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COASTAL STORMS 

• Coastal storm impact basics 

– Water level and waves 

• Two types of coastal storms 

– Tropical Cyclones (e.g. hurricanes) 

– Extratropical Cyclones (e.g. nor’easters) 



The Basics 

• Astronomical tide amplitude (Spring Tide?) 

• Wind fetch (distance over water) 

• Duration of winds headed toward shore 

• Angle of wave train to shoreline 

• Storm motion (approaching on great circle 
route?) 

• If tropical cyclone, consider: 
– Intensity Category 

– Size 

– Radius of max winds 



ASTRONOMICAL TIDES 
• Spring Tide 

– During full and new moons  

– Moon and sun gravitational forces                 
in alignment  

• Neap Tide 

– Quarter moon phases  

– Moon and sun gravitational forces offsetting 



Wave action produces additional elevation! 

Coastal flooding and erosion result from storm surge on top of 
the astronomical tide and wave action on top of the storm tide. 

Timing of the maximum storm surge is an important issue for 
those locations  (e.g. New England) that have large tidal ranges. 

Surge 

Storm Tide (Total Still Water Level) = Astronomical Tide + Storm Surge 
Waves contribute the following: 
     - Add to water level behind barrier beach via overwash (from wave runup) 
     - Cause damage to structures (sea walls, docks, homes, etc.) via wave battery 
     - Scour and transport beach sand via erosion 

Hurricanes and Nor’easters both impact 
coastline with storm surge and waves 



MORE TERMINOLOGY 

Overwash Splashover 

Rule of thumb:   
Along exposed coast, overwash and splashover can become important when waves 
about 10 miles offshore reach 20 feet or more 



TIMING MATTERS! 
JANUARY 27, 2015 COASTAL FLOODING 

 

January 27, 2015 morning Scituate, MA – courtesy Dave Laroche 



January 27, 2015 High Tide at Boston 

Max Storm Tide = 13.65 feet MLLW (approx. 30 minutes after time of 

astronomical high tide) 

Storm Surge at max storm tide = 3.35 feet (3.12 feet at time of actual 

astronomical high tide) 

Max storm surge = 4.78 feet  (approx. 30 minutes after time of low tide) 



WHAT IF… 
• The storm was about 6 hours faster and peak surge 

occurred at high tide: 
– 10.5 + 4.78 = storm tide of 15.28 feet MLLW 

– Just above record water level of 15.1 feet MLLW          
set during the 1978 Blizzard 

• The storm occurred the week before when we had a 
12 foot MLLW astronomical tide: 
– Potential storm tide near 16.8 feet (would bring us to 

unchartered territory) 



WAVES MATTER! 

• Structural damage from wave battery 

• Contribution to inundation via overwash 

• Scouring/erosion 

Courtesy Neil Duggan, Scituate Building Inspector 



Scituate Tide Gage Data for February 8-9, 2013 

Orange line= 
Flood Stage 

Red line=  
Moderate Flood 

A Tale of 
Two Tides 



A Tale of Two Tides 

• February 8, 2013 Evening High Tide 

– Storm Tide about 13 feet above MLLW 

– Waves 15 to 20 feet just offshore 

• February 9, 2013 Morning High Tide 

– Storm Tide about 13 feet above MLLW 

– Waves 30 to 35 feet just offshore 

• With 12 to 14 second periods 



Wave Overwash 



And Erosion Can Be a Big Issue 

Misquamicut Beach – Westerly, RI (2 days after Sandy) 



New Products 
from National Hurricane Center 

• Storm Surge Warnings 

– Explicit Storm Surge Warning  

• versus implicit by a Hurricane Warning 

– Recommended by social scientists 

• Dynamic inundation mapping 

– Visualization of inundation possible from a specific storm 

– Represents plausible worst case scenario (10% exceedance) 

– Does not incorporate wave runup/overwash 

– Currently only for tropical cyclones 

 



NHC FORECAST INUNDATION MAP FOR 
PLAUSIBLE WORST CASE SCENARIO 

10% CHANCE OF BEING EXCEEDED  



LOCAL WEATHER INFORMATION  

 

•Hurricane Local Statements (& TCV) 

•Hurricane Threat and Impact Graphics 

•Marine Weather Warnings 

•Hazardous Weather Outlooks 

•Area Forecast Discussion 

•Decision Support Services Briefings 

 

National Hurricane Center and 
local Weather Forecast Office work 
as a team 



HURRICANE LOCAL STATEMENT 

• Purpose: provide concise overview of 
evolving hurricane threat for more effective 
response 
– Executive weather summary of evolving weather 

situation 

• Primary focus: 
– Hazard(s) of greatest concern 

– Areas where threat is greatest 

– Critical time frame 



COASTAL FLOOD HEADLINES 
Extratropical Storms (e.g. Nor’easters) 

• Coastal Flood Watch 
– Potential for moderate or greater coastal flooding 

– Generally 36 to 48 hours lead time 

• Coastal Flood Warning 
– Moderate or major coastal flooding likely/expected 

– Generally 24 to 36 hours lead time 

• Coastal Flood Advisory 
– Minor coastal flooding likely/expected 

– Generally 24 to 36 hours lead time 



HEADLINE CRITERIA 

• Minor – Coastal Flood Advisory 

• Moderate or Major = Coastal Flood Warning 

Minor Moderate Major 





weather.gov/boston 











REFERENCE INUNDATION MAPS 

• Intended to be a first cut tool 
– Depict areas prone to flooding with various static 

water levels 

– The 100 year velocity zone overlay depicts areas at risk 
for overwash and wave damage in high end events 

• Limitations 
– No contribution from wave overwash 

– Impact of barriers (dams, hurricane barriers, etc.) not 
well-handled everywhere 

– Resolution only as good as available LIDAR value 

– Storm tide referenced only to MLLW datum 



Product Example 



HAZARDOUS WEATHER OUTLOOK 
(HWO) 

• Issued every early morning 
• Potential hazardous weather out to 7 days 
• May be your first clue of a local concern! 
• Threat evolution 

– May not appear too ominous at first (especially if time 
period is greater than 5 days) 
• But let that be your signal for higher situational awareness 

– Monitor evolution of threat with time (e.g. increasing or 
decreasing threat) 

• Check HWO daily to maintain situational awareness 



weather.gov/boston 



AREA FORECAST DISCUSSION 
(AFD) 

• Explains the rationale behind the warning and 
forecast decisions (i.e., the “why” of the forecast) 

• Favorite product for many broadcast meteorologists 

• Confidence level and degree of uncertainty 

• May indicate alternative scenarios possible 

• A way to get inside our heads 



weather.gov/boston 



WORK IN PROGRESSWORK IN PROGRESS  

•• Fine tuning inundation mappingFine tuning inundation mapping  

•• Tweaking tables with impact a function of total Tweaking tables with impact a function of total 

water level and waveswater level and waves  

•• Wave runWave run--up initiativeup initiative  

Washington, DC circa 1930s WFO Taunton, MA circa 2014 



Coastal flood impacts appearing in TWLBOX are a function of water 
level and waves (derived from staff experience and local studies)  



New Developments 
Wave Run-up 

• Experimental program to help understand and forecast 
wave impact 

– Empirical technique being applied to “hot spots” 

Oct. 1991 “Perfect Storm” – Boston Globe 



Looking to the Future 

• Rising sea level 

– Expect more frequent coastal flooding 

– New record total water levels 

– Raises the impact stakes 

 



PREPAREDNESS! 



“Natural calamity strikes at just about the time  
  that one forgets its terror.”  

                                           -- Japanese Proverb 



Perfect Storm of October 1991                                                                                                          Courtesy Boston Globe 

THANK YOU! 


