Climate Adaptation Vulnerability Assessment:  Coastal Environment


	Area of Concern
	Climate

Variable(s)
	Seasonal

Pattern / Occurrence
	Impact /

Effect on Natural System population and elements
	Sensitiv-ity 

(H,M,L)
	Adaptive Capacity (H,M,L)
	Vulner-ability


	Impact /

Effect on Human / Built System components
	Sensitiv-ity 

 (H,M,L)
	Adaptive Capacity (H,M,L)
	Vulner-ability



	Bluffs and rocky coast

40% of Maine coast has bluffs

3000 miles total bluffs and rocky coastline

Bluffs are eroding at about 1 foot per year

Bluffs (definition) = Sediment that is 3 feet or more in elevation
	Storm intensity

(bluffs)
	More frequent severe events

· Higher wind speed

· Rise of sea level for duration of storm

· Higher storm surge

· Greater wave action
	· Increased bluff erosion (soil loss)

· More frequency of storm damage and, as a result, more frequency of land/soil loss
· Potential increase in sand supply for local pocket beach creation / nourishment

	Medium 


	Low


	Medium

(but could be high over a century if current impacts continue)
	· Effects on scenic and recreational tourism
· Increased visual impact of engineered shoreline
· Structural damage:  costs, insurability

· Homes on bluffs
· Public utilities

· Roads


	Low

High
	High

Medium/
Low (due to cost)
	Low

Medium

	
	Storm intensity

(rocky coast)
	Same as above
	· Increasing carving of rocky coast

· Increased turbidity & wave action

· More frequency of storm damage
	Low
	High
	Low
	· Effects on scenic and recreational tourism
	Low


	High
	Low

	
	Sea level rise

(bluffs)
	Incremental

(short-term = over 2 decades)
	· Sea level rise of an inch per decade
	Low
	High
	Low
	· Road flooding
	Low
	High

(cost of replacing roads)
	Low

	
	Sea level rise

(rocky coast)
	Same as above


	· Same as above
	Low
	High
	Low
	· Salt water intrusion: drinking water

· Low level fresh water ponds could become saltwater

· Depends how much drinking water is being consumed
	Low
	High
	Low

	
	Sea level rise / storm intensity

(bluffs)
	All
	· N/A
	N/A
	N/A
	N/A
	· Current development patterns and limitations

· Driven by market forces/insurability
· Expansion of floodplain regulation
	Low
	High
	Low

	
	Sea level rise / storm intensity

(bluffs)
	All
	· N/A
	N/A
	N/A
	N/A
	· Effects of increased siltation on human/built environments

· Contributes bluff sediment to salt marshes and mud flats


	Medium

 (cost;  more frequent dredging)
	High
	Medium

	Aquatic ecosystem (offshore)
There are things about the Gulf of Maine that may make them more adaptive than other regions (e.g., Gulf of Mexico). The adapative capacity on the human side could be very high by simply changing in species harvested). The regulatory structure is a problem for adaptive capacity, though. 
This should be run by Andrew Pershin, Bob Stenick, David Townsend. Maybe someone from NMFS.
	Seawater chemistry
	Incremental;

Episodic
	Acidification & associated impacts to shellfish & other species (more vulnerable)
	H (but need more information about projection, and the tolerance level)
	M (low generation times, high dispersals ( system may be able to respond on a short time
	M-H
	Potential declines in shellfish fisheries… and whole marine foodweb in general.
(limited ability for people to move within zones… regulatory flexibility is low, fishing community is highly adaptable)
	H
	L 
	H

	
	Seawater chemistry
	Incremental, episodic
	Calcification for plankton, species shifts… Major unkown. Plankton as indicator of water chemistry.
	
	
	
	
	
	
	

	
	Ocean circulation patterns
	Episodic and Incremental
	Transport (perhaps a halt as a result of conveyor belt stopping) and delivery of plankton, larvae, nutrients, etc; changes in temperature regimes that impact abundance & distribution of marine organisms;  changes to species ranges, changes in productivity
	H (with a lot of uncertainty.. e.g, how MUCH temp. change?)
	?
	?
	Changes in fisheries , local climate
	M
	M
	M

	
	Precipitation (increase, episodic)
	Episodic, incremental, potential for threshold response)
	Altered patterns of freshwater runoff; delivery of sediments, nutrients, contaminants offshore and associated ecosystem impacts
	L (near-shore may feel it is H, we feel nearshore acts as a buffer)
	H
	L (assuming nearshore will be different)
	Effects of runoff-may not be a significant impact offshore, except through indirect effects
	
	
	Contingent upon vulnerability of natural system.

	
	
	
	Greater nutrient levels (nitrogen, phosphorus, maybe silica)
	
	
	
	
	
	
	

	
	
	
	Red tide occurrence:  shell fishing; other contaminants: impacts to marine organisms such as growth & reproduction
	
	
	
	Red tide occurrence:  shell fishery
	
	
	

	
	Sea temperature/ambient air
	Incremental
	Species shift; changes in fishery; invasive species and species shifts, increase in thermal stratification and near shore bays, (algal blooms?), changes to productivity within regions, maybe decreasing availability of nutrients in surface waters?
	H
	H
	M
	Species shift; changes in fishery; invasive species
	
	
	

	
	Storm intensity
	
	
	
	
	
	Shipping, ferry service, fishing, recreational craft loss, offshore wind, ghost gear – overall marine safety issues.  CG rescue
	M
	H
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	Beaches and Dunes
	Storm events
	Episodic
	Erosion:  land loss, habitat loss
*Saturation of bluffs leading to slumping could HELP beaches by providing more sediment

	H
	L
	H
	Structural damage:  costs, insurability (res; commercial)
Potential need for relocation of displaces residences
Potential expansion of extent of flood plain regulation
	H
	L

(without considerable investment and regulatory changes)
	H

	
	Sea level
	Incremental
	Species need for retreat may be impeded by human infrastructure
	H
	L
	H
	Treatment plant and septic system inundation
	M
	M
	M

	
	
	
	
	
	
	
	Coastal buildings (homes/businesses on former dunes)
	H
	L (without considerable invest. And reg)
	H

	
	Sea level, storms
	
	Inundation and salt intrusion:  ecosystem effects
	H
	L
	H
	Salt intrusion to drinking water sources; 
	H (wells)

L (public supply)
	L (wells)

H (public supply inland)
	H (wells)

L (public supply)

	
	
	
	Loss of beach/habitat; loss of coastal wetlands
	H
	L (due to human activity)
	H
	Loss of available beach for recreation and tourism (economic impact)

Costs for beach property acquisition to allow for migration
	H
	L
	H

	
	Sea level, storms
	
	* Strategy – removing tidal restrictions to promote natural system maintenance

	
	
	
	Damage to or abandonment of roads, bridges, culverts
	H
	L (without invest and policy)
	H

	
	
	
	
	
	
	
	Basement flooding due to higher water table along coast
	H
	L (without invest and policy change)
	H

	
	Precipitation
	Episodic
	Decreased Water quality from pollutants in runoff
*Increases in precipitation could lead to higher stream flows leading to more sediment transported to beaches (could be enhanced by dam  removal)
	H
	M (projects underway, but much more to do)
	M
	Decreased Water quality from pollutants in runoff/beach closures (economic impact)
	H
	M (projects underway, but much more to do)
	M

	
	
	
	 Species like Surf clams are affected by big storms and water quality
	M
	M
	M
	
	
	
	

	
	Temperature
	Hotter summers
	Stress on habitats from increased usage
	H
	L
	H
	Incr. recreational demand with decreased capacity (beach loss)
	H
	L (limited beaches)
	H

	Estuaries, tidal wetlands 
	Sea level
	Incremental
	Changes in species composition, losses of and changes in subtidal and intertidal habitat e.g., eelgrass, mudflats
Inland migration of estuaries and coastal wetlands

Loss of habitat for certain commercial species
	H
	L/M (depends on species)
	The estuary, wetlands, etc. system is highly vulnerable to, in particular, the geophysical challenges of sea level rise, precip, and the other changes in column 2.
	Competition for space (also affects natural systems):  also available locations for development

Loss of cultural heritage, esp. for tribes, island and traditional fishing communities
Loss of habitat for commercial fishing (some species)

Need for infrastructure elevation increases with filling or deck rising for piers, harbor seawalls.
	H
	M (relatively high costs)
	Variable

	
	
	 Episodic; chronic, incremental, seasonal var.
	
	
	The larger system has high adaptive capacity:  it will go somewhere.  Individual species,  composition, and habitats will change.  Any given segment may have L, M, or H, capacity to adapt.
	
	Transportation infrastructure’ stormwater and sewage systems; saltwater intrusion into DW systems; causeways
	
	
	

	
	Sea level
	Incremental
	Erosion:  habitat loss, salt water intrusion
	M/H 
	
	
	Erosion:  land loss and/or change in character due to increase in engineered shoreline
	
	
	

	
	Precipitation
	Chronic; episodic
	Water quality-sedimentation, bacterial pollution, increased contaminant loads
	H
	
	
	Infrastructure flooding; navigable waterway siltation, human uses such as fishing (clamming, etc.)
	H
	L
	

	
	Temperature (air)
	Incremental, episodic
	Eco-system change:  loss of some species, addition of new species, invasive spp?
	H
	
	
	Increased demand for human habitation
	
	
	

	
	Water chemistry (includes T, DO, pH; clarity; nutrients; toxics)
	Episodic, incremental, chronic (pH)
	Full suite of potential changes:  eco-system shift(s)
	H
	
	
	Effects on shellfish harvesting potential
	
	
	

	
	Cloud cover
	??
	Affects shifts in productivity due to decreased light availability in the water column (may also work the other way)
	??
	
	
	Potential effects on human spirit, including tourism and recreation
	
	
	

	
	Meteorologic / wind circulation patterns
	Episodic; may be seasonal as well
	Distribution of blooms, e.g., red tide; distribution of clam spat
	H
	
	
	Increased wave activity may change floodplain regulatory requirements
	
	
	

	
	Storm intensity, pattern
	Episodic; incremental; seasonal shift
	May  increase pollution events leading to nutrient loading (may be affected by currents and wind also)
	H
	
	
	Negative effects:  property losses, infrastructure’s ability to handle
	
	
	

	
	Marine currents (increased meltwater)
	Incremental, unpredictable
	Flow changes may preclude entry of Gulfstream waters, added effect of Labrador current, esp. Downeast [LINK to offshore)
	H
	
	
	
	
	
	

	
	Local current effects
	Seasonality; episodic
	Movements of sediments; overall changes in water masses and movement:  see also chemistry
	H
	
	
	Variability:  potential need to stabilize back areas, tidal rivers; passable channels/navigation; piers and wharfs.  Harbor siltation
	
	
	

	
	Earlier snowmelt
	Incremental
	May shift ability of coastal ecosystems to initiate productivity cycle
	??
	
	
	
	
	
	


	Ports and Harbors; Waterways
	Sea-level
	Incremental increase
	
	
	
	
	Need for increased freeboard for piers and harbors
Effects of increased siltation

· Dredging costs and increased frequency [may be offset by sea-level rise in some places]

For rock-protected harbors, may create a competitive advantage for Maine ports over southern soft coast areas


	
	
	

	
	Severe weather
	Chronic; episodic
	
	
	
	
	· Structural damage:  costs, insurability

· Ports/water facilities
· Related transportation systems

	M
	M
	M

	
	Change in water, wind circulation patterns
	Unknown
	
	
	
	
	· May require relocation / redesign of wave-break and harbor jetty infrastructure.
	
	
	


Work in Progress, as of 9/3/2009

Vulnerability = Sensitivity v. Adapative Capacity


