ES-142           Introduction to Beach and Shoreline Processes         Spring 2023
Instructor: 
Professor FitzGerald









 



Dept. of Earth and Environment
Office: 



 

B-41, Stone Science
 (basement floor, east end of building)
Telephone: 
617-353-2530,  email: dunc@bu.edu

Office Hrs: 
 Tuesday 10:00 am -12:00, Thursday 10:00 am - 12:00. Also, I have an open-door policy and if I’m in my 
                     office, you can come see me. You may also make an appointment to see me by phone, email, or after class.

Course Texts:



1) Beaches and Coasts, by Richard A. Davis, Jr. and Duncan M. FitzGerald



2) Course reading material packet (please bring to class every day)

Course Grading:

Your grade for the course is based on four exams, three exams given during the semester and the final exam:




· Three Exams:

Test dates tentatively scheduled on: Feb 23rd, Mar 30nd, Apr 27th (please note that these dates are 

                               subject to change)

· Final Exam:


Friday 9-11 am, 12th of May 2023
Each exam is worth 331/3 points. I count your highest three out of four exam grades, which includes the final exam. I drop your lowest exam grade. 
Hourly exams are given roughly every four to five weeks. The exams include short answer questions, short essays, diagram drawing and discussion, matching and multiple-choice 
questions. Make-up exams are given only under strict circumstances.

Blackboard

All course materials will be available at our Blackboard site through Blackboard.bu.edu. This includes all Powerpoint presentations, Study Questions, Readings, Announcements, and Grades.

Readings 

Readings are assigned weekly. The exams cover reading assignments from the text and 
in the course material packet, as well as from movies, Power Points, and other class materials. Topics discussed in class are not necessarily covered in the reading assignments, and therefore 
Attendance in class is mandatory. 
Cape Cod Trip: 

An optional field trip will be taken to Cape Cod on Saturday, 22th of April 2023 (subject to change). The trip is the culmination of everything you learn in the classroom applied to the real-world setting. Seven stops are chosen to illustrate particular coastal features and processes that have formed and are modifying coastal environments. The stops include: Fourth Cliff drumlin and Humarock Beach, glacial cliffs at Stage Point, Sandy Neck spit and Barnstable marsh system, First Encounter Beach and tidal flats, Pamet River Inlet and jetty system, Provincetown parabolic dune fields. We have a swell time and I strongly urge you to go. 
Class Participation

Questions and comments are welcomed and encouraged during class. Even though it is a moderate-sized class, we discuss some controversial subjects, such as should one be allowed to protect their coastal dwellings from storms and erosion and what role government has in protecting beaches and barriers. We also talk about rising sea level and its effects on coastal environments. It is essential that we hear what the class thinks about these subjects. Please feel empowered to voice your opinions. Nobody’s opinion is wrong in this class and everyone’s opinion and insights are respected. 
Course Description 
The coastal zone is not only a place to spend your summer vacation, but also a region where over a third of the population lives and work. It is an area, which is becoming increasingly stressed by over development, pollution, and problems of erosion caused by decreasing sediment supplies and rising sea level. The impact of these problems in Massachusetts alone is illustrated by the rising price of ocean front property along the North and South Shores of Boston, failing seawalls in Revere and Winthrop, sewage outfall problems at Deer Island and in Boston Harbor and Massachusetts Bay, the erosion and loss of archaeological sites in Eastham, the breaching of Nauset Spit and the ensuing destruction of houses along Chatham Harbor and Plum Island and occasional flooding during storms in Downtown Boston and Scituate. The dramatic loss of life and property associated with the Indian Ocean tsunami and the Hurricanes Katrina and Sandy illustrate the hazards of living near the coast and how important it is to educate the public concerning coastline processes.

Introduction to Beach and Shoreline Processes is a course designed to acquaint the student with the major factors that have contributed to the general physiography of coastlines and smaller scale processes that have sculptured beaches, build spit systems, and form salt marshes. To accomplish this, first we discuss how plate tectonics setting dictates whether a coastline is mountainous with few depositional features like the West Coast, a coastal plain shoreline with barrier islands, marshes, and shallow bays like the East Coast, or something in between these two like the coast of Australia. A discussion of the direct and indirect effects of glaciation follows including how Cape Cod, the Alaskan fjords, the drumlin islands of Nova Scotia and the Boston area, and drowned river valleys such as Delaware and Chesapeake Bay were formed. 

Sediment supply is covered next with an emphasis on the processes that shape various types of river deltas (Amazon, Ganges-Brahmaputra, Nile). Approximately 15% of the world’s population lives on or near major river deltas; however, due to the flat and low-lying nature of deltas these regions are highly vulnerable to flooding and land loss caused by accelerating sea-level rise and increased storm frequency and magnitude. For example, Jakarta contains close to 11 million people and still 40% of the city land is below sea level. In the context of learning about deltas the student will be exposed to the present condition of the Mississippi River delta, including the ongoing devastating loss of wetlands and the continued subsidence, which have rendered many parts of New Orleans to sink two feet below sea level. The condition of New Orleans is largely due to human influences including the Army Corps of Engineer’s role in stabilizing the Mississippi River and controlling navigation, which are in direct opposition to the natural processes of building and maintaining new land. 
Finally, we will look at the influence of waves and tides along depositional coasts and the development of barrier shorelines. In this discussion it will shown that how the width of the continental shelf inversely affects wave energy and tidal range and how this, in turns, controls the lengths of the barrier islands, the frequency of tidal inlets, and the extent of bays, marshes and tidal flats. At this point in the course, the student will be able to describe confidently the general characteristics of any coastline in the world, once certain basic information is provided.

The rest of the semester is spent looking at the processes that cause erosion, deposition, and modification of shorelines, including rising sea level. The mechanisms and rates of sand transport along the coast are discussed including what happens to this sand and how coastal engineering structures, which were built to protect property, may often accelerate erosion and produce increased shoreline retreat. For example, in New Jersey, although there is enough sand moving along its shore every year to fill a football field to an elevation of 75 yards, severe erosion characterizes much of its coast. The final resting place of littoral sand is quite different on the West Coast. Due to its collision coastline setting, submarine canyons occur close to shore along California and other collision coasts of the world. These canyons are shown to be parts of systems that siphon off beach sand to the deep ocean basins, and a major but unavoidable cause of shoreline erosion. 

The final two weeks of the course will be spent discussing the future of coasts due to impacts of Climate Change including rising sea level, increased storm impacts, and the loss of sediment resources needed to rebuild beaches and barrier islands and maintain saltmarshes and mangroves. Global warming will have a devastating effect on coasts such as the East Coast of the US. A warmer atmosphere translates to greater magnitude and more frequent hurricanes, which have a greater tendency to move up the Eastern Seaboard of the US. We will investigate the significance of a one-to-two-foot rise in sea level over the next 30 to 50 years and the impact that this will have on wetlands and coastlines throughout the world. Our global population is shifting toward coastal regions while at the same time these areas are losing shoreline and becoming increasingly vulnerable to major storms such as Hurricane Sandy in 2012 impacting portions of New Jersey and New York, Hurricane Katrina 2005 flooding much of New Orleans, and 1991 Cyclone in Bangladesh that killed 150,000 people. Hurricanes are instantaneous events that capture the public’s eye, but there are gradual processes that over the long-term will greatly exacerbate the effects of storms, particularly land loss. And it will be your tax dollars that will maintain coastal infrastructure and rebuild hazard prone coastal communities after major storm disasters even though these people choose to live in vulnerable flood zones.
                                                                                    Course Topics and Readings
B & C – Beaches and Coast



                 CRM -  Course Reading Materials

Course Topics 



I. Introduction





Why coastlines are profoundly important




















B & C – Chapter 1





Coast variability

   II.
 Plate Tectonics































 











B & C – Chapter 2



  Plate boundaries











































CRM - Diagrams











      














  East versus West Coast









































 




  Continental Margins
























 




  Tectonic Coastal Classification


Rocky Coasts and features of these coasts














 
 III. Sediment Supply to Coasts


















   





 




  B & C – Chapter 16




  Depositional versus rocky coasts



























CRM
- Course Outline




  River delta processes and morphology




  Mississippi River growth & destruction

 Effects of Tectonic Setting































  
IV.
Effects of Glaciers on Coastlines













  

  

          B & C – Chapter 17



 Continental and valley glacial processes









       





    CRM - Course Outline




 Formation of fjords and scoured
 coasts, Maine















Development of Cape Cod 




 Boston Harbor drumlin coast

 Causes of Glaciations





































 Video
V.
Barrier & Tidal Inlet Systems





















 
 






B & C – Chapter 8





Hydrographic regime






































B & C – Chapter 12



 Wave and tidal effects on currents             

   







 




      CRM
- Course Outline





 and large scale transport patterns




 Wave-dominated, mixed energy, tide-





 dominated shoreline models 

















 









    Video,

 
VI. Coastal Storms










































 B & C – Chapter 5



 Northeasters and hurricanes































 CRM 
- Course Outline




 Storm tracks and conditions





 affecting severity




 Factors controlling storm surge



























    Video




 Effects to shoreline
VII.
Beaches































  
















 B & C – Chapter 7
 p. 116-129.



 Composition (sand, gravel, carbonate)





















   B & C – Chapter 9




 Distribution




 Morphology




 Dune processes



























 















Video

VIII. Wave and Tides



























 











B & C – Chapter 6 & 11





Wave generation and water motion














 




  Breaking waves and theory




  Tsunamis and their cause




  Tidal wave generation and factors





 
affecting varying tidal ranges




  Amphidromic systems























  












Power Point & Movie




  Tidal currents at inlets and harbors

IX. Sediment Transport























  











    B & C – Chapter 6 p. 112-114




  Longshore transport





 Onshore-offshore transport





 Formation and effects of rip currents





 Ridge and runnel migration and





 vertical accretion












X. Oil Spills














 


 







       

















CRM         article of the MC 252



 Causes and initial containment and treatment





Tracking and movement onshore





Types of oiling conditions

       Causes of buried oil

       Treatment

























XI. Accelerated Sea-Level Rise
































B & C – Chapter 4



 Causes and Projected trends





Inundation





Impacts





What can we do!

XII. 
Coastal Engineering Structures
















 

 




  
 B & C – Chapter 21





Types of coastal structures






Effects of coastal structures on shoreline stability






Natural and Man-made causes of beach erosion


Policy Statement
 I stress the importance of your familiarity with, and adherence to, Boston University's College of Arts and Sciences Academic Conduct Code, in particular those portions dealing with cheating and plagiarism. Please refer to:
http://www.bu.edu/academics/policies/academic-conduct-code/
DIVERSITY AND INCLUSION

Diversity enriches all research and education, and is realized only with all voices, views, and perspectives operating within a supportive and respectful community. For this reason, the Department of Earth & Environment, including myself and the students in this course, are committed to fostering diverse, inclusive, and equitable living, learning, and working environments that are supportive and free from violence, harassment, disruption, and intimidation. Further, the Department of Earth & Environment recognizes that creating a safe environment and a culture of respect is the shared responsibility of all members of our community. To ensure an equitable environment that values and respects the unique experiences and perspectives of our community, the Department, including myself and the students in this course, are dedicated to promoting diversity, inclusion, and equity among all members of our departmental community and encouraging open, honest, and compassionate communication. http://www.bu.edu/earth/about/diversityinclusion/

E&E UNDERGRADUATE COURSES

1. Academic Conduct Code

http://www.bu.edu/academics/policies/academic-conduct-code/

2. University Policy on Religious Observance 

http://www.bu.edu/chapel/religion/

3. Multi-faith Calendar

http://www.interfaithcalendar.org/
