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Ft. Stewart hurricane risk assessment and timber response plan 
 
Several analyses were conducted for the Ft. Stewart military installation,  
located just west of Savannah, Georgia, in conjunction with the development  
of a hurricane risk assessment and response plan. 
 
This disaster management plan  
involved understanding.... 
 
• Potential tree windthrow and  
   breakage risk  
• Potential areas that could be  
   inundated with storm surges 
• Potential location of debris with  
   respect both hurricane character  
   and installation infrastructure 
• Debris removal issues 
• Timber salvage issues 
 
....within a limited amount of time,  
and with limited data, and limited  
resources. 
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Risk assessment 
 
A risk assessment was developed for tree windthrow and breakage  
susceptibility.  
 
The assessment uses five variables that have been identified through the  
literature review as being important factors in tree windthrow and breakage  
potential. 
 
• Basal area per acre  
• Average stand height 
• Average quadratic mean diameter 
• Average tree taper 
• Dominant tree species  
• Soil drainage classes  
 
The rankings used for each variable were based on information obtained  
through our literature review.  
 
Variable values were scaled from 1 to 10, with the higher values indicating a  
higher susceptibility to windthrow or breakage. 

2011 ESRI Forestry GIS Solutions Conference 



Raster-based analysis 
 
GIS databases describing the spatial location of each variable were  
converted to a raster data structure with a resolution of 15 m.  
 
Stand height, basal area, quadratic mean diameter, and taper were each  
classified into 10 classes using an equal interval classification process.  
 
Species types and soil drainage classes were classified on a scale of 1 to 10,  
with 1 being a lower likelihood of damage and 10 indicating a higher  
likelihood of damage.  
 
Soil drainage was obtained from the USDA’s NRCS SSURGO database.  
Drainage classifications included excessively drained, moderately well  
drained, well drained, poorly drained, and very poorly drained. Since  
windthrow is more commonly associated with saturated soils, excessively  
drained soils were ranked lower (i.e., 1) while very poorly drained were  
ranked highest (i.e., 10) in susceptibility of windthrow while the opposite  
ranking of soil drainage classifications was implemented for breakage, with  
the more excessively drained (drier) soils ranking higher.  

Risk assessment 
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Risk assessment 
 
For better or worse, a number of issues related to the risk assessment need 
to be pondered further. 
 
1. Forest stocking levels were not incorporated into the analysis. 
 
2. Topography was not incorporated into the analysis. 
 
3. The risk assessment model has not been validated on areas experiencing 
   actual damage from hurricanes. 
 
4. It is a simple model. 
 
5. It requires a forest inventory. 
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Storm intensity analysis 

One concern of forest land managers along the coastal areas of the southern  
United States focuses primarily on the type and condition of potential  
hurricanes.  
 
Specifically, we were interested in understanding: 
 
(1) The intensity of wind associated with the average storm as it moves  
   inland from either the Atlantic Ocean of the Gulf of Mexico. 
 
(2) The potential intensity of wind at various distances inland, given the  
   condition of the same storm at various distances out to sea. 
 
At first glance, the former concern is a relatively straightforward, however  
addressing it would involve an in-depth analysis of historical storm tracks.  
 
The latter concern is more complex, and involves understanding the  
condition of storms at various distances out to sea, and how these change  
as the storms moved inland.  
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Storm intensity analysis 

2011 ESRI Forestry GIS Solutions Conference 



Storm intensity analysis 
 
Vector-based analysis 
 
Data regarding storm tracks were acquired from NOAA. 
Each track had several arcs describing changing storm conditions. 
 
GIS processes employed: 
 
Select the storms within our area of concern. 
Select the storms in the time frame considered (last 100 years). 
Buffer each arc. 
Erase the overlaps. 
Merge the polygons. 
Intersect with zones of latitude and proximity to the coast. 
Export the data. 
Use a Visual Basic program developed to determine the average wind speed. 
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Storm intensity analysis 
 
Raster-based analysis 
 
Data acquired from the IBTrACS program (NOAA). 
Each track had one arc describing maximum storm condition. 
 
GIS processes: 
 
Clipped storms to areas within some  
   proximity, and including, 
   southeastern African countries. 
Converted multipart shapes to single parts. 
Assigned to each part of a storm track the  
   wind speed upon landfall. 
Used Spatial Analyst line density tool to create  
   a raster database of relative storm intensity. 
Reclassified the data. 
Clipped the relative storm intensities to the  
   country areas. 
Overlaid the ESA GlobCover© data representing  
   forested areas to locate forests with relative risk. 
Later, developed "return intervals" using the Contour tool. 
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Storm surge analysis 
 
Obtain SLOSH model from National Weather Service (NOAA). 
Produce SLOSH model projections (surge height above mean sea level). 
Determine maximum height of water. 
Query a 30 m digital elevation model. 
Smooth the query with a buffer process. 
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Storm surge analysis 
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Potential road and powerline debris issues 
 
For areas outside of the main cantonment, where the Forestry Branch will 
need to clear to provide access to training areas, develop a process that 
may guide the debris-clearing effort based on road priorities. 
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Potential road and powerline debris issues 
 
For a given type of storm (direction and intensity)..... 
 
Analytical process: 
 
1. Estimate the radius of damaging winds. 
2. Project the direction of damaging winds. 
3. Simulate the location of windthrow or breakage of trees based on wind  
   direction and tree height. 
 
    Calculate the azimuth of the storm track. 
    Determine the average distance from the eye of the storm to where 50 knot (kt) winds  
        will occur (using linear regression analyses of historical data). 
    Determine the distance from the storm track to each "open area" grid cell and decide  
        whether debris will fall in this cell. Derive this distance using Euclidean distance and  
        direction from storm track to each grid cell.  
 
4. Overlay this information on roads and powerlines to inform managers 
   of the areas of concern. 
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Potential road and powerline debris issues 
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Timber salvage plan 
 
The development of a database 
of mills, loggers, and timber 
buyers within a reasonable  
hauling distance of the  
installation was desired. 
 
Processes: 
 
Obtain addresses from 
   various sources. 
Address-match the  
   data producing a point 
   database. 
Verify that the points were 
   located in the correct 
   place. 
Attribute the points with 
   contact information. 
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Timber salvage plan 
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Timber salvage plan 
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Use of GIS in Hurricane Planning and Preparedness 
 
Questions and comments welcome 

Contact information: 
Dr. Pete Bettinger 
School of Forestry 

University of Georgia 
Athens, GA 

pbettinger@warnell.uga.edu 
706-542-1187  
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