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ABSTRACT
In many coastal areas the adverse impacts 
of climate change and sea-level rise may 
be reduced by a careful response to the 
increased threat of storm induced flood 
damage. The identification of appropri-
ate adaptive actions (e.g. abandonment, 
retreat, elevation, protection, and engi-
neering approaches) depends largely on 
an understanding of the present and fu-
ture surge-induced flood risk.  In particu-
lar, an accurate and precise assessment 
of the exceedance probability of tropical 
cyclone induced storm surge, provided at 
high spatial resolution, will help decision 
makers identify areas of existing vulner-
ability requiring immediate action, as well 
as, areas that benefit from present plan-
ning for future vulnerability.  This poster 
gives an overview of a novel approach to 
generating this information by combining 
recent methodology for wind damage risk 
assessment with state of the practice hy-
drodynamic modeling of hurricane storm 
surge.  Multiple large statistically robust 
sets of synthetic hurricanes, simulated us-
ing coupled atmospheric-oceanic models 
for present and future climate scenarios 
are used to create empirical Cumulative 
probability Distribution Functions (CDFs) 
for the Hurricane Surge Index (HSI).  Sub-
sets of these storms are then used to drive 
an ADvanced CIRCulation (ADCIRC) 
model which simulates the dynamic inun-
dation processes over a high resolution 
topography/bathymetry.  In turn, the max-
imum surge levels from the ADCIRC sim-
ulations are combined with the HSI statis-
tics and a spatially variable Track Surge 
Factor (TSF), and then used to develop 
CDFs of the storm surge still water levels 
at a high degree of spatial precision.

1.0  TROPICAL STORM CLIMATOLOGY
  
 • Recent work in wind hazard assessment has resulted 
  in a number of techniques for generating large storm 
  sets with statistics that match historical observations  
  (e.g. Emanuel et. al 2006; Vickery, 2000)

 • These techniques can be extended to produce storm 
  sets for future climate scenarios that consider, for 
  example, the impact of global warming on storm 
  intensity.

 2.0  TROPICAL STORM 
    PARAMETERIZATION  
 For risk analyses tropical storms are often characterized   
 by a number of storm related parameters:
 
 • Track - The storms position and timing, landfall 
  location, forward speed, and approach angle.
 • Intensity  - Central pressure deficit and/or maximum   
  wind speed.
 • Size - Radius to maximum winds, radius to tropical 
  storm force winds. 

Figure 1  Tracks of a large set of storms impacting Galveston County, TX 
generated by WindRiskTech LLC.  

 These parameters can be used to categorize storms using various indices or other  
 metrics: (Powell and Reinhold, 2007, Kantha, 2008)

  • Saffir-Simpson Scale (SS)
  • Integrated Kinetic Energy (IKE)  
  • Hurricane Intensity Index (HII)
  • Hurricane Damage Index (HDI)
  • Hurricane Surge Index (HSI)  
  • Carvill Hurricane Index (CHI)
 
 Categorization by HSI has physical justification for use in assessing tropical 
 cyclone generated storm surge potential (Jordan and Clayson, 2008). 

HSI =    (     )2R   Vmax

R0  Vmax0 Figure 2.  Empirical Cumulative Distribution Functions 
for HSI at landfall for the 20th and 21st century climates 
based on large synthetic storm sets.

3.0 STORM SUB-SET SELECTION 

A representative sub-set of storms is selected from 
the large set using a Monte Carlo approach.  The 
large synthetic storm set is binned by HSI and a num-
ber of storms are selected at random from each bin.  
The choice of bin size and the size of the sub-set in 
each bin ultimately affects the precision and range 
of the surge exceedence probability estimates. The 
surge exceedence probability estimates may be im-
proved incrementally by adding more storms to the 
sub-set. It may not be unreasonable to utilize the 
entire large storm set.

Figure 5. Example ADCIRC maximum water 
surface elevation output.

 
 Where, R0 = 60 miles and Vmax0 = 74 mph
 HSI at landfall is computed for each storm in the large set and used to develop
 empirical Cumulative Distribution Functions (CDFs)
 representing the probability of storm surge potential as 
 described by the HSI.

Figure 6. Track Surge Factor (TSF). The TSF uniquely 
adjusts the HSI for a given storm to location of interest.

Figure 7. Track Surge Factor (TSF) 

Figure 8. Example scatter plot of maximum water 
surface elevation versus HSI for a single node in the 
ADCIRC grid.  Storms are identified by letter. Red let-
ters indicate the spatial maximum HSI at landfall.  Blue 
letters indicate HSI after TSF adjustment to the unique 
node location.

Figure 9. Maximum Water Surface elevation ver-
sus TSF adjusted HSI at landfall along with best fit 
line and 90% confidence intervals.

4.0 SURGE SIMULATIONS
The Advanced Circulation (ADCIRC) model is used simu-
late the large scale storm surge inundation processes with 
a high degree of spatial precision 
(i.e. down to 30m resolution).

Figure 10. (Left)
Example surge still 
water level exceedance 
probability for sea-level 
rise scenarios with 20th 
century climate.  SWL is 
transformed to exceed-
ance probability using 
the HSI exceedance 
statistics.

5.0 SURGE STILL WATER LEVEL CDF 
  DEVELOPMENT
The tropical storm surge response at a given Location Of 
Interest (LOI) can be considered as a multi-dimensional 
function of a set of independent storm parameters.  (Resio 
2007, Resio et.al 2009, Irish et. al. 2009, Irish et. al. 2011) 

1) Maximum Wind Speed (Intensity)
2) Radius to Maximum Winds (Size)
3) Forward speed (Track)
4) Approach angle (Track)
5) Landfall location (Track)

In this approach the probability of the response is incor-
porated through the application of the HSI statistics, while 
the response due to the track variables is accounted for by 
the use of a large statistically robust set of synthetic storm 
tracks (which may use the Monte Carlo approach to sub-
set). Assumptions:

• The surge still water level at a given location is directly  
 related to the HSI at landfall for a given storm 
• The exceedance probability for the surge is directly 
 related to the exceedance probability of the HSI.
• HSI may be adjusted locally using a Track Surge Factor  
 which is LOI and storm specific.   

Figure 11. (Left)
Example surge still 
water level exceed-
ance probability for 
20th century 
climate and 21st 
century climate 
assuming no sea-
level rise.

Figure 12. (Right) 
Probablistic Surge 
SWL surfaces for 
existing climate and 
sea level. 
(10%,2%, 1%, 0.2% 
annual eceedance)
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