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Abstract 

 

As losses from natural disasters steadily increase, communities search for 
ways to increase resilience.  Northern Australia strengthened their wind 
codes in 1980 after Tropical Cyclone Tracy devastated Darwin and 
recommendations from engineers in Australia suggest further 
enhancements. The US state of Florida also enacted stronger building 
codes after the devastation brought by Hurricane Andrew as a way to limit 
future windstorm losses. This study uses the case study of Florida to 
develop understanding of the economic effectiveness of wind-enhanced 
building codes across regions of varying wind risk. Realized insured loss 
data are used to examine the effect of the Florida Building Code (FBC) on 
windstorm losses.  Further, we analyze the effectiveness of the FBC in 
different regions within the state.  We find that overall the FBC passes a 
Benefit Cost test with the exception of the use of a higher cost option for 
impact protection.  Our results suggest that wind code changes in other 
regions, such as those recommended for the Australian wind code, would 
also be cost effective.  Finally, potential changes in wind speed from 
hurricanes due to climate change increase the cost effectiveness of actions 
that mitigate the damage from wind storms.   
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1. INTRODUCTION 

Tropical Cyclones (TCs) form over most of the world’s ocean basins and typically track 

westward and poleward, arcing eastward at higher latitudes. Approximately 90 TCs form annually 

(Frank and Young, 2007) with a portion of those making landfall each year. Countries with the 

highest average numbers of landfalling TCs include China, Japan, the Philippines and Vietnam in 

the Northwest Pacific, the U.S. and Mexico in the North Atlantic, and Australia in the South Pacific 

(Done and Owens, 2017).  In Australia, wind risk varies across the Northern half of the country 

with the highest wind risk along the North West Coast associated with TCs approaching from the 

Indian Ocean and along the North East Coast associated with TCs approaching from the Coral Sea 

(Geoscience Australia 2018).  In the U.S., the state of Florida also exhibits variable wind risk 

(ASCE 2013) with the highest risk over southernmost counties associated with TCs approaching 

from the Gulf of Mexico, the Caribbean and the North Atlantic. Overall, both countries experience 

similar high wind risk with the 1% annual 3-second wind gust speeds reaching similar magnitudes 

of approximately 80ms-1 (ASCE 2013; Geoscience Australia 2018). 

In response to this similar high and varying TC wind risk, both Australia and Florida in 

particular in the U.S. have implemented strengthened building codes, with Australia 

recommending further enhancements (Stewart et al, 2012 and 2014). The question for both regions 

becomes, do enhanced wind codes provide benefits that exceed implementation cost?  To develop 

understanding of the economic effectiveness of wind-enhanced building codes across regions of 

varying wind risk we use the case study of the U.S. state of Florida to quantify the benefits of 

stronger codes relative to the increased costs.  Outside of its high risk and strong building code, 

Florida was chosen because of the availability to us of realized statewide insured loss data across 

a ten-year span.  We then utilize our Florida case study analysis results to compare Australia and 
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the U.S.: two countries that, although geographically separated, have developed relatively similar 

approaches in managing their TC wind risk.   

The three hurricanes that hit the U.S. in 2017 were the largest contributors to a record year 

for damage from natural hazards.  But as can be seen in Figure 1, they are a part of a rising trend 

of damage from hurricanes. 

Insert Figure 1 Here 

Over the same time period, 1980-2017, Australia also experienced rising damage from TCs as 

illustrated in Figure 2. 

Insert Figure 2 Here 

  If it can be shown that wind codes are cost effective, the action of Florida and the 

recommended enhancements to the Australian wind code provide examples that could be emulated 

by countries that suffer similar wind risks.  Importantly, we also assess how the estimated cost 

effectiveness may change under future windstorm scenarios modified by climate change.  Our 

results provide confirmation that enhanced wind codes, such as the FBC and those recommended 

in Australia would be cost effective.      

2. FLORIDA AND AUSTRALIA WIND ENHANCED CODES 

Florida 

In 1992, the U.S. state of Florida (FL) experienced Hurricane Andrew, a category 5 

hurricane that caused USD $16 billion (unadjusted) in insured loss.  In the aftermath of the 

destruction from Hurricane Andrew, the Florida Building Code (FBC) Commission began 

consideration of a statewide building code to replace local control of residential building standards.  

The Florida Legislature authorized the recommended statewide code in 1998.  By 2002, all legal 

challenges to the code were resolved, and the statewide 2001 FBC took effect on March 1, 2002 
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officially superseding all local codes (Dixon, 2009).   The FBC is based on the national model 

codes developed by the International Code Council (ICC) and is among the strictest in the nation 

heavily emphasizing wind engineering standards and other additions for Florida’s specific needs 

including for hurricane protection (Dixon, 2009).  And while certainly noted for hurricane risk, FL 

also ranks #10 nationally in the number of tornadoes with 750 between 2000 and 2014 according 

to the tornado archive maintained by the Storm Prediction Center in Norman, Oklahoma.1  

Therefore, the implementation of the FBC is an attempt to provide resilient housing that will reduce 

losses from windstorms across the life of the home (IBHS, 2015). 

For purposes of code implementation, the state was divided into two zones – a wind borne 

debris region (WBDR)2  (Figure 3) and a non-wind borne debris region (N-WBDR) as per 2010.  

Along the coast and much of South Florida is classified as the WBDR having a design 3-second 

peak gust wind speed of 140 mph and above for residential structures.  There are also certain 

coastal areas within 1 mile of the coast where this is 130 mph and above.  In the WBDR an added 

requirement is impact protection to windows and doors to reduce damage from flying debris.  

Impact protection can be accomplished in one of two ways, exterior coverings of all openings or 

fitting windows/doors with impact resistant glazing.  Both methods must meet the requirements of 

the Large Missile Test of the ASTM E 1996 and ASTM E 1886.3  The N-WBDR is mainly 

classified in the interior of the state where impact protection is not required.  Within the N-WBDR 

                                                           
1 http://www.spc.noaa.gov/wcm/ 
2 A state provided map of the region can be found here:  
http://www.floridabuilding.org/fbc/Wind_2010/figurea_colors8.png 

3 More explanation of the protection of openings can be found in Section R.301.2.1.2 of the Florida 
Building Code.  Available online at:  
http://floridabuilding2.iccsafe.org/app/book/toc/2014/Florida/Residential%20Code/index.html 
 

http://www.floridabuilding.org/fbc/Wind_2010/figurea_colors8.png
http://floridabuilding2.iccsafe.org/app/book/toc/2014/Florida/Residential%20Code/index.html
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the design wind speed is 115 mph and above, or 82 percent of the WBDR minimum 140 mph 

design wind speed.  The WBDR and N-WBDR design wind speeds correspond to an annual 

exceedance probability of 0.143 percent corresponding to a 700-year wind event, or equivalently 

a 7 percent exceedance probability in 50 years. 

Insert Figure 3 Here 

 Statewide the existing evidence points to lower wind storm losses from the FBC as well as 

an economically effective statewide code. Simmons et al, (2018) found that the FBC reduced 

statewide losses during the years 2001-2010 by 53% to 72% depending on whether you consider 

only the direct reduction of loss on properties that sustained damage or the full reduction which 

includes fewer claims filed by newer homes compared to homes built prior to the FBC.  These loss 

reductions provide a statewide benefit to cost ratio (BCR) of $6 in reduced damage for every $1 

in increased construction cost.  This result adds to earlier studies which found enhancements to the 

South Florida Building Code in 1994 (Englehardt and Peng, 1996) to be cost effective and one 

conducted by Applied Research Associates in 2002 which estimated loss reductions from the FBC 

would range between 26 and 61 percent. (ARA, 2002)   

Australia 

In 1980, the Northern Territory of Australia and Queensland adopted enhanced building 

codes designed to resist high wind after TC Tracy devastated the city of Darwin in 1974 (Crompton 

and McAneney, 2008).  That storm caused AUD $200 million in damage. Since 1967 Australia 

has suffered more than 500 tornadoes and TCs causing over AUD $6 billion4 (unadjusted) damage.   

Wind damage continues to cause most natural hazard damage to housing in Australia, 

though homes built after 1980 suffer significantly lower damage (Crompton et al., 2008; Ginger, 

                                                           
4 Insurance Council of Australia http://www.icadataglobe.com/access-catastrophe-data/ 
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et al 2010).  But recommended enhancements to existing codes promise high returns especially 

given the expected increase in TC strength due to climate change.  An increased adaptation cost 

of AUD $2,700 per home for SE Queensland are estimated to reduce wind losses by up to AUD 

$11.9 billion by 2100. (Stewart et al, 2012 and 2014).  And analysis of wind mitigation for SE 

Australia suggests that if loss can be reduced by at least 50% and increased cost is limited to 5-9% 

of housing cost, enhanced codes for wind mitigation are cost effective (Stewart, 2015).  The Wind 

Code in Australia requires that buildings are designed to handle the full internal pressures 

assuming the windows or doors break or provide covers on windows and doors to protect those 

vulnerable openings.5   

Both Australia and Florida have strong incentives to mitigate wind damage from TCs.  But 

enhanced measures increase production cost making it necessary to quantify the benefits to justify 

their adoption.  And in both countries, the cost and benefits vary regionally which potentially 

affects their economic effectiveness.  We now proceed to quantify the benefits and cost of the FBC 

within different regions of the state as a case study of what can be achieved in other countries 

affected by TCs. 

3. FLORIDA BENEFIT/COST COMPONENTS AND METHODOLOGY 

In FL, while the costs of achieving the wind standards vary by region, so too do the benefits 

associated with achieving the code following from actual windstorm losses avoided.  To determine 

the economic effectiveness of the FBC within the varying wind risk regions, we examine the 

benefits against the cost, something that has not been well documented to date.  Benefits occur 

across the life of the home so it’s necessary to estimate the reduction in loss across time but 

discount that value back to the present for comparison against the increased cost.  For this we need 

                                                           
5 https://archive.org/details/as-nzs.1170.2.2011 
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3 pieces of information; 1) the increased cost of the FBC from the building code in place prior to 

its enactment, 2) an estimate of the losses that can be expected across the life of the homes and 

finally, 3) an estimate of the expected reduction in loss for homes built to the FBC compared to 

homes built prior to the FBC.  

Increase in Costs to Adopt the FBC 

  In their 2002 benefit-cost comparison study of the enactment of the FBC for three related 

housing types, three actual sample homes were built to the FBC to evaluate the change in 

construction costs (ARA 2002).    Importantly, the study provided a range of added costs for the 

N-WBDR and the WBDR including cost estimates for both methods of impact protection, exterior 

coverings and impact resistant windows.   Table 1 shows the ranges of incremental cost per square 

foot in dollars for the N-WBDR and both impact resistant options for the WBDR plus a weighted 

average for a statewide estimate6.  Since the ARA (2002) study the FBC has raised their design 

wind speeds but the relative difference between the N-WBDR and both options of the WBDR 

remain.     

Insert Table 1 Here 

Next, for an estimate of the total costs of construction we need the number and size of homes 

in Florida.   For the entire state of Florida, the 2010 census show 8,863,057 residential units.  

Census also shows an average home size in the Southern U.S. of 1,9607 square feet.  Table 2 shows 

the per unit added construction cost, using the CPI adjusted average cost, along with the percent 

of residential units that reside in each area.  Using the average size and average cost per square 

foot, the incremental cost to have built a home in Florida to the FBC would have added over $1,803 

                                                           
6 The statewide estimate of added cost uses the covered option of the WBDR. 
7 We use Census aged estimates for home size.  Census estimates are regional and we are using the South region.  
However, we compared those estimates to Zillow for Florida over the last 5 years and found them to be almost 
identical. 
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to the cost of construction (2010 dollars) for homes in the N-WBDR and $4,214 for homes in the 

WBDR using exterior coverings or $12,701 using impact resistant windows.  Three counties, 

Dade, Broward and Monroe, were under the South Florida Building Code (SFBC) prior to the 

implementation of the FBC.  According to ARA (2002) there was no incremental cost to these 

counties for adoption of the FBC.  Consequently, we removed those counties from our analysis.   

Insert Table 2 Here 

 The cost of the recommended enhancements for Australia track closely the increased cost 

in Florida.  As an example the average estimated increased cost for cities in Northern Queensland 

is AUD $4,530 (USD $3,793) for coastal homes and AUD $3,610 (USD $3,023) for inland homes.  

In SE Queensland, which is analogous to the N-WBDR region of Florida, the cost is AUD $2,680 

(USD $2,244). 

Average Annual Loss 

Benefits stemming from the FBC are the expected reduction in losses from windstorms during 

the life of the home.  We first find an average annual loss (AAL), use that number to estimate 

losses for the next 50 years and then find the present value of those losses in 2010 dollars. Hamid 

et al. (2011) utilize a catastrophe model designed for the state of Florida to estimate an average 

annual wind loss for all residential properties in Florida of approximately USD $3 billion (2007 

dollars), net of deductibles paid (when paid deductibles are included the AAL estimate is 

approximately USD $5 billion).  Adjusted to 2010, it becomes USD $3.156 billion (USD $5.26 

billion with deductibles).  Based on this catastrophe model derived AAL of USD $3.156 billion, 

the 2010 Present Value (PV) of losses net of deductibles for all residential properties in Florida 

using an inflation rate of 2%, a discount rate of 2.25% (10 Year Treasury) and an expected life of 

the home of 50 years is USD $145.4 billion.  
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To test the validity of the Hamid (2011) average annual loss estimate, we use realized loss 

data provided to us by the Insurance Services Office (ISO) as a comparison.8  Some adjustments 

must be made for the comparison.  First, the ISO data does not include multi-family.  Also, while 

it represents a significant portion of the private insurance market, it does not include homes using 

the state-run insurer, Citizens.  Comparing the EHY (earned house years) to the number of 

residential units in Florida, our sample is approximately 10% of all residential units.  The total 

losses in our sample is USD $5.1 billion.  Multiplying by 10 to estimate all residential losses would 

be USD $51 billion for the 10 years we have data giving an average annual loss estimate, net of 

deductibles of about USD $5 billion.  This exceeds the Hamid, 2011 estimate but is likely due to 

2 causes, lower average losses for multi-family units and unusually high hurricane activity within 

our 10-year window. 

To undertake an analysis by wind borne region, we need to parse the expected average 

annual loss by region.  The average annual loss number we use is statewide so we need to break 

those expected losses out by N-WBDR and WBDR minus the 3 counties of the SFBC.  To do this 

we use the realized losses in our ISO data and break those down by the 2 regions, N-WBDR and 

WBDR minus the SFBC.  We assume that the distribution of losses during our 10 years of realized 

loss approximates the long run distribution. The 10-year period was an active hurricane period 

meaning that the realized spatial loss estimate is based on a reasonably large sample of events. The 

10 years we use contains a mix of both small and larger hurricanes plus several tornadoes affecting 

different regions of the state.  Table 3 shows the per unit present value of estimated future losses 

by region.   

Insert Table 3 Here 

                                                           
8 A more detailed discussion of our loss data is provided in the next section. 
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Reduction in Loss 

The FBC reduces wind losses in two ways.  First, there is a lower probability that a loss 

will occur resulting in fewer claims.  Second, for properties that sustain a loss, the loss is lower 

than in structures built before the enactment of the FBC.  This was verified by the Insurance 

Institute for Business and Home Safety (IBHS) (IBHS, 2004) after Hurricane Charley in 2004.  

They found that homes built after the adoption of the FBC had 60% fewer claims and structures 

that did have a claim suffered 40% lower loss.   

The IBHS study simply compared claims for pre and post FBC.  Regression models allow 

us to control for a number of variables that may influence loss.  To estimate the loss reduction 

realized by the implementation of the FBC we estimate two regression models.  Our first regression 

model is designed to estimate the full effect of the FBC.  This includes the reduction in loss due to 

fewer claims as well as the direct reduction in loss of lower damage to homes built to the FBC that 

experienced a loss compared to other homes that experienced a loss.  The implementation of the 

FBC is a function of structure age, so we include age and age squared to account for that 

discontinuity.  Our model is a semi-log, ordinary least squares (OLS), fixed effects (time and 

space) regression discontinuity model with the natural log of loss as the dependent variable.  The 

base level of observation is postal code/year/decade of construction.  The dependent variable for 

an observation would therefore be aggregate insured losses for a postal code in a given year and 

decade of construction.  Explanatory variables include insurance information (exposures and 

premiums), construction type, demographic data based on the postal code, measures of the postal 

code hazard risk (how close to the coast the postal code is, etc.), hazard data concerning the wind 

speed/duration and average age of structures.  The general form of the model is: 

(1) 
Natural log of losses = β0 +β1*ln_Premium + β2*Brick_Plus + β3*ln_Income 
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+ β4*ln_value + β5*unit_fac_density + β6*CCCL + β7*ln_near_dist + β8*Citizens 
+ β9*Max_Wind + β10*wind_dur12 + β11*d_2000 + β12*age + β13*age_squared 
+ Vector of dummy variables for year + Vector of dummy variables for Postal code 
 
One problem that can occur in attempting to model losses is there may be a separate process 

occurring in the data that determines whether or not a loss is realized at all, which could affect the 

estimate of overall losses.  Hurdle models are used to address this issue as they divide the analysis 

into two stages.  We tested a simple hurdle model, a second pioneered by James Heckman (1976, 

1979) as well as a Type 3 Tobit.  The first stage models the probability that a loss occurs and the 

second stage models the loss using only observations that sustained a loss.  In all 3 models, the 

first stage is a probit model with a dependent variable which equals one if there was a loss and 

zero otherwise.  This binary dependent variable is then regressed against variables that would 

affect the probability that a loss occurred.  Its form is: 

(2a) 
Loss or No Loss = β0 + β1* Max_Wind  + β2* wind_dur12 + β3* Population Density         
 + β4* d_2000  
 

A test of the error correlation between the two stages suggests correlation exists so we use 

the Heckman model which provides the Inverse Mills Ratio (IMR) found from the probability 

distribution of whether or not losses were sustained.  The second stage in the hurdle model is the 

same as Equation 1 with the exception that only observations with paid insured losses are included 

and inclusion of the IMR as a co-variate.  Our Heckman model uses Maximum Likelihood for the 

second stage.   

The second stage for the hurdle model is: 
(2b) 

Natural log of paid insured loss = β0 + β1*EHY + β2*Premium + β3*Brick/Masonry + 
β4*Income + β5*Value + β6*Unit Density + β7*CCCL + β8*Distance + β9*Citizens 
+ β10*Max Wind + β11*Wind Dur + β12*Post FBC + β13*Age + β14*Age Squared 
+ β15*IMR + Vector of dummy variables for year + Vector of dummy variables for 
Postal code 
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Florida Insured Loss Data 

For the years 2001 to 2010 we obtained Florida property/casualty insurance industry data 

from the Insurance Services Office (ISO) aggregated at the postal code.  The ISO industry data 

has aggregated policy data in any one year ranging from 669,000 to just over 1 million insured 

policyholders.  Total property losses of USD $8.023 billion (2010 inflation adjusted) was incurred 

over this time (net of deductibles) from 593,663 total property loss claims incurred.  Windstorm 

hazards are the largest cause of loss in Florida, totaling USD $5.1 billion in losses (65 percent of 

total hazard damage), as well as being the most frequent source of a loss claim with 317,005 claims 

incurred (53 percent of total hazard claims incurred).  Clearly, windstorm is a significant source 

of losses for Florida property insurers and owners. 

A further split of the ISO loss data is by decade of construction.  For each year of ISO data 

from 2001 to 2010, each Florida postal code in that year contains a split of the losses, claims, 

premiums, and earned house years (EHY)9 by the year of construction decade beginning in 1900 

up to 2010.  Given the loss timeframe of the ISO data from 2001 to 2010, in any one year the 

majority of the overall ISO portfolio (i.e., proportion of earned house years, EHY) is represented 

by properties built prior to the year 2000.  But, given the growth of new construction in Florida 

during this decade, over time, newer construction practices make up a more significant portion of 

the ISO portfolio.  For example, in 2001, post-2000 year of construction (YOC) properties are less 

than 10 percent of the total ISO portfolio of 869,645 total EHYs, but by 2010 they represent over 

30 percent of the total ISO portfolio of 669,770 total EHYs.  And it is these newer housing units 

(i.e., primarily the post-2000 YOC properties) to which the statewide FBC would have the most 

effect given its full implementation in 2002. 

                                                           
9 Earned House Years is an insurance industry term to denote the number of customers by year or year part. 
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Beginning in the 1950’s Miami-Dade County independently adopted the South Florida 

Building Code (SFBC), followed by Broward County in the 1970’s10 and Monroe County soon 

after.  Miami-Dade, Broward and Monroe are all in the WBDR but having adopted the SFBC prior 

to the implementation of the FBC the cost of construction to meet the FBC did not change.  The 

SFBC was enhanced in 1993 prior to the implementation of the statewide FBC.  We removed those 

counties so we can obtain the effect of the FBC for areas in the WBDR that did not adopt the SFBC 

earlier. 

Wind and Census Data 

Two wind field parameters are derived for use in the loss regressions:  the normalized 

annual maximum wind speed (Max Wind), and the annual number of times the wind speed exceeds 

the Florida mean wind speed plus one standard deviation for at least 12 hours (Wind Dur). A 

positive sign is expected for both of these variables indicating that as wind speeds increase and/or 

the postal code is exposed to high winds for an extended period of time, losses will increase.  The 

choice of hazard variables is based on recent work that highlighted the potential for wind 

parameters other than the maximum wind to drive losses (Czajkowski and Done, 2014; Zhai and 

Jiang, 2014; Jain, 2010).11   

 We have 2000 and 2010 demographic data from the decennial census at the postal code 

level for population, area (in square miles) of the postal code, median household income, housing 

counts and housing value.  Intervening years are interpolated from decennial data for population 

and total housing counts with an allocation factor based on the number of building permits for each 

postal and each year.  For median household income and housing value a straight-line interpolation 

                                                           
10 http://www.broward.org/CodeAppeals/AboutUs/Pages/HistorySouthFloridaBuildingCode.aspx 
11 A full description of our wind hazard data is in the Appendix. 
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method is used.  Income and housing value are adjusted for changes in the consumer price index 

(CPI-U) to 2010.  CPI data are from the Bureau of Labor Statistics. 

A number of factors were utilized to represent the overall geographic hazard risk of a postal 

code.   The distance of the centroid of the postal to the coast was calculated to account for the 

overall distance to the coast of each postal code.  Following Dehring and Halek (2013) dummy 

variables that signifies whether a postal code contains a coastal construction control line (CCCL) 

were created (1 equals CCCL in place) to account for stricter building codes in these areas.  Finally, 

following the 2005 hurricane season there was a significant increase in the number of policies 

underwritten by Citizens, the state-run wind-pool and insurer of last resort. (Florida Catastrophic 

Storm Risk Management Center, 2013).  Areas with large percentages of insured policies 

underwritten by Citizens could represent inherently higher windstorm risk.  We spatially matched 

our Florida postal codes to the Florida house districts and took the percentage of Citizens policies 

of the number of occupied housing units as of December 31, 2011 (Florida Catastrophic Storm 

Risk Management Center, 2013).  Given the potential for adverse selection, or offloading of high 

risk policies by the private market in these areas, it is unclear whether higher Citizens’ market 

penetration would lead to a positive relationship with losses due to the higher risk, or a negative 

relationship with private losses as many of the bad risks have been transferred to the residual wind 

pool. 

Regression models are limited by available data to understand how the dependent variable 

varies as explanatory variables change.  If important variables are left out of the model, some bias 

can be expected.  One way to minimize bias is to employ a fixed effects model.  This is done by 

using binary (dummy) variables for cuts of the data that may be introducing bias.  We use two sets 

of dummy variables for time (years) and geography (postal codes).  These dummy variables will 
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contain all across-group variation leaving the remainder of the model to contain the within-group 

variation (Greene, 2003). 

Regression Results 

To estimate how the FBC affected losses we first provide an estimate of the reduction in 

losses for each strata, N-WBDR, WBDR and the state.  The N-WBDR shows the highest reduction 

in wind losses from the FBC.  In the full model (Table 4), losses are shown to decrease an average 

of 81% while direct loss is reduced by 57%.  The WBDR zone shows lower reduced losses, a 

reduction of 64% from the full model and 32% in direct loss reduction.   Statewide, the full model 

shows a 72% reduction and the direct model, 53%. 12 

Insert Table 4 Here 

4. BENEFIT/COST BY ZONE AND THE TWO IMPACT PROTECTION OPTIONS  

It comes as no surprise that better construction will be more resilient in the face of windstorms.  

But the test of good public policy is to undertake policies where the benefit (reduced wind loss) 

exceeds the cost of implementation.  Using the estimated increase in construction costs, statewide 

average annual loss and our estimated reduction in losses we now perform a benefit/cost analysis 

(BCA) for several scenarios to determine if the FBC passes the BCA generally and further examine 

specific elements within the code to determine the optimal implementation of the policy. 

BCA with Direct Losses Only 

Our first test is to use the average cost of construction to comply with the FBC and the expected 

reduction in loss from the second stage of our hurdle model for homes built post FBC.  Since the 

second stage removes observations that did not suffer loss, this is a measure of the direct benefits 

of the FBC, reduction in loss for homes that suffered a loss.  Statewide, that is a 53% reduction in 

                                                           
12 A more detailed discussion of the regression results along with tables containing results from each model are 
included in the Appendix. 
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loss for post FBC homes.  For both the N-WBDR and WBDR regions of the state, observations 

that sustained a loss, homes built post FBC had lower losses, 57% lower in the N-WBDR and 32% 

lower in the WBDR.  

Table 5 illustrates how much loss can be reduced by region.  Next, Table 6 shows the reduced 

loss for each wind zone from Table 5 and the average estimated increased cost for each wind zone 

and impact protection option from Table 2. Finally, it provides the benefit/cost ratio (BCR) for 

each region and option within the WBDR. 

Insert Table 5 Here 

Insert Table 6 Here 

Statewide the FBC passes the BCA with a benefit cost ratio (BCR) of 2.67 meaning that 

for every USD $1 in increased cost, future losses are reduced by USD $2.67 in 2010 dollars.  The 

N-WBDR easily passes the BCA by 3.01.  The WBDR, using the lower cost exterior coverings to 

comply with the impact resistant requirement, passes the BCA but at a lower level, USD $1.99 in 

reduced losses for every $1.00 spent in added construction costs.  But homes that chose to comply 

with the impact resistant requirement by using impact resistant glazed windows and doors fail to 

pass the BCA with a factor of .66.  For those homes, only USD $.66 in reduced losses can be 

expected for every USD $1.00 in added cost.   

BCA with Both Full and Direct Reduction 

 As discussed earlier, better construction reduces loss in 2 ways, first by reducing the cost 

to repair damaged homes but also by decreasing the probability that the home would be damaged 

in the first place.   The second stage of our hurdle model estimates only the reduction in losses to 

properties that suffered a loss.  But our full model includes observations that did not suffer a loss 

and so captures the second effect of the FBC, reduced claims.  If we use the expected reduction in 
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loss from the full model, observations in the N-WBDR show a reduction in loss of 81% while 

observations in the WBDR show a reduction in loss of 64%.  Statewide the reduction is 72%.  

Using the BCA for both direct and full reduction of loss, Figure 4 shows the BCR range for the 

state, the N-WBDR and both impact protection options within the WBDR. 

Insert Figure 4 Here 

Statewide the BCR range is 2.67 to 3.63.  We see that the BCR range for the N-WBDR is 

3.01 to 4.28.  The lower cost option for the WBDR has a range from 1.99 to 3.97 and the higher 

cost option for the WBDR has a range from .66 to 1.32, barely becoming a cost effective option.  

BCA with Deductibles 

 Thus far, our BCA has relied on the catastrophe model estimate of $3 billion per year of 

residential damage estimated by Hamid, (2011).  But this number is for insured losses only and 

does not include deductibles.  Once deductibles are included the average annual loss estimated by 

Hamid rises from $3 billion per year in residential loss to $5 billion in 2007 dollars and statewide, 

the per unit PV of future losses increases from $16,405 to almost $27,341.  Figure 5 now modifies 

the BCA to include insured losses plus deductibles using both the direct and full reduction in loss 

expected.  We also include the statewide BCR range for comparison. 

Insert Figure 5 Here 

Statewide the BCR range is 4.46 to 6.06.  We see that the BCR range for the N-WBDR is 

5.03 to 7.14.  The lower cost option for the WBDR has a range from 3.32 to 6.64 and the higher 

cost option for the WBDR has a range from 1.10 to 2.20, again barely becoming a cost effective 

option.  

5. IMPLICATIONS FOR FLORIDA, AUSTRALIA AND BEYOND  

Economic Effectiveness of the FBC with Future Climate 



18 
 

Our loss reduction estimates were based upon 10 years of historical hazard and realized loss 

data and then extrapolated 50 years forward for the BCA.  Thus, we have implicitly assumed a 

stationary climate over time in our analysis where our BCA estimates assume no change in the 

hazard over the 50-year planning horizon (i.e., no hazard-driven trend in the average annual loss). 

However, characteristics of the hazard are likely to change over this planning horizon. To account 

for this we isolate potential climate change impacts on Florida hurricane wind losses, keeping other 

factors constant, and assess BCA implications for the FBC. 

A recent summary paper (Walsh et al. 2016) finds scientific consensus on a projected 5-10% 

increase in global average hurricane winds per 1°C increase in global average surface temperature.  

However, there is a lack of agreement on future changes in global hurricane frequency. We also 

have little understanding of how climate change affects the duration of hurricane winds. We 

therefore chose to vary only the wind speed of the historical events, keeping frequency and 

duration constant. We chose to increase wind speeds uniformly by 10%, based on the assumption 

of an additional 1 to 1.5°C increase in global temperature over the next 50 years. This increase 

also falls in the range used by previous studies (Hallegate 2007;  Pielke 2007). 

Using median fixed values for all parameters and increasing Max Wind by 10% increases the 

loss by 34%. This increase is on the low side of the range found by other studies (Hallegate 2007; 

Emanuel 2011; Mendelsohn et al 2012) and is primarily because many other studies relate loss to 

the wind speed raised to the third power. When the wind speed is replaced with the cube of the 

wind speed in the regression (Equation 1), its correlation to loss is reduced (not shown), and results 

in a smaller climate change impact on loss than using simply the maximum wind speed. 

Table 7 shows the climate change sensitivity result using our mean level of loss reduction for 

both direct and full loss reduction as well as for both with and without deductibles.  Previously, 



19 
 

the statewide per unit present value of future losses with no adjustment for climate change was 

over USD $16,405, USD $27,341 with deductibles.  When accounting for climate change, it 

becomes USD $19,057, USD $31,761 with deductibles. 

Insert Table 7 Here 

As can be seen, even the most expensive option within the WBDR, impact resistant glazing, 

clears the BCA for all but one of the assumed scenarios on the total amount of loss that can be 

reduced by the FBC.  Still, the glazed option struggles to clear the BCA exceeding a BCR level of 

2 in only one of the scenarios we posit. 

Assessing climate change impacts on spatial scales at which the signal of climate change is 

weak compared to internal noise of the climate system requires careful interpretation. Emanuel 

(2011) showed climate change signals of aggregate hurricane wind damage to a US-wide portfolio 

emerged on timescales no shorter than 25 years, and presumably climate change signals in damage 

for a single state will emerge on even longer timescales, maybe even beyond our 50-year horizon.  

We therefore consider this a sensitivity test to one of many plausible future hazard scenarios. 

Payback of the FBC 

 A BCR exceeding 1 suggests that over the life of the structure, the loss reduction exceeds 

the additional cost of construction.  But simply focusing on a BCR of 1 as an appropriate threshold 

ignores how quickly the benefits pay for the added cost.  The typical mortgage on residential 

property is 30 years so payback timeframes which exceed or approach 30 years are unlikely to 

appeal to homeowners or policy makers.  Our time frame for analyzing the BCA of the FBC is a 

50-year life of the home.  To convert a BCR to a payback period we divide 50 years by the BCR.  

So a BCR of 2 translates to a payback period of 25 years.  This is close to the typical mortgage 

time frame.  Political and consumer acceptance of the FBC would likely require a higher BCR than 
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2.  When you consider the length of time to payback the investment, both the N-WBDR and the 

lower cost option for the WBDR offer a cost-effective policy.  But the use of impact resistant 

glazing for windows and doors struggles to clear a reasonable payback period even under the most 

optimistic assumptions.  This does not suggest that for homeowners who choose this option, their 

personal BCA is not sufficient.  An unmeasured component of their personal BCA is the value 

placed on the aesthetics of not having exterior coverings for the windows and doors.  A related 

result was found by Simmons and Kruse (2000) in comparing the increased market value for homes 

in South Texas that had exterior coverings for windows and doors.  Homes on Galveston Island 

showed a significant premium on homes with the coverings while homes on the mainland, where 

the risk is lower, did not.  On Galveston Island, the mitigation was more valuable than aesthetics 

while on the mainland the reverse was true.  During the time frame of that study, impact resistant 

glazing was not widely available but the result illustrates there is a preference in avoiding use of 

the exterior covers. 

Comparing Florida to Australia  

 Although geographically separated, Florida and Australia experience similar TC wind risk 

that varies across each region. Wind risk varies along each coastline and rapidly decays inland. In 

response to this similar wind risk both regions strengthened their building codes after devastating 

storms, TC Tracy in Australia and Hurricane Andrew in Florida.  Subsequent to adopting enhanced 

wind codes, evidence exists for both Australia and Florida that losses from TCs diminished as a 

result. (Crompton et al, 2008; IBHS, 2004) 

 Stewart et al, (2012) outlines recommendations that the province of Queensland in 

Australia should take to increase their resilience even more.  They use a Monte Carlo simulation 

to estimate benefit cost ratios (BCR) over several time horizons and different climate scenarios 
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from no to dramatic change.  Their time horizon (55 years) that approximates ours (50 years) 

estimates BCR’s that range from 1.51 to 6.21.  The highest BCR’s in their study are found in SE 

Queensland which, like the N-WBDR region of Florida, has a lower occurrence of TC activity.  

Since no realized loss data was available for the Stewart et al study, these BCR’s are estimates 

based on simulations of expected loss reduction.  Our study in Florida uses realized loss data and 

finds similar realized BCR’s suggesting the estimates they provide are reasonable strengthening 

the case for action in Australia. Furthermore, since TC wind speeds over the North Atlantic (for 

Florida), and the South Indian and South Pacific (for Australia) Ocean basins are projected to 

increase by similar amounts over the next 50 years (Walsh et al. 2016), our finding for FL that 

climate change will increase the cost effectiveness of the code will also likely apply to Australia. 

One difference that exists between Florida and Australia is how coastal areas deal with 

wind borne debris through the code.  In Florida, homes in the WBDR are required to have either 

coverings on all doors and windows or impact resistant glazing for all glass in doors and windows.  

In Australia, homes are required to be constructed such that they can withstand the increased 

internal pressures from broken windows or provide coverings for all windows and doors.  The 

impact protection provision of the FBC is costly and benefit/cost ratios are lower due to the 

expense.  According to Stewart et al, 2012, the cost to increase the wind classification from C2 to 

C3 in northern Queensland, where TC is activity is high, for a foreshore home with a concrete 

floor is AUD $4,190 (USD $3,507). This is lower than the estimate of increased cost for a home 

built in Florida in the WBDR using the low cost option for impact protection of USD $4,214.  A 

worthwhile investigation would be to compare how homes built for the Australian wind 

classification of C3 perform compared to a similar home built to the FBC with impact protection.  
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If the performance is similar, the cost effectiveness of the recommended enhancements to the 

Australian wind code would surpass what we find in Florida. 

6. CONCLUSION 

This paper explored the effectiveness of wind building codes in regions of varying wind 

risk, taking Florida as a demonstration case study. The statewide code adopted by Florida appears 

to be a good public policy throughout the state even given the variation in wind risk and associated 

prescribed wind speeds with a BCR ranging from 6.65 in the WBDR (covered option for impact 

protection), including deductibles and full loss reduction, to 7.14 in the N-WBDR.  Our estimates, 

which are based on realized loss reductions, come close to the estimated BCR for Queensland in 

Australia.  However, use of the glazed window option in the WBDR is difficult to justify unless 

the intangible benefit of better aesthetics is taken into account.  We also show that in a future 

warming climate scenario, the economic effectiveness of the codes is even more pronounced.  

Communities that face the threat of damaging wind storms are beginning to adopt policies 

to make residential structures more resilient.  In 2014, the city of Moore, OK, adopted enhanced 

building standards after the third violent tornado struck the city in less than 15 years.  Based on 

the estimated increase in construction costs of USD $1 per square foot, Simmons et al (2015) found 

a BCR of 3.2 for the new code.  Other Oklahoma cities are beginning to consider similar policies.13 

Cost effectiveness varies from low to high TC activity regions in both Florida and Australia 

with diminished BCR’s in high activity areas.  But high activity areas still pass the BCA for both 

Florida and Australia.  Overall, the adoption of the FBC appears to be a rational and cost effective 

choice.  And results from our loss-based regression suggests that the recommended enhancements 

to the Australian code would reach loss reductions necessary to make that code cost effective.   

                                                           
13 Norman, OK is one example based on personal communication. 
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Recommendations 

Our analysis makes the case that, in regions vulnerable to TCs, building homes that adhere 

to wind engineering principles has economic value.  The International Code Commission14 

publishes the International Building Code (IBC) and the International Residential Code (IRC).  

These building codes adopt by reference the minimum wind load provisions in ASCE/SEI 7-1015 

published by the American Society for Civil Engineers.  The ASCE 7 load provisions were 

developed using engineering principles for calculating forces.  It uses historically determined 

estimates of the return periods of hazards, such as extreme winds and earthquakes to establish 

geographically specific provisions for the U.S. As such to be applicable in other countries 

provisions may need to be adjusted depending upon the level of risk tolerance and likelihoods of 

extreme natural hazards. 

The philosophy for wind design is to establish a continuous load path from the foundation 

to the roof cover, tying all components together.  In addition, providing rigid exterior walls and 

impact protection for doors and windows in areas within 1 mile of the coast or where design wind 

speeds exceed 140 mph.   Countries subject to TCs can look to the IBC as a guide for design codes 

appropriate for their specific needs.  Regions vulnerable to TCs can leverage the efforts of countries 

like Australia, Japan and the U.S. that have conducted research to develop these building code 

provisions. The majority of the research has been peer reviewed and is available in public domain.  

However, it is the specific consensus based approach used that makes the rigor of the ASCE 7-10 

code such a valuable document for starting to adapt other codes. 

Developing countries may also consider a collaborative regional approach.  An example of 

an initiative to improve resilience from wind storms can be found in a collaborative project 

                                                           
14 https://codes.iccsafe.org/public/document/IBC2015/chapter-16-structural-design 
15 https://up.codes/viewer/asce-7-10/chapter/26/wind-loads-general-requirements#26 
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conducted by the Association of Caribbean States (ACS) titled “Updating Building Codes of the 

Greater Caribbean for Winds and Earthquakes”16.   This project provided a model building code 

for wind.  Further an evaluation of the building codes for all member countries in the ACS was 

conducted to identify countries most in need of updating building codes and enforcement.   

   

                                                           
16 http://www.acs-aec.org/index.php?q=disaster-risk-reduction/projects/updating-building-codes-of-the-greater-
caribbean-for-winds-and-eart 
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APPENDIX  

Florida Windstorm Values 2001 to 2010 

Spatial wind hazard data over Florida from 2001 to 2010 are sourced from the National 

Center for Environmental Prediction’s (NCEP) North American Regional Reanalysis (NARR, 

2015; Mesinger et al., 2006). NARR is a dynamically consistent historical climate dataset based 

on historical climate observations. Data are available 3-hourly on a 32km grid and interpolated 

here to the postal-code level. Of importance to this study Mesinger et al. (2006) showed that the 

winds just above the surface compare well with surface station observations.  The 32-km grid 

captures hurricanes and other large-scale wind events but is too coarse to resolve high-impact 

small-scale features in the wind field such as thunderstorm winds or tornadoes. We therefore 

restrict this study to wind damage from large-scale weather phenomena such as hurricanes which 

were the major hazard drivers of damage over the period 2001-2010 (with 18 TCs affecting Florida 

in this period). Although the dataset captures hurricanes, it fails to capture the peak intensity of the 

strongest hurricanes (as discussed in Done et al., 2015).  Rather than downscaling the NARR data 

to obtain these small-scale details using dynamical (e.g., Laprise et al., 2008) or statistical (e.g., 

Tye et al., 2014) methods (that could introduce further uncertainties) we choose to sacrifice the 

small-scale details of the wind field and peak hurricane intensity for location accuracy of the 

NARR data.  To account for these missing wind extremes, all wind speed values are normalized 

by the maximum value of wind speed in the dataset.  

Insert Figure 1-App Here 

A comparison of these normalized wind speed data to the design wind speed is possible by 

similarly normalizing the design wind speed by the maximum value across Florida. This 

normalization procedure removes the effects of differences in the durations over which maximum 
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wind speeds are defined and differences in the overall wind speed intensity distributions. Figure 

1-App shows a comparison of maximum wind speed distributions over the WBDR and N-WBDR 

between the period 2001 and 2010 and the design wind speed. Whereas the design wind speed 

shows a clear separation between the WBDR and the N-WBDR (Fig. 1-App, top row) with the 

mean wind speed in the N-WBDR at 85% of the WBDR mean, there are no significant differences 

between regions using the period 2001-2010 (Fig. 1-App bottom row). This period is therefore too 

short to sample the extreme winds resulting in the design wind distributions and therefore does not 

capture the long-term difference in hazard between the regions. More importantly the wind speeds 

in the period 2001-2010 are 16% closer to the design speeds for the N-WBDR than for the WBDR 

(not shown). This has implications for the BCA analysis split by wind borne region. Winds farther 

from the design wind speed in the WBDR than in the N-WBDR may cause the FBC to be less cost 

effective in the WBDR than it otherwise would be under a longer period with winds closer to the 

design winds.  

Expanded Discussion of Regression Results 

We present our results by N-WBDR, WBDR and the whole state. Beginning in the 1950’s 

Miami-Dade County independently adopted the South Florida Building Code (SFBC), followed 

by Broward County in the 1970’s17 and Monroe County soon after.  Miami-Dade, Broward and 

Monroe are all in the WBDR but having adopted the SFBC prior to the implementation of the FBC 

the cost of construction to meet the FBC did not change.  We removed those counties so we can 

obtain the effect of the FBC for areas in the WBDR that did not adopt the SFBC earlier. 

To estimate how the FBC affected losses we first provide an estimate of the reduction in 

losses for each strata, N-WBDR, WBDR and the state.  Table 1-App provides regression results 

                                                           
17 http://www.broward.org/CodeAppeals/AboutUs/Pages/HistorySouthFloridaBuildingCode.aspx 
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for the model using all observations (full loss reduction) and Table 2-App provides the regression 

results from the second stage (direct loss reduction) of the hurdle model for the stratified 

regression.  Table 3-App provides the loss reduction percent for each region and for the direct and 

full regression results. 

Insert Table 1-App Here 
 

Insert Table 2-App Here 
 

Insert Table 3-App Here 
 

The N-WBDR shows the highest reduction in wind losses from the FBC.  In the full model (Table 

3-App), losses are shown to decrease an average of 81% while direct loss is reduced by 57%.  The 

WBDR zone shows lower reduced losses, a reduction of 64% from the full model and 32% in 

direct loss reduction.   Statewide, the full model shows a 72% reduction and the direct model, 53%. 

Sensitivity Analysis 

 Our BCA has used the average added cost of construction and the average loss reduction 

that can be expected.  To test the sensitivity of our BCA we now examine what happens to the 

BCA, with deductibles, using the full range of increased costs plus the full range of expected loss 

reduction.   

Full Range of Added Cost & Split of WBDR by window resistance type 

  Here, in addition to the average added cost of construction we use the full range of 

estimated costs from Applied Research Associates (ARA, 2002).  Table 1 in Section 3 shows the 

minimum added cost per square foot, the maximum added cost per square foot and the average 

between the two that has been used until now.  Using this full range of estimated costs, in Table 

4-App we provide the BCA, for the state, the N-WBDR, and both options within the WBDR.  For 

this table we focus on the range of BCA using losses with deductibles. 
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Insert Table 4-App Here 

 Even using the highest estimate of added construction cost, the N-WBDR continues to be 

a cost effective policy regardless of the estimated reduction in loss.  The same is true for the 

lower cost option for impact protection while the higher cost of using impact resistant glazing in 

the WBDR does attain cost effectiveness in the lower end of the cost range, but quickly loses that 

effectiveness as estimated costs rise and the estimated reduction in loss decreases. 

Damage Reduction Confidence Interval 

We now examine what happens to the BCA when we use the 95% confidence interval on the 

parameter estimate for the estimated reduction in loss from the FBC.  Again, we use losses 

including an estimate for deductibles and return to using the average cost of construction.  Table 

5-App shows the result. 

Insert Table 5-App Here 

 Both the N-WBDR and lower cost option for the WBDR continue to show cost 

effectiveness for the FBC.  The higher cost option, glazed impact protection, for the WBDR does 

clear the BCA, barely, for all but 1 of the possible scenarios but only reaches a BCA of 2 in two 

of the six scenarios for that option. 

Worst Case Scenario 

Finally, we perform a sensitivity analysis assuming the worst case scenario for all variables we 

are considering, cost of construction and the percent of loss that can be reduced.  So we use the 

highest estimate of increased cost and the lowest level of the confidence interval for the estimate 

of reduced loss from our statistical model.  Further, we remove the adjustment for deductibles and 

focus solely on the direct reduction in loss that might be achieved.  Table 6-App shows these 

results. 
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Insert Table 6-App Here 

Even with this worst case scenario, we see that the N-WBDR continues to be cost effective.  

The WBDR, however, is no longer cost effective. 
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Tables 
 

Table 1 
Construction Cost Range – Per Square Foot 

 

  Low 

Nominal 
Average 
(2002) High Low 

CPI Adj 
Average 
(2010) High 

N-WBDR 0.23 0.76 1.28 0.28 0.92 1.55 
WBDR-Cover 1.04 1.77 2.49 1.26 2.15 3.02 
WBDR-Glazed 3.25 5.35 7.45 3.94 6.48 9.03 
Statewide .95 1.37 1.78 1.15 1.66 2.16 

 

Table 2 
Incremental Construction Cost by Region and Impact Protection Option 

 

Zone 
Total Res Units 

2010 Census 
Pct in 
Zone 

Total Zone 
Res 

Add Cost per 
SF - 2010 
Dollars 

Per Unit Added 
Construction Cost 

(1960 Avg SF) 

N-WBDR 8,863,057 40% 3,575,340 0.92 1,803 
WBDR-Cov 8,863,057 39% 3,435,130 2.15 4,214 
WBDR-Glz 8,863,057 39% 3,435,130 6.48 12,701 
Statewide 8,863,057 100% 8,863,057 1.66 3,254 

 
Table 3 

Present Value of Average Annual Loss by Region 
(SFBC Omitted) 

Zone 
Avg Ann Loss 2010 
Dollars (Cat Model) Units  2010 

Avg Ann Loss  
Per Unit 

PV of Loss 50 Year 
Total - Per Unit 

N-WBDR 739,812,571 3,575,340 207 9,535 
WBDR 1,950,196,932 3,435,130 568 26,162 

Statewide 3,155,658,466 8,863,057 356 16,405 
 

Table 4 
Reduced Loss by Region 

 

Zone 
Direct Reduced 

Loss Percent 
Full Reduced Loss 

Percent 
N-WBDR 57% 81% 

WBDR  32% 64% 
Statewide 53% 72% 
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Table 5 
Mitigated Loss by Region 

 

Zone 
Direct Reduced 

Loss Pct 
Direct Reduced Loss 

Per Unit 
N-WBDR 57% 5,435 

WBDR  32% 8,372 
Statewide 53% 8,695 

 
Table 6 

Benefit to Cost by Region and Impact Protection Option 
 
 

 
 
 
 
 
 
 

 
Table 7 

Benefit to Cost – Climate Change By Region and Impact Protection Option 
 

Zone 
BCR 

Direct BCR Full 
BCR Direct w 

Deduct 
BCR Full w 

Deduct 
N-WBDR        3.50  4.98            5.85              8.31  
WBDR-Cov        2.31  4.62            3.85              7.71  
WBDR-Glz        0.77  1.53            1.28              2.56  
Statewide        3.10  4.22            5.18              7.04  

 

Zone 

Direct 
Reduced 

Loss Per Unit 

Per Unit Added 
Consruction Cost 

(1960 Avg SF) BCR 
N-WBDR 5,435 1,803 3.01 
WBDR-Cov 8,372 4,214 1.99 
WBDR-Glz 8,372 12,701 0.66 
Statewide 8,695 3,254 2.6 7 
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Figures 

 

Figure 1 – Annualized Damage from US Hurricanes 
Data from NOAA archive of Billion Dollar Weather and Climate Disasters 
https://www.ncdc.noaa.gov/billions/events/US/1980-2017 
 

 
 
Figure 2 – Annualized Damage from Australian TCs 
Data from the Insurance Council of Australia 
http://www.icadataglobe.com/access-catastrophe-data/ 
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Figure 3 – Wind Borne Debris Region in Florida 
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Figure 4 – Benefit to Cost Ratio without Deductibles by Region and Impact Protection Option 

 

 

Figure 5 – Benefit to Cost Ratio with Deductibles by Region and Impact Protection Option 
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Appendix Tables 
Table 1-App 

Full Regression Models 
 

  Non-WBDR Std   WBDR Std   Statewide Std   
Variable Parameter Error Pr > |t| Parameter Error Pr > |t| Parameter Error Pr > |t| 
Intercept -10.0080 0.4428 *** -3.1066 0.4411 *** -8.6488 0.2715 *** 

EHY 0.0301 0.0010 *** 0.0433 0.0013 *** 0.0359 0.0007 *** 
Premiums 0.9172 0.0145 *** 0.5802 0.0169 *** 0.7324 0.0099 *** 

Brick/Masonry 0.3671 0.1051 *** -0.1855 0.1572   0.3077 0.0777 *** 
Income 0.0514 0.0620   -0.6458 0.0787 *** -0.2146 0.0438 *** 

Unit Density 0.0010 0.0003 *** -0.0015 0.0002 *** -0.0001 0.0001   
CCCL -0.1837 0.1067 * 0.2512 0.0640 *** 0.0924 0.0485 * 

Distance to Coast 0.1284 0.0220 *** 0.0827 0.0154 *** 0.1696 0.0097 *** 
Citizens -1.4109 0.1726 *** -1.2467 0.1427 *** -1.4717 0.0805 *** 

Max Wind 0.1803 0.0154 *** 0.1784 0.0120 *** 0.2569 0.0088 *** 
Wind Duration -0.0927 0.0291 *** 0.2667 0.0277 *** 0.1666 0.0196 *** 

Post FBC -1.6728 0.0782 *** -1.0204 0.0928 *** -1.2614 0.0563 *** 
Age  0.0111 0.0031 *** 0.0224 0.0038 *** 0.0154 0.0023 *** 

Age Squared -0.0013 0.0003 *** -0.0031 0.0003 *** -0.0021 0.0002 *** 
Obs 35514    23891   69406    

Adj R Squared 0.479     0.5289     0.464     
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Table 2-App 
Heckman Regression Models 

 
   Non-WBDR Std   WBDR Std   Statewide Std   

 Variable Parameter Error Pr > |t| Parameter Error Pr > |t| Parameter Error Pr > |t| 
First Stage Intercept -2.6194 0.0554 *** -2.6822 0.0552 *** -2.6129 0.0351 *** 

 Max Wind 0.1530 0.0043 *** 0.1562 0.0040 *** 0.1556 0.0027 *** 
 Wind Duration 0.0149 0.0119   0.0679 0.0118 *** 0.0418 0.0081 *** 
 Pop Density 0.1275 0.0057 *** -0.0316 0.0055 *** -0.0054 0.0023 *** 
 Post FBC -0.1612 0.0225 *** -0.1761 0.0276 *** -0.1850 0.0162 *** 
 Obs 35514     23891     69406     

Second Stage Intercept -3.5007 1.4690 ** 1.7739 1.9307   -4.6632 1.3921 *** 
 EHY 0.0040 0.0006 *** 0.0023 0.0010 ** 0.0027 0.0005 *** 
 Premiums 0.4418 0.0177 *** 0.4700 0.0246 *** 0.4107 0.0138 *** 
 Brick/Masonry 0.6983 0.0915 *** -0.0008 0.1792   0.9330 0.0816 *** 
 Income 0.1073 0.0564 * -0.2318 0.0869 *** 0.0765 0.0462 * 
 Unit Density 0.0027 0.0011 ** -0.0024 0.0004 *** -0.0006 0.0002 *** 
 CCCL 0.2294 0.0918 ** 0.3521 0.0673 *** 0.1807 0.0508 *** 
 Distance to Coast 0.1156 0.0199 *** 0.1013 0.0166 *** 0.0788 0.0102 *** 
 Citizens -1.2354 0.1597 *** -1.1988 0.1498 *** -0.7917 0.0894 *** 
 Max Wind 0.2472 0.0568 *** 0.1052 0.0762   0.3408 0.0559 *** 
 Wind Duration -0.0723 0.0170 *** 0.1724 0.0217 *** 0.0988 0.0138 *** 
 Post FBC -0.8492 0.0889 *** -0.3820 0.1265 *** -0.7607 0.0878 *** 
 Age  0.0092 0.0030 *** 0.0158 0.0043 *** 0.0109 0.0025 *** 
 Age Squared -0.0010 0.0003 *** -0.0021 0.0005 *** -0.0014 0.0003 *** 
 AIC 76864    50788   73077    
 Obs 10309     6597     19107     
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Table 3-App 
Reduced Loss by Region 

 

Zone 
Direct Reduced 

Loss Percent 
Full Reduced Loss 

Percent 
N-WBDR 57% 81% 

WBDR  32% 64% 
Statewide 53% 72% 

 

Table 4-App 
Sensitivity Analysis – BCR By Construction Cost and Region 

 

 
Construction 

Cost 
Direct 

Reduction 
Full 

Reduction 

N-WBDR  Low  16.61 23.61 

   Average 5.03 7.14 

   High  2.98 4.25 

WBDR-Cover  Low  5.66 11.32 

   Average 3.32 6.65 

   High  2.36 4.73 

WBDR-Glazed  Low  1.81 3.62 

   Average 1.10 2.20 

   High  0.79 1.58 
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Table 5-App 
Sensitivity Analysis – BCR by Reduced Loss and Region 

 

   
Direct % Loss 

Reduction BCR 
Full % Loss 
Reduction BCR 

N-WBDR CI-LB 49% 4.32 78% 6.88 
  Mean 57% 5.03 81% 7.14 
  CI-UB 64% 5.64 84% 7.41 
WBDR-Cov CI-LB 13% 1.35 56% 5.82 
  Mean 32% 3.32 64% 6.65 
  CI-UB 47% 4.88 70% 7.27 
WBDR-Glaz CI-LB 13% 0.45 56% 1.92 
  Mean 32% 1.10 64% 2.20 
  CI-UB 47% 1.62 70% 2.41 

 

Table 6-App 
Sensitivity Analysis – Reduced Loss Worst Case Scenario 

 

   
Direct % Loss 

Reduction BCR 
N-WBDR CI-LB 49% 2.20 
WBDR-Cov CI-LB 13% 0.82 
WBDR-Glaz CI-LB 13% 0.28 
Statewide CI-LB 44% 2.33 
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Appendix Figures 

 

Figure 1-App: Distributions of (top) design wind speed, and (bottom) maximum wind speed over 
the period 2001-2010, for (left) WBDR and (right) N-WBDR. All winds have been normalized by 
the maximum value. Mean values are indicated in each plot. 
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