
Learning Objectives (LO) 

Lecture 25:  Coastal Geology 
Read:  Chapter 20  
Homework due December 1 

What we’ll learn today:!
1. 1.  Describe the transformation of waves through deep and shallow water!
2. 2.  Compare forces that generate tides!
3. 3.  Describe the nature and impact of hurricanes!
4. 4.  Discuss how sea level rise affects coastlines!



50% of the 
world’s 

industrialized 
population 

lives within 100 
km of a coast. 



Human activity along 
coastlines has led to 
many problems 

Beach erosion 
in New York 

Damage from 
Typhoon Haiyan, 
Phillipines 

Marine pollution  
in Japan 



The coastal zone is a dynamic environment that is 
constantly changing 

Coastal processes are driven by: 
 wind, waves, tides, sea-level change, & currents 



Wind waves: generated 
by friction of air blowing 
across the sea surface 
Wind provides the energy 
for coastal change. 

Swells: groups of 
waves organized 
into long, regular 
waves 



Summer: June-August 

•  Wind patterns that change 
during the year 

Winter: Dec.-February 

Wave Climate 



North swell (winter) 
South swell (summer) 
Trade wind swell 

•  Kona Storms 
•  Hurricanes 

Hawaiian  
Swells 



As swells enter shallow water: 
  The waves slow down 
  Wave peaks get closer together 
  Wave peaks get taller and steeper 
  Waves “break” and wash up on the beach 



Wave refraction  
- changes in the direction of 
waves as they enter shallow 
water 
  Waves approach parallel to the 

shoreline 
  Waves are directed into 

headlands 
  Shorelines straighten over time  





Wave energy: 
  Raises sea level in the surf zone 
  Creates currents that transport 

sediment 
  Sand moves landward in the 

surf zone 
  Undertow currents move sand 

offshore during storms 



Longshore currents: 
waves that approach at an angle 
and drive sediments down the 
beach (longshore drift) 

Rip currents: carry water piled up by waves 
back to deeper waters 
Sand bars: elongated bars of sand that 
develop between rip currents  



Tides 

Bay of Fundy, 
 Nova Scotia Canada 



a.  Change in day/night temperatures 
b.  Tilt of Earth’s spin axis by 23° 
c.  Gravitational pull of the Moon 
d. Earth’s orbit around the Sun 

What is the primary cause of high and low tide? 



•  Gravity and Earth’s rotation create two tides every day 

Lunar Tide 

•  Gravitational pull from the Moon  



How Tides Work 



1.  Two tidal bulges (high tides) 

2.  Tidal bulge is bigger on      
      side of Earth facing Moon 

High and Low Tide 



a. Yes, and they would be much LARGER 
b. Yes, but they would be much SMALLER 
c. No, we would not have tides 
d. Maybe, it depends on the season  

If Earth didn’t have a moon,  
would we still have tides? 



The size of the tides 
depends on the 

positions of the Sun & 
Moon 

Neap Tide 

Spring Tide high/low tides extreme 

high/low tides less extreme 



Hurricanes 



Wind & Pressure of Hurricane Storm Surge 
Hurricanes cause enormous damage & major coastline changes 
  Obtain energy from evaporating seawater 
  Dissipate over land 
  Damage comes from:   waves, rain, storm surge, wind 



Anatomy of a Hurricane 



http://www.youtube.com/watch?v=VF6pOpAXxTY 

Hurricane Formation 



Five Major Areas Where Hurricanes Form 



http://www.youtube.com/watch?v=zn0R9Sz47p0 

Climate Change & Hurricanes 



Storm Surge flooding from Hurricane 
Katrina (New Orleans, 2005) 

Storm Surge and wind damage from 
Hurricane Ike (Texas, 2008) 



Coastal Change due to waves and flooding from 
Hurricane Sandy (Oct. 2012, New Jersey and New York) 



Tropical Storm Tracks 1950-2013 



Big Island is most vulnerable to hurricanes 

Iselle 2014 



Iniki storm surge debris line 



Protecting houses in Hawaii 
 from wind damage 



Coral reefs change in  
response to coastline changes 



Coral Reefs are home to 
25% of all marine species 



Coral reefs build up to respond to  
changes in sea level 



Reef Types 

Patch Reef Barrier Reef Atolls 

Fringing Reef 



Sea Level Rise 

Sea level has risen about 120 m since the last ice age.  



Sea level rise has shaped coastlines 
around the world 



Rise of 
4 cm/yr 

 Sea level rise due to melting of land ice 



Marine Transgression  

flooding of stream valleys to 
form estuaries (inland bays that 
mix freshwater and saltwater) 



  Develop on the edges of 
estuaries 

  Act as a buffers between 
land and the ocean 

  Salt marsh grasses 
stabilize the shoreline 

  Accumulate sediments, 
nutrients, & pollutants 

Tidal Wetlands 



Long, narrow sand bars that form along low-elevation coastlines   

Near barrier islands: 
  Sandy beaches 
  Tidal inlets 
  Lagoons 
  Tidal marshes 

Barrier Islands 



Washover during a big 
storm causes barrier 
rollover 

Barrier islands migrate 
with rising sea level 

Barrier Islands are  
constantly changing 



Barrier islands are fragile 
environments that are 
constantly changing. 

Tidal currents deposit sediments on 
both sides of barrier islands 

New outer banks channel 
after Hurricane Irene 



Retreating Rocky Shorelines 
  Occur where the sea rises against steep slopes. 
  Easily-eroded rocks retreat, leaving a wave-cut platform 
  Sea stacks mark the former position of the shoreline 



Coasts may be submergent or emergent 
Emergent: Beach ridges 

Submergent: 
Flooding or 
ground 
subsidence 



Coasts may be 
erosional or 
depositional 

depositional 

erosional 



Sea level rise is expected to  
accelerate in the next century 

(3 to 7 times current rates) 

Future Projections 
25 mm/yr 

10 mm/yr 



How does a beach respond to sea level change? 

Current sea level rise: 3.4 mm/yr 
If beaches move landward 100 times faster, then: 
Current rate of beach movement: 34 cm/yr on average (!) 
(3 meters per decade – actual rate depends on many factors) 



Holland 
Island 

Chesapeake Bay 
Sea Level 
Change 



Holland Island, Maryland 

1910: community of 350 

1953 

2003 

2010 

2011 

2009 



Sea level 
changes leads to 

coastal erosion 



http://www.youtube.com/watch?v=bQCyUZfY8Yw 

Coastal Erosion in Hawaii 



Rocky Point Neighborhood, 
North Shore Oahu 
January 2014 

How to  
Respond? 



Coastal Armoring: 
Hardening the  

seashore 



The Netherlands: 
2/3 of the country is 
below sea level! 



- store sand until high 
waves move it to the beach 

Dunes 



Armoring the seashore:  
A choice between beach and land 

Problems with 
coastal armoring: 

1.  Sand dunes are 
destroyed 

2.  Beach is lost 



Ocean City, Maryland 

Ways to protect a beach: Sand Nourishment 



Sand Nourishment: Costly and Temporary 

Waikiki sand 
replenishment 
projects date 
from the 1920s 

2012 

Waikiki is a managed beach: 
http://www.hawaiinewsnow.com/story/23733577/sand-moved-to-cover-waikiki-beach-erosion-swept-away 



Flood-Resistant Houses 



Floating cities, islands, beaches 

www.waterstudio.nl 

Long-Term (far-fetched?) solution: 
Move on to the water 

Building a floating city: 
http://dsc.discovery.com/tv-shows/other-shows/videos/mega-engineering-building-a-floating-city.htm 



Realistic Solution for Mitigating Coastal Hazards 

Avoidance: 
Building Up and Away 



Action Items for  Tuesday, 
December 1: 

1. Read Chapter 20 
2. Homework #21 

What you should know from today:!
1. 1.  Describe the transformation of waves through deep and shallow water!
2. 2.  Compare forces that generate tides!
3. 3.  Describe the nature and impact of hurricanes!
4. 4.  Discuss how sea level rise affects coastlines!


