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Wave Celerity And Dispersion Fundamentals
�‰Celerity or phase speed refers to wave propagation speed.
�‰Dispersion refers to manner in which waves separate or 
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frequency components. 

�‰Shallow water phase speed is independent of wavelength so 
frequency dispersion is typically considered to be insignificant.

ADCIRC+SWAN model includes Atlantic, 
Caribbean, and Gulf of Mexico basins 
extending into back bays of Galveston 
and Chambers counties, as well as 
portions of Brazoria, Harris, and 
Jefferson counties. Results for low and 
high resolution Hurricane Ike hindcast 
simulations were output in two 
different formats: maximum intensities 
and time series. Data sets include wind 
fields, currents, storm surge elevations, 
flooding depths, and wave 
characteristics. Model output data were 
extracted along CR 257 between 
Galveston and Surfside, Texas as hourly 
peak intensity measures (IM). Data 
were evaluated for multiple variables 
assessing significance and correlation 
relative to likelihood of damage. 
Cumulative dispersion functions 
strongly predict likelihood of damage.

DISCOVERY #1: Gravity wave celerity dispersion 
functions computed using cumulative water surface 
elevation and cumulative wave period hourly peak IMs 
for overtopping flows are strongly correlated and 
approximately equal in value for event duration.

DISCOVERY #2: Cumulative functions 
vary based on approximate distance 
from CR 257 to shoreline measured at 
mean sea level from pre-event aerials. 
Distribution of function as a gradient 
relative to setback distance of the 
roadway improves damage grouping.

DISCOVERY #3: Cumulative 
current velocity accounts for 
velocity head at overtopping 
flow. Resultant value is 
reported as velocity head times 
cumulative celerity per unit 
distance measured between 
road and shoreline. Comparing 
the cumulative function 
progression for the event 
assists with validating likely 
damage failure modes. Critical 
threshold value for predicting 
likely damage along CR 257 is 
cumulative dispersion value 
greater than 42 m s-1. 

Excel plot stretched along CR 257 overlaying September, 2008 aerial image 
showing apparent damaged road locations in yellow shade relative to normal 
cumulative distribution function values. Likelihood of failure is predicted 
where CDF > 0.5. Damaged areas shown in red frames.

Post-event photos of road 
damage observed along CR 257 
(provided by Brazoria County). 
Photo locations not identified. 
Reconstruction drawings used to 
verify damage extents. 

Coastal model and IM data provided by 
Dr. Bret Webb for Galveston Test Bed 
Model research team. Hurricane Ike 
(2008) wind fields (vectors) and water 
surface elevations (colors) just after 
landfall. The thin black line oriented
diagonally in the figure shows the 
approximate track of the storm's eye. 
(Coastal Hazard Intensity Measures, 
completed 01/04/17).

Cumulative dispersion values were compared to current velocity flow 
vectors to assess whether damage likely occurred with initial storm surge 
overwash, or receding storm surge backflow into the Gulf of Mexico. 
Data show that critical cumulative damage values are realized soon after 
current velocity vectors reverse direction as storm surge recedes.

Shallow water wave 
dispersion occurs 
with strong wave-
current interaction 
during storm surge. 
Understanding this 
interaction is key to 
clarifying dispersion 
function correlation 
in predicting road 
damage. Focus is to 
explain and develop 
fragility curves.


