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Global Sea Level Rise Trends Based on Observation

Since 1993, SLR rate = 3.4 mm/yr (1/8th in/year)

Note: SLR measured using: tide gauges and 
satellite laser altimeters
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Sea Level Rise  - Why It Matters

 40% of the U.S. population lives 
in high-density coastal areas

 8 Million people live within LIS 
watershed

 8 of 10 of the world’s largest 
cities are near coast

 U.S Property Exposure:
• $16T Coastal Properties Gulf and 

Atlantic
• 4.2 million people living in coastal 

areas (less than 10 feet above sea 
level rise)

• 50% in south Florida
• 13% increase in coastal 

development (last few years)
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Connecticut Sea Level Rise Trends Based on Observation

MHHW: 1.21 feet NAVD88
MLLW: -1.84 feet NAVD88
MSL: -0.31 feet NAVD88
Tidal Range: 2.56 feet

MHHW: 3.48 feet NAVD88
MLLW: -3.84 feet NAVD88
MSL: -0.22 feet NAVD88
Tidal Range: 6.74 feet
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Causes of Sea Level Rise Global Temperature

Ice sheet mass changes

Glacier mass changes

Oceanographic process

Land-water storage

Glacial isostatic 
adjustment

Tectonic and sediment 
compaction
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Arctic Land and Sea Ice Melt
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Underlying CausesArctic Land and Sea Ice Melt
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Arctic Land and Sea Ice Melt
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Underlying Causes

Image Credit: oceantoday.noaa.gov

Contributions Due to Ice Melt and Thermal Expansion
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Glacial Isostatic Adjustment – Relative Sea Level Change
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NOAA NOS CO-OPS Technical Report 083 
Global and Regional Sea Level Rise Scenarios for the United States, January 
2017. 

 Scenario-based 
 Probabilistic projections 

NOAA et al., 2017Scenario Projections of Relative Sea Level Change
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 Carbon Dioxide: Respiration, volcanoes, 
deforestation, land use change, fossil 

 Methane: landfills, agriculture, digestion 
and manure 

 Nitrous Oxide: fertilizers, fossil fuels, 
biomass, nitric acid

 Chlorofluorocarbons: largely regulated 
(ozone)

 Water vapor: Feedback

Greenhouse Gas Emissions
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 Electricity Production: +/-67% burning fossil 
fuels (mostly coal and natural gas)

 Transportation: fossil fuels for cars, trucks, 
ships, trains and planes (90% of fuel: gas 

 Industry: fossil fuels for energy, production 
of goods

 Commercial and Residential: fossil fuels for 
heat, waste

 Agriculture: livestock, soils and rice 
production

 Land Use and Forestry: sink (absorbing 
CO2)

Anthropogenic 
Greenhouse Gas Sources
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Difference between sunlight absorbed 
by the Earth and energy radiated back 
to space

Radiative Forcing
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Representative Concentration Pathways: Emission-
Dependent Sea Level Rise Projections (IPCC AR5)

RCP8.5: High range emission scenario (increasing GHG 
emissions:possible development for high population numbers, 
high fossil/coal use)

RCP6.0 : Medium range emission scenario (low‐medium 
baseline scenario or stabilization after 2100)

RCP4.5: Medium range emission scenario (stabilization 
scenario after 2100; ambitious GHG emission reduction)  

RCP2.6: Low range mitigation scenario: “peak and decline” 
scenario

 Four possible Climate 
Futures

 Named after range of 
radiative forcing 
values in the year 
2100 (W/m2)

 Relative to pre-
industrial values

 Represent predicted 
GHG concentrations
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NOAA et al., 2017
Representative Concentration Pathways: Emission-
Dependent Sea Level Rise Projections (IPCC AR5) –
Global Sea Levels
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NOAA et al., 2017
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NOAA et al., 2017

1.9-2.3o 2.0-3.6o 3.2-5.4oIncrease degrees Celsius
2081-2100 relative to 1850-1900

Representative Concentration Pathways: Emission-
Dependent Sea Level Rise Projections (IPCC AR5)
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NOAA et al., 2017Emission-Dependent Sea Level Rise Projections (IPCC 
AR5) – Global Sea Levels
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NOAA et al., 2017Emission-Dependent Sea Level Rise Projections (IPCC 
AR5) – Local Sea Levels
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NOAA et al., 2017Relative Sea Level Change Implications

Chronic Flooding:
• 26 times per year (every other week)

Chronic Inundation:
 10% or more developed land area

Chronic Flooding
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Norfolk, Virginia

National Weather Service Impact Criteria
MHHW +0.5m: Nuisance Flooding
MHHW + 0.9m: Moderate
MHHW+ 1.2m Major

Relative Sea Level Change Implications
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NOAA et al., 2017Relative Sea Level Change Implications

Increased frequency and flood levels due to 
storm surge

Extreme Flood Events
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Relative Sea Level Change Implications

100-year return period flood:

2016:  Elevation 11.7 NAVD88
2041:  Elevation 12.6 NAVD88
2066:  Elevation 13.9 NAVD88
2116:  Elevation 18.0 NAVD88

New Haven Flood-
Frequency
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NOAA Sea Level Rise Viewer
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Example of Relative Sea Level Change on Tidal Flooding: 
New Haven High Resolution Numerical Modeling

Year 2116
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NOAA Sea Level Rise Viewer
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Relative Sea Level Change Implications
100-year return period flood
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Planning Implications of Sea Level Rise

 Risk-Informed (Based on Probability):
 Expected Loss
 Criticality
 Planning Horizon
 Tipping Points
 Risk Tolerance

 Envelope Risk (mid-range and upper bound):
 NOAA, 2017 Intermediate-Low 49% to 96% - very likely
 NOAA, 2017 Intermediate 2% to 17% - likely
 NOAA, 2017 Intermediate-High 0.4% to 1.3% - low but possible 

Risk = probability of an event x consequences
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Planning Implications of Sea Level Rise
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Planning Implications of Sea Level Rise

Year 2040:

NOAA. 2017 Intermediate‐Low: 0.79 foot

NOAA, 2017 Intermediate: 1.25 feet   

NOAA, 2017 Intermediate‐High: 1.74 feet

Year 2050:

NOAA, 2017 Intermediate‐Low: 0.95 foot

NOAA, 2017 Intermediate: 1.61 feet   

NOAA, 2017 Intermediate‐High: 2.23 feet

Year 2070:

NOAA, 2017 Intermediate‐Low: 1.35 feet

NOAA, 2017 Intermediate: 2.53 feet   

NOAA, 2017 Intermediate‐High: 3.64 feet

Year 2100:

NOAA, 2017 Intermediate‐Low: 1.84 feet

NOAA, 2017 Intermediate: 4.13 feet   

NOAA, 2017 Intermediate‐High: 6.30 feet

Bridgeport, Connecticut Projections
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Planning Implications of Sea Level Rise

State of Connecticut Guidance and 
Regulation:
 PA 12-101
 PA 13-179

Must Consider RSLC:
 Plans of Conservation and Development
 Hazard Mitigation Plans
 Coastal Management
 Inconsistencies in definition of sea level rise
 Does not consider structure criticality 

Forthcoming Guidance: 
UCONN/CIRCA
 Mid-range Planning   1.7 feet by 

2050
 Long Term – be aware 3.25 feet 

by 2100
 Updated every decade 


