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1 INTRODUCTION 

1.1 Foreword 

The integrated coastal zone management, seen as the basic support to all those actions aimed at the 

protection/mitigation/adaptation to the impacts of both anthropic and natural processes, needs an 

advanced knowledge framework able to highlight the dynamics of interrelation between the so-called DIPSIR 

components (Driving forces, Pressure, State, Impact, Response).  

Among the others, the European acquis underlines the need to become to a prioritization of the measures 

to be adopted in order to define the Flood Risk Management Plans foreseen by Directive 2007/60/EC. Coastal 

inundations are de facto attributable to floods that are closely linked to the processes of progressive retreat 

of the coastline. The prioritization implies, therefore, an accurate comparative analysis of the areas located 

within the so-called unit of management (UoM).  

The comparative analysis often includes a risk assessment. In general, the term “risk” does not refer to the 

same meaning that the non-technical use suggests; as a matter of fact, the risk is not related only to the 

probability that an event can happen and have effects/implications on a specific system, but also to the 

consequences(social, economic, environmental), positive or negative, that the event can have and the 

capacity of the system to adapt to the event itself (which introduces the concept of resilience). The risk is 

therefore linked both to the system itself and to the type of event.  

In the case of the case study described in this report, there are no doubts about the system: the coastal 

zone. As for the event, the focus is on coastal flooding. Nevertheless, the coastal flooding phenomena are 

closely linked to the process related to the evolution of the coastline, whether it is natural or due to the 

impacts of anthropic activities.  

It is also important to make a consideration on the concept of “risk management”. Indeed, it is linked not 

only to the definition of actions aimed at reducing the risk, but also, and more broadly, to the elaboration 

of a sustainable development model for the human activities, able to fulfil the social needs (e. g. the 

touristic development of a valuable area) as a result of the balance between risk reduction and minimization 

of the social costs. In other words, risk management implies the threat alright, but also vulnerability and 

exposition. This approach is totally different from the one used in the past, at least until the 90s, that aimed 

at the defense from or control of the floods, acting therefore merely on the threat factor.  

Among the elements which are fundamental to calculate the vulnerability of the coastal zone, aiming at its 

integrated management, there is with no doubt the analysis of the evolution of the coastline in time. On 

one side, it allows to spot the existence of long-term processes linked to the sediment dynamics (impacted, 

among others, by the sediment transport provided by rivers); on the other side, in a coastal zone which is 

strongly anthropized and historically protected by hard defense structures, the analysis of the coastline 

evolution in time allows to assess the effects (direct and indirect) of the defense works themselves.  

All this can be summarized as a concrete support to the acknowledgement of the lessons learnt. 



  

 

2 
 

1.2 Aims and motivation of the case study 

The regional public authority of Abruzzo is therefore interested in mapping the coastal evolution in order 

to assess: 

- in general, the effects of the pressures generated by anthropic activities on the coastal 

environment, and  

- in particular, for the purposes of coastal defence, to assess the shoreline evolution starting from 

1956 up to 2018. 

Indeed, the implementation of the testing activity highlighted how the mapping may be useful: 

- to identify erosion hot spots 

- to check the effectiveness of past interventions done to protect the coastal areas from erosion, and  

- to define the priority order of future interventions within the frame of integrated coastal zone 

management. 

This report illustrates the methodology applied and the main results achieved within the frame of the 

activities aimed at mapping the regional coastal evolution from 1956 through 2018.  
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2 METHODOLOGICAL APPROACH 

The case study implementation included documental research, data management and systematization, the 

creation of vector digital supports by GIS software compatible with the requirements and formats foreseen 

by the GAIR. The specific activities conducted were: 

1. Gathering, digitalization and georeferencing of the available raster data (aerial photos from 1956) 

2. Gathering, digitalization and georeferencing of the available maps and orthophotos referred to the 

period of analysis (from the 60s to 2018) 

3. Reconstruction and realization of the vector data (shape format) related to the coastline in the 

various periods 

4. Numeric analysis aimed at defining the evolution ratio for each period of analysis (shoreline 

advancing, retreatment, stability) 

5. Upload of vector data in the GAIR, for: 1) the testing the Geoportal use in a specific practical 

application, and 2) the contribution to the knowledge basis of the GAIR for all users 

6. Elaboration of maps and documents for the printing and the sharing with stakeholders by publication 

in the institutional website of the Region: 

https://www.regione.abruzzo.it/content/interreg-adrion-portodimare  

The following chapters describe the various phases of the case study implementation. 

2.1 Source and analysis of data 

To perform the diachronic analysis of the shoreline every twenty years for the period 1954-2018 it was 

necessary to preliminarily find the available data for the reference periods. 

Based on the data availability, the periods on which it is possible to perform the morphological analysis 

every twenty years are: 1956-1976-1997-2018. In particular, the available data are as follows: 

• frames collected during the Flight Plan of 1954-1956 of the Military Geographic Institute in 23x23 

cm format; 

• frames collected during the Flight Plan of 1975-1976 of the Military Geographic Institute in 23x23 

cm format; 

• the shoreline of 1997 digitalized by the digital orthophoto of AGEA; 

• the shoreline of the 2018 direct survey. 

As a first step, the frames related to flight plans must be georeferenced. The georeferencing was performed 

both for the frames related to the coastline of the Flight Plan of 1954-1956 and those of the Flight Plan of 

1975-1976 (see an example in Figure 1).  

The georeferencing of the frames is performed by GIS software based on the 2014 georeferenced orthophoto 

through a series of GCPs (Ground Control Points), with a number not less than 5 per frame, identifiable on 

the reference orthophoto, as shown in Figure 1. Based on the GCPs whose coordinates are known, the frames 

https://www.regione.abruzzo.it/content/interreg-adrion-portodimare
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are georeferenced by using one of the various transformation algorithms available. The choice of the 

transformation method depends on the number of identifiable GCPs, the quality of the input data, and the 

amount of geometric distortion acceptable in the result.  

In this case, the projective transformation has been used, which consists of a rotation and a translation of 

the coordinates, to avoid distortions in correspondence of the coastal area. 

At the end of the georeferencing process, the shoreline was digitized (as shown in Figure 2 as an example) 

and uploaded in the GAIR. 

 

Figure 1 - Georeferencing of the image taken in 1956 near Pescara by using the Ground Control Points 

selected on the recent image taken in 2014 
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Figure 2 -Example of the digitization of the shoreline in 1976 with a detail near the Pescara Harbour. 

 

2.2 Morphological classification: physiographic units of Abruzzo Region 

Abruzzo coastline falls within 3 natural physiographic units that exceed the regional administrative limits: 

• Conero headland – Ortona headland; 

• Ortona headland – Punta Penna headland; 

• Punta Penna headland – Termoli headland. 

Figure 3 shows the physiographic units of the entire Italian coast, in relation to the regional territories. 
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Figure 3 – Map of physiographic units of the Italian coast1 

Natural physiographic units are defined as a stretch of coast where sedimentary exchanges with neighboring 

coasts are limited due to the presence of natural obstacles such as rocky headlands so that the sediments 

remain substantially confined within the unit itself. However, it is necessary to underline that also anthropic 

interventions that have been carried out over the years, such as ports or river mouths reinforcement, 

 
1 (https://www.mite.gov.it/sites/default/files/archivio/biblioteca/ds_difesa_coste.pdf)  

https://www.mite.gov.it/sites/default/files/archivio/biblioteca/ds_difesa_coste.pdf
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represent "obstacles" to the natural drift of coastal sediments. For this reason, the need to identify 

physiographic sub-units, also called anthropic sub-units, has emerged. 

Recent studies carried out by the Region as part of the Coastal Plan update identified the following 

physiographic sub-units, represented in Figure 4: 

➢ UF 1: Tronto River Mouth – Giulianova Harbour; 

➢ UF 2: Giulianova Harbour –Vomano River Mouth; 

➢ UF 3: Vomano River Mouth – Saline River Mouth; 

➢ UF 4: Saline River Mouth – Pescara Harbour; 

➢ UF 5: Pescara Harbour – Francavilla Marina; 

➢ UF 6: Francavilla Marina – Torre Mucchia headland; 

➢ UF 7: Torre Mucchia headland – Ortona Harbour; 

➢ UF 8: Ortona Harbour – Punta Cavalluccio headland; 

➢ UF 9: Punta Cavalluccio headland – Punta Penna headland; 

➢ UF 10: Punta Penna headland – Trigno River Mouth. 

Obviously, this subdivision which is based also on anthropic elements may vary over the years. Also, it should 

be noticed that this study is performed by starting from a survey of the shoreline that dates back more than 

60 years ago, i.e. when the anthropic pressure on the coast was rather limited with respect to the current 

configuration. Therefore, many of the current physiographic sub-units were not yet identifiable at the time. 

In particular, in the execution of the study, the abovementioned identified physiographic units have been 

reduced as follows: 

➢ UF 1: Tronto River Mouth – Giulianova Harbour; 

➢ UF 2-3-4: Giulianova Harbour – Pescara Harbour; 

➢ UF 5-6: Pescara Harbour – Torre Mucchia headland; 

➢ UF 7: Torre Mucchia headland – Ortona Harbour; 

➢ UF 8: Ortona Harbour – Punta Cavalluccio headland; 

➢ UF 9: Punta Cavalluccio headland – Punta Penna headland; 

➢ UF 10: Punta Penna headland – Trigno River Mouth. 
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Figure 4 - Longitudinal limits of anthropic physiographic units (UF). 

2.3 The Diachronic Analysis 

To verify the evolutionary trends of the Abruzzo regional coast it is necessary to conduct the comparative 

analysis of the position of the shoreline detected at different epochs, i.e. a diachronic analysis of the coastal 

evolution. 

In the context of this study, as already pointed out, the analysis of the shoreline of 1956-1976-1997-2018 

was carried out. These shorelines, suitably regularized and discretized, are compared to calculate, at each 

vertex of discretization, the variations experienced by the shoreline itself accordingly to the relationship: 

 

where the pedice (i) refers to the epoch.  

If ΔY is higher than zero, the shoreline has experienced local accretion.  

If DY is lower than zero, it has experienced local erosion. 
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2.4 Definition of The Computational Grids 

To be able to apply the calculation methodology described in chapter2.3, it is necessary, as anticipated, to 

discretize the shorelines. The discretization step used in the calculation grids is 10 meters. 

Figure 4 depicts the sketch of the calculation approach. For each point (solid circles in the sketch) 

represented at the initial shoreline (Y1 in the sketch), the displacement at the final stage (Y2 in the sketch) 

is evaluated along the direction of the normal to the initial shoreline. 

 

Figure 5 -Calculation grid layout. 

2.5 Outputs of the diachronic analysis 

For each physiographic unit, the evolutionary trend of the coast to the modified anthropic conditions of the 

same coastal stretch has been analysed and the results are provided in terms of the position of the shoreline 

(Y) for the different periods of analysis (1956-1976-1997-2018) and shoreline displacements (ΔY) between 

the different epochs (1956-1976, 1976-1997, 1997-2018). 

The results have been synthesized in a series of vector shapefiles (as shown in Figure 6 and 7). The files of 

the shoreline variation (ΔY) contain point features with attributes with the local shoreline displacement. 

 

Figure 6 –Extract of the shapefiles of the results in terms of shoreline position (Y). 

 

Figure 7 – Extract of the shapefiles of the results in terms of shoreline displacements (ΔY) 
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2.6 Layers upload and maps creation 

To make more useful the results to the users of the Geoportal (GAIR), a series of shapefile containing polygon 

features have been created and uploaded to the GAIR (as depicted in Figure 8). 

 

Figure 8 -Graphical representation of the shapefiles uploaded in GAIR in terms of shoreline displacements 

(ΔY) 

The shapefiles contain information in the attributes of the features in terms of: 

• total variation of the area (indicated as AREA in Figure 9), either accretion or erosion, in square 

meters; 

• the annual ratio of the variation of the area (indicated as AREA_YEAR in Figure 9), either accretion or 

erosion, in square meter per year; 

• The average annual ration of shoreline displacement (indicated as DY_AVERAGE in Figure 9), either 

accretion or erosion in meters per year. 

Moreover, some information about the analysis is given (see Figure 10): 

• the physiographic identification number (indicated as PHYS_ID); 

• the time window the analysis refers to (indicated as YEARS_REF); 

• qualitative information about shoreline evolution, either accretion or erosion (indicated as 

EVO_TXT). 

 

Figure 9 –Extract of the layers uploaded in GAIR in terms of shoreline displacements (ΔY) 
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Figure 10 - Example of the information contained in the attributes of the features of the shoreline 

displacement layers. 

The shapefiles have been uploaded to the Geoportal (GAIR) as layers, where “Coastal defence” was selected 

as category and “erosion management” as subcategory  

The three layers (called SHORELINE_EVOLUTION_1956_1976_RA, SHORELINE_EVOLUTION_1976_1997_RA, 

SHORELINE_EVOLUTION_1997_2018_RA) were used to build a map named "T2.5 - Abruzzo coastal evolution 

mapping" (see Figure 11). 
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Figure 11 – Main page of the map “T2.5 - Abruzzo coastal evolution mapping” in the GAIR 

The evolution of the shoreline has also been analysed from the point of view of the existing maritime works 

(coastal defence, harbour structures, river works, etc…) and divided according to the period of analysis. 

Then, four shapefiles containing the maritime works have been created (as polygonal vectors). These 

shapefiles contain information in the attributes of the features in terms of the type of structure (indicated as 

“Type” in Figure 12), the Municipality in which it is located (indicated as “Municipality” in Figure 12), and the 

year of construction (indicated as “Year” Figure 12) or, if not known, in which year it was present from 

satellite images. 
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Figure 12 - Example of the information contained in the attributes of the features related to the maritime 

works. 

An example of the evolution mapping of maritime works is shown in Figure 13. 

Hence, the shapefiles have been uploaded to the Geoportal (GAIR) as layers (called 

“Coastal_defence_works_1956”, “Coastal_defence_works_1976”, “Coastal_defence_works_1997” and 

“Coastal_defence_works_2018”), where “Coastal defence” was selected as category and “Governance and 

planning of coastal defence” as subcategory. 

 

Figure 13 - Extract of the shapefiles of the Maritime Structures near Pescara and Francavilla Marina. 

The four layers have been added to the map "T2.5 - Abruzzo coastal evolution mapping". Thus, through the 

map, it is possible to compare the evolution of the Abruzzo coastal stretch from 1956 to 2018. 
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3 CONCLUSIONS 

3.1 Results of the diachronic analysis of the evolution of the coastline of 

Abruzzo Region between 1956 and 2018 

The mapping of the coastline evolution has two specific objectives: it allows to assess the effects on one hand 

of the anthropic pressures and on the other hand of the coastal defense structures on the evolution of the 

littoral zone. 

Through the maps uploaded in the GAIR it is possible to evaluate, for each point of the Abruzzo coastline, 

how the coastal zone has evolved in time, in terms of quantity and quality, from 1956 up to 2018, by time 

frames of 20 years. Such maps are, therefore, a knowledge tool in the framework of the integrated 

management of the coastal zone of Abruzzo Region, which is fundamental to: 

- identify the critical spots in terms of coastal erosion 

- verify the efficacy of the coastal defense structures built in the past  

- proceed, where necessary, to the prioritization of the future interventions and works in the 

framework of ICZM. 

In particular, the conduction of the diachronic analysis of the evolution of the coastline of Abruzzo Region 

between 1956 and 2018 allowed the regional administration to achieve several direct and indirect results.  

Direct results: 

- building of the framework of the evolution in time of the variations in the shoreline (advancing, 

retreatment, stability) for the whole coastal zone of Abruzzo Region in the last 60 years; 

- identification and evaluation of the causes of the erosional processes impacting the hard defense 

structures (ports, jetties, breakwaters, etc.) built from 1956 to 2018, also in terms of integrated 

coastal planning and in particular for the purposes of the Abruzzo Region Defense Plan. The results 

of PORTODIMARE project and in particular the elaboration of the diachronic analysis of the evolution 

of the regional coastline have been used as basic analytical elements for the elaboration  and the 

preparation of the regional plan for the response to coastal erosion, to the effects of climate change 

and to pollution (Piano di difesa della costa dall’erosione, dagli effetti dei cambiamenti climatici e 

dagli inquinamenti) as explicitly quoted at page 90 of the environmental report published at: 

https://www.regione.abruzzo.it/content/fasepreliminare-e-fase-formativa  

- definition the boundaries of the physiographic sub-units in relation to the solid transport of the 

sediments along the coast, to the deposit zones, of the elements of interruptions of the sediments 

transport; 

- definition of the terms of reference for the future activities aimed at monitoring the evolution of the 

coastline of Abruzzo Region, and also for the alignment of the coastal programming and planning 

processes  

  

https://www.regione.abruzzo.it/content/fasepreliminare-e-fase-formativa
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Indirect results: 

- contribution to the other activities of PORTODIMARE project 

- contribution to the project outputs, namely the GAIR knowledge basis (layers and maps)  

- sharing with other project partners the methodology tested and the knowledge created. 

3.2 Perspectives coming from the diachronic analysis of the evolution of 

the coastline of Abruzzo Region between 1956 and 2018 

The perspectives coming from the case study implementation, and in particular the outcomes of the 

diachronic analysis of the evolution of the coastline, are of fundamental importance for the Abruzzo Region 

as an administrative body, as they allow to pursuit the future objectives of a sustainable and integrated 

planning of the regional coastal zone, thanks to the development of concrete tools and support elements 

and to the opportunity to further develop, starting from such results: 

- a correct assessment of the efficacy of the programs and projects related to coastal defense, 

financed by Abruzzo Region and by the Italian State, in terms of fight against the coastal erosion; 

- a correct assessment of the sedimentary resources available for beach nourishment and restoration 

works, starting from the knowledge developed about the deposit areas; 

- the definition of homogeneous and standardized methodologies and reference calculation models 

for the future activities of environmental monitoring along the regional coast; 

- the development of early warning systems and evaluation systems dedicated to the phenomena of 

beach flooding, in consequence of sea storms (historical series of events/situation of the historical 

coastal evolution); 

- an objective support for the dissemination of a correct and fact-based knowledge concerning the 

topic of coastal evolution and the related cause/effect relations, when involving the stakeholders 

in the regional planning and management processes. 


