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Introduction 
This report develops a basis for offering an opinion regarding wind and surge damage to 
the McIntosh property. Both the likelihood and timing of these sources of damage are 
investigated based upon available data and extensive personal experience documenting 
damage to structures from numerous recent U.S. land falling hurricanes. Preparation for 
writing this report included an analysis of all accessible relevant data:  

- Site visit to the property and surroundings on May 3, 2007  
- Multi-day site visit to the Mississippi coast within days after Katrina landfall 
- Reliable ground-based measurements of wind speeds in Mississippi 
- Government developed wind fields and FEMA documents 
- Simulations of storm surge and winds via Adcirc and OceanWeather 
- Aerial photography taken immediately after Katrina landfall 
- Damage documentation reports 
- Reports, photos, and depositions for McIntosh vs. State Farm 
- Reference materials listed at the end of this report 
- Videos taken during hurricane Katrina by various parties 
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Investigator background 
I joined the Department of Civil and Coastal Engineering at the University of Florida in 
the fall of 1997 after receiving an M.S. and Ph.D. from the University of Notre Dame in 
wind engineering and hazard modeling. My undergraduate degree is in aeronautical 
engineering from the University of Illinois. My research at UF focuses on the 
measurement and modeling of the behavior of ground level hurricane winds near 
residential structures, and the evaluation of the vulnerability of these structures to 
extreme winds. This research has lead to extensive experience with quantifying hurricane 
wind speeds over land, quantifying the wind loads required to damage structural 
components, and the influence of structural age, construction type, and surrounding 
terrain on observed damage. I have produced several dozen technical publications on the 
subject that have appeared in civil- and wind-engineering journals and conference 
proceedings. 
 
I have conducted hundreds of damage inspections in the aftermath of many U.S. 
impacted hurricanes. This lead to the production of a statistical study of residential 
performance based on several hundred homes investigated after Charley, Frances, Ivan 
and Jeanne after the 2004 hurricane season (see reference list).  
 
In addition, colleagues and I place multiple portable instrumented weather towers in the 
path of land falling hurricanes in order to precisely quantify the sustained and gust winds 
throughout a given hurricane. This is among the only sources of directly measured wind 
speeds over land during hurricanes. The information is publicly available during and after 
the storm. The reliability of this data is of a quality that the National Hurricane Center 
uses the information directly when estimating hurricane intensity, and the Hurricane 
Research Division uses the data as one of their sources when developing wind field maps. 
The data collection program is known as the Florida Coastal Monitoring Program 
(FCMP), and is commonly cited as a source of information in NOAA’s official Tropical 
Cyclone Reports. 
 
Summary 
Hurricane Katrina made landfall east of New Orleans on the morning of August 29, 2005 
at approximately 0500 local time, producing peak winds in Biloxi between 1000 and 
1030 local time. According to the analysis of wind speeds herein and photo 
documentation of the residence after Katrina, local wind speeds exceeded a threshold that 
could initiate roof cover damage but did not exceed the much higher speeds required to 
cause structural damage. A reliable surge study indicates that water inundated the 
McIntosh property with approximately four feet of water in the home by approximately 
1100 local time. Based on the timing and intensity of wind and water and other evidence 
cited in this opinion, a summary of conclusions follow:  
 

1. It is clear from photographs that the McIntosh residence did experience minor 
roof shingle damage from Katrina winds. The residence experienced this minor 
loss of roof shingles as the winds gusts were peaking, and occurred within one 
hour of (and probably concurrent with) the surge entering the living space  
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2. The strongest winds experienced by the residence were not of the intensity 
required to cause structural damage to the home 

3. There is evidence that rain water caused damage to the ceiling in portions of the 
home. The extent of ceiling damage was not severe enough to indicate that rain 
produced a significant loss of contents. This water intrusion likely began within 
an hour of (and probably after) surge entered the living space 

4. The post-storm photos clearly indicate that the non-roof damage (interior and 
exterior wall systems as well as contents) occurred from the bottom up as surge 
water infiltrated the home  

5. It is not reasonable, based on the available evidence, to assign the causation of 
damage below approximately four feet in the living space to wind 

 
Peak gusts and sustained wind speeds: Gust Factors 
 
The analysis and interpretation of wind data is a critical component of the opinions 
provided herein. Specifically the relationship between sustained winds and gusts are 
important for interpreting damage and relating to the Saffir-Simpson hurricane wind 
intensity scale. Prior to a discussion of the winds and surge that occurred at the McIntosh 
residence during Katrina, this section provides an overview-primer of the relationship 
between gusts and sustained winds. 
 
ASCE 7-05 (American Society of Civil Engineers Wind Load Standards as of 2005) has 
adopted the Durst gust factor model for coverting between wind speeds of various 
durations in open exposure (over land, open terrain upwind).  Figure 1 is copied from 
ASCE 7-05, page 308. The vertical axis (y-axis) is the ratio of the gust values of various 
durations (x-axis in seconds) to a one-hour averaged wind speed (3600 seconds). For 
example, the green triangle, red circle, and yellow square (added to the original figure for 
this report) correspond to gust factors (y-axis) for 1-second duration, 3-second duration, 
and 60-second duration. These gust factor values are 1.57, 1.525, and 1.25, respectively. 
If the average wind speed over 1 hour is 10 mph, then the expected largest 3-second gust 
within that hour would be 10*1.525 = 15.25 mph. Likewise, the 1-second gust and 60-
minute gusts would be 15.7 and 12.5 mph, respectively. These ratios are only valid when 
the terrain upwind of the measurement can be considered ‘open’ as defined in ASCE 7-
05. A change in upwind terrain away from upwind (e.g., to marine, or to suburban) will 
change these gust ratios. In the case of the McIntosh property, the strongest winds came 
from the southeast and south. Given the local terrain in that direction, open exposure is a 
valid assumption (the ASCE adopted Durst gust factor model is a valid tool). 
 
This gust factor curve provides the ratio of various gust durations to wind speed averaged 
over 1-hour [GF(x-seconds to 1-hour)]. However, the gust factor curve can be used to 
find peak gusts with respect to other durations as well. For example, it is desireable to 
have a ratio that describes the expected peak 3-second gust over a one-minute average 
(rather than a 1-hour average). This is easily achieved by taking the ratio of the 3-
second/1-hour gust factor to the 60-second/1-hour gust factor:  
 

GF(3-second to 60-second) = GF(3-second to 1-hour) / GF(60-second to 1-hour) 



 4

 
The specific numbers from Figure 1 for this example are 1.525/1.25 = 1.22. If the average 
wind speed over 60-seconds is 100 mph, the expected highest peak 3-second gust would 
be 122 mph, or 22% higher. It is common to slightly exaggerate this value to assume a 
higher gust than is actually likely to occur. Thus a 3-second to 1-minute gust factor value 
of 1.3 is often used, and represents a safety-factor type approach. This value is further 
corroborated by recent work that directly measured wind speeds during landfalling 
hurricanes (Masters, 2004). In this work, hundreds of hours of data directly measured 
during many hurricanes prior to the 2004 season were analyzed to determine hurricane 
gust factors. The results of this analysis support a 1-minute to 3-second open exposure 
gust factor of 1.28 based purely on actual wind speed measurements in hurricanes. 
 
 
 

 
Figure 1: Figure C6-4 from ASCE 7-05, Chapter C6 (commentary on wind loading), page 
308. The curve expresses the ratio of gust values of various durations (x-axis in seconds) 
to a one-hour averaged wind speed (3600 second average). The triangle, circle, and square 
symbols added by Gurley for this report to highlight the gust factors at 1-second, 3-
seconds, and 60-seconds, respectively.  
 
 
 
Gust factor conversions are important for relating the Category 1, 2, 3, 4, 5 from the 
Saffir-Simpson Scale to peak 3-second gust winds experienced by near coast structures. 
The Saffir Simpson scale of wind intensity are defined by the average wind speed over 1-
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minute, measured at 10m elevation, over the open water (marine exposure). In order to 
state with reasonable reliability what the expected peak 3-second gusts would be for 
houses close to the coast, the process would consist of two parts:  
 

1) Convert the Saffir Simpson wind speeds as defined from marine exposure 1-
minute to overland open-exposure 1-minute. This will be a reduction factor 
that varies with mean wind speed, but generally ranges from 0.84 (for 
Category 1 winds) to 0.95 (for Category 5 winds). For example, the average 1-
minute wind speed over open land = 0.84*average 1-minute wind speed over 
water for Category 1 hurricanes 
 

2) Now that we have the 1-minute open exposure wind speed defined, convert 
that to an open exposure 3-second gust using the gust factor of 1.3 discussed 
previously 

 
The result is a conversion from the speeds as-given in the Saffir Simpson hurricane 
intensity scale to the expected maximum 3-second gusts experienced by homes in open 
terrain near the coast. ASCE 7-05 includes a table (Table C6-2) of this conversion on 
page 314 in the commentary on wind loads, and is copied as-is in Figure 2. The 
significance of this table is that the peak 3-second wind gusts estimated in this report are 
on the order of 120 mph at approximately 1030 am local time (Category 2 hurricane 
according the the conversion table). Other opinions presented on the peak winds at the 
McIntosh house range from 130 mph (which I consider unlikely, but plausible) to 150 
mph (which is not plausible nor supported by any evidence such as more extreme roof 
cover damage to McIntosh and neighbors). These estimates, plausible or not, ultimately 
relate to a Category 2 or Category 3 hurricane, respectively, according to Table C6-2 
from the American Society of Civil Engineers Wind Load Provisions document, vetted 
and produced by a committee of experienced wind and design experts.  
 
Some argue that a 1-second gust duration is more appropriate than a 3-second gust 
duration when determining maximum wind speeds ‘felt’ by a structure. Referring to the 
gust factor curve in Figure 1, a 1-second gust would have a larger value than a 3-second 
gust. It is worth investigating whether converting from 3-seconds to 1-second produces a 
significant increase. Applying the same technique as previous: 
 

GF(1-second to 3-second) = GF(1-second to 1-hour) / GF(3-second to 1-hour) 
 
Using the same numbers we pulled off of Figure 1 earlier gives  
 

GF(1-second to 3-second) = 1.57/1.525 = 1.03 
 

An increase of 3%, according to the gust factor curve used by ASCE 7-05 for overland 
open exposure approach terrain. Previous versions of ASCE 7 have used other gust factor 
models, as does the European wind code. None of these models yield a conversion higher 
than a 4% difference. Whether 3-second or 1-second gusts are a better representation of 
what a structure feels, 3-second gusts are the standard for several reasons:  
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1) The current ASCE 7 Wind Load standard uses a 3-second gust for design  
2) The difference between 1- and 3-second gusts is 3% if one uses the ASCE 7 

Wind Load commentary as guidance, and only 6% if one were to exaggerate 
that guidance by a factor of 2.  

3) Expected damage relative to hurricane wind speed as defined by the Saffir 
Simpson hurricane intensity scale was developed based on actual observations 
of damage to residential housing after hurricane impact, referenced to the 1-
minute average winds over the ocean rather than 1- or 3-second gusts over 
land. However, the observed damage was the result of the gusting winds 
riding on top of the sustained 1-minute averages. Therefore the damage 
associations by Category already have gusting effects built in. Whether one 
calls them 1- or 3-second gusts is purely a choice of frame of reference 

 
 

 
Figure 2: Table C6-2 from ASCE 7-05, presenting the conversion between Saffir-
Simpson hurricane intensity categories, and the 3-second gusts felt by coastal structures 
in open terrain 
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Wind and surge analysis at the McIntosh residence 
 
Wind 
The NOAA Hurricane Research Division (HRD) hurricane wind field model (H*Wind) 
and the OceanWeather Inc. wind model are used to project the likely range of wind 
intensity at the McIntosh property. In Figure 3 the projected peak 3-second wind gust 
from the H*Wind model is displayed in black with diamond symbols (legend is HW 3sec 
open terrain). The second wind model in Figure 3 is the results from recent Katrina 
hurricane wind simulations produced by Ocean Weather, Inc. (green line with circles, 
legend is ADC 3sec open terrain) for the McIntosh location. The models project that peak 
3-second wind gusts exceeded 100 mph at 0800 and continued to increase to a maximum 
of approximately 120 mph at 1000 - 1030 local time. The NOAA HRD wind field 
analysis used to generate the black diamond line in Figure 3 consists of a series of 
snapshots of the wind field at three hour intervals, and the markers in Figure 1 show the 
open exposure peak 3-second winds in the region of the McIntosh property at those three 
hour intervals, using the most recent updates provided by HRD. 
 
The most recent Katrina wind field analyses conducted by the NOAA HRD have also 
produced maximum wind swaths, which show the peak 1-minute winds over the 
impacted region regardless of time (Figure 4). The maximum 1-minute sustained open 
exposure overland winds in the McIntosh region (yellow box, Figure 4) is approximately 
90 mph. Applying a gust factor of 1.3 to convert to 3-second gusts gives the peak 3-
second gust at 117 mph, according to the most recent NOAA HRD analyses of all 
available data. Thus a reasonable projection of the highest 3-second gusts experienced by 
the McIntosh property is 120 mph, according to two independent, widely used, peer 
reviewed models that utilize all available and verified wind measurements.  
 
Both of these wind models assume open, unobstructed terrain in the direction the wind 
approaches from (upwind). Application of these winds to a specific structure must 
account for the actual terrain the wind traverses before reaching the structure. Any wind 
speed analysis that does not explicitly account for the actual terrain upwind of the 
structure will lead to biased wind speed projections, as all commonly used wind field 
models (e.g. NOAA H*WIND, ARA FEMA-HAZUS) utilize overland open exposure as 
the baseline to present wind speeds. Corrections to actual terrain are not produced by 
these sources, and taking their projections at face value ignores an important influence on 
the wind field. Figure 3 includes the prevailing wind direction provided by NOAA using 
text and arrows on the figure. Figure 5 shows the location of the McIntosh residence, and 
illustrates that the terrain upwind of the residence was not free of obstructions (trees and 
neighbors) for much of the early part of the storm, as winds approached from the east-
northeast through east-southeast. Thus the open terrain peak 3-second winds projected in 
Figures 3 & 4 are high for the McIntosh residence from about 0500 through 0900 local 
time. Given the extent (fetch), density, and height of the tree canopy to the east of the 
McIntosh residence, the actual 3-second gust winds experienced by the McIntosh 
residence for winds out of these directions were up to 15% lower than open exposure 
winds. A terrain correction with a maximum reduction of only 8% (not 15%) is 
demonstrated in Figure 3 as the red line with square symbols, and shows that peak gusts 
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experienced at the McIntosh residence began to exceed 100 mph after 0800, with gusts 
reaching as high as 120 mph by 1000 local time when winds were out of the southeast 
and the approach terrain was open. 
 
Both of the wind models used in Figure 3 have integrated all available and verifiable 
surface weather observations in their analyses. This encompasses many data sources as 
provided by a number of public sources (NWS, NOAA, NHC, etc.), and includes ships, 
ocean buoys, coastal platforms, ground based measurements, satellite observations, 
coastal radar, surface aviation reports, reconnaissance aircraft data, all adjusted to the 
surface. For the H*Wind model this includes the data sent by NOAA P3 and G4 research 
aircraft during the HRD hurricane field program, including the Step Frequency 
Microwave Radiometer measurements of surface winds, as well as U.S. Air Force 
Reserves (AFRES) C-130 reconnaissance aircraft, remotely sensed winds from the polar 
orbiting SSM/I and ERS, the QuikScat platform and TRMM microwave imager satellites, 
and GOES cloud drift winds derive from tracking low level near-infrared cloud imagery 
from these geostationary satellites. All data are quality controlled by expert 
meteorologists and adjusted for height (10 m), exposure (marine over water and open 
terrain over land), and averaging period (maximum sustained 1 minute wind speed) using 
accepted methods from micrometeorology and wind engineering (Powell et al., 1996, 
Powell and Houston, 1996). This framework is consistent with that used by the National 
Hurricane Center (NHC).   
(from http://www.aoml.noaa.gov/hrd/Storm_pages/surf_background.html).  
 
Surge 
The surge elevation data was taken from the reports issued by the Interagency 
Performance Evaluation Task Force (IPET), which conducted an investigation of Katrina 
under the U.S. Army Corps of Engineers. The IPET teams consisted of internationally 
recognized experts in wind, surge, structural engineering, and other disciplines. The 
ADCIRC (Advanced Circulation) surge model was developed by Professor Westerink at 
the University of Notre Dame and Professor Luettich of the University of North Carolina, 
and applied to calculate surge levels on the hour during Katrina in the IPET report.  
 
Early versions of wind and wave field model projections: Early runs of the ADCIRC 
surge model were presented as a ‘Preliminary Hindcast’ from Stennis Space Center, MS 
in November of 2005. The surge results used in the IPET report are based on more recent, 
more refined runs of the ADCIRC model, using verified and quality controlled data 
sources to validate results. The IPET reported surge results are commonly accepted as 
more accurate and reliable than the preliminary hindcast, with respect to both wind and 
surge intensity, and timing of both. A quote from the Preliminary hindcast report: “These 
are PRELIMINARY results. When more detailed hurricane wind fields become available, 
updated storm surge hindcasts will be posted.” (all capitals word was in original report). 
The more detailed hurricane wind fields referred to are the refinements made to the 
H*Wind model produced by NOAA HRD as more data is gathered and vetted to improve 
the accuracy of the wind field. Several refinements to the wind field have been made 
since the issue of the preliminary hindcast. Since the wind field is used as input for the 
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ADCIRC surge model, both the wind field and surge model results in the preliminary 
hindcast are much less reliable than the current results presented in the IPET reports. 
 
Surge and wind timeline 
When considering the timeline of wind and surge, the issue is not whether the surge or 
winds peaked first. The issue is when winds and surge were capable of causing damage, 
and how much. Table 1 presents a timeline including surge, the peak 3-second gust winds 
in open exposure, and the peak 1-minute winds in marine exposure (SS scale wind 
reference) as projected by the models discussed above. The Saffir-Simpson hurricane 
intensity rating is included as defined for surge and wind separately. 
 
The timeline in Table 1 reveals that the McIntosh residence began experiencing mid-
Category 2 winds at approximately the same time that surge water started entering the 
property, and had been experiencing Category 1 winds for several hours prior to surge 
entering the property.  
 

Table 1: surge height, peak gusts, sustained winds, and SS Category near  McIntosh property 
 
Corroboration of wind speed estimates via video 
Videos taken during Katrina by two near neighbors were viewed. The Church video was 
shot 4 lots from the McIntosh house (Figure 9), and the Tommy Luke video was shot 
approximately one mile west of the McIntosh residence (Figure 7). These videos are 
exhibits to this report. The Church and Luke videos showed brief views of outside 
conditions at approximately 8:30 am and 7:00 am, respectively. Both videos show surge 
waters encroaching, waves on top of the surge, and gusting winds. The speed of the wind 
gusts in these videos is less than the gusts reported in Table 1 at the corresponding times. 
The speeds in Table 1 at 7:00 and 8:00 are an exaggeration of what is actually taking 
place near the McIntosh residence at those times.  
 
The above statement regarding wind speeds estimated from a video clip is based upon my 
experience in more than 20 hurricanes, experiencing the wind-created conditions of the 
surroundings (for example tree sway) while simultaneously viewing digital readouts of 
precise wind measurements. This is the only way to calibrate what the eye sees to a 

Time Surge 
relative to 

slab 

Category 
by surge 

Peak 3-sec 
gust Mph 
Open exp. 

Peak 1-min 
Mph 

Marine exp. 

Category 
by wind 

7:00 am 0 Cat 3 85 76 Cat 1 minimal 
8:00 am 0 Cat 3 100 88 Cat 1 
9:00 am 0 Cat 4 110 96 Cat 1-2 
10:00 am 1-2 Cat 4 120 103 Cat 2  
11:00 am 3 Cat 5 118 102 Cat 2 
11:30 am 4 Cat 5 110 96 Cat 1-2 
12:00 pm 3 Cat 5 105 92 Cat 1 
1:00 pm 2 Cat 4 85 76 Cat 1 minimal 
2:00 pm 1 Cat 4 80 70 TS 
Slab = top of McIntosh slab      CAT = Saffir-Simpson storm intensity 
TS = Tropical storm (sub-CAT 1) 
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reasonably accurate estimate of wind speeds, and it must be repeated many times at 
various wind speeds, each time have an accurate measurement taken with an appropriate 
scientific instrument. That is to say, a lay-person experiencing a hurricane is certainly 
able to state accurately that the winds are strong, but is simply not capable of accurately 
assessing the actual wind speeds. The event is simply beyond the realm of his/her 
repeated experiences. This same concept applies to the sound of wind as well. Wind can 
howl at 30 mph. The experience of hearing loud howling winds means the winds are 
stronger than one typically experiences, but it does not provide a means to estimate the 
actual wind speed (absent repeated experience with accurate instrument readings to 
establish a calibration between sound and speed). 
 
 
Saffir-Simpson hurricane intensity scale 
The Saffir-Simpson scale includes a description of likely damage to structures as 
provided on NOAA and many other sources. The wind speeds are referring to 1-minute 
sustained wind averages at 10 meter elevation, measured over the ocean.  
 
Category one (74-95 mph): Damage primarily to unanchored mobile homes, shrubbery, 
and trees. Some damage to poorly constructed signs. No real damage to building 
structures. 

 
Category two (96-110 mph): Some roofing material, door, and window damage. 
Considerable damage to shrubbery and trees with some trees blown down, and mobile 
homes.  

 
Category three (111-130 mph): Some structural damage to small residences and utility 
buildings with a minor amount of curtainwall failures. Damage to shrubbery and trees 
with foliage blown off trees and large trees blown down. Mobile homes and poorly 
constructed signs are destroyed.  

 
Category four (131 - 155 mph): Some complete roof structure failures on small 
residences. Shrubs, trees, and all signs are blown down. Complete destruction of mobile 
homes. Extensive damage to doors and windows. Shrubs, trees, and all signs are blown 
down. Major damage to lower floors of structures near the shore.  
 
Category five (greater than 155 mph): Complete roof failure on many residences and 
industrial buildings. Some complete building failures with small utility buildings blown 
over or away. All shrubs, trees, and signs blown down. Complete destruction of mobile 
homes. Severe and extensive window and door damage. Low-lying escape routes are cut 
by rising water 3-5 hours before arrival of the center of the hurricane. Major damage to 
lower floors of all structures located less than 15 ft above sea level and within 500 yards 
of the shoreline 
 
Significant structural damage is not described until category four. Foliage removed from 
trees is described in Category 3. 
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The description of category two damage is very consistent with what was observed for 
the McIntosh house above the surge water level (primarily roof cover). It is also 
consistent with the condition of the nearby residential structures that did not experience 
surge (discussed in more detail later in this report). These other non-surge inundated 
homes that experienced Category 2 winds did not suffer catastrophic loss or structural 
damage. Minor to moderate roof shingle damage is evident on many houses, but wall 
collapse was not observed, structural failures were not observed, total loss due to wind 
was not observed. Absent any additional information, it is not reasonable to project that 
Category 2 winds were capable of causing total loss to the McIntosh home.  
 
The Saffir-Simpson Scale was developed beginning in the late 1960’s by collecting 
observations of damage and relating it to the open ocean 1-minute wind intensity. Two 
important issues are worthy of discussion: 1) The damage in the scale is based upon older 
structures built to a lower standard than modern construction, and one would expect 
newer construction to perform better than described above. 2) The observed damage used 
to create the scale was the result of the gusting winds riding on top of the sustained 1-
minute winds being used as a reference. Thus the fact that the 1- or 3-second gusts are 
higher than the sustained winds is accounted for, and built-in to the damage descriptions.  
 
Wind damage 
The Saffir Simpson-scale Category 1 and 2 descriptions of damage concur with the 
condition of the McIntosh residence. Minor shingle damage can be seen in post-storm 
photographs of the two sides of the house exposed to the strongest winds (Figure 6). The 
fact that only a small number of shingles were damaged indicates that this damage 
occurred during the highest winds of Katrina. It is not plausible that these shingles were 
damaged early on in the storm (for example at 7:00 am in 85 mph gusts), and yet no 
further damaged occurred at 10:00 am when the winds were significantly higher.  
 
Summary of this section 
In the case of the McIntosh property, it has been proposed that wind rendered the 
property a total loss of the structure prior to surge entering the home. While highly 
implausible, it is not scientifically possible to disprove this with absolute certainty. Given 
that the surge waters did enter the house, any damage that occurred below the water line 
prior to surge water would have been obscured. However, what can be reasonably 
concluded based upon the analysis of wind and surge intensities and timing is the 
following: 
 

• Surge water did enter the living space, starting at approximately 10:00 am local 
time, rising to approximately 4 feet on the interior walls 

• The presence of surge water in the house, and surge and waves on the exterior, 
would have caused enormous content and dwelling losses if not already totally 
damaged by winds 

• The McIntosh residence experienced Category 1 winds for approximately 3 hours 
prior to surge entering the living space, and minimal category 2 winds 
immediately prior to surge entering the living space 
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Interpretation of these findings: 
 

• Category 1 and 2 winds are not associated with total loss-type damage to 
structures. This is particularly true for homes built recently such as the McIntosh 
home (~1996 construction). This is corroborated by the Saffir-Simpson scale and 
observations made in many recent landfalling hurricanes 

• Category 1-2 winds are capable of damaging the building envelope, removing 
roof shingles, and possibly breaking windows. This is repairable damage, it is not 
considered structural, and does not lead to catastrophic loss 

• Had Category 1-2 winds been capable of producing total loss-type damage, the 
entire residential infrastructure of Mississippi north of the surge debris line 
(beyond the extreme surge – in most places ~ ¼ mile inland) would have been a 
total loss and structurally uninhabitable. This was clearly not the case, shown later 
in this report 

• The condition of the shingle roof indicates that wind was a minor contributor to 
the overall damage. The Saffir-Simpson scale damage description aligns well with 
the minor shingle damage observed, and corroborates this conclusion  

 
It is reasonble, responsible, and good practice, to assign causation of the vast majority or 
all of the damage - to the portions of McIntosh residence below the water line - to the 
surge and waves absent any compelling evidence to the contrary. Not only was there no 
compelling evidence to the contrary, but ample evidence clearly demonstrates that wind 
was not a significant contributor to the damage that occurred to the lower portions of the 
structure. This evidence is plainly evident in the condition of the structure as shown in 
many photographs, to be discussed in the next section of the report. 

 
Figure 3: Modeled 3-second wind gusts at 10 meter elevation. ADC is the winds from Ocean 
Weather Inc. used to drive the Adcirc model, HW is the H*Wind model from the Hurricane 
Research Division. Wind direction is denoted at various times with text and arrows.  
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Figure 4: Modeled surface winds from the Hurricane Research Division of NOAA. Maximum 1-
minute sustained wind swath in mph for open exposure. This is a snapshot of the peak winds 
throughout the storm, which occurs at different times for different locations. McIntosh property in 
yellow box, at approximately 90 mph maximum 1-minute sustained wind. 
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Figure 5: McIntosh property (yellow box) and surrounding terrain.  Wind direction, local time, 
peak 3-second gusts, and Saffir-Simpson wind intensity category are illustrated 
 

 
Figure 6: Condition of McIntosh roof shows minor shingle loss. These two sides faced the 
strongest winds from Katrina. Tarps indicate areas of shingle damage 

1 mile 

4:00 am 
Gusts to 75 mph 
Tropical Storm 

7:00 am 
Gusts to 85 mph 
Minimal Cat 1 

10:00 am 
Gusts to 120 mph 
Mid Cat 2 

1:00 pm 
Gusts to 85 mph 
Minimal Cat 1 

4:00 pm 
Gusts to 70 mph 
Tropical Storm 
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Wind vs. surge damage: Photo evidence 
 
Aerial photos 
Figure 7 shows a composite of aerial photographs of the McIntosh residence (light blue 
box) and neighborhoods near McIntosh. Figures 8 through 13 show closer views of the 
homes within the colored boxes, all within ~1 mile of the McIntosh residence. The aerial 
photos were taken within days of Katrina. The source of the aerial photos is the National 
Oceanic and Atmospheric Administration (http://ngs.woc.noaa.gov/katrina/).  
 
Figures 8, 9 & 10 contrast the post-storm debris near the water at lower elevations 
(including McIntosh, Figure 9) with post-storm debris near McIntosh but at higher 
elevations and subject to less or no surge (Figure 10). The roof cover damage is typical 
for the wind speeds experienced by these homes (~120 mph gusts). Hurricane damage 
studies of homes that experienced similar winds but no surge (Gurley, 2006) do not 
support the position that winds of this intensity lead to total loss of the structure. 
 
Figures 11, 12 & 13 again show the contrast in debris, in a neighborhood one mile west 
of the McIntosh residence. Figures 12 & 13 more dramatically demonstrate the difference 
between the forces of surge and the forces of wind. Figure 12 shows a neighborhood 
(yellow box in Figures 7 and 11) with an elevation that prevented extreme storm surge. 
Figure 13 (blue box in Figures 7 and 11) shows a neighborhood near the water where 
virtually every structure was removed from the foundation from surge. Given the 
dramatic difference in debris and quantity of damage, it is evident that the forces of water 
far exceed the forces of wind.  
 
Photos of McIntosh neighbors 
The aerial photo analysis above is complemented by ground level photos of the 
surrounding area. A number of photos of homes other than the McIntosh home are also 
included in the McIntosh vs. State Farm file. Figure 14 shows three such photos. These 
are believed to be homes near the McIntosh residence (the top photo is the neighbor one 
lot south of the McIntosh residence), and demonstrate the minor loss of roof shingles, 
upper story windows appear intact, and the two story homes appear to have severe 1st 
story damage corresponding to the surge level. Severe winds capable of total-loss type 
damage to the 1st story would have caused much more severe roof cover loss. This 
corroborates both the projected peak 3-second wind gusts in the range of 120 mph, and 
the position that such winds are not capable of causing structural and severe damage to 
the home. In fact, winds acting on the second story would be slightly higher than the 
winds acting on the lower story. Winds severely damaging the 1st story would result 
equal or more damage to the second story, which is not evident in the photos. 
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Figure 7: Aerial photograph of McIntosh residence (light blue box) and area after Katrina. Eagle 
point neighborhood was location of the Tommy Luke Katrina video
 
 

 
Figure 8:  Neighborhood in red box in Figure 7. McIntosh property in light blue. 

1.0 miles 

Eagle point neighborhood
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Figure 9: McIntosh property and immediate neighbors. Surge water created and transported 
significant debris, demonstrating its destructive force. Church residence indicated (location of 
Church video taken during Katrina).
 

Church residence 
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Figure 10: Green box in figures 7 & 8. Homes of higher elevation (~6 ft. higher than McIntosh) 
suffered roof cover damage typical of 120 mph gusting winds. Much less debris is observed 
relative to Figure 9. 
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Figure 11: Orange box in figure 7. Neighborhood 1 mile west of McIntosh. Homes near the water 
(blue box) destroyed by surge. Homes at higher elevations (yellow box) survived with roof cover 
loss. The dramatic difference in debris and quantity of damage demonstrate the difference in 
force from wind and water. 
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Figure 12: Yellow box in figures 7 & 11.  Homes at higher elevations survived with roof cover 
loss. 
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Figure 13: Blue box in figures 7 & 11. Homes near the water destroyed by surge. 
 
 
 
 
 
 
 
 



 22

 

   

 
Figure 14: Photos of neighbors believed to be close to the McIntosh residence. Roof shingle 
damage is minor, top and bottom photos show severe damage at the level of the surge on 1st story.
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Photos of the McIntosh residence 
A large collection of photographs of the McIntosh residence was taken after Katrina. 
These photos were analyzed for evidence of wind damage and water damage in an effort 
to determine likely causation. The photos combined with the analysis of the timing and 
intensity of winds and surge presents very compelling evidence that places a high degree 
of confidence on causation. 
 
Figure 15 provides additional views of the roof cover, confirming that shingle damage is 
minor. No roof sheathing damage can be identified. The contractor that repaired the 
house did not remember replacing any roof sheathing (McVadon deposition). A report 
from Jenkins Engineering included inspection of the attic, and specifically noted that no 
roof sheathing appears to have been replaced, with minor patchwork to existing sheathing 
in one location. The upper story windows appear to be intact. The amount of water that 
would be permitted to enter the residence through the damaged roof is minimal. Note that 
the debris stuck in the roof in top right photo of Figure 15 is in the carport, not the house. 
The small quantity of shingle damage indicates that it occurred near the peak winds, 
between 10:00 and 11:00 am. An opinion that the shingle damage occurred earlier in the 
storm would have to justify how shingle damage occurred at lower wind speeds, and 
subsequent higher wind speeds did no further damage. This is not justifiable in the 
absence of specific evidence to that effect. Water may have entered the house through the 
damaged roof areas, within the same time frame that the surge was entering the living 
space.  
 
Figure 16 demonstrates that dynamic winds did not enter the house interior. The various 
hanging light fixtures all still have their glass intact. No photo of a damaged light fixture 
could be found. In the bottom left photo, the window treatment is still in place. These 
photos strongly contradict the position that strong damaging winds were inside the 
residence. Certainly delicate hanging lights would swing wildly and break if dynamic 
hurricane winds entered the house.  
 
Figures 17 through 19 provide corroborating evidence that strong dynamic wind did not 
enter the house. Decorative plastic plants are in place in the wine rack, books are still on 
the bookshelf above the high water level, ceiling fans are undamaged, food is still in 
place in the pantry above the water line, and clothing is still on the shelves above the 
water line. These photos cannot be reconciled with the position that strong winds entered 
the home and damaged the interior prior to the arrival of surge. The right side photo in 
Figure 20 shows that the significant damage to the interior all occurred below the high 
water level. Above this level there is essentially no damage. This is clearly ground-up 
damage caused by rising surge in the house. 
 
The left side photo in Figure 20 shows a portion of ceiling on the first floor that is 
missing. This damage was likely caused by water pooling in the ceiling from above. This 
indicates rain water intrusion from outside, likely through the roof where shingles were 
damaged or where an attic turbine was blown off. This water would need to penetrate the 
roof, then the attic, then the second story floor, then the first story ceiling, in sufficient 
quantity to damage the ceiling in Figure 20. The time frame would be several hours from 



 24

initial shingle damage to ceiling damage. Given that the shingles were most likely 
damaged between 10:00 and 11:00 am, the ceiling damage did not occur until after surge 
entered the living space.  
 
Figure 21 shows one photo of construction debris on the outside (top photo) and two 
photos of debris inside of the McIntosh home. A third photo of debris inside the house 
appears in Figure 16 (top right). Speculation that wind drove this material to these 
locations is contradicted by several pieces of evidence:  

- The wind intensity necessary to carry large pieces of heavy wooden materials 
and drive them through a wall is extremely high. This type of damage is 
occasionally seen in the aftermath of very severe tornados. However, in all 
such cases, the damage to the roof cover by these same winds is severe or 
catastrophic. The condition of the roof of not only the McIntosh residence, but 
the surrounding neighbors, indicates clearly that winds were not of the 
intensity to be the causation 

- Wooden structural components, such as roof truss systems, float. They are 
easily transported by surge and waves, and represent the source of causation 
for these materials in the McIntosh home. Even material that does not float 
(e.g., bricks) is easily transported by moving water. The density of water is 
approximately 800 times that of wind, and makes moving water much more 
capable of transporting materials than wind  

- The top right photo in Figure 16 shows bricks in the interior of the McIntosh 
residence, and two unbroken hanging light fixtures directly above the bricks. 
It is neither scientifically sound nor even feasible that wind was strong enough 
to carry the bricks to this location, yet leave multiple pieces of fragile glass, in 
a precarious position, unbroken in that same location. This juxtaposition of 
extreme force near the floor with no evidence of forces less than 10 feet above 
the floor can only be explained by water transporting the bricks. This is 
further corroborated by the condition of other delicate items above the surge 
level, discussed on the previous page in reference to Figures 17 through 19. 
Wind that can move loose bricks and large roof trusses within a structure’s 
interior would certainly have disturbed pantry items, stacked clothing, 
decorative plants, and ceiling fans. 

- The pristine condition of the interior partition walls, above approximately 4 
feet, in rooms where debris is located (e.g., Figure 20 bottom right photo, and 
Figure 21 bottom photo) also contradicts the position that wind transported the 
material to the interior. Strong winds inside the structure would not be 
constrained to act only at the lower portion of the room, while surge is 
essentially constrained to act up to and including the highest elevation it 
reaches. Windborne debris damage would have been evident on the partition 
walls above the highest surge level 

- Katrina impacted regions that experienced severe surge and waves are littered 
with construction materials, while those regions that were above the surge 
level were not (Figures 13 and 10, respcetively). This corroborates the 
causation of debris transport being surge, and contradicts the causation being 
wind 
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The causation of damage to 1st story windows cannot be determined with certainty. The 
force of surge and waves was certainly capable of breaking these windows, and the 
category 2 winds were possibly capable of breaking windows. However, the large 
window breaks appear to be on the back (west) side of the house. Strong winds never 
approached from the west, but surge and waves did. Dynamic wind blowing through the 
house is contradicted in the photos. Even if the windows were damaged by wind, this did 
not provoke structural damage, evidenced by the intact roof structural system and 
sheathing. Nor would the damaged windows provoke severe interior loss:  

- Evidence contradicts dynamic winds inside the house 
- Peak rainfall rates were just over 1 inch per hour (NOAA NCDC) 
- 1 inch/hour through a 6’ by 10’ opening would require 60 hours of constant 1 

inch/hour rainfall (sideways) to accumulate 1 inch of water on the 3600 sq. ft. 
ground floor, or 10 hours to accumulate 1/6 of one inch 

 
Damage to second story windows or doors on the McIntosh residence is not clearly seen 
in the available photos (the photos are not sufficient to say yes or no). If second story 
windows or doors were damaged, they are the result of wind and / or small debris 
transported in the wind. This provides a potential source of rain water entry to the second 
floor, in addition to the damaged roof cover. As calculated in the previous paragraph, the 
heaviest rain during Katrina of just over 1 inch per hour would need to be sustained for 
10 hours to accumulate 1/6 inch of rain inside the house. This assumes the openings 
amount to a 60 square foot opening (much larger, for example, than the upper story 
windows), and assumes that the wind was directly approaching the damaged windows or 
doors for the entire 10 hours (which Figure 5 demonstrates is not the case). Post Katrina, 
the McIntoshes also moved their second floor furnishings to another residence (according 
Pam McIntosh deposition pages 72-73). In summary, the damage to second story window 
or doors would allow water infiltration, with causation attributable to wind. However, the 
amount of water that could accumulate is not sufficient to cause heavy losses to the first 
story prior to storm surge entering the living space. 
 
There is no evidence to support the scientifically unreliable position that wind rendered 
the home a total loss prior to surge inundation. On the contrary, the evidence in the 
photos strongly supports the position that wind contributed to external and reparable 
damage to the roof cover and minor rain water intrusion, while rising surge resulted in the 
loss of interior contents and the destruction first floor living space.  
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Figure 15: Various exterior views showing minor shingle damage and no roof sheathing damage 
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Figure 16: Hanging lights still intact, no globes broken. No pictures of broken hanging lights 
found. Lower left photo also shows window treatment still in place 
 
 
 
 
 



 28

Figure 17: Decorative plastic vines still in wine rack 
 
 
 
 

 

Figure 18: Books still on the shelf, ceiling fan intact
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Figure 19: Pantry items still in place, clothing still on the shelf, all above the high water line 
 
 
 

Figure 20: Ceiling damage from water entering upper story (left). View of damage from 3-4 feet 
down in main living space (right) 
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Figure 21: Construction materials, such as roof trusses and other components, on the exterior and 
interior of the McIntosh residence 
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Conclusions  
 
It is likely the peak winds experienced in this region occurred before the rising surge 
reached its maximum height. It is reasonable to conclude that the majority of the 
observed roof cover loss occurred prior the peak of the surge, while the surge was 
destroying the interior of the home. None of the expert reports for the McIntosh vs. State 
Farm case (for the plaintiff or defense) project surge water entering the residence more 
than an hour after peak winds occurred. Experts’ projected times of occurrence of peak 
winds range from 9:30 through 10:30. However, even if the peak winds occurred long 
before the surge reached the slab of the house, the claim that winds resulted in total loss 
is not supportable or scientifically reliable, and is contradicted by available evidence. The 
rising surge clearly resulted in the loss of the contents and interior walls, while wind 
damage was contained to the exterior of the home and minor interior water penetration 
through the roof and possibly another opening such as windows.  
 
Detailed conclusions: 
 

• The timing of the surge and wind indicate that the structure experienced low 
category two winds prior to surge entering the house. Winds of this intensity are 
not associated with total-loss type damage. This is supported by the description of 
damage in the Saffir-Simpson scale, which is an appropriate damage scale based 
on many observations of coastal structures damaged by hurricane winds. Beyond 
simply relying on a wind–damage scale, physical evidence supports this 
conclusion 

 
• The strongest winds experienced by the residence were not of the intensity 

required to cause structural or severe envelope damage to the home. Structures 
that experienced similar winds intensities but less severe surge (due to elevation) 
did not suffer total-loss type damaged. The vast majority suffered minor to 
moderate shingle loss, which does not approach total loss. There is simply no 
evidence that the McIntosh property would have been an exception to this 
commonly observed level of damage from wind alone. No case of a total-loss 
home, out of the surge, in category 2 winds was identified. By definition of 
‘likely’, not one, but a plurality of such cases would be required to make 
destruction from wind prior to surge inundation a likely scenario. The lack of such 
evidence renders the position that wind caused a total loss not only unlikely, but 
infeasible and unsupportable by available evidence 

 
• The evidence does strongly support the conclusion that the McIntosh property did 

suffer damage to the roof cover (shingles) prior to surge inundation. The 
residence experienced this minor loss of roof shingles as the winds gusts were 
peaking, and occurred within one hour of (and probably concurrent with) the 
surge entering the living space. Wind did cause repairable damage the structure to 
a degree that does not equate to total loss 
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• There is evidence that rain water did cause damage to a portion of the first floor 
ceiling. The extent of ceiling damage was not severe enough to indicate that rain 
produced loss of contents prior to surge. This water intrusion likely began within 
an hour (and probably after) surge entered the living space.  

 
• The post-storm photos clearly indicate that the non-roof damage (interior and 

exterior wall systems as well as contents) occurred from the bottom up as surge 
water infiltrated the home.  

 
• It is not reasonable, based on the available evidence, to assign the causation of 

damage below approximately four feet in the living space to wind. 
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Additional Findings 
 
This opinion is based upon the experience of the author and the relevant data available 
during analysis. The author reserves the right to revise the opinions herein, and provide 
additional material and analysis to either support or alter the conclusions should 
additional information be discovered.  
 
 
___________________ 
Kurtis R. Gurley, Ph D. 
Consultant - hurricane wind effects on structures 
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Appendix A 
Drawings of McIntosh residence 

provided in Jenkins Engineering, Inc. report from Dec. 12, 2007 
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