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Coastal Engineering and Oceanography 
(250MAG005)

General Information

School ETSECCPB

Departments Departament d'Enginyeria Civil i Ambiental (DECA)

Credits 5.0 ECTS

Programs MÀSTER UNIVERSITARI EN ENGINYERIA DE L'AIGUA (pla 2025)

Course 2025/26

Main teaching language at each group

Group 10Q1 Spanish (Q1)

Faculty

Responsible Faculty: Octavio Cesar Mösso Aranda
Faculty: Albert Folch Sancho, Vicente Gracia Garcia, Octavio Cesar Mösso Aranda, Juan Pablo Sierra 
Pedrico

Objectives of Education

K01.01. Recognise the main erosion and pollution processes in fluvial and coastal environments; the 
elements that make up urban drainage networks, as well as the main criteria for flood risk analysis and 
water treatment plants.
K01.02. Describe fluvial and coastal erosion processes and explain their influence on natural and 
anthropogenic transport networks.
K02.01. Identify problems related to water resource management and the impact of climate change on 
surface and groundwater bodies, and their interaction with the natural environment.
S02.02. Interpret dynamic phenomena of the ocean–atmosphere–coast system to address problems 
affecting coastlines, ports and shores, including the impact of coastal interventions, taking into account 
climate change and the Sustainable Development Goals.
S02.03. Solve problems in fluvial and coastal environments, urban drainage systems, groundwater, and 
water treatment processes, including both drinking water and wastewater treatment.
S04.01. Communicate actively, effectively and empathetically, both orally, in writing and graphically, with 
others on issues or projects within the field.
S06.01. Distinguish advanced digital technologies and apply them appropriately in academic, professional, 
social or personal contexts.
C01.01. Analyse pollutant flow and transport processes.
C01.02. Assess and manage erosion and pollution processes in fluvial environments, as well as flood risk, 
to ensure appropriate management.
C02.01. Design interventions in fluvial, coastal and groundwater environments, and water treatment 
systems.
C02.02. Evaluate erosion and pollution processes in coastal and estuarine environments.
C02.03. Operate urban drainage and water supply networks for proper management.
C03.01. Design nature-based solutions.
C05.01. Integrate the values of the Sustainable Development Goals, particularly by understanding system 
complexity, to promote actions that restore and preserve ecosystem health (SDGs 13, 14 and 15), improve 
justice (SDGs 10 and 16), and shape visions for sustainable futures (SDGs 11, 12 and 17).
C06.01. Make autonomous, informed and well-reasoned decisions to provide solutions with social 
responsibility, guided by ethical values and principles.
C07.01. Evaluate gender-based inequalities to design inclusive solutions.
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Total hours of student work

Hours Percentage

Supervised Learning Large group 45.0 h 100.00 %

Medium group 0.0 h 0.00 %

Laboratory classes 0.0 h 0.00 %

Guided Activities 0.0 h 0.00 %

Self Study 80.0 h

Contents

1.- Fundamentals of Descriptive Physical Oceanography and Coastal Engineering

Description of the oceans, morphology of the ocean floor, basins, and continental shelves. Presentation of 
the properties of seawater: salinity, temperature, density, and their role in marine dynamic processes. 
Introduction to surface (wind-driven) and deep (thermohaline) ocean circulation, as well as the main wave 
phenomena: tides, currents, and waves.
Historical context of coastal engineering, from classic hard solutions to integrated and adaptive approaches. 
Classification of spatial scales (beach profile, coastal cell, regional basin) and temporal scales (event, 
seasonal, interannual, secular). Evaluation of sedimentary processes (longitudinal and transverse transport, 
longshore drift) and their relationship with coastal morphodynamics.
Identification of the main types of coastal works (breakwaters, dykes, regeneration, SbN) and establishment 
of functional design principles, considering the maritime climate, coastal topography, sea levels, and 
extreme events.

Contingut Lab

Analysis of ocean CTD profiles. Exercises on seawater properties. Conceptual design of simple coastal 
structures.

Specific Objectives

Understand the structure and physical properties of the ocean and its relationship with coastal dynamics. 
Identify the main types of coastal structures and the factors that determine their design and application.

2.- Ocean Dynamics and General Circulation

Characterization of the ocean-atmosphere interaction as a coupled system, including exchanges of energy 
(radiation, sensible and latent heat), momentum (wind), and matter (vapor, gases). Evaluation of the role of 
the ocean as a thermal regulator and essential component of the global climate system.
Analysis of the physical properties of seawater: temperature, salinity, pressure, density, and their 
combination in vertical stratification using variables such as potential temperature and sigma-t. Identification 
of thermocline, halocline, and pycnocline. Study of vertical stability using Brunt-Väisälä frequency and 
application of Archimedes' principle.
Description of the forces that control ocean circulation: pressure gradient force, Coriolis force, barotropic 
and baroclinic equilibria. Explanation of geostrophic circulation and global surface currents (Gulf Stream, 
Kuroshio, Humboldt, Antarctic Circumpolar Current) and deep currents (ocean conveyor belt).

Contingut Lab

Analysis of water mass profiles and current simulation. Practical application of geostrophic equilibrium in 
real examples.

Specific Objectives

Analitzar els processos de circulació oceànica i la seva relació amb la distribució de masses d'aigua. 
Interpretar les forces físiques que governen el moviment de l'oceà a diferents escales.
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3.- Atmospheric circulation and its interaction with the ocean

Analysis of the uneven distribution of solar radiation as a driver of atmospheric circulation. Presentation of 
idealized circulation cells (Hadley, Ferrel, Polar), prevailing winds, and associated climate zones.
Review of atmospheric seasonality, thermal gradients, and the influence of phenomena such as El Niño - 
Southern Oscillation (ENSO) on the redistribution of energy and humidity, and their oceanic implications.

Contingut Lab

Interpretation of atmospheric circulation diagrams and analysis of climate time series. Resolution of cases 
on ENSO events and their impact on coasts.

Specific Objectives

Understand the general circulation of the atmosphere and its influence on the ocean. Identify global climate 
patterns and ocean-atmosphere interaction phenomena.

4.- Oceanography and Climate. Role of the Cryosphere

Characterization of the components of the cryosphere (continental ice, sea ice, seasonal snow, permafrost) 
and their distribution. Analysis of their influence on the planetary energy balance, the hydrological cycle, and 
ocean circulation.
Evaluation of the albedo effect, the formation of deep water through freezing salinization, the role of 
polynyas, and the storage of carbon and freshwater. Study of glacier and polar ice retreat in response to 
climate change and its impact on sea level.
Inclusion of factors such as bioalbedo, black/brown carbon, the role of permafrost in gas emissions, and the 
relevance of the Antarctic Circumpolar Current as an oceanic-climatic connector and regulator.

Contingut Lab

Analysis of time series of ice cover. Calculation of albedo and projection of glacier retreat scenarios. 
Discussion of real cases.

Specific Objectives

Análisis de series temporales de cobertura de hielo. Cálculo del albedo y proyección de escenarios de 
retroceso glaciar. Discusión de casos reales.

5.- Astronomical and Meteorological Tides.

Explanation of the generation of tides as long-period waves due to gravitational interaction between the 
Earth, the Moon, and the Sun. Review of the astronomical (eccentricity, obliquity, precession) and 
continental factors that determine the types of tides.
Characterization of tidal currents in open and confined systems, behavior as progressive or stationary 
waves, and association with high and low tides. Description of currents induced by level differences in 
basins or channels.
Calculation of vertical velocity profiles using the logarithmic law, application of Soulsby's empirical model, 
and vertical integration of velocities to estimate shear stress, bottom roughness, and mass and energy 
fluxes.

Contingut Lab

Calculation of tidal ellipses and induced currents. Simulation of vertical velocity profiles with logarithmic 
models. Solving exercises with real data.

Specific Objectives

Interpret the origin and behavior of astronomical and meteorological tides. Apply tidal current models in 
channels and open coasts.

6.- Wave Generation and Linear Theory
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Description of the process of wave generation by wind action: influence of speed, duration, and fetch. 
Differentiation between local waves (sea) and propagated waves (swell). Presentation of the concept of 
maturity and equilibrium state of the spectrum.
Foundations of linear wave theory using Laplace's equation and boundary conditions. Application to the 
description of wave propagation and transformation. Introduction to observation approaches, small-scale 
physical modeling, and numerical modeling.

Contingut Lab

Application of linear theory to calculate wave parameters. Analysis of wave spectra and simulation of sea 
states.

Specific Objectives

Understand the generation of waves by wind action and their physical characteristics. Apply linear theory to 
describe the evolution of waves in the open sea.

7.- Wave Propagation and Breaking

Classification of propagation domains according to the relationship between period and depth (deep, 
intermediate, shallow water). Study of dispersion and energy flow. Analysis of shoaling, refraction (Snell's 
law), diffraction and reflection against obstacles.
Characterization of wave breaking as a mechanism of energy dissipation in surf zones. Classification of 
breaker types (spilling, plunging, surging, collapsing) using the Iribarren number and evaluation of their 
energetic and sedimentary implications.

Contingut Lab

Calculation of wave propagation and refraction. Classification of break types from images and numerical 
simulations.

Specific Objectives

To analyze wave propagation processes at different depths. To understand the mechanisms of breakup and 
their classification according to the type of breaker.

title english

Application of the radiation tensor (Sxx and Syy components) as a tool for wave momentum analysis in 
breaker zones. Evaluation of setup (mean sea level rise) and setdown (depression) by means of momentum 
balance.
Characterization of wave induced currents: longitudinal currents (longshore), rip currents and cell 
circulation. Study of the factors that control these currents: angle of incidence, radiation tensor gradient, 
bottom friction and turbulent mixing.

Contingut Lab

Simplified set-up and set-down modeling. Simulation of induced currents and analysis of circulation patterns 
in surf zones.

Specific Objectives

To apply the radiation tensor concept to the analysis of mean sea level in breaker zones. Identify and 
characterize wave induced currents.

9.- Coastal Processes: Sediment Transport

Analysis of coastal morphodynamics and its feedback with hydrodynamic forcing. Evaluation of beach 
states (reflective vs. dissipative), seasonal profiles, and the concept of equilibrium profile. Application of 
morphological criteria by Wright & Short, Dean, and Larson & Kraus.
Definition of net and gross sediment transport. Review of measurement techniques (tracers, traps, sensors) 
and application of empirical formulations for calculating longitudinal transport rates on sandy beaches.
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Contingut Lab

Interpretation of beach profiles and use of empirical formulations for transport calculation. Analysis of 
sediment balances.

Specific Objectives

Understand sediment transport processes on the coast and their relationship with morphodynamics. Apply 
empirical models to estimate transport rates.

10.- Coastal Processes: Pollution and Water Quality.

Introduction to the fundamental concepts of water quality and pollution, understood as any alteration that 
degrades the natural conditions of the environment. Classification of pollutants into non-toxic, assimilable, 
and toxic types, and analysis of key magnitudes such as concentration and dilution.
Identification of the main sources of pollution (outfalls, runoff, discharges), and study of the physical 
processes that control the dispersion and transformation of pollutants: initial dilution, diffusion, advection, 
coastal circulation, as well as hydrocarbon decay and aging.
Presentation of water quality indicators, such as dissolved oxygen or the presence of coliforms, applied to 
real cases of coastal pollution.

Contingut Lab

Analysis of water quality data and dispersion simulation. Case studies of point and diffuse coastal pollution.

Specific Objectives

Understand the sources and types of pollution in coastal environments. Apply water quality criteria based on 
measurable parameters.

11.- Continental inputs: Surface and underground

Classification of continental inputs: surface discharges (rivers, runoff, urban drainage) and underground 
(SGD). Study of plume formation, mixing zones, and salinity gradients.
Assessment of sedimentary and morphological impacts (deltas, bars, localized erosion/accretion). 
Consideration of implications for water quality (nutrients, pollutants, hypoxia). Description of underground 
discharge mechanisms, detection methods, and relevance in coastal studies.

Contingut Lab

Interpretation of satellite images and hydrological series. Analysis of turbidity plumes and assessment of 
SGD using tracers.

Specific Objectives

Identify continental inputs to the coastal system and their hydrodynamic and sedimentary effects. Assess 
their impact on water quality and coastal ecosystems.

12.- Coastal Protection: Functional design of rigid structures

Classification of rigid structures: breakwaters, groynes, vertical walls. Establishment of design criteria: 
significant height, crest elevation, cant, run-up, and overtopping.
Evaluation of induced morphodynamic effects: alteration of coastal transport, generation of wave shadow 
zones, reflection, generation of currents. Environmental impact analysis and functional criteria for integration 
into the coastal environment.

Contingut Lab

Functional design of a breakwater or dike. Evaluation of the impact on coastal transport using conceptual 
models.

Specific Objectives
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To learn about the types of rigid structures used in coastal protection and their design principles. To 
evaluate their effects on coastal dynamics and the environment.

13.- Coastal Protection: Nature-Based Solutions

Definition and justification of NBS as an alternative to rigid solutions. Classification of types: stabilized 
dunes, marshes, mangroves, reefs, seagrass beds, and hybrid solutions.
Description of ecosystem services: wave reduction, water quality improvement, carbon sequestration. 
Establishment of ecological and functional criteria: elevation, slope, key species, resilience, adaptive 
monitoring.

Contingut Lab

Conceptual design of a nature-based solution. Evaluation of its effectiveness through ecological and 
functional indicators.

Specific Objectives

Analyze the potential of nature-based solutions as a coastal adaptation strategy. Evaluate their functional, 
ecological, and social feasibility.

14.- Integrative Case Study: Diagnosis and proposal for a coastal area

Integrated application of knowledge acquired in physical oceanography, coastal dynamics, and coastal 
engineering to a real or representative case of a coastal area. Development of an environmental diagnosis 
based on the problems identified and the analysis of oceanographic, climatic, and sedimentary information. 
Evaluation of dominant forces (waves, tides, wind, continental inputs).
Identification of specific problems in the study area (such as erosion, flooding, coastline retreat, habitat loss, 
or water quality deterioration). Estimation of risks and vulnerabilities using physical and environmental 
indicators.
Formulation of intervention and adaptation proposals based on criteria of sustainability, functionality, and 
resilience. Comparison of structural (hard) measures and nature-based solutions, considering 
environmental impacts, cost-benefit, and social acceptance. Development of recommendations for 
integrated coastal management.
This topic can be addressed as a final group project, including mapping, design diagrams, interpretation of 
real or simulated data, and a technical justification of the proposed solution.

Contingut Lab

An integrative study of a coastal area: data collection and analysis, environmental diagnosis, and a justified 
technical proposal.

Specific Objectives

Integrate the knowledge acquired to diagnose coastal problems and propose solutions. Formulate 
technically justified and environmentally sustainable interventions.

Teaching Methodology

The course consists of 3 hours per week of classroom activity.
2.5 hours are devoted to theoretical lectures, in which the teacher presents the basic concepts and topics of 
the subject, shows examples and solves exercises.
And 0.5 hours is devoted to solving practical problems with greater interaction with the students. The 
objective of these practical exercises is to consolidate the general and specific learning objectives.
Support material in the form of a detailed teaching plan is provided using the virtual campus ATENEA: 
content, program of learning and assessment activities conducted and literature.
Note: The language in which the course is taught will depend on the teacher. Specifically, Professor César 
Mösso will give his classes in Spanish, and the rest will give them in Catalan.
Although most of the sessions will be given in the language indicated, sessions supported by other 
occasional guest experts may be held in other languages.

Grading Rules
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(*) The evaluation calendar and grading rules will be approved before the start of the course.

Ordinary Evaluation (OE)
The grade for continuous assessment is the weighted arithmetic average of the exercises/problems (Pr) 
completed during the course, the guided activities such as assignments or reports (Tr), and the Final Exam 
or Work Presentation (Ex).
There will be a single exam or presentation of a topic, which will account for 70% of the final grade. 
Problems will account for 15%, and guided activities will account for 15%.
The final grade will be: OE = 0.7*(Ex) + 0.15*(average of Pr) + 0.15*(average of Tr).
To pass, the OE grade must be greater than or equal to 5.

Re-evaluation (RE)
Grading and admission criteria for the re-evaluation (RE):
Students who fail the ordinary evaluation and have regularly participated in the assessment activities of the 
failed subject may take a re-evaluation test during the period set in the academic calendar.
Students who have already passed the subject, who were marked as not presented, or who did not submit 
all exercises/problems (Pr) and assignments/reports (Tr), may not participate in the re-evaluation.
The re-evaluation (RE) will consist of a single exam covering the entire course content. The maximum 
possible grade for the re-evaluation is five (5.0), and the final course grade will be the higher of the ordinary 
evaluation or the re-evaluation grade, that is, MAX(OE/RE).
Failure to attend the re-evaluation exam during the designated period will not entitle the student to take it at 
a later date.
Extraordinary evaluations may be held for students who, due to documented force majeure, were unable to 
complete some of the continuous assessment activities. These tests must be authorised by the 
corresponding head of studies, upon request by the course instructor, and will be conducted within the 
relevant teaching period.

Test Rules

If any of the continuous assessment activities are not completed within the scheduled period, a score of 
zero will be assigned.
If it is an exam, it will be conducted individually and may include multiple-choice questions that are 
theoretical or problem-based. Exams may also include short-answer questions to be developed by the 
student and exercises to be solved.
If it is a group project presentation, the assessment will be based on the quality of the oral presentation and 
the quality of the written project report.

Office Hours

When the student requires, previously agreeing with the teacher by e-mail

Bibliography

Basic

Kampuis, J. William.  London: World Scientific, Introduction to Coastal Engineering and Management.
2000. ISBN 9789811207990.
Pinet, Paul R.  7th ed. Burlington, MA: Jones & Bartlett Learning, 2016. Invitation to Oceanography.
ISBN 9781284057072.
French, Peter W.  London and New York: Coastal Defences. Processes, problems and solutions.
Routledge, 2001. ISBN 0415198453.

https://discovery.upc.edu/discovery/fulldisplay?docid=alma991005289664206711&context=L&vid=34CSUC_UPC:VU1&lang=ca
https://discovery.upc.edu/discovery/fulldisplay?docid=alma991003932919706711&context=L&vid=34CSUC_UPC:VU1&lang=ca
https://discovery.upc.edu/discovery/fulldisplay?docid=alma991003234139706711&context=L&vid=34CSUC_UPC:VU1&lang=ca

