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1. Introduction 
The effects of climate change, primarily sea level rise, might cause an increase in coastal 

maintenance in the future. Nature-Based solutions, also referred to as Building with Nature solutions 

(BwN), are implemented to counteract erosion, stabilise coasts and ensure protection from flooding 

(Wilmink et al., 2017). Examples of BwN solutions are beach and shoreface nourishments (Wilmink et 

al., 2017). This internship project is part of a larger EU Interreg project: Building with Nature. The aim 

of BwN is to maintain the coasts using natural forces. 

Observations of applied BwN solutions indicate differences in nourishment behaviour along the 

North Sea Region (NSR) coasts. Analysing the observed behavioural differences of nourishments with 

respect to local coastal dynamics is a key part of the EU Interreg project. The project aims at 

generating the crucial knowledge needed for making the sandy coasts of the NSR more adaptable 

and resilient to the effects of climate change (Wilmink et al., 2017). 

The objective of this internship is to develop a tool to quantify different coastal characteristics. By 

using the profile measurement data, gathered by each partner in the EU Interreg project. Also, the 

results from this quantification are analysed. Furthermore, the quantification could result in a 

classification on coasts along the NSR with comparable characteristics. This information is useful for 

Coastal zone managers to compare different behaviour of nourishments. 

During this internship a dataset, containing the 

historical record of measured coastal cross-sections 

along the NSR coasts (Fig. 1), is analysed. Firstly, 

the datasets collected by the different partners, 

from Belgium, The Netherlands, Germany and 

Denmark, were made into 1 set (Chapter 2). There 

were several challenges before the data could work 

in one set, like changing the numbers used to 

identify each coastal area in the region and 

converting the data to the same structure. 

Morphological profile characteristics are defined 

and calculated for the transect profiles of the 

complete dataset (Section 3.1). After which the 

calculated characteristics are visualised in figures 

(Section 3.2). Additionally, the results are 

discussed, along with a comparison between different sections of the coast (Chapter 4). 

In Chapter 5, potential future analyses which can be done with this dataset are discussed. Finally, the 

uncertainties of the results are reviewed and some remarkable findings and errors in the database 

are listed (Chapter 6). An overview of the report structure is given in figure 2. 

 

Figure 2: An overview of the structure of the report. 
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Figure 1: Overview map of the study area, indicated in 

orange are the locations of all the measurement transects. 
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2. Making of one complete dataset 
The EU Interreg project: Building with Nature, is a collaboration between different agencies from 

Flanders (Belgium), the Netherlands, Lower-Saxony (German state), Schleswig-Holstein (German 

state) and Denmark. Each organisation carries out yearly measurements of coastal profiles along 

their part of the North Sea coast. This data is stored in different data structures. One of the 

objectives of this internship is to analyse the whole North Sea coastal region with the same method. 

The first step to accomplish this is to make one complete dataset with all the data in the same data 

structure, which is described in this chapter. 

2.1 MorphAn 
The profile data from the North Sea region can be analysed with MorphAn. MorphAn is an 

application developed to do coastal analyses. Rijkswaterstaat uses MorphAn for the morphological 

analysis of the Dutch coast. As MorphAn is an open source application, this tool can be used by 

everyone.  

MorphAn couples profile data, JARKUS files (* .jrk, text file with a certain structure), to certain cross-

shore transects along the coast, of which the location (coordinates) and orientation is described in a 

grid file (* .grd). The coupling between transect grid locations and the measured profile data is based 

on the coastal area name and number, stated in a coastal area definition file (*.csv). 

MorphAn is primarily developed for the analysis of the Dutch coast, consequently it is made to work 

with the Dutch data structure, JARKUS files (* .jrk), and transect grid files (*.grd). As the other project 

partners use different data structures to save their data, the other data cannot be analysed with 

MorphAn. However, the data can be converted to the JARKUS data structure and the grid structure 

used by Rijkswaterstaat. To make one usable dataset from all the data, the used coastal area 

numbers needed to be changed as well, as otherwise some numbers were used double and therefore 

MorphAn would not be able to read some data. Furthermore, the Danish data was combined into 

one coastal area for the whole Danish coast, which needed to be split into the original 6 coastal 

areas, based on the transect numbers. 

2.2 Old data structures to JARKUS format 
As each project partner saved the data in a different format, the data must be transformed to the 

same data structure to make a complete dataset which can be analysed with similar methods. It has 

been determined that all the data will be transformed to a JARKUS structure, used by 

Rijkswaterstaat, as MorphAn is compatible with this data structure. The data transformation tool was 

developed (Bregman, 2017), which was made to transform the data structure to the used JARKUS 

structure in MorphAn. 

Using the data transformation tool, all the data was converted from the old data structures to the 

JARKUS data format. For the data from Sylt (Schleswig-Holstein), a little adjustment to the tool had to 

be made, as the measuring date was sometimes also stated on the same line as the transect number. 

In the function F_SH_DataAlloc the following was changed: 

if  length(tokens{li})>=2 %data lines exists of more than 2 numbers  
        if  strcmp(tokens{li}(2), 'Bezeichnung' )==1 %recognize start of 

dataset by this word  

         
        data.rough.raainr{ds}=char(tokens{li+1});  

          
        %allocate metadata  
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To: 

 

if  length(tokens{li})>=2 %data lines exists of more than 2 numbers  
        if  strcmp(tokens{li}(2), 'Bezeichnung' )==1 %recognize start of 

dataset by this word  

         
            if  size(tokens{li+1},2) == 2 % Recognizing if this token only 

contains th e profile number  
                % or also the date of measurement, if both: only take the  
                % first cell into account which is the profile number  
                data.rough.raainr{ds}=char(tokens{li+1}(1));  
            else  
                data.rough.raainr{ds}=char(tokens{li+1});  
            end  

         
        %allocate metadata  

 

2.3 Grid files 
The grid files contain the position and orientation of the profiles of each coastal area. These files 

were also converted to a structure usable by MorphAn with the use of the data transformation tool. 

To be able to load all the measurement data into the same MorphAn project, the transect grid files 

from all the partners (*.grd) should contain coordinates in the same coordinate system. Therefore, 

the old coordinates in the grid files were transformed from the locally used coordinate system to the 

global coordinate system: WGS-84, EPSG: 3395. This transformation was done with the use of 

Python. 

2.4 Changing coastal area numbers & names 
All the data from the partners could be loaded individually into MorphAn after the JARKUS and grid 

data were transformed into the right structure. However, to load all the data into one MorphAn 

project, each coastal area should have a unique name and number. Unfortunately, this was not the 

case. The coastal area numbers were therefore changed to 8-digit numbers, based on the country 

code and locally used area number (Table 1). Some coastal area numbers in the JARKUS files were 

changed with the use of a developed MATLAB script, Omzetten_kv_num_jrk_files* (Appendix Script 

1), which could automatically identify the old area number and replace it with the new one. This was 

done for the data from the Netherlands, Flanders, Baltrum/Langeoog and Denmark. Other numbers 

were changed by transforming the old data again with the use of the data transformation tool and 

giving another in-/output  number. The coastal area numbers of the grid files needed to be changed 

as well. This was easily done by hand within excel. The same applied for the coastal area definition 

files (*.csv), as these files only contain a combination of coastal area numbers and coastal area 

names. 

The initial data from Denmark was grouped as if the whole Danish coast was one coastal area. While, 

the Danish partners use 6 coastal areas. Therefore, the dataset needed to be split into 6 different 

coastal areas based on the transect numbers, with each a unique name and number (Table 2). This 

splitting of the measurement data (*jrk) was done with the use of a MATLAB script, 

Omzetten_kv_num_jrk_files_Vestkyst (Appendix Script 2), which stored the data of the new coastal 

areas (with their new numbers) in separated JARKUS files. The names given to the coastal areas were 

based on local geographic areas. These names and numbers also needed to be changed in the grid 

file and the coastal area definition file (*.csv), which was done by hand. Note: Holmsland is a part of 

the coast which is measured in more detail (transects narrower spaced) and this area lies within the 
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Midtjylland (45000002) coastal area, indicated by the same coastal area number + one sub-number 

(the 9th digit). 

The data from Flanders consist of four coastal areas, but they are treated as one coastal area during 

this internship project: Middelkerke. Because they are very small areas and close to Middelkerke. 

Although, in the data each of these four coastal areas have their own number and name. Table 1 

contains the new coastal area name and number combinations and the coastal areas are ordered 

from south to north (west to east).  

Table 1: An overview of the coastal area names in combination with the coastal area number, ordered from south to north 

(west to east) 

 Coastal area names Coastal area numbers Abbreviation 

Flanders (Belgium) Middelkerke: 
 
- Westende-Bad 
- De Krokodille 
- Middelkerke-Bad 
- Middelkerke-Oost 

320000**: 
 
- 32000012 
- 32000013 
- 32000014 
- 32000015 

mdk 

The Netherlands Zeeuw-Vlaanderen 31000017 zws 

Walcheren 31000016 wal 

Noord-Beveland 31000015 nb 

Schouwen 31000013 sch 

Goeree 31000012 goe 

Voorne 31000011 voo 

Delfland 31000009 del 

Rijnland 31000008 rij 

Noord-Holland 31000007 nh 

Texel 31000006 tex 

Vlieland 31000005 vli 

Terschelling 31000004 ter 

Ameland 31000003 ame 

Schiermonnikoog 31000002 mon 

Lower-Saxony 
(Germany)  

Baltrum 49260040 bal 

Langeoog 49260050 lan 

Schleswig-Holstein 
(Germany) 

Sylt 49250107 syl 

Denmark Vadehavsoer 45000001 vad 

Holmsland 450000027 hol 

Midtjylland 45000002 mid 

Agger 45000003 agg 

Nationalpark-Thy 45000004 thy 

VigsoJammerbugten 45000005 vig 

Tannis-Bugt 45000006 tan 
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Table 2: The 6 coastal area names and numbers, plus the additional coastal area; Holmsland 

Coastal area name Coastal area number Transect range 

Vadehavsoer 45000001 6280 - 6970 
Midtjylland 45000002 4210 - 6270 
Holmsland 450000027 -  
Agger 45000003 4010 - 4170 
Nationalpark-Thy 45000004 3060 - 3670 
Vigso-Jammerbugten 45000005 1510 - 3050 
Tannis-Bugt 45000006 1010 - 1500 

 

Now that all the original data files are converted to the JARKUS data structure files, the grid files 

contain the coordinates in the same global coordinate system and each coastal area has a unique 

coastal area number and name, the profile data could be loaded into the same MorphAn project. 

With the use of MorphAn an overview map was made to indicate the locations of each coastal area 

on this page and the following two pages (Fig. 3). The full dataset now consists of 5840 transect 

locations. The measurements were done between 1874 ς 2017, which means that almost 150 years 

of measurements are available at some locations, although for most locations the consistent annual 

measurements were done since 1965 (see Section 3.1.3, Fig 9). In total the dataset contains 

approximately 135.000 measured transect profiles, leading to an average of a little more than 23 

profiles per transect location. 
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Figure 3: The locations of the coastal areas indicated in a map over 5 different windows. The 

abbreviations used are stated in Table 1. Only the coastal areas of which the transect 

measurement data was used are indicated. 














































































