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Most Global Mean Sea Level Rise is accounted for by thermal expansion (30-55%), glacial 
loss (15-35%), and storage of ground water.   Local SLR must account for ocean dynamics, 
redistribution of land ice mass, and vertical land movement.

Source:  IPCC AR5 (2013) Chapter 13



The geographic variability in the rate of sea level change 
(1992-2010) is evident in satellite altimetry data.

Parris et al., 2012 (Global SLR Scenarios for U.S. NCA)





The rate of SLR in the Mid-Atlantic exceeds the global average 
computed from tide gauge records (1.7 mm/yr), mostly due to 
Vertical Land Movement associated with glacial isostatic adjustment. 

Parris et al., 2012 (Global SLR Scenarios for U.S. NCA)



“The National Academies of Sciences recently 
concluded that the National Science Foundation 
should make research on Antarctica’s sea level 
implications its top priority, with a particular 
emphasis on West Antarctica.“

https://www.washingtonpost.com/news/energy-
environment/wp/2015/09/29/scientists-declare-an-urgent-mission-
study-west-antarctica-and-fast/

Rapid changes in ice sheet dynamics 
are not well modeled.

https://www.washingtonpost.com/news/energy-environment/wp/2015/09/29/scientists-declare-an-urgent-mission-study-west-antarctica-and-fast/


Knowledge Gaps

1. Physics of glacial 
calving

2. Interaction of ice 
sheets with ocean 
waters at periphery

3. Interaction of ice 
sheet with bedrock
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See also https://eos.org/features/on-the-rocks-the-challenges-of-predicting-sea-level-rise

https://www.washingtonpost.com/news/energy-environment/wp/2015/09/29/scientists-declare-an-urgent-
mission-study-west-antarctica-and-fast/

https://eos.org/features/on-the-rocks-the-challenges-of-predicting-sea-level-rise
https://www.washingtonpost.com/news/energy-environment/wp/2015/09/29/scientists-declare-an-urgent-mission-study-west-antarctica-and-fast/


Recent Sea Level Studies
• 2007  IPCC Assessment Report 4 (AR4)

• 2008  Updating Maryland’s SLR Projections

• 2011  USACE Guidance

• 2012  NRC Report on MSLR Processes,  
NOAA Sea Level Rise Scenarios for                                       
National Climate Assessment (NCA)

• 2013  IPCC AR5,
MD Update of 2008 Assessment,
Updated USACE Guidance

• 2014  National Climate Assessment

• 2016  SERDP Report on Regional Scenarios                            
(CARSWG Report)



DoD Coastal Assessment Regional Scenario Working Group (CARSWG) Study
Plausible, scientifically credible future scenarios with regard to sea level and extreme water 
levels to assist decision makers and others in making robust choices to manage their risks

Uncertainties:
- Climate forcings
- Physical system response
- Human behavior

Fig. Source: CARSWG Report



Global Mean Sea Level Rise Scenarios Considered by the CARSWG

Fig. Source: CARSWG Report

The highest and lowest curves are based on the scenarios which NOAA developed for the 2014 
National Climate Assessment.  NOAA expressed high confidence that future global MSL would 
not fall outside the range of these bounding scenarios (0.2 and 2.0m).



Fig. Source: CARSWG Report
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Highest and Lowest CARSWG Scenarios
Adjusted for Approximate Maryland VLM (1.5 mm/yr)

0.1-0.3 m  / 4-12 in
by 2025

0.2-0.7 m / 8-28 in
by 2050*

Based on max plausible 
glacier and ice sheet loss 
by 2100 and estimated 
ocean warming (Pfeffer
et al. 2008).  
Corresponds roughly to 
upper bound of RCP 8.5 
(Jevrejeva et al. 2014 and 
Kopp et al. 2014)

Linear extrapolation of 
historical trend in tide 
gauge data (global 
average), adjusted for 
vertical land motion.  
Corresponds roughly to 
lower bound of RCP 2.6

* These values do not include regional adjustments to MSL from dynamic sea level or land ice mass, which for periods of 
2035 and earlier, are probably negligible compared to interannual / decadal variability and model uncertainty.  The high 
scenario values beyond 2035 should be further adjusted for dynamic sea level and land ice mass changes, which will likely 
increase the 2050 MSL value by approximately 0.1-0.2 m (this adjustment is pending access to the CARSWG database).



Comparison of Mean Sea Level Trend in Annapolis Tide Gauge Data 
to CARSWG Highest and Lowest Scenarios (Adjusted for MD VLM)

The lower bound for sea level rise scenarios should be based on historical trends 
dating back at least 50 years, as shorter record lengths (such as satellite altimetry 
measurements) may be affected by interannual / decadal variability.
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Final Adjustment for Short Term Scenarios:  
Interannual Variability (IAV)

For scenarios extending to 2035 or 
less, CARSWG recommends 
computing two standard deviations of 
the detrended annual MSL residuals, 
and adding this value to the 
computed range of MSL rise.  

This is considered to be a conservative 
estimate of the variability that results 
from interannual / decadal oscillations 
(ENSO, NAO, etc.), which are 
significant for scenarios extending 20 
years or less.

This is a site specific correction, but 
for Chesapeake Bay, it increases MSL 
by approximately 0.11m / 4 inches.

http://www.co-ops.nos.noaa.gov/sltrends/residual.htm?stnid=8575512

.11m

.11m
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http://www.co-ops.nos.noaa.gov/sltrends/residual.htm?stnid=8575512


Study          2025 Range 2050 Range

2013 Maryland Update
(Note 1)

N/A 0.3 - 0.7 m
12 - 28 in

2016 CARSWG Guidance
(Notes 2 & 3)

0.1 - 0.4 m
4 - 16 in

0.2 - 0.7 m
8 - 28 in

Plausible Ranges of Maryland SLR

Notes:  
1. 2013 MD Update accounts for ocean dynamics, land ice, and VLM.

2. This application of the CARSWG guidance accounts for VLM.  Best guess VLM value 
of 1.5 mm/yr (per 2013 MD Update) was used for adjustment.  2025 range was 
also adjusted for interannual variability of MSL.

3. CARSWG upper bound for 2050 should be adjusted for dynamic sea level and land 
ice changes (adjustment is pending access to CARSWG database).



Astronomical Tides, Storm Surge, and other Sea Level Anomalies

2015 Predicted and Verified Hourly Water Levels for Annapolis 
Relative to Mean Sea Level

Still Water Level = Tide (astronomical + MSL seasonal cycle) + Nontidal Residual (storm surge + sea level anomaly)

To assess risk of exposure to Extreme Water Levels, probability estimates of exceeding specified 
extreme sea levels are required.  This step in risk analysis is beyond the scope of this brief.
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