo Date
Falsterbo, Vellinge 2023-10-21
Falsterbo, Vellinge 2023-10-18
Falsterbo, Vellinge 2023-10-24
Laderup, Ystad 2023-10-30
Laderup, Ystad 2023-08-28
Laderup. Ystad 2023-06-28
Léderup, Ystad 2023-05-02
Laderup. Ystad 2023-02-23
Liderup. Ystad 2023-01-19
Laderup, Ystad 2022-12-19
Loderup, Ystad 2022-11-11
Laderup, Ystad 2022-10-26
Skurup 2021-09-01
Vik, Simrishamn 2023-02-07
Kampinge, Vellinge 2023-10-21
Ahus & Kivik, Simrishamn 2023-12-07
Kn#bédckshus & Kaseberga, Ystad and Simrishamn 2023-12-18
Mybrostrand & Abbekas, Ystad 2023-12-20

3.2.2 Software

The following software was used during the analysis.

¢+ ArcGIS Pro Software (2.7.0, 2020 Esri Inc.)
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«» Excel (Microsoft® Excel® for Microsoft 365 MSO (Version 2304 Build 16.0.16327.20200)

% SCALGO Live

3.3 Methodology

3.3.1 Coastal Monitoring Through ArcGIS

The following paragraphs under 3.3.1 describe the methodology behind the elevation change
analysis done in ArcGIS. Section 3.3.1.1 describes the digitizing and image interpretation
method whereas section 3.3.1.2 describes the methods of zoning and volume change analysis.

3.3.1.1 Digitizing Process

In order to conduct the analysis, polylines illustrating dune top, dune toe, and the waterline were
digitized manually. The reason for manually digitizing the polylines, rather than automating the

Visualization of dune top, toe, and waterline against a HillShade from 2023

Figure 3: Illustration of dune top, toe and waterline placements
over the eastern part of the study area, against a HillShade from
year 2023.

11

process through tools like iBluff
and CliffDelinia, is to yield a
higher precision, as dune tops
vary in length along the coast. In
addition, dunes in some areas
had a low elevation, while absent
in other areas. As numerous of
the aforementioned tools account
for bluffs and cliffs which are
usually high in elevations,
interpretation errors could arise.

When identifying dune
tops and toes, several factors
were considered, including slope
gradients, contour lines at 0.3 m
intervals,  orthophotos, and
HillShade derived from DEM
2019 and from DEM 2023.
Furthermore, DEM depicting
elevation changes between 2023
and 2019 was utilized. This
DEM shows both negative
changes (erosion) and positive
changes (accumulation) and was
acquired through the subtraction



of 2023 from 2019 DEM. Both visual (HillsShade and orthophotos) and numerical (contour
lines and slope) data facilitated the accurate identification of dune crests. Numerical data also
reduce the level of subjectiveness. The dune tops line was constructed from the 2023 DEM and
identified based on where the slopes were leveling out, as well as the highest contour line value.
To exclude the capturing of other topographical features rather than dune tops, the contour lines
typically did not exceed 20 meters of height. Similarly, orthophotos were used to maintain
spatial accuracy within the coastal area boundaries and to avoid encroachment into
infrastructure and vegetational areas. In contrast, dune toes were based on 2019 DEM and
identified at points where the slope data transitioned from steep to more level, and where
contour lines corresponded to elevations of approximately 0.9 to 1.2 meters. The reason behind
this was to have a margin above water level and to not capture the entire shoreline plane.
Regarding both dune top and toe, notice was taken to the subtracted DEM when digitizing. This
was done to ensure the capture of areas demonstrating the most significant changes in both
erosion and accumulation. Lastly, waterline was digitized mainly through orthophotos and
contour lines from 2023 DEM with elevation being equivalent to as low as 0,3 meters.
[llustration of finalized polylines are shown in fig 3.

Various maps were made for the purpose of showing areas with extreme accumulation
and erosion values. These maps were based on the subtracted DEM, which was classified into
five categories ranging from negative to positive values. Based on this data, two polylines were
digitized illustrating where accumulation exceeded 0.3 and 0.6 m, respectively. Additional two
polylines were also digitized based on areas where erosion exceeded the same values, i.e., 30
and 0.6 m respectively.

3.3.1.2 Conducting Volume Change Analysis
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Volume change assessment was conducted through zoning. First, a polygon representing the
entire beach area, from dune top
to waterline was created. The Illustration of Zone 1 and Zone 2
subtracted DEM was clipped into : F R o ‘

the beach area polygon. Since the
subtracted DEM shows elevation
values as floating points, it
cannot generate an attribute table
which is crucial for this analysis.
Therefore, the subtracted DEM
was multiplied by 10000, and
then transformed into an integer.
Consequently, an attribute table
could be created.

Due to the size of the
study area, it was decided to
calculate the volume change in
cubic meter/meter (m3/m) for
each municipality respectively.
To do this, a feature illustrating | Mg . Zone 1 (dunetop to dunetoe) “L

L ; Zone 2 (dunetoe to waterline)
municipal borders from o ana Tremasova
Lantmateriet was downloaded ;fglfeégff N
and harmonized into  Data from Lantméteriet (2022)

SWEREF99 TM projection. 0 . %% o'  02Klometers

Subsequently, the generated Figure 4: Illustration of zone 1 and zone 2 over the eastern side
of the study area

polylines (dunetop, dunetoe,
waterline) were divided to each concerning municipality. After this, they were created into two
additional polygons, as seen in fig. 4: one representing Zone 2 (the area between waterline and
dune toe), and another representing Zone 1 (the area between dune toe and dune top). The
subtracted DEM was later further clipped into Zone 1 and Zone 2 divided by each municipality.

To obtain correct elevation values in decimals, the subtracted DEM had to be divided
by 10000 and multiplied by the “count” field in the attribute table, which indicates how many
pixels were assigned to each value. The reasoning for multiplying the DEM values with “count”
field was to avoid getting an underestimate of the total elevation value, which potentially leads
to inaccurate volume calculations or misinterpretations of the overall topography. To get the
resulted value in cubic meters, the field was further multiplied by one, as the pixel size of the
subtracted DEM is 1x1 meters. From this calculated output, the sum of negative and positive
values was calculated, and divided individually by the total length of municipality which was
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based on the waterline polyline. The result yields a volume change in m3/m. These steps were
done repetitively for each municipality.

The paragraphs above provide a simplified overview of volume change assessment. A
more site-specific analysis was specifically done for small areas in Ystad and Simrishamn
municipality. This analysis involved calculating volume change per square meter (area). The
reasoning for this being that calculating volume change per m2 provides a more accurate
representation of the terrain's changes, as it accounts for the differing and uneven areas of the
polygon rather than solely estimating volume change per specified length along a coastal
stretch. For the site-specific analysis, beach area polygon was clipped into the latter
municipalities individually. This polygon was later subdivided into equal areas of 1000 square
meters (m2) and clipped further into zone 1 and zone 2. Then, positive and negative values were
extracted from the subtracted DEM in zone 1 and zone 2 respectively. Finally, zonal statistics
was used to calculate volume change for each area within the zone 1 and 2 polygons. The results
were later exported into MS Excel. Due to the output from this analysis containing a large extent
of data, it would be difficult to visualize the result. Therefore, a sample of 20 polygons were
chosen randomly in the east and south coast respectively. The summed elevation value for each
polygon within the chosen area was later divided by 1000 in order to get the change per m2.

As the aforementioned steps only yield a statistical result, a hotspot analysis
(Getis-Ord-Gi*) was conducted for visualization purposes. A hotspot analysis creates high and
low clustering values, where each cell, representing an elevation value, is compared to
neighboring cells. In order for a feature to be a statistically significant “hotspot”, it must have
a high value and be surrounded by other features that also have high values (ESRI, n.d.a).
Therefore, this analysis offers a more precise depiction of erosion and accumulation locations
rather than just using the subtracted DEM. The threshold for neighboring features was set to
ten meters in order to generate higher precision. Moreover, this tool generates z- and p-values
which tell whether the values are above (positive z-value) or below (negative z-value) the mean.
Similarly, p-value indicates whether the elevation change happened due to the random chance
alone (high p-value) or not (low p-value) (ESRI, n.d.b). This hotspot analysis was done for the
entire zone 1 and 2 respectively. The output generates three classes: coldspots (erosion), hotspot
(accumulation), and non-significant elevation changes. The hotspot analysis was not used in
any calculation of the volume change. The reasoning for this was that this analysis does not
consider all elevation changes, resulting in an underestimation of the actual elevation change.
Nevertheless, it serves a valuable purpose in visualizing sediment transportation in southern
and eastern coast.

3.3.2 Map Quality Assessment
As mentioned in the background section 2.3, LIDAR scanned data can generate interpretation
errors due to various reasons such as cloud cover. In order to evaluate the accuracy of the DEMs
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used, a map accuracy assessment was conducted. For this, ground data transect points gathered
through RTK-GNSS were acquired from SGI. These point data contain elevation as well as the
coordinates of where each point was taken. The dataset covers GPS points in the form of
transects along the study area, taken at different dates before and after Babet. Numerous points
showed negative elevation values as they crossed the waterline. To account for this, the
digitized waterline was used to erase all the points that crossed it. The tool “spatial join” was
used in order to join DEMs from 2023 and from 2019 to each transect. This tool joins the
elevation values based on the spatial relationship. The joint attribute table from each transect
was later exported into MS Excel, where further assessments were made.

For each transect, a scatter plot was made to illustrate a visual relationship between the
observed values (transects) and the predicted values (DEMSs). In addition, R? values, showing
the statistical relationship between the dependent and independent values, were added to each
scatter plot. The closer R? is to 1, the stronger the relationship between the dependent and
independent values. Likewise, root mean square error (RMSE) was calculated for DEM 2023
and 2019 individually, in relation to each transect. The closer the value is to 0, the better the fit
(Olumide, 2023). Unlike other ways to summarize data, such as through the mean, standard
deviation, and maximum error, RMSE is used to evaluate DEMSs accuracy and precision in
relation to the GPS points (Polidori & EI Hage, 2020; Alganci, et al., 2018).

4 Results
4.1 Volume change Assessment

Fig. 5 is displayed as a visualization map, showing eroded areas by 0.3 m and higher above the
sea level. The zoomed in locations are examples of areas most affected by erosion. It can be
seen that the majority of the study area experienced a negative change in elevation, with minor
gaps in the southeast, southwest, and northeast regions. The example areas in Simrishamn (1.)
and Vellinge (2.) municipalities have significant changes throughout the majority of the coastal
area in the zoomed in locations whereas Ystad (3.) has minor changes. Moreover, there seems
to be an even recurrence between erosion exceeding 0.3 m and erosion exceeding 0.6 m in all
three zoomed in example areas.
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Figure 5: Map of Scania displaying areas where sediment eroded by > 0.3 m (red line) and > 0.6 m (black

line), depicting three example areas of Simrishamn, Vellinge, and Ystad municipalities as zoomed in
illustrations.

Similarly to fig. 5, fig 6 is displayed as a visualization map. It can be seen that positive elevation
changes cover the majority of the study area as well. However, Bromdlla and Soélvesborg
indicate little to no accumulation above 0.3 m. It can also be seen on the zoomed in aera of
Simrishamn (1), Vellinge (2.), and Ystad (3.) municipalities that there is a variation between
accumulation exceedances. It can be observed that accumulation of 0.3 m is more recurring
than that of 0.6 m all the zoomed in areas in the map. Furthermore, Havéng and Falsterbo seem
to be consistent with erosion and accumulation amounts in both fig 5 and 6, whereas
Nybrostrand varies. Nybrostrand experiences more accumulation than erosion which can be
seen in fig. 6.
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Figure 6: Map of Scania displaying areas where sediment has accumulated by > 0.3 m (red line) and > 0.6 m
(black line), depicting three example areas of Simrishamn, Vellinge, and Ystad municipalities as zoomed in
illustrations.

Table 3 shows volume change in m3/m within different municipalities in zone 1. Overall, Ystad
has the highest accumulation and erosion values of -4.33 m3/m in zone 1. In contrast, Bromélla
has the lowest accumulation and erosion values of -0.01 m3/m in zone 1.

Values for erosion and accumulation within municipalities alter significantly, although

it can be observed that all municipalities have higher values of erosion than accumulation,
making the total volume change negative.

Table 3: Volume change in cubic meters per meters (m3/m) for all 8 municipalities in zone 1 situated
within the study area.

Municipality (zone 1) Accumulation (m3/m) Erosion (m3/m) Total (m3/m)

Vellinge 1.95 -3.94 -1.99
Trelleborg 0.77 -3.16 -2.39
Skurup 0.56 -4.52 -3.96
Ystad 2.66 -6.99 -4.33
Simrishamn 1.71 -2.45 -0.74
Kristianstad 0.43 -2.02 -1.59
Bromolla 0.08 -0.09 -0.01
Solvesborg 0.22 -0.73 -0.51,
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Table 4 shows volume change in m3/m within different municipalities in zone 2. Similar to table
2, Ystad exhibits the highest values in both accumulation and erosion values. However, due to
the similarity between erosion and accumulation values, these balance each other out. This
results in Ystad being one of the municipalities with the least overall change of -0.36 m3/m in
zone 2. In contrast, Simrishamn has the highest positive total change out of all the
municipalities of 1.53 m3/m and Kristianstad has the highest negative total change of -1.14
m3/m. Additionally, it can be observed that Sélvesborg municipality displays the lowest
changes in accumulation and erosion values as well as lowest overall changes of -0.16 m3/m.
Unlike zone 1, the overall change between the municipalities varies between
accumulation and erosion. Ystad, Kristianstad, Bromdélla, and S6élvesborg experience loss of
sediment while Simrishamn, Skurup, Trelleborg, and Vellinge experienced accumulation.

Table 4: Volume change in cubic meters per meter (m3/m) for all 8 municipalities in zone 2 situated
within the study area.

Vellinge 1.13 -0.75 0.38
Trelleborg 1.22 -0.95 0.28
Skurup 1.66 -0.47 1.19
Ystad 3.14 -3.50 -0.36
Simrishamn 3.00 -1.47 1.53
Kristianstad 1.33 -2.48 -1.14
Bromdlla 0.10 -0.71 -0.60
Solvesborg 0.08 -0.24 -0.16

Fig. 7 illustrates the area of Rorum where the site-specific analysis was conducted. It can be
seen that the area near the shoreline plain exhibits higher accumulation than area near the dunes,
which experiences less accumulation and less significant change overall.
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Figure 7: HotSpot analysis conducted on the area of ROrum, Simrishamn, showcasing areas of
significant erosion (red) and accumulation (blue) as well as areas with no-significant changes (light

gray).

Fig. 8b shows the volume change assessment in the unit of m3/m2 in zone 2 in Rorum,
Simrishamn. It can be seen that the accumulation is generally higher than erosion, which mostly
stays constant and near zero. In contrast, fig. 8a, which shows zone 1 in the same area, has a
more equal alternation between the positive and negative values. The highest values in both
zones are similar, showcasing the highest erosion value to be m3/m2 and highest accumulation
value to be 0.27 m3/m2. Likewise, the lowest value in both zones is equal to 0 m3/m2,
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Figure 8a: Displays a site-specific volume change assessment in zone 1 in the area of Rdérum,
Simrishamn Municipality, where Y-axis represents the volume change in m3/mz2.
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Figure 8b: displays a site-specific volume change assessment in zone 2 in the area of Rdérum,
Simrishamn Municipality, where Y-axis represents the volume change in m3/mz,

Fig. 9 shows the location of Anton Fiskares vdg, Ystad, where site-specific volume change
analysis was conducted. It can be seen that zone 1 and 2 exhibits similar accumulation and
erosion amounts. However, when comparing this to fig. 10a and 10b, zone 1 depicts higher
alternation between erosion values than zone 2.
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Figure 9: HotSpot analysis conducted in the area of Anton Fiskares vég, Ystad, showcasing areas of
significant erosion (red) and accumulation (blue) as well as areas with no-significant changes (light

gray).

Fig. 10a and 10b showcases a site-specific volume change analysis in cubic meter per square
meter in zone 1 and 2 conducted in Anton Fiskares vdg, Ystad. Fig. 10a illustrates higher
alternation in erosion than accumulation values, which are more constant and near 0. The
highest accumulation value is 0.35 m3/m?2 whereas the lowest is 0 m3/mz2. The highest erosion
value is near -0.60 m3/m2 whereas the lowest is 0 m3/mz.

Fig. 10b on the other hand depicts a higher volume change throughout the majority of
the area. The highest accumulation value is 0.32 m3/m2 whereas the lowest is 0 m3/m2. The
highest erosion value is -2.2 m3/m?2 and the lowest is 0 m3/m2.
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Figure 10a: Displays a site-specific volume change assessment in zone 1 in the area of Anton Fiskares
vag, Ystad Municipality, where Y-axis represents the volume change in m3/m2.
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Figure 10b: Displays a site-specific volume change assessment in zone 2 in the area of Anton Fiskares
vag, Ystad Municipality, where Y-axis represents a volume change in m3/mz,

4.2 Map Quality Assessment

22



It is important to note that not all scatterplots will be displayed under this chapter. For more
clarification, refer to chapter 8.2.

It can be seen in fig. 11 a and b that DEMs from both years in Falsterbo, Vellinge depict a good
linear relationship, with R2 values being relatively close to 1. The DEM from 2023 has a slightly
higher R2 value than the DEM from 2019, which is more scattered with outliers showing
between 2 and 4 meters. Moreover, both fig. 11a and b appear to exhibit a similar pattern: they
are initially linear, then gradually become more scattered before returning to the linear trend.

Falsterbo, Vellinge
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y =1.0057x - 0.0227
R%=0.9406

Digital Elevation Model (m) from 2023

Figure 11a: Scatter Plot depicting the relationship between predicted values (DEM from 2023)
against observed values (RTK-GNSS) in Falsterbo, Vellinge. The linear dotted line represents the
best fitted straight line between the predicted and observed values. Ground data measured in
2023-10-25.
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Figure 11b: Scatter Plot depicting the relationship between predicted values (DEM from 2019)
against observed values (RTK-GNSS) in Falsterbo, Vellinge. The linear dotted line represents the
best fitted straight line between the predicted and observed values. Ground data measured in 2023-
10-25.
Fig. 12 a and b depict the relationship between predicted and observed values in Vik,
Simrishamn. The scatter plot shows a good linear regression for both DEMs with R? values
being 0.94 and 0.97. DEM from 2023 has a slightly higher R? value than DEM from 2019. It

can be seen in fig. 12b that it is more scattered between 10 to 16 meters than fig. 12a.
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Figure 12a: Scatter Plot depicting the relationship between predicted values (DEM from
2023) against observed values (RTK-GNSS) in Vik, Simrishamn. The linear dotted line
represents the best fitted straight line between the predicted and observed values. Ground
data measured in 2023-02-07.
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Figure 12b: Scatter Plot depicting the relationship between predicted values (DEM from
2019) against observed values (RTK-GNSS) in Vik, Simrishamn. The linear dotted line
represents the best fitted straight line between the predicted and observed values. Ground
data measured in 2023-02-07.

Fig. 13 a and b depict the relationship between predicted and observed data against GPS points
in Kadmpinge, Vellinge. It shows that both DEMs have a low linear relationship with R2 being
as low as 0.47 for DEM 2019 and 0.26 for DEM 2023. DEM 2019 has a higher R?

value and is less scattered than DEM 2023. Although, it can be seen that both fig. 13 a and b
have as big outliers as 1 meter from the trendline. These outliers are, however, situated in
different places on the figures.
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Figure 13a: Scatter Plot depicting the relationship between predicted values (DEM from
2023) against observed values (RTK-GNSS) in Kampinge, Vellinge. The linear dotted
line represents the best fitted straight line between the predicted and observed values.

Ground data measured in 2023-10-21.
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Figure 13b: Scatter Plot depicting the relationship between predicted values (DEM from
2019) against observed values (RTK-GNSS) in Kémpinge, Vellinge. The linear dotted
line represents the best fitted straight line between the predicted and observed values.

Ground data measured in 2023-10-21.

Fig. 14 a and b depicts the relationship between predicted and observed values in Loderup,
Ystad. Here, the scatter plot shows higher R? values than fig. 13a-b, but lower values than fig.
11a-b and 12a-b. R2in DEM 2019 is higher than in DEM 2023. When comparing this to fig.14a,
it can be seen that the points are significantly more dispersed throughout the whole graph
showcasing a more altering elevation in the area.
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Loderup, Ystad
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Figure 14a: Scatter Plot depicting the relationship between predicted values (DEM from 2023)
against observed values (RTK-GNSS) in Léderup, Ystad. The linear dotted line represents the
best fitted straight line between the predicted and observed values. Ground data measured in
2023-02-23.
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Elevation derived from RTK-GNSS measurements (m) measured in 2023-02-23

Figure 14b: Scatter Plot depicting the relationship between predicted values (DEM from 2019)
against observed values (RTK-GNSS) in Léderup, Ystad. The linear dotted line represents the
best fitted straight line between the predicted and observed values. Ground data measured in

2023-02-23.

Table 5 indicates that DEM from 2023 in Kdmpinge has the highest RMSE value (0.70), while
Ahus has the lowest (0.26). This trend can also be seen in fig. 15, showing that Kampinge has
more scattered values, and hence a lower relationship between observed and predicted values.
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In addition, it can also be seen that Kémpinge has the lowest R2 value of 0.26, which further
confirms the weak relationship between the predicted and observed values. In contrast it can be
seen that Ahus has one of the highest R2 values which confirms the strong relationship between
the predicted and observed values.

In comparison, the DEM from 2019 demonstrates that Vik has the highest RMSE
value (0.76) and as well as the highest R2 value (0.95) indicating that there is a strong
correlation but high difference between the DEM and GPS points. On the other hand, Skurup
has the lowest RMSE (0.32), but a significantly high R2 value (0.82). In contrary, Kdémpinge
has the lowest R2 (0.47) value and a significantly high RMSE value (0.62) signifying weak
both relationship and indifference between the DEM and GPS points.

Table 5: Illustration of root mean square error (RMSE) and R2 values for each GPS point location
against DEM from 2023 and 2019

GPS points Location, Date (YYMNDD)

Skurup, 210901

Vik, 230207

K&mpinge, 231021

Ahus, Kivik, 231207

Kndbackshus, Kdseberga, 231218

Nybro, Abbekés, 231220

RMSE

0.51

0.48

0.70

0.26

0.44

0.35

R"2

0.63

0.98

0.26

0.95

0.91

0.92

Digital Elevation Model (Year)

2023

2023

2023

2023

2023

2023

RMSE

0.32

0.76

0.62

0.57

0.68

0.63

R"2

0.82

0.95

0.47

0.83

0.77

0.81

Digital Elevation Model (Year)

2019

2019

2019

2019

2019

2019

In comparison to table 5, table 6 indicates overall higher RMSE values, showcasing a higher
difference between observed and predicted values in Loderup, Ystad. The highest RMSE value
for DEM 2023 is depicted on the GPS points taken on 19th of December 2022, whereas the
lowest is on the 30th of October 2023. The highest R2 value is shown on the GPS points from
30th of October 2023, and the lowest is shown on GPS points from 28th of august 2023. This
means that the correlation between the predicted and observed values is strongest and the
differences are lowest on the GPS points from 30th of October 2023.

The highest RMSE for DEM 2019 is shown on the 30th of October 2023, whereas the
lowest value is shown on the 11th of November 2022. Similarly, the highest R? value is shown
on the 11th of November 2022 as well as on the 26th of October 2022 and the lowest R? value
is shown on the 30th of October 2023. Overall, this shows that GPS points measured on 30th
of October 2023 show the lowest correlation and the highest difference between predicted and
observed values against DEM 2019. Whereas GPS points measured on the 26th of October
2022 have the strongest relationship and the lowest difference between the predicted and
observed values.
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Table 6: lllustration of root mean square error (RMSE) and R2 values for each GPS point location
against DEM from 2023 and 2019 in Loderup, Ystad

GPS points in Léderup, Date (YYYY-MM-DD)
RMSE

R2

Digital Elevation Model (Year)

RMSE

RA2

Digital Elevation Model (Year)

12023-10-30
0.58
0.88
2023
1.83
0.39
2019

2023-08-28
1.32
0.52
2023
1.32
0.65
2019

2023-06-28
1.32
0.57
2023
1.18
0.69
2019

2023-05-02 | 2023-02-23 [2023-01-19
1.27 1.21 1.43
0.59 0.64 0.53
2023 2023 2023
122 1.29 1.06
0.62| 0.71] 0.69
2019 2019 2019

2022-12-19
1.38

0.67

2023

1.15

0.65

2019

2022-11-11
1.42
0.55
2023
0.83
0.81
2019

2022-10-26
1.36

0.54

2023

0.96

0.81

2019

Table 7 indicates a low overall RMSE values for both DEM 2023 and 2019 while R? values are
higher for DEM 2023 than DEM 2019 in Falsterbo, Vellinge. It can be seen that for DEM 2023,
GPS points measured on 18th October 2023 have the highest RMSE value while 24th October
2023 has the lowest. R? value is highest on the 24th of October 2023 and lowest on the 18th of
October 2023. Overall, GPS points measured on the 24th of October 2023 have the strongest
correlation and the lowest differences between the observed and predicted points whereas 18th
of October 2023 have the lowest correlation and highest difference between the points.

For DEM in 2019, the highest RMSE value is shown on the 21st of October 2023
whereas the lowest RMSE value is shown on the 25th of October 2023. Similarly, the highest
R2 value is also demonstrated on 25th October 2023, while the lowest is shown on the 21st of
October 2023. This means that 21st of October exhibits weak relationship and high indifference
between the values whereas 25th October exhibits strong relationship and more similarity
between the DEM and GPS points.

Table 7: llustration of root mean square error (RMSE) and R2 values for each GPS point location
against DEM from 2023 and 2019 in Falsterbo, Vellinge

GPS points in Falsterbo, Date (YYYY-MM-DD) |2023-10-25 |2023-10-22 |N.D 2023-10-21 |2023-10-18 |2023-10-24

RMSE 0.24 0.30 0.27 0.58 0.85 0.22
RA2 0.94 0.91 0.92 0.90 0.71 0.98
Digital Elevation Model (Year) 2023 2023 2023 2023 2023 2023
RMSE 0.36 0.66 0.54 1.71 0.74 0.66
RA2 0.89 0.73 0.79 0.40 0.77 0.86
Digital Elevation Model (Year) 2019 2019 2019 2019 2019 2019

5 Discussion

5.1 Discussion of The Results

5.1.1 Discussing Volume Change Assessment
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Overall, it can be seen from figures 5 and 6 that the majority of the coastal area is affected by
either accumulation or erosion values above 0.3 m. The most significant changes can be seen
in the east coast area. The observation is further supported by table 4, showing that Simrishamn
and Kristianstad municipalities have one of the highest volume changes per meter. Notably,
there are several other municipalities experiencing noteworthy positive and negative changes
including Ystad, Skurup, Trelleborg and Vellinge. As can be seen in SGU’s map in fig. 2, the
majority of Scania’s coastal area is in condition conducive to erosion. This is especially seen in
municipalities such as Vellinge, Ystad, Simrishamn, and Kristianstad which have certain areas
very susceptible to sediment displacement. When comparing the results from table 3 and 4 to
the first statement in the hypothesis, it is safe to say that Ystad and Simrishamn are two of the
most affected municipalities, showcasing one of the highest total volume changes. It was
observed from the orthophotos that the coast in the aforementioned municipalities consist
mainly of loose sediments such as sand, which is mainly situated in the environment without
any barriers such as larger rocks and pebbles. If there are no bigger barriers present and the
threshold shear stress of the sediment is exerted, there is a higher opportunity for the sediment
displacement to occur as mentioned in the background. In contrast, Bromélla and Sélvesborg
exhibited the least significant change, as shown in tables 3 and 4. According to the orthophotos,
Bromolla and Sélvesborg have a coastal area consisting of vegetation, bigger rocks, and pebbles
rather than bare sand. Due to the increased presence of barriers and vegetation, which slows
down the erosion process, it can be seen that these municipalities experience lower amounts of
elevation change per meter. Another
factor could be the reduced presence of
sedimentary particles which naturally
contributes to lower rates of sediment
displacement. As depicted in the
orthophoto in fig. 15, the majority of
Bromolla and Solvesborg does not have a
coastal area with a beach. Instead, the
coastal area is predominantly
characterized by vegetation mixed with

rocks and soil that leads out into the water. Figure 15: Illustration of the coastal area of Ostersjovagen,
Bromdlla municipality. Data acquired from SCALGO live,

When  comparing  Bromdlla  and 2022, downloaded from Lantmateriet.

Solvesborg to SGU’s map in Fig. 2, it is

also evident that these areas are not classified as having a coastline prone to erosion.
Additional factors that can contribute to increased accumulation and erosion values

within the study area are human influence, other extreme weather events, wind patterns, or

washed-up vegetation such as seaweed. As written in the background, expansion of human
activity and urban settlements can lead to weakening of dunes, promoting an increased risk of
erosion. Further, mitigation strategies such as beach nourishments or washed-up seaweed can
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lead to morphological changes and sediment displacement. For these reasons, even though
Babet was the biggest storm event between 2019 and 2023 and may have caused the majority
of sediment transportation, it is impossible to attribute every change solely to the storm,
introducing significant uncertainty into this study. Urban areas near the coast experience more
notable erosion and accumulation compared to areas near natural environments, as depicted in
appendix 1-6. The significant erosion and accumulation in urban areas supports the second
hypothesis. However, this hypothesis cannot be fully confirmed, primarily because the maps in
the appendix and chapter 4.1 do not provide a complete visualization of all urban areas.

Upon further comparison between table 3 and 4, it is clearly seen that zone 1
exhibits sediment loss for all the municipalities, whereas zone 2 exhibits a mixture of sediment
loss and gain. This variation can be attributed to the differing environmental characteristics of
these zones. Naturally, the dunes in zone 1 generally contain higher amounts of sand and
sediments that can be eroded than the plain shoreline in zone 2. Referring back to the
background, the sediments susceptibility of erosion depends on its placement. Erosion is more
prone in areas containing steeper hillslopes. This explanation aligns with the observation that
the dunes in zone 1, being tilted, show higher total erosion values in table 1. Conversely, the
shoreline plane in zone 2 is more affected by factors such as barriers, tides, and wave action.
Subsequently, if the presence of barriers is low, waves can either accumulate sediment or
displace it elsewhere. As the majority of the study area contains postglacial sand, which is a
denser particle, the majority of the sediment is being transported as bedload. As mentioned in
the background, sediment transported through bedload does not travel long distances and does
therefore not affect zone 1. Naturally, dominance of erosion and accumulation varies more
among the municipalities in table 4. Nevertheless, it is worth noting that volume change
assessment per municipal borders is a very holistic approach. Although it is a less time-
consuming method, it does not go into detail in showing the location of areas experiencing
significant elevation changes. Hence, it is difficult to draw conclusions on exactly where Babet
caused these significant changes.

When comparing this method to a site-specific analysis as depicted in fig. 7-9, it
is noticeable that erosion and accumulation occur simultaneously within the same area/zone,
which is also evident in tables 3-4. This simultaneous alternation between erosion and
accumulation within the same zone confirms the third statement in the hypothesis. This pattern
is clearly seen for each municipality to varying degrees, as well as in the site-specific analysis
fig. 7-8. On the other hand, the site-specific analysis, being applicable on a smaller scale, allows
for more accurate conclusions about the causes of erosion and accumulation in specific areas.
Coastal areas such as Rorum and Knébackshusen in Simrishamn have been hit by Babet,
resulting in tree fall and major parts of the beach being washed away (Simrishamn Kommun,
2024b). This change can also be seen in fig. 8a and 8b, where both zone 1 and zone 2 experience
varying accumulation and erosion values. Both fig. 8a and 8b show that accumulation values
are more fluctuating than erosion whereas erosion has higher values than accumulation. When
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combining this with fig. 7, it is seen that erosion is more persistent in both zones 1 and 2, with
certain areas experiencing significant accumulation. In these blue areas, the accumulation can
be attributed to the fallen trees in the area, creating barriers and slowing down erosion and
increasing accumulation. Sediment supply as a result of increased runoff and wave patterns is
an additional factor that can increase accumulation, especially near the shoreline plain (zone 2).
As mentioned before, another factor influencing the change could be human influence. Due to
Rorum being a popular beach destination, it may have led to land degradation over time. A
mixture of this, the fallen trees, wind, wave intensity, and damage of the dune slope, can lead
to these changes. In comparison with this, it can be noted in fig. 10a and 10b that Anton Fiskares
vag experiences a bigger alternation in erosion values in zone 1, which stays nearly constant in
zone 2. In addition, when comparing this to fig. 9, it can be seen that both zones 1 and 2
experience a major amount of sediment loss throughout the area. Anton Fiskares vdg is situated
near Hagestad which is a nature reserve and a popular tourism area, which can, similarly to
Rdérum, be another cause for extensive erosion. It is also seen in the orthophoto fig. 9 that Anton
Fiskares vag features a mix of vegetation and open spaces allowing for more erosion to occur.

Alternatively, due to Anton Fiskares vadg and Rérum being situated on the south and
east coast respectively, factors such as sediment composition, differences in vegetation and
wind patterns vary between the areas. This can explain the difference in volume changes
between these areas. For example, if the wind is blowing towards the east, the same erosive
sediment could have led to accumulation elsewhere. This is significantly seen in fig. 9, where
there seems to be a substantial amount of erosion throughout the majority of the area, and
accumulation in the eastern part possibly showcasing that there was a strong wind towards the
east, signifying a possible relation to the storm Babet.

Upon comparing the current method with the latterly mentioned study done by Doyle
& Woodroffe (2018), there seems to be similarities in the context of dune identification. Doyle
& Woodroffe also combined ground measurements data (RTK-GNSS points) with LiDAR data
in order to identify foredunes. However, the LiDAR data was acquired in a different way, and
provided a more accurate representation, eliminating errors such as environmental factors. In
addition, Doyle & Woodroffe also put higher emphasis on RTK-GPS transects when identifying
dunes, allowing for a more representative identification. Further, the latter study created a TIN
surface and preformed a more automated method for dune identification, combining diverse
tools and scripts in ArcGIS. Determining the superiority of one method over the other for this
specific study is challenging. While the methodology employed in this study was tailored to the
objectives set by SGI, Doyle & Woodroffe's semi-automated approach offers potential
advantages in terms of efficiency and standardization. However, it is still important to note the
suitability of each method depends on factors such as the study objectives, available resources,
and the desired level of precision.

5.1.2 Assessment of Availability of Data and Its Outcome
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Despite centimeter-scale variations between DEM and RTK-GPS data points, the precision of
the DEMs vary depending on the location and date. For example, it could be seen in fig. 11a
and b that Falsterbo, Vellinge have R? values close to 1 for both DEM from 2023 and 2019.
Whereas Fig. 13a and b depict the area of Kdmpinge, Vellinge has R? values closer to 0 for both
DEMs. This variation between uncertainties further highlights the difficulty to attribute every
change to Babet. For example, the scattering and outliers in fig. 13a and b can be explained by
poor RTK-GPS measurements or environmental conditions like shadows, slopes, or cloudy
conditions leading to precision errors in LiDAR data.

When comparing the dates of the RTK-GPS and DEM points, the closer the date of a
DEM is to GPS data points, the higher the accuracy tends to be for both RMSE and R2 values.
An example of this is seen in table 5, where DEM from the year 2023 shows significantly better
relationships than DEM from 2019 in areas such as Vik, Ahus, and Knabéckshus. The enhanced
relationship is due to the smaller elevation changes the closer the GPS dates and DEM years
are to each other. Furthermore, transects taken after Babet have a stronger relationship between
the RTK-GPS points and DEM values, especially with DEM from 2023 compared to transects
taken before Babet (see table 5-7). This further highlights the increase in spatial accuracy when
the RTK-GPS points are closer in date to the 2023 DEM. Especially since extreme storm surges
contribute to significant changes in elevation.

Tables 5-7 also depict areas with low spatial relationships against both DEM 2023 and
2019. These areas include Kdmpinge and Loderup with RTK-GPS points taken on dates 2023-
05-02 and 2023-01-19. This is an example of areas where connections with Babet cannot be
made due to higher uncertainty. On the other hand, Vik, Falsterbo, Ahus, Kivik, and Skurup
have good spatial relationships for both DEMs resulting in more accurate assumptions that can
tie these areas to the aftermath of Babet.

5.2 Mitigation Strategies
Referring back to the background chapter 2.2.2, it is evident that the majority of the

municipalities have ongoing mitigation and adaptation strategies against erosion and
transportation. However, when referring back to the results, it is evident that more suggestions
could be made. Municipalities with extensive sandy beaches, such as Ystad, Vellinge,
Simrishamn, Skurup, and Kristianstad, should prioritize implementation efforts. In contrast,
Bromolla and Solvesborg, which lack significant sandy coastal areas, should not focus as
heavily on these measures. Due to lack of implements from municipalities, many residents near
the affected areas have already started building protection barriers in order to protect their
homes post Babet (Hallin, et al., 2024). In order to ensure the safety of the infrastructure and
residents, nature-based solutions such as the latter mentioned dune restoration, reshaping, and
beach nourishments could be implemented. In addition to this, it is evident to combine this with
soft strategies, ensuring the availability of shelters, enhanced urban planning, and
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implementation of early warning systems. On the other hand, challenges such as lack of local
knowledge may arise, meaning that residents may not take the information and early warning
systems seriously (Horn, 2015). This highlights the importance of spreading awareness and
educating the locals in regard to future storms and flood events. The county board of Scania is
aiming at informing concerned municipalities about climate adaptation (Lansstyrelsen Skane,
n.d.). However, the question remains on how well this information reaches the locals. Different
campaigns can be implemented to gain the interest of the residents near the affected places.
Examples of these could be gardening campaigns, and plantation campaigns. Gray
infrastructure in the form of protective barriers should also be considered for areas with
elongated sandy beaches susceptible to erosion and accumulation, as well as floodings. As
mentioned in chapter 2.2.2, Vellinge and Ystad have ongoing and planned construction of
barriers and dikes. This is an effective method mainly against sea level rise and cyclones but
also a costly method to implement and monitor. Hence, considerations should be made whether
gray infrastructure is a good implementation. This will be discussed further below.

Similarly to gray infrastructure, continuous data collection can help the municipalities
with external expertise and possibility to engage in new projects. For example, two 15 meters
deep wave buoys in Kadmpinge have been set out. The purpose is to collect data on the
movement of the waves, which can yield information about the sea’s impact on the coast. Based
on the data, scientists can further help suggest future climate adaptation measures in Kaémpinge
(Mikulic, 2024). Other forms of data collection include regular drone flights, on-site
measurements, and LiDAR scans as recent data lead to coastal assessments done with higher
accuracy. As a result, this can lead to quicker identification of erosion-prone areas, enabling
faster implementation of mitigation and adaptation solutions.

Lastly, it is important to note the balancing between the aforementioned solutions as
they can contribute to negative outcomes as well. For example, while beach nourishment may
lead to reduced erosion in the concerned area, it can also result in increased accumulation in the
neighboring areas. The same outcome goes for solutions involving gray infrastructure. Barriers
protect the coast from floodings and sediment displacement, but at the same time they can
disrupt nearby ecosystems. In contrast, a trade-off should be considered for what would happen
if none of the solutions were implemented. Will the high cost of implementation exceed the
cost of destruction? For example, SEI (Stockholm Environment Institute), did a case study for
Kristianstad municipality proposing methods involving nature-based solutions, green
infrastructure, and policy solutions. It was shown that if this project was active today, nature-
based solutions such as beach nourishments and dune vegetation could have spared up to 9 m
of eroded beach in Kristianstad after Babet (Barquet, 2023).

Site-specific assessments of the coastal area are required in order to evaluate which
method provides the best fit from both economic, social, and environmental aspects (Hallin, et
al., 2024). For example, site-specific areas such as Anton Fiskares vag and Rorum (see fig. 7-
9) experience significant erosion and accumulation. Because these locations are popular tourist
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attractions, the presence of gray infrastructure would be unwise. On the other hand, it would be
evident to enhance the dune restoration to make the dunes more resilient against storm surges.
In order to draw accurate conclusions from site-specific measurements however, the data must
be recently collected, which once again highlights the importance of the previous paragraph.

5.3 Limitations

5.3.1 Methodology Regarding Coastal Monitoring

Although the methodology used is straightforward, it is very time consuming. It can also lead
to subjectiveness, as identification of dune top and toe is based on interpretation of both
numerical and visual data. This interpretation error varies depending on the visibility of dunes
in the coastal area. For example, the dune top appeared to be clearer on the coast consisting of
sand beaches and less clear in the coast consisting of rocks and pebbles. Besides, some of the
coastal areas did not have any sand dunes, as they consist of vegetation and cliffs or concrete.
This is especially the case for Bromélla and S6lvesborg municipality as well as areas near towns
and villages and can explain the minor change in elevation in these areas. Besides interpretation
errors, there are uncertainties in the data as well as some areas yield higher uncertainties than
others. Environmental factors such as obscured vision due to shadows, slope, weather
conditions, but also calibrations of the scanner can cause some laser points to be absorbed,
scattered, and not make it to the surface resulting in interpretation errors (Risbgl & Gustavsen,
2018)

As mentioned before, zoning is a very time-consuming method. Because of this there
was no time left for presentation of site-specific analysis throughout the whole study area.
Several methods have been created to automate the process of coastal monitoring and minimize
interpretation errors. Few examples of these methods are (1)iBluff, (2)CliffMetrics, and
(3)CliffDileniaTool, which are custom-made toolboxes focusing on accurately monitoring
coastal cliff analysis (1)Plaseanu-Lovejoy, 2023; (2)Payo, et al., 2018; (3)Swirad & Young,
2022). CliffDeliniaTool is a MATLAB/python-based script created by Swirad & Yung (2022).
The purpose of CliffDeliniaTool is to accurately identify cliff base and top positions on cross-
shore transects (Lysko, et al.,2023; Swirad & Yung, 2022). Similarly, CliffMetrics focuses on
delineating cliff top and toe positions, but basing this on geometric characteristics acquired
from the digital elevation model (Lysko, et al.,2023; Payo, et al., 2018). iBluff is an R-package
specially designed for assessing morphological analysis of coastal bluffs. It can identify bluff
tops, toes and other features such as bluff-face (Plaseanu-Lovejoy, 2023). A study conducted
by Leutzenburg, et al., (2023) utilized CliffDelinia toolbox in order to identify cliff top and toes
from 2007 and 2015 DEM within the entire coastal area of Denmark. Furthermore, the study
utilized a cluster analysis using “Spatially Constrained Multivariate Clustering" machine
learning tool in ArcGIS in order to detect differences in cliff morphology. This method yields
results in a similar way and requires less time.
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However, the question arises whether these alternative mentioned methods can identify
coastal dunes, which normally do not exceed 20 meters as mentioned in the background. If the
latter, another question arises regarding the applicability and accuracy of these methods if no
dunes are present. Additionally, it remains uncertain whether these methods yield better results.
For instance, the iBluff method requires a digitized polyline of the area between bluff top and
toe which once again leads to higher levels of subjectivity. To summarize, there are numerous
alternative ways to go around coastal monitoring. As subjectivity and interpretation errors will
always arise, the type of method to choose is a matter of suitability for the specified analysis.

5.3.2 Methodology Regarding Map Quality Assessment

It is important to note the uncertainties in the map quality assessment. As RMSE does consider
spatial distribution between observed and predicted values, it aids in assessing areas with higher
differences between the values hence giving them a value further from 0. However, RMSE does
not consider the spatial behavior of the DEMs such as the position and local error
autocorrelation (Polidori & Hage, 2020). RMSE is also sensitive to outliers, where larger
differences have an overall negative effect on the total value (Chai & Draxler, 2014). It is
however believed that the equations susceptibility for outliers is not significant in the results,
as the differences between the predicted and observed values are on decimal level.

Quality assessment has been utilized in several other studies, using validation
methods such as RMSE and R2. For example, a study done by Elaksher, et al., (2023) validated
the quality of LiDAR through comparing the data with ground survey heights with the help of
standard deviation and RMSE. Another study done by Hilgendorf, et al., (2021) aimed to assess
biological and morphic changes within foredunes while also evaluating the quality of the data
used. The quality assessment methods mentioned in this study included calculating the RMSE
of high-resolution terrestrial laser scanning against Kkite aerial photogrammetry and uncrewed
aerial systems. Comparing these studies reveals that RMSE is a popular choice for assessing
spatial errors. However, it is often combined with other validation methods. This is also the
case in the current study, which combines RMSE with R2. This approach confirms that while
RMSE is sensitive to outliers, it is effective for data quality assessment, especially when
combined with other validation methods like R2 to provide a more comprehensive evaluation
of accuracy. Alternative methods for DEMs accuracy assessment include Cohen's Kappa. This
method yields a value showecasing if the agreement between the values is better or no better
than random chance (McHugh, 2012). This method was considered but not conducted due to
considerably low agreements between the DEM and the ground data values which can result in
low kappa values.

Another limitation regarding the map quality assessment is the lack of RTK-GPS
points. As the acquired transect points covered the entire area, it is still difficult to draw
conclusions on DEMs quality and find all the areas where elevation change is more likely to be
correlated with Babet. For example, no quality assessment was done for Bromoélla and
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Solvesborg municipality, hence, no conclusions can be drawn about DEMs quality in these
areas.

As mentioned in chapter 5.3.1, LIDAR data do provide various uncertainties.
Everything from obscured vision due to shadows and tilted areas to light absorption. Lastly,
since LiDAR scans are typically not conducted continuously throughout the day, it can be
challenging to compare them with ground data as factors such as tides and erosion fluctuate
frequently. Therefore, these are often not accurate in comparison to the ground measurements
taken on the desired day.

5.3.3 Presenting the Results

Given the size of the study area, it is not possible to showcase the volume change in high detail.
Maps were made in a way for the reader to get an overview of areas experiencing erosion and
accumulation, however it is impossible to present this result in detail without overwhelming the
reader with maps. This limitation complicates a detailed interpretation of the results for the
reader and makes it challenging for the author to describe their significance. In addition, maps
showcasing the hotspot analysis had to be screen captured as the distinction between the colours
were not shown as clear when they were exported as layers in ArcGIS. This resulted in poor
quality of these images.

5.4 Future studies

This study promotes and proves that it is possible to work on similar assessments with newly
generated data. There are, however, possible ways to expand on this. The volume change
assessment shows a generalized volume change per municipal border. As previously
mentioned, dune morphology and elevation continuously change, leading to various outliers to
be present. However, these are generalized when analyzed per municipality. It would be evident
to continue conduction of a more detailed analysis focusing on site-specific areas. Suggestions
on this can be to merely focus on one municipality in order to gather data with higher accuracy.
Alternatively, one can try a semi- or fully automated method for dune top and toe identification
as mentioned above, such as iBluff, or CliffDelinia Tool and compare the differences between
the manual and automated methods.

Furthermore, the zoning polygons and volume change data can contribute to
future analysis regarding Scanias coastal area. For example, it would be interesting to compare
the morphology of the area from different years to detect areas more prone to change in the
future. It can also be interesting to investigate the projected sea level rise against the volume
change analysis. This information can also aid in enhancing resilience within the affected areas.
An example of this is depicted in a study by Mehrtens et al., (2023) who investigated coastal
dynamics by developing a semi-automated procedure for the remote identification of key dune
parameters and performing volume change analysis. The purpose of this analysis was to
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correlate the long-term development of coastal dunes with their potential for coastal protection,
particularly in the context of projected sea level rise and other climate change-related factors.

Another interesting aspect that could be further explored is whether ongoing
mitigation and adaptation measures are effective against larger storm surges, such as Babet.
While evaluating these strategies was not the aim of this study, it does touch on this topic to a
minor extent. Future research could expand on this by focusing solely on areas where mitigation
strategies have been implemented.

6 Summary and Conclusion

The study reveals simultaneous volume changes in dune areas (zone 1) and shoreline plains
(zone 2) across the entire study area, confirming the third hypothesis. It is also concluded that
Ystad and Skurup municipality have the highest total volume change, while Simrishamn has
the lowest in zone 1. Zone 2 shows that Simrishamn experienced the highest amount of
accumulation and Kristianstad experienced the highest erosion value. This outcome confirms
the first hypothesis stating that municipalities already prone to erosion such as Ystad and
Simrishamn will experience the most change. On the other hand, Bromdlla and Sélvesborg
municipalities demonstrated the lowest total volume change in both zones. These differences
can be due to the dynamic and environment of the coastal area, anthropogenic factors, as well
as interpretation and data errors, hindering correct interpretation of the dunes. Nonetheless, this
result fulfills objectives (1) and (2) as mentioned in the aim chapter 1.1.

While the first and the third hypothesis could be confirmed, the second hypothesis
remains inconclusive and could not be fully confirmed nor rejected. Although there is
observable significant erosion and accumulation near urban areas, the study lacks
comprehensive visualization of all urban settlements within the study area.

The quality of both DEMs is generally good in various places including Falsterbo,
Ahus and Kivik, but poor in areas such as Kdmpinge and Léderup. This alternation depends on
factors such as faults in digital elevation models as well as changes within the coast, such as,
tides, sediment displacement from previous storms, and urbanization. The latter fulfills the
objective (3) in chapter 1.1.

Lastly, it is concluded that the implementation of mitigation strategies varies
depending on the location as well as economic, social, and environmental factors. However,
further detailed analysis is needed in order to propose site-specific mitigation strategies.
Nevertheless, this study gives a generalized understanding of sediment displacement along the
Southern- and Eastern coasts of Scania, Sweden as a result of storm Babet.
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Referring back to chapter 5.3.3, it is hard to present the hotspot analysis across the whole study
area. In order to not overwhelm the reader with many maps, they were moved to the appendix.
The following maps in chapter 8.1 cover each municipality with 3 zoomed in example areas
showing the hotspot analysis. The maps try to capture the analysis in both urban and natural
surroundings.
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Appendix 1: llustration of HotSpot analysis over Vellinge municipality
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HotSpot Analysis for Zone 1 and Zone 2
== Frosion — Municipal Border (Solvesborg)
No Significant Change ™ unicipaities v

= Accumilation

By: Yana Tremasova
2024 .
SWEREFS3 TM N\

0,5 Kilometer:
Data from SCB (2022)

) 0.1 0.2 04 Kiometersjji ‘? : e . 015
Appendix 8: lllustration of HotSpot analysis over Sélvesborg municipality

8.2 Scatter Plots

Following the same reasoning as chapter 8.1, this chapter presents scatterplots done against
each GPS point (see table 2). These scatterplots are created to visually illustrate the locations
of outliers for each DEM, helping the reader understand the distribution and anomalies in the
data.
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Falsterbo, Vellinge
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Appendix 9: Scatter Plot depicting the relationship between predicted values (DEM) against observed
values (RTK-GNSS) in Falsterbo, Vellinge. The linear dotted lines represent the best fitted straight
line between the predicted and observed values for each year respectively. Ground data measured in
2023-10-22.
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Appendix 10: Scatter Plot depicting the relationship between predicted values (DEM) against
observed values (RTK-GNSS) in Falsterbo, Vellinge. The linear dotted lines represent the best fitted
straight line between the predicted and observed values for each year respectively. No date for when
ground data was measured.
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Appendix 11: Scatter Plot depicting the relationship between predicted values (DEM) against
observed values (RTK-GNSS) in Falsterbo, Vellinge. The linear dotted lines represent the best fitted
straight line between the predicted and observed values for each year respectively. Ground data
measured in 2023-10-21.
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Appendix 12: Scatter Plot depicting the relationship between predicted values (DEM) against
observed values (RTK-GNSS) in Falsterbo, Vellinge. The linear dotted lines represent the best fitted
straight line between the predicted and observed values for each year respectively. Ground data
measured in 2023-10-18.
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Appendix 13: Scatter Plot depicting the relationship between predicted values (DEM) against
observed values (RTK-GNSS) in Falsterbo, Vellinge. The linear dotted lines represent the best fitted
straight line between the predicted and observed values for each year respectively. Ground data

measured in 2023-10-24.
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Appendix 14: Scatter Plot depicting the relationship between predicted values (DEM) against
observed values (RTK-GNSS) in Loderup. The linear dotted lines represent the best fitted straight line
between the predicted and observed values for each year respectively. Ground data measured in 2023-

10-30.
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Loderup, Ystad
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Appendix 15: Scatter Plot depicting the relationship between predicted values (DEM) against
observed values (RTK-GNSS) in Léderup, Ystad. The linear dotted lines represent the best fitted
straight line between the predicted and observed values for each year respectively. Ground data
measured in 2023-08-28.
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Appendix 16: Scatter Plot depicting the relationship between predicted values (DEM) against
observed values (RTK-GNSS) in Léderup, Ystad. The linear dotted lines represent the best fitted
straight line between the predicted and observed values for each year respectively. Ground data
measured in 2023-06-28.
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Appendix 17: Scatter Plot depicting the relationship between predicted values (DEM) against
observed values (RTK-GNSS) in Léderup, Ystad. The linear dotted lines represent the best fitted
straight line between the predicted and observed values for each year respectively. Ground data

measured in 2023-05-02.
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Appendix 18: Scatter Plot depicting the relationship between predicted values (DEM) against
observed values (RTK-GNSS) in Ldderup, Ystad. The linear dotted lines represent the best fitted
straight line between the predicted and observed values for each year respectively. Ground data

measured in 2023-02-23.
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Appendix 19: Scatter Plot depicting the relationship between predicted values (DEM) against
observed values (RTK-GNSS) in Ldderup, Ystad. The linear dotted lines represent the best fitted
straight line between the predicted and observed values for each year respectively. Ground data
measured in 2023-01-19.
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Appendix 20: Scatter Plot depicting the relationship between predicted values (DEM) against
observed values (RTK-GNSS) in Loderup, Ystad. The linear dotted lines represent the best fitted
straight line between the predicted and observed values for each year respectively. Ground data
measured in 2022-12-19.
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Appendix 21: Scatter Plot depicting the relationship between predicted values (DEM) against
observed values (RTK-GNSS) in Ldderup, Ystad. The linear dotted lines represent the best fitted
straight line between the predicted and observed values for each year respectively. Ground data
measured in 2022-11-11.
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Appendix 22: Scatter Plot depicting the relationship between predicted values (DEM) against
observed values (RTK-GNSS) in Loderup, Ystad. The linear dotted lines represent the best fitted
straight line between the predicted and observed values for each year respectively. Ground data
measured in 2022-10-26.
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Appendix 23: Scatter Plot depicting the relationship between predicted values (DEM) against
observed values (RTK-GNSS) in Nybrostrand & Abbekas, Ystad. The linear dotted lines represent the
best fitted straight line between the predicted and observed values for each year respectively. Ground
data measured in 2023-12-20.
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Appendix 24: Scatter Plot depicting the relationship between predicted values (DEM) against
observed values (RTK-GNSS) in Skurup. The linear dotted lines represent the best fitted straight line
between the predicted and observed values for each year respectively. Ground data measured in 2021-
09-01.
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Ahus & Kivik, Kristianstad
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Appendix 25: Scatter Plot depicting the relationship between predicted values (DEM) against
observed values (RTK-GNSS) in Ahus & Kivik, Kristianstad. The linear dotted lines represent the best
fitted straight line between the predicted and observed values for each year respectively. Ground data
measured in 2023-12-07.

Kndbackshus & Kaseberga, Simrishamn & Ystad
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Appendix 26: Scatter Plot depicting the relationship between predicted values (DEM) against
observed values (RTK-GNSS) in Knébéckshus & Kaseberga, Simrishamn & Ystad. The linear dotted
lines represent the best fitted straight line between the predicted and observed values for each year
respectively. Ground data measured in 2023-12-18.
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