
Coastal Dynamical Processes

We introduce the basic notions relative to different aspects, both
theoretical and practical, of the study of coastal dynamical
processes.
We have dealt with geological issues, physical and mathematical
modelling, effects related to human activities, Geographical
Information Systems.
It is important to define well the Integrated Management of 
Coastal Zone (gestione integrata delle zone costiere - GIZC), to 
improve a sustainable approach to reduce the negative effect as 
consequence to erosion and climate change on coastal 
environment/habitat.













Krumbein phi scale
Size ranges define limits of classes that are given names in the 
Wentworth scale (or Udden–Wentworth scale) used in the United 
States. The Krumbein phi (φ) scale, a modification of the Wentworth
scale created by W. C. Krumbein[1] in 1934, is a logarithmic scale
computed by the equation

F = - log 2 (D/D0)

where
F is the Krumbein phi scale
D is the diameter of the particle or grain in millimeters (Krumbein

and Monk's equation) and
D0 is a reference diameter, equal to 1 mm (to make the equation

dimensionally consistent).
This equation can be rearranged to find diameter using φ

D =D0*F-2

https://en.wikipedia.org/wiki/United_States
https://en.wikipedia.org/wiki/United_States
https://en.wikipedia.org/wiki/W._C._Krumbein
https://en.wikipedia.org/wiki/Grain_size
https://en.wikipedia.org/wiki/Logarithmic_scale
https://en.wikipedia.org/wiki/Diameter
https://en.wikipedia.org/wiki/Dimensional_analysis






FL Lift force
Fδstatic water pressure
Fv wave-inertia force
Fc cohesive force
FD Drag force
W gravity

Source:https://www.un-
ihe.org/sites/default/files2018_ihe_phd_thesis_zuo_i.pdf

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=4&cad=rja&uact=8&ved=2ahUKEwiF85bs2vveAhXNyqQKHfnsBpEQFjADegQICBAC&url=https://www.un-ihe.org/sites/default/files/2018_ihe_phd_thesis_zuo_i.pdf&usg=AOvVaw21QjbC3TM2MIESzh10mzo7
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=4&cad=rja&uact=8&ved=2ahUKEwiF85bs2vveAhXNyqQKHfnsBpEQFjADegQICBAC&url=https://www.un-ihe.org/sites/default/files/2018_ihe_phd_thesis_zuo_i.pdf&usg=AOvVaw21QjbC3TM2MIESzh10mzo7
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NAP (Normaal Amsterdams Peil, in Dutch) 







Definitions:
1 Ripples. Little bottom shape characterized by a distance 
between them less than  0,6 m and height less than 0,03 m.

2 Dunes. Similar for the morphological shape at ripples, but 
characterized by dimension ranging from 1 to 1.000 meters 
They are realized in presence of unidirectional current in 
water with depth greater than 1 meter and dimension of 
sediments greater than 0,15 mm and value of the velocity of 
current greater then 0,4 m/s.

3 Flat bottom when depression or step are not present.











Conservation of soil and water requires both knowledge of the factors
affecting these resources, and methods for controlling those factors to
preserve those resources.

Soil erosion is a major problem around the world because of its effects on
soil productivity, nutrient loss, siltation in water bodies, and degradation of
water quality. By understanding the driving forces behind soil erosion, it is
necessary to identify erosion-prone areas within a landscape and use land
management and other strategies to effectively manage the problem.
Soil erosion models have been used to assist in this task. One of the most
commonly used soil erosion models is the Universal Soil Loss Equation
(USLE) and its family of models: Revised as RUSLE, RUSLE2, and the
Modified as MUSLE.

Source: “Universal Soil Loss Equation and Revised Universal Soil Loss Equation”,  Handbook of Erosion Modelling, 
1st edition. Edited by R.P.C. Morgan and M.A. Nearing. © 2011 Blackwell Publishing Ltd.
Hydrol. Earth Syst. Sci. Discuss., https://doi.org/10.5194/hess-2018-68 Manuscript under review for 
journal Hydrol. Earth Syst. Sci.

https://doi.org/10.5194/hess-2018-68


The USLE soil loss equation is:
A = R K L S C P  

where
A Mean annual soil loss (metric tons hectare-1 year-1 )
R Rainfall and runoff factor or rainfall erosivity factor (megajoules
millimetre hectare-1 hour-1 year-1 )
K Soil erodibility factor (metric tons hectare hour megajoules-1 hectare-1
millimetre-1 )
L Slope-length factor (unitless)
S Slope-steepness factor (unitless)
C Cover and management factor (unitless)
P Support practice factor (unitless)

A method of determining the C-factor is through the Normalized Difference
Vegetation Index (NDVI) that estimated from satellite imagery.









CERC equation (Coastal Engineering Research Center)

To evaluate the sediment transported longshore, knowing the breaking wave
height and the direction of wave attach, we can use

Q= 0,023 g^1/2 * H^5/2*sin2α (s-1)

where g is the acceleration of gravity and
s = [(ρs)/(ρ)]−1 with ρs density of the transported sediment.

In this expression is not considered the direction and intensity of the stream
and the dimension of the sediment.



The CERC formula gives the bulk longshore sediment
transport – the total longshore sediment transport over the 
breaker zone – due to the action of waves approaching the 
coast at an angle. 

Hence, only the effect of the wave-generated longshore
currents is included; tidal currents or other alongshore
currents are not considered. 

If the long- shore current is exclusively driven by waves, one 
can imagine that both the sediment concentration and 
longshore current velocity can be related in some way to the 
incident wave conditions. 





1. Only the wave-induced longshore current is taken into account; all other
along- shore current driving forces, such as tidal currents, are ignored. 
In order to take the latter into account, more general transport formulas
need to be applied. 

2. The sand transport is independent of sand properties such as grain size. 
Also, the beach slope and hence the type of breakers is ignored (although
the breaker index may be assumed to be dependent on the breaker type). 

3. Only the total sediment transport in the breaker zone is given. It is often
of practical importance to know how this transport is distributed over the 
width of the breaker zone, for instance if bars are present in the coastal
profile, or if coastal structures are considered that do not entirely cover the 
breaker zone (such as groynes). However, this distribution could be 
estimated from a distribution for the longshore current velocity and wave-
stirring capacity. 

Longshore transport and coastline changes transport by assuming that the 
transport is proportional to the third power of the longshore current velocity
𝑉(𝑥)3. This procedure is followed for the CERC transport in the following 
figures







It is important to identify the role of geographical information
inparticipatory research of coastal zones, and its potential to bridge the
gap between research and coastal zone management.

The GIS (Geographic InformationSystem) produced temporal snapshots
of daily human activity patterns allowing it to map, identify and quantify
potential space-time conflicts between activities.
It was furthermore used to facilitate the exchange of ideas and knowledge
at various levels: by mapping, simulation, GIS analysis and data
collection.
The communication between science and society constitutes a relevant
tool to optimize any planning and management project.

Dynamic GIS to illustrate different scenarios.



Source: Souto at al., Journal of Coastal Research, ISSN 0749-0208  



The SCAPE (Soft Cliff and Platform Erosion) model of cliff toe retreat,
and a cliff-top recession model, have been linked with a new flexible
GIS tool (SCAPEGIS) to provide visualisation and analytical capability
for the model results. 45 model runs exploring different sealevel rise and
wave climate scenarios and protection choices are available.
Outputs are available in the form of maps, dynamic visualisation, and
descriptive statistics of key parameters such as cliff toe and cliff top
position.
It also allows analysis with other datasets such as land use and building
location for impact evaluation, and hence supports shoreline
management and cliff-top land use planning.

Source: A GIS TOOL FOR ANALYSIS AND INTERPRETATION OF COASTAL EROSION MODEL OUTPUTS (SCAPEGIS), Koukoulas S. et al





1. Beach additions (yearly totals): The average amount of sediment
added to the beach from platform and cliff erosion at each Y section
each year
2. Beach volume (yearly average): The average volume of sediment 
along 500-m sectors of coast held in beaches at each Y section each 
year. 
3. Recession distances: The total amount of cliff toe recession at each Y
section each year.
4. Longshore sediment flux moving past the southern and northern 
boundaries of the cliffed section every tide. The annual net sediment 
flux can be calculated by adding the first 703 tides together (703 tides 
per year). 
5. The average relative level of the shore platform near the cliff toe for
each Y section every year.









Source: https://doi.org/10.5670/oceanog.2018.302



Source:  Ronza et al ,2003, Journal of Loss Prevention in the Process Industries 16, 551-560.













� https://www.riskaware.co.uk/insight/oil-spill-impact-
on-marine-environment/

https://www.marineinsight.com/environment/15-major-
oil-spills-of-the-maritime-world/
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Examples of four individual spill trajectories predicted by SIMAP (Spill Impact
Modeling Application) for a generic spill scenario. All 100+ individual trajectories are
overlain (shown as the stacked runs on the right), and the frequency of contact with
given locations is used to calculate the probability of how oil can affect an area during
a spill. (Source: Gearon et al., 2014)



Water surface oiling probabilities for floating oil> 10g/m2

(source Geraon et al., 2014)



Subsurface contamination probabilities for total oil in the 
water column ( Source Gearon et al, 2014)


