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What causes the global and regional sea 
level changes that we are seeing today?



Global Sea Level Rise Driving Factors:
Volumetric Increase (melting of land-based ice sheets and glaciers)

(m of water equivalent 
thickness) 30 well-studied 
glaciers have decreased in 
average thickness by 60 ft



Global sea level (mm) as difference from 1990

Ocean Heat (1022 joules) compared with average 1955-2006

Thermal Expansion (expansion of the water column due heating)

Global Sea Level Rise Driving Factors:

Global sea level rise average over the last century:  1.8 mm/year (0.7” per decade) 



adapted from Figure 3.15a in State of the Climate in 2016

Combined independent totals from thermal expansion and glacier/land 
based ice sheet input match satellite measurements 

Last 100 years: 1.8 mm/yr (0.7” per decade)
Last 25 yrs: 3.3 mm/yr (1.3” per decade)

http://www.ametsoc.net/sotc2016/Ch03_GlobalOceans.pdf




Locally, sea level is rising in the long term…

2019



…is rising faster in the short term…

…can rise abruptly…



Sea level can change abruptly due to changes in the 
Gulf Stream and North Atlantic Oscillation

Maine tide gauges saw an average of approximately 5” higher than 
normal tides, especially in winter of 2010.  This was the highest 
along the whole east coast. 



5 of the highest monthly sea levels occurred in 2009-2010



Higgins Beach, Scarborough, April 7, 2010
P.A. Slovinsky

Just slightly higher sea levels combined with storm events lead to 
much higher levels of coastal erosion (as witnessed in winter 2010)



Sea Levels also tend to vary by month along the Maine 
coast…



Month Highest 2nd 3rd 4th 5th 2019 2018 Lowest
January 2010 2011 1998 1979 2019 5th 40th 1922
February 2010 1998 1978 2011 1960 31st 46th 1934

March 2018 2010 2013 2005 1958 16th 1st 1913
April 2010 2005 1961 2017 1984 23rd 18th 1930
May 2017 2005 2011 2019 2006 4th 13th 1929
June 2012 2011 2009 2019 2018 4th 5th 1914
July 2009 2019 2011 2012 2013 2nd 12th 1923

August 2011 2012 2018 2019 1968 4th 3rd 1921
September 1996 2018 2010 2017 1977 9th 2nd 1923

October 2019 2012 2011 2014 2009 1st 8th 1916
November 1970 1983 1995 2010 2012 ? 9th 1930
December 2010 2012 1970 2009 1969 ? 11th 1928

Last 20 years 83% 83% 67% 92% 50% 0%

occurred in the last decade
occurred in the last 20 years

…and most of the Highest Monthly Sea Levels have 
occurred in the past 2 decades
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Adapted from NOAA Technical Report NOS CO-OPS 083, January, 2017 
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Global Mean Sea Level Scenarios to 2100

Tide gauge data

Satellite
data

Scenarios

Sea level  is expected to continue to rise...



…and in Maine, could potentially rise higher than global averages.



“King Tide” October 25, 2016
A. Sherwin, MCP

NOAA NWS “Flood Stage” 
for Portland is about the Highest 
Astronomical Tide (12 ft MLLW)

Scarborough Marsh during Jan 2019 King Tide
P.A. Slovinsky, MGS

For marshes in Maine, the HAT is the 
approximate upper boundary of the 
high marsh



1912-2019 = 3.5 hrs/yr (0.15 days/year)                
2009-2019 = 11.7 hrs/yr (0.5 days/year)



With 1 ft SLR
1912-2019 = 54.1 hrs/yr (2.3 days/yr)
2009-2019 = 127.9 hrs/yr (5.3 days/yr)

There could be more than a tenfold increase in the 
frequency of “nuisance” flooding with only 1 foot 
of sea level rise.  

What does this significant increase in frequency 
and duration of inundation mean for marshes?



Sea Level Rise Summaries

• Latest scenarios for SLR (using the intermediate to 
intermediate high relative scenarios from NOAA 
2017):  
• Short Term: ~ 1-2 ft by ~2050
• Long Term: ~4 (but potentially 6 ft or more by 

2100) 
• Sea level rise increases both the frequency and 

duration of annual tidal and storm-driven flood 
events .

• Abrupt short-term sea level changes do occur, and 
can have significant impacts on storm levels and 
beach erosion.



http://www.maine.gov/dacf/mgs/hazards/slr_ss/index.shtml

MGS Sea Level Rise and Storm Surge Mapping
The basis for marsh response simulations

• Highest Tide
• SLR Scenarios



Scarborough Marsh during Jan 2019 King Tide
P.A. Slovinsky, MGS



Marsh Side Ocean Side
Coastal wetland

Highest Annual Tide (HAT) - “spring” tide, the highest predicted water 
level for any given year but is reached within several inches numerous 
tides a year

Mean High Water (MHW) – the averaged daily high water mark

Mean Tide Level (MTL) = average height of the ocean’s surface 
(between mean high and mean low tide).

Beach

P.A. Slovinsky, MGS

Using Tidal Elevations as Proxies for the Marsh…

Coastal Wetland - MTL to HAT

Tidal elevations are determined from nearby applicable NOAA National Ocean Service/CO-OPs 
tidal prediction stations (Old Orchard Beach)
http://tidesandcurrents.noaa.gov

http://tidesandcurrents.noaa.gov/


First, some “Assumptions”
• Topography stays static – we use LiDAR data that 

represents a “snapshot” of topography that may have 
changed. 

• Simulations use a “bathtub” approach that assumes 
that the topography stays the same, i.e., it doesn’t 
account for erosion, accretion, or dynamic processes 
like waves.

• Using tidal elevations as proxies for wetlands – can’t 
account for changes in tides due to restrictions unless 
it’s accounted for at a tide prediction station.







Very accurate method of delineating coastal wetlands!



How might wetland types change in 
response to SLR?

Low Marsh (MTL-MHW)

High Marsh (MHW-HAT)



A detailed look:   
Scarborough Marsh



For general planning purposes only.



For general planning purposes only.



For general planning purposes only.



For general planning purposes only.



Conversion 
to 

open water

For general planning purposes only.



Take home point: Wetlands may convert to a low-marsh dominated system 
(high marsh expansion limited by steep sloped or developed uplands) and 
marshes may convert to open water under higher scenarios.



Summary
• Overall, Maine marshes will likely slightly gain area under lower SRL 

scenarios, but lose area under higher scenarios.  

• Most of Maine’s marshes are currently dominated by high marsh as 
opposed to low marsh (70%–30%).  Based on simulations, this will 
likely change as high marsh is pinched out between uplands and 
migrating low marsh.

• In many areas, high marsh will be lost and low marsh will likely be 
converted to “open water”.  

• Short-term marsh changes due to increases in inundation frequency 
and duration is something that needs to be better studied and 
quantified.

• Conserving adjacent land for marsh migration is key for sustaining 
this resource.



Thank you!

Peter A. Slovinsky, Marine Geologist
Maine Geological Survey
Peter.a.slovinsky@maine.gov
(207) 287-7173

mailto:Peter.a.slovinsky@maine.gov

