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What I Want to Cover Today
• The generic challenges of coasts and deltas
• What the term “sea level” means
• What causes deltas to accrete or erode
• The scope of the delta problem world-wide
• The delta problem in the US, with special reference to 

Louisiana
• Examples of other deltas in trouble
• What are we doing, and what possible pitfalls exist?

Presenter
Presentation Notes
In the past 50 years, more than 1500 square miles of coastal Louisiana have been lost. This is almost equivalent to the size of Delaware. CRCL




Healthy Coastal and Ocean Resources:
The Ocean Economy is Critical to U.S.

• Contributed $352+ billion 
to the U.S. GDP

• Supported 3.1 million 
jobs (2014)

• Carried $1.5 trillion of 
cargo through U.S. 
seaports (2016)

• Generated $3.5 billion in 
revenue from oil and gas 
leases to the U.S. 
Treasury (2017)

https://oceanservice.noaa.gov/facts/oceaneconomy.html



The Coastal “Triple Whammy”

Sediments ↓
Nutrients ↑

Coastal Challenges:
• Relative sea level rise
• Eutrophication
• Land-use changes
• Ecosystem changes
• Demography

Eustatic sea level ↑
Severe storms ↑

From the Land From the Sea

Coastal scientists recognize that
coastal systems are highly susceptible to change

Climatic and Meteorological Factors

From the Atmosphere



Vulnerability of Coastal Communities

Hurricanes are predicted to 
become more intense and 

frequent in the future
image captured by the National Oceanic and Atmospheric 

Administration's Suomi NPP satellite - NOAA View Global Data Explorer

• Presently ~40% of the world’s population lives 
within 100 kilometers of the coast.

• A large part of our nation’s economic 
productivity is located in coastal zones.

• Sea level-rise can threaten the long-term 
operation of drinking water, wastewater and 
storm water utilities.

• Rising sea levels can introduce new, or 
exacerbate existing, saltwater intrusion into 
freshwater resources. Both groundwater and 
surface water sources are at risk.

• A three-foot sea level rise would result in a loss 
of wastewater treatment services for 8.4 million 
Americans. 

https://en.wikipedia.org/wiki/National_Oceanic_and_Atmospheric_Administration
https://en.wikipedia.org/wiki/Suomi_NPP
https://www.nnvl.noaa.gov/view/globaldata.html#TRUE?timespan=daily&date=2017-09-08&lat=20.954573314186&lon=-76.318223175068&zoom=5
http://www.un.org/esa/sustdev/natlinfo/indicators/methodology_sheets/oceans_seas_coasts/pop_coastal_areas.pdf
https://www.nhc.noaa.gov/surge/
https://www.epa.gov/arc-x/climate-adaptation-and-sea-level-rise
https://www.epa.gov/arc-x/climate-adaptation-and-sea-level-rise
https://eos.org/articles/sea-level-rise-may-swamp-many-coastal-u-s-sewage-plants


Coastal Demographic 
Trends in 2007
• Globally about 630 million people 

live below 10m (above sea level) 
• 11 of 15 the world’s cities of

>10 million are situated below 10m 
• 340 million people are living

in urban areas below 10m
• China alone has 143 million people 

living in areas below 10m 
(11% of the total population)

• China had 78 million people living 
in urban areas below 10m

• It’s only gotten worse since 2007

Source: CUNY. 2007. International Institute of Environment
and Development. 



Components of Relative
Sea Level Rise

It’s like standing in an elevator going down while 
the water in and around the building is rising

=
Isostatic Subsidence

(land sinks)

Eustatic Sea Level
(sea itself rises)Relative 

Sea Level
}
}



Climate Change and Eustatic Sea Level Rise

• Climate changes – it always has; it always will

• Evidence is strong that burning of fossil fuels and CO2
emissions exacerbate global warming to cause the 
sea to rise by thermal expansion

• The cause notwithstanding, anthropogenic or not, 
plenty of evidence exists that eustatic sea level rise is 
occurring, but subsidence has been a larger problem 
in the past

• Coastal interests must adapt to these realities



From Hansen et al. 2015

EUSTATIC SEA LEVEL RISE IS ACCELERATING…



Counteracting 
Sea Level Rise 
and Subsidence:

Sediment Input 
Deficiency Concerns 
Relate Directly to 
Human Engineering 
of the Natural 
Hydrologic System

Source: Giosan et al. 2014

Not Enough Sediment

Enough Sediment



(From IGBP/LOICZ)

Presenter
Presentation Notes
http://tinyurl.com/y8navfss

http://tinyurl.com/y8navfss


Expanded from previous 
slide:
• Eustatic sea level rise is 

much less a factor than 
subsidence

• In terms of delta risk, 
the Mississippi Delta, 
despite its problems, is 
not even in the severe 
risk category

• The severe risk category 
includes deltas with 
large population centers 
and with important 
cultural assets like 
Venice in the Po Delta 
and the Nile Delta.



Human Alteration of Natural Waters
• Human activities are of major importance
Build dams, levees, dikes, canals, etc.
Enhance deforestation and agriculture
Irrigate
Construct pavement; urbanize

• Water control structures have tripled water residence time in 
impoundments and reduced water held in upland sediments

• The damming of the world’s rivers is pervasive (>50,000 large dams now 
span the watersheds on 6 continents).

• Humans now use about 17% of global river volume

• Reservoirs intercept more than 40% of global river discharge (and 
perhaps 1/3rd of sediments, too)

• This is also Global Change!



Value and Risks: World’s Deltas
• The World Delta Database lists about 75 deltas world-wide; many 

are at risk

• 24 out of the world's 33 major deltas are sinking and 85% have 
experienced severe flooding in recent years

• Good places to locate cities: more than 500 million people (1 of 
every 14 humans) worldwide live on deltas, many in sprawling 
megacities such as Shanghai, Dhaka and Bangkok

• High economic value (trillions of dollars)

• Very rich soils, excellent farmland

• Good transportation access to inland areas

• Areas for fossil fuel development

http://www.geol.lsu.edu/WDD/DELTA_LISTS/delta_list_alpha.htm


The Mississippi River Levee System

Channelization and leveeing of the Mississippi leads to loss of 
critically needed sediments to counterbalance subsidence

Presenter
Presentation Notes
http://www.mississippiriverdelta.org/files/2014/05/Sediment-starved-sediment-wasted-CPRA.png




Relative Sea-Level Trends Where I’m from          
Measured by tide gauges

The Mississippi 
Delta’s present 
problem stems from 
subsidence, not 
eustatic sea level rise

Presenter
Presentation Notes
Sea-level changes have been typically measured from long-term records from coastal tide gauges.  Water level is variable on a range of time scales: hourly, tidal, event, seasonal, interannual and longer.  Decadal and longer trends depend greatly on regional land movements, including subsidence and uplift, as reviewed by Tim McGee. Slide courtesy of Don Boesch.



• Prior to 1960 sediment loads consistently above 
500 mg/l

• From 1960 to 1990 sediment loads fell to 200 
mg/l

• “The 40-70% decline in the last half century has 
been attributed to the construction of dams on 
major tributaries, artificial levees, river 
straightening, wing dams, bank revetments, and 
soil conservation practices.” Source: Allison & Meselhe, 2010

Declining Sediment loads in the Lower Mississippi River



The Transformation of the Mississippi River: The Future

Hydrological alterations accelerating impacts of sea level rise

Baton Rouge

Presenter
Presentation Notes
As essential to the construction of the delta as the river was, the river’s absence is rapidly leading to its disappearance.



Fourleague
Bay

Proposed Coastal Restoration in the Mississippi Delta

Source: Louisiana Coastal Restoration & Protection Authority

Flood Control Structures

Creating Marsh with Dredging Creating Fastlands with Levees
Diverting River Water & Sediment



Slope is Critical
• A given rise in mean sea level will have greater effect 

when the slope of the shore is gradual
• Example below illustrates the effect of equal rise in sea 

level in places of different slope

1 – Landward Encroachment of Sea
2 – Sea Level Rise

1

2

1

2



MAP OF YANGTZE DRAINAGE BASIN IN CHINA:
Sediments, nutrients, and organic matter from the watershed flow into the river. Eventually
these materials enter the sea and nourish coastal ecosystems, which sequesters carbon. 

Shanghai

Satellite Image of Sediment Plume in 
The Yangtze Delta, April 2002 

Shanghai

Source: http://www.globalrivers.org/wp-content/uploads/2011/10Yangtze.jpg Source: NASA Earth Observatory

Eventually 
Fecal Matter 
And Detritus

Sinks… 
Storing Carbon on

The Ocean Floor



Yangtze River –
Three Gorges Dam

• Largest Electric Power Facility 
In the World

• “Renewable” energy
• Cost: 180 Billion Yuan 

($22.5 Billion USD)
• Construction Started: 1994 
• Completed: 2012   
• Electricity Gen. 80-100 TWh
• Width 2.3 km
• Concrete: 27.2 Million m3

• Payback of  Construction 
reached after 1000 TWh
has been generated (~12 years)



Yang et al. 2014. Downstream sedimentary and geomorphic impacts of the Three 
Gorges Dam on the Yangtze River.  Earth-Science Reviews 138:469–486.

The Three Gorges Dam has changed sediment input greatly.



Nile Delta
• Prospects are not 

encouraging
• Even a relatively 

modest MSL rise of 
0.5 m causes 
substantial loss of 
land

• Question is: even so, 
would it have been 
done differently 
knowing then what 
we know now?



Calfed Bay-Delta Program
• Cooperative effort includes Federal 

Government, State of California, local 
governments and water users, to address water 
management and aquatic ecosystem needs of 
California’s Central Valley

• Sacramento-San Joaquin Delta drains west into 
San Francisco Bay

• Nation’s largest water delivery system, 
providing drinking water to 25 million 
Californians



The Bottom Line
• Deltas the world over are threatened by sea level rise

• While sea level rise from global warming is a concern, 
other causes exist such as human alteration of the 
hydrologic cycle and sediment “starvation” of deltas

• Global change is not just global warming

• The Mississippi Delta has a big challenge

• Will future resources be sufficient to “engineer” our 
way to coastal protection and restoration?


	Middlebury Institute of International Studies at Monterey: The Challenge of the World’s Deltas 
	What I Want to Cover Today
	Healthy Coastal and Ocean Resources:�The Ocean Economy is Critical to U.S.
	The Coastal “Triple Whammy”
	Vulnerability of Coastal Communities
	Coastal Demographic �Trends in 2007
	Components of Relative�Sea Level Rise
	Climate Change and Eustatic Sea Level Rise
	EUSTATIC SEA LEVEL RISE IS ACCELERATING…
	Counteracting Sea Level Rise and Subsidence:��Sediment Input Deficiency Concerns Relate Directly to Human Engineering of the Natural Hydrologic System
	Slide Number 11
	Slide Number 12
	Human Alteration of Natural Waters
	Value and Risks: World’s Deltas
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Proposed Coastal Restoration in the Mississippi Delta
	Slope is Critical
	Slide Number 21
	 �
	Slide Number 23
	Nile Delta
	Calfed Bay-Delta Program
	The Bottom Line

