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Applied Research Associates, Inc. 
Florida 2024 Residential Wind-Loss Mitigation Study Actuarial Support 

 

PURPOSE & SCOPE 

Applied Research Associates, Inc. (ARA) has requested that Pinnacle Actuarial Resources, Inc. (Pinnacle) 
analyze ARA’s model output to evaluate the residential wind-loss relativities for construction features, 
including, but not limited to, wind uplift prevention, methods and devices to prevent water intrusion 
through the tracks of sliding glass doors, and those that enhance roof strength; roof covering 
performance; roof-to-wall strength; wall-to floor-to foundation strength; opening protections; and 
window, door and skylight strength. 
 
Our review of the model was based on generally accepted actuarial practices and procedures. There is 
an inherent uncertainty because the ultimate liability for claims is subject to the outcome of events to 
occur. No guarantee can or will be provided that the actual experience will match the modeled results. 
It is likely that future experience will deviate from the estimates. Pinnacle reviewed the input variables 
and model results for compliance with Actuarial Standard of Practice No. 38 – Catastrophe Modeling 
(ASOP 38). Pinnacle reviewed the resulting loss relativities for compliance with Actuarial Standard of 
Practice No. 12 – Risk Classification (ASOP 12). 
 

DISTRIBUTION & USE 

This report is intended solely for the ARA’s submission to the Florida Office of Insurance Regulation. 
This distribution is granted on the condition that all recipients are made aware that Pinnacle is 
available to answer any questions regarding the report. Third parties reading this report should 
recognize that the furnishing of this report is not a substitute for their own due diligence and should 
place no reliance on this report or the data contained herein that would result in the creation of any 
duty or liability by Pinnacle to the third party.  
 
Judgments as to conclusions, recommendations, methods, and data contained in this report should be 
made only after studying the report in its entirety. Furthermore, we are available to explain any matter 
presented herein, and it is assumed that the user of this report will seek such explanation as to any 
matter in question. 
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BACKGROUND & METHODOLOGY 

ARA has evaluated windstorm loss relativities for construction features including, but not limited to, 
those which enhance wind uplift, methods to prevent water intrusion through the tracks of sliding 
glass doors, roof strength, roof covering performance, roof-to-wall strength, wall-to-floor-to-
foundation strength, opening protections, and window, door, and skylight strength. ARA provided the 
Florida Office of Insurance Regulation (FL OIR) with three prior studies. Pinnacle has not reviewed the 
prior studies. 
 
Data Used 

In our review, we relied on data provided by ARA regarding their 2024 residential wind-loss mitigation 
analysis. The data provided included: 
 

• ARA Report to the FL OIR dated June 28, 2024 
• Excel files of indicated loss costs and relativities from the model 
• Responses to questions received on June 20, 2024 and June 26, 2024 

 
Model Review 

ASOP 38 provides guidance to actuaries when performing actuarial services with respect to selecting, 
using, reviewing, or evaluating catastrophe models. Paragraph 3.1 of ASOP 31 recommends that an 
actuary should do following when selecting, using, reviewing, or evaluating a catastrophe model: 
 
• determine the appropriate level of reliance on experts; 
• have a basic understanding of the catastrophe model; 
• evaluate whether the catastrophe model is appropriate for the intended purpose; 
• determine that appropriate validation of the catastrophe model and output has occurred; and 
• determine the appropriate use of the catastrophe model and output. 
 
Catastrophe Models Developed by Experts (ASOP 38, Paragraph 3.2) 
 
ARA’s wind-loss mitigation analysis uses ARA’s HurLoss load and resistance modeling approach. ARA’s 
hurricane model is regularly reviewed by the Florida Commission on Hurricane Loss Projection 
Methodology (Commission). Pinnacle’s actuarial review of the model is included in the submission to 
the Commission. Pinnacle’s review includes compliance with ASOP 38. ARA’s submission to the 
Commission documents the expertise of their catastrophe modelers. 
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This model was developed by 
 

• Jeffrey C. Sciaudone, P.E., a Principal Engineer and Group Leader at ARA with 28 years of 
experience. He has a B.S. and M.S. degrees in Civil Engineering from Clemson University and is a 
registered Professional Engineer in Florida. Mr. Sciaudone has contributed to vulnerability, 
insurance loss modeling, and mitigation inspections since he joined ARA in 2004. 

• Francis M. Lavelle, Ph.D., P.E., a Vice President and Principal Engineer with 33 years of research, 
development, and project management experience in the areas of probabilistic risk assessment, 
catastrophe loss modeling, and decision support software. He joined ARA in 1990 after 
completing his Ph.D. in structural engineering at Rice University. Dr. Lavelle is the product 
manager of ARA’s HurLoss hurricane catastrophe loss model. 

• Sudhan S. Banik, Ph.D., P.E. is a senior engineer at ARA with over 15 years of experience in wind 
engineering. He is a licensed professional engineer in North Carolina and a member of the ASCE 
7 wind load subcommittee. Dr. Banik has extensive experience in high wind hazard modeling, 
wind effects on structures, wind vulnerability modeling of low-rise structures, hurricane and 
tornado simulations, and high wind fragility analysis. He received his PhD in Civil Engineering 
from the University of Western Ontario, Canada. 

• Lawrence A. Twisdale, Jr., Ph.D. is a former Principal Engineer and Executive Vice President of 
ARA and is currently a consultant to ARA’s IntraRisk Group. He has more than 45 years of 
experience directing and performing research and engineering analyses for extreme wind 
effects and structural response. Dr. Twisdale has been involved in developing methodology and 
applications for extreme wind risk analysis since 1975. 

• Peter J. Vickery., Ph.D., P.E. is a former ARA Principal Engineer, and has over 35 years of 
experience in wind engineering. He has 28 years of experience in the application of hurricane 
modeling relevant to insurance loss analysis/rate making. Dr. Vickery has published numerous 
peer reviewed journal papers related to hurricane risk and additional papers related to wind 
loads on buildings and other structures. He led the original development of the ARA hurricane 
model that has been adopted in the ASCE-7 national design standard. 

• David R. Mizzen, P.E. is a Senior Engineer with 12 years of experience in wind and structural 
engineering, risk assessment, catastrophe modeling, community resilience research, and 
project management. Mr. Mizzen joined ARA in 2011 after completing his Master’s of Science in 
Civil Engineering at Purdue University. He completed his undergraduate degree at the 
University of Western Ontario (Canada), where he conducted wind tunnel research as well as 
well as worked at RWDI for over a year conducting dozens of wind tunnel tests. 

• Fanqian (Abby) Liu, Ph.D., P.E. is a senior engineer at ARA. After joining ARA in 2014, Dr. Liu has 
been responsible for developing models for extreme high winds, including straight wind, 
hurricane wind, and tornadoes. In addition, she contributed to the hurricane wind speed-up 
models and real-time hurricane wind field modeling to support FEMA’s wind hazard mapping 
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projects for the U.S. Caribbean territories. Dr. Liu supports the ARA team with the construction 
of building damage models for Hazus and in-house products. She earned her B.S. in Civil 
Engineering from the Beijing University of Civil Engineering and Architecture and completed her 
Master’s and doctoral studies at Clemson University. 

• Thomas B. Dombrosky is a staff engineer with 9 years of experience at ARA. He is responsible 
for running TORMIS models to develop wind missile fragilities for High Wind Probabilistic Risk 
Assessments and Tornado License Amendment requests for nuclear power plants. Mr. 
Dombrosky has contributed to efforts for determining and assessing hurricane refuge areas for 
Puerto Rico and Hawaii. He has also developed computer tools for assessing various damage 
states and construction characteristics for SFRs, including ARA’s Wind-Smart Tool that 
estimates tornado windspeeds from an observed damage state. He earned his B.S. in Civil 
Engineering from Virginia Polytechnic Institute and State University. 

 

Understanding of the Catastrophe Model (ASOP 38, Paragraph 3.3) 
 
Section 1.5 of the ARA report discusses the basic components of the HurLoss modeling approach, 
model input and model output. 
 

• Basic Components:  
o The hurricane simulation consists of a hurricane windfield model and a hurricane track 

model. The windfield model is used to develop estimates of windspeed and direction at 
any arbitrary position. The hurricane track model simulates the frequency and spatial 
characteristics of hurricane tracks as well as the variation of storm size and intensity 
along the tracks.  

o A building components model uses engineering-based load and resistance models to 
determine physical damage. The model considers the effects of wind direction changes, 
progressive damage, and storm duration. If there is physical damage, economic loss is 
estimated using repair and reconstruction cost estimation methods.  

• User Inputs: The input files contain component and building specifications for each key feature.  
• Model Output: Simulations of storms with representative buildings produces outputs that are 

post-processed into loss functions for building, contents, and loss of use. Coverage ratios are 
used to determine the secondary coverages.  

 
Appropriateness of the Catastrophe Model for the Intended Purpose (ASOP 38, Paragraph 3.4) 
 
Section 1.5 of the ARA report states that “the HurLoss methodology has been extensively validated 
through comparisons of modeled and observed physical damage to buildings and associated insured 
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loss data.” The loss functions used in this analysis have been compared to insurance loss data from 
recent hurricanes. Comparisons of modeled and observed results are shown in Figures 2.5 through 2.9. 
 
Output Validation (ASOP 38, Paragraph 3.5) 
 
Comparisons to historical experience are provided in Section 3.2 and 3.3 of the ARA report. Pinnacle 
reviewed these comparisons for reasonability. 
 
 Pinnacle reviewed the output of the model for consistency and reasonableness of relationships among 
various output results.  
 
We compared the loss costs for the following variables by property type: 
 

• Region: Expected loss costs for Region 1 should be greater than Region 2 and loss costs for 
Region 2 should be greater than loss costs for Region 3 

• Secondary Water Protection (SWP): Loss costs for homes without SWP are expected to be 
higher than loss costs for homes with SWP. 

• Roof Material: Loss costs for Shingle and Metal Panel Roofs are expected to be greater than Tile 
Roofs and loss costs for Shingle Roofs are expected to be larger than Metal Panel Roofs. Multi-
family homes also include Built Up Roofs (BUR) and excludes Metal Panel Roofs. 

• Roof Type: Loss costs for Gable Roofs are expected to be larger than loss costs for Hip Roofs. 
• Stories: Expected loss costs for 2-story homes should be larger than loss costs for 1-story 

homes. 
• Roof Slope: Expected loss costs for low slope roofs are expected to have higher loss costs than 

roofs with high slopes. 
• Opening Protection: Loss costs with hurricane protection are expected to be lower than 

openings without hurricane protection. 
• Roof-to-Wall Connection (RWC): Loss costs for homes with toenail connections are expected to 

be greater than loss costs for homes with Clip and loss costs for homes with Clip are expected 
to be greater than loss costs for homes with Wrap. 

• Roof Deck: Roof A loss costs should be greater than Roof B loss costs and Roof B loss costs 
should be greater than loss costs for Roof C. 

• Age: Loss costs should be decreasing from weakest to old to middle to new. 
• Terrain (surface roughness): Expected loss costs for Terrain A should be less than Terrain B 

which should be less than Terrain C. 
• Roof Deck: For multi-family homes, expected loss costs for Metal Roof Deck are larger than 

Concrete Roof Deck. 
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The modeled loss costs generally performed as expected but there were exceptions. 
 

• Metal Panel and Tile Roofs: There were many exceptions for Single Family Home, Pre-FBC 
(SFHPre), Region 3. There were also exceptions for SFHPre, Regions 1 and 2 but to a lesser 
extent. There were also exceptions for Single Family Home, Post-FBC (SFHPost) across all 
regions and terrains. This behavior is actually expected because having metal roofing does not 
always result in better loss costs than shingle or tile roofs. This is driven by the metal roof 
performance model. While metal roofing performs better as low wind speeds, metal performs 
worse at higher wind speeds. 

• Metal Panel and Shingle Roofs: There were many exceptions for SFH Pre, Region 1. SFHPost also 
had exceptions for this variable. As mentioned above, metal roofs perform worse at higher 
wind speeds. 

• RWC: SFHPre, Region 3 has many exceptions, particularly in Terrains A and B. Small exceptions 
occur when the change in the feature is not significant to loss for the home. 

• Roof Deck: SFHPre, Region 3 also had exceptions with this variable. Small exceptions occur 
when the change in the feature is not significant to loss for the home. 

• Terrain: For SFHPre, Region 3, there were exceptions when comparing Terrain A and Terrain B. 
SFHPost had exceptions when comparing Terrain B to Terrain A and Terrain C to Terrain B. 
Manufactured housing (Mfg) had exceptions for Terrain B compared to Terrain A. The hurricane 
wind hazard will be more favorable as one moves from terrain C to B to A but it does not mean 
the effect of mitigation would get better. 

• In ARA’s draft report, manufactured housing had exceptions for old construction era versus 
new construction era and 1994 HUD Z3 compared to 1994 HUD Z2. These exceptions indicate 
that going from a HUD zone II to zone III home makes little difference in potential losses. The 
difference in these home designs is primarily in the structure itself and not the building 
envelopes. As a result, ARA simplified the MH tables into two constriction eras by combining 
the pre-76 and 76 HUD classes  and combining the 1994 HUD Zones II and III for presentation in 
the final report. 

• Multi-Family Roof Type: Differences in roof type loss costs were driven by the other features. 
• Multi-Family Roof Slope: The higher slope Gable and Hip roofs generally have higher loss costs 

than their lower slope equivalents – especially for weaker buildings towards the top of the 
tables. The larger dimensions of MF Group I Buildings compared to SFRs lead to more whole 
roof failures. 

• Multi-Family Roof Deck: The larger dimensions of MF Group I Buildings compared to SFRs lead 
to more exceptions in the expected relationships between roof decks. 
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Appropriate Use of the Catastrophe Model and Output (ASOP 38, Paragraph 3.6) 
 
The objective of the model is to evaluate windstorm loss relativities for certain construction features 
and hurricanes are a significant cause of windstorm loss in Florida. Therefore using a hurricane model 
is appropriate for this purpose. Based on the review of the model and the output validation, this 
catastrophe model is appropriate to use in determining windstorm loss relativities. 
Relativity Review 

ASOP 12 provides guidance to actuaries when to designing, reviewing, or changing risk classification 
systems. 
 
3.2 Considerations in the Selection of Risk Characteristics ⎯ Risk characteristics are important structural 
components of a risk classification system. When selecting which risk characteristics to use in a risk 
classification system, the actuary should consider the relationship of risk characteristics and expected 
outcomes, objectivity, practicality.  
 

• Relationship of Risk Characteristics and Expected Outcomes: The risk characteristics being 
evaluated mitigate wind losses. These characteristics have been selected based on hurricane 
damage surveys, insurance loss data and engineering data. 

• Objectivity: The mitigation features are objective. 
• Practicality: The mitigation features are practically verifiable so insurers can determine if a 

building qualifies for the discount. 
 
3.3 Considerations in Establishing Risk Classes ⎯ A risk classification system assigns each risk to a risk 
class based on the results of measuring or observing its risk characteristics. When establishing risk 
classes for a financial or personal security system, the actuary should consider intended use, adverse 
selection, credibility, and reasonableness of results. 
 
• Intended Use: The hurricane model is used to validate the wind mitigation factors. The 

intended use is appropriate. 
• Adverse Selection: The architectural features are objective. They are hard to be manipulated by 

the insured. Insureds must have these features or improve their homes to get the discount. 
• Credibility: The model is based on historical data and simulation. It has been validated with the 

actual loss. Simulation is a general technique used on CAT modeling where historical data alone 
are not adequate. 

• Reasonableness of Results: The relativities of the architectural features are aligned with the 
discounts. They show larger discounts for stronger buildings. These relativities generally 
increase as the features provide more protection. 
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Change from Prior Model Review 

ARA prepared a wind-loss mitigation study in 2008.The changes are discussed in the ARA report. 
Pinnacle did not review the prior wind-loss study. 
 
The changes from the hurricane model reviewed by the Commission include: 
 

• Water intrusion through tracks of sliding glass doors. Methodology updates and validation to 
engineering test data available in the literature are provided in the ARA report section 2.2.2.  

• Asphalt shingle aging. Methodology updates and validation to engineering test data available in 
the literature are provided in the ARA report section 2.2.3.  

• Metal Panel Roof Covering Performance. Methodology updates and validation to engineering 
test data provided in the ARA report section 2.2.4. 

 
These changes were necessary for the different purpose of this model. 
 

FINDINGS 

Based on Pinnacle’s review of the wind-loss study and discussions with ARA, the recommended wind 
mitigation factors appear reasonable and comply with ASOPs 38 and 12. 
 

RELIANCES & LIMITATIONS 

Throughout our analysis, we have relied, without audit or verification, on data and qualitative 
information supplied by ARA. To the extent that any subsequent changes are noted that may have a 
material impact on our analysis, it is the responsibility of the ARA to notify us of these changes so that 
they may be properly reflected.  
 
We have employed techniques and assumptions that we believe are appropriate, and we believe the 
conclusions presented herein are reasonable, given the information currently available. Our review of 
the model was based on generally accepted actuarial practices and procedures. There is an inherent 
uncertainty because the ultimate liability for claims is subject to the outcome of events to occur. No 
guarantee can or will be provided that the actual experience will match the modeled results. It is likely 
that future experience will deviate from the estimates given that ARA models are using current climate 
expectations.  
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