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ABSTRACT 
The development of renewable energy sources is a critical 

global need. The Atlantic coast and Gulf of Mexico of the U.S., 

with large wind resources and proximity to major population 

centers, are natural places for such development; however, these 

regions are also at considerable risk from severe hurricanes or 

tropical cyclones. Current international guidelines for the design 

of offshore wind turbines (OWTs) do not explicitly consider 

loading under hurricane conditions, however subsequent 

editions are anticipated to include language specific to 

hurricanes. Variability in extreme loads is greater in areas where 

hurricanes are likely and the design loads and risk profile of 

offshore structures installed in such areas are expected to be 

strongly influenced by hurricanes. For many offshore structures, 

environmental conditions at design recurrence periods and 

beyond are often estimated through extrapolation of long-term 

(i.e. multiple decades) wind and wave measurements from 

buoys, however, for offshore structures located at areas exposed 

to hurricanes, it is accepted practice to use physics-based 

models to augment the historical record of Atlantic hurricane 

activity and generate a stochastic catalog of synthetic hurricanes 

that provides tens of thousands of realizations for one year of 

potential hurricane activity. Once a stochastic catalog has been 

established, appropriate hazard intensity measures (e.g. the one-

minute sustained wind speed, the significant wave height, and 

the peak spectral wave period) can be estimated for each storm 

at any site using well-known wind and wave parametric models. 

In this study, we consider several sites along the Atlantic coast 

and quantify the impact of estimating hazard for design 

recurrence periods and beyond for three different methods. The 

first is based on an extrapolation of wind and wave 

measurements from buoys, and the second and third are based 

on a stochastic catalog of synthetic hurricanes with wind and 

wave intensities estimated based on deterministic and 

probabilistic relationships. 

NOMENCLATURE 

B : Holland parameter 

F : Cumulative distribution function 

sH : Significant wave height (m) 

MRP: Mean return period (years) 

cP :  Central pressure (mb) 

nP :  Ambient pressure (mb) 

maxR :  Radius of maximum wind speed (m) 

V : 1-min sustained wind speed (m/s) 

trV : Hurricane translation speed (m/s) 

maxV :  Maximum wind speed (m/s) 

X : Random variable representing environmental 

intensity 

e: Natural number 

f : Coriolis parameter 

r : Distance from eye of hurricane (m) 

 : Air density (kg/m3) 

 : Rate of hurricane occurrence 

x : Random variable representing residual error 

INTRODUCTION 
Offshore wind is a vast resource with the potential to 

transform the energy economy of the world. In the United 

States, the National Renewable Energy Laboratory (NREL) has 

stated that an optimal (i.e. least cost) strategy for the U.S. to 
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achieve its target of generating 20% of its electricity demand 

from wind energy by 2030 (1) should include the development 

of 54 GW of offshore wind capacity. Although the design 

procedure of offshore wind farms is well established (e.g. IEC 

61400-3 (2), DNV (3), and GL (4)), such guidelines have not 

yet been applied to offshore wind farms located off the Atlantic 

coast and Gulf of Mexico of the United States. These guidelines 

have been developed for the European environment, a region 

not exposed to hurricane risk, and thus there are many questions 

of the validity of directly using these guidelines in the U.S. The 

American Bureau of Shipping (ABS) has issued a guideline 

advising how to consider this situation (5). Hurricanes are more 

intense and less frequent than non-hurricane storms, and these 

distinctions can influence the design loads, particularly those at 

higher Mean Return Periods (MRPs). It is important to mention 

that hurricane effects on offshore structures have been 

considered extensively by the oil and gas industry through 

documents such as API-2int-MET (6) and API 2A-WSD (7). In 

this paper, the effect of hurricane and modeling uncertainties 

are investigated through the comparison of long term wind 

speeds, wave heights and structural load effects due to hurricane 

and non-hurricane events on the U.S. Atlantic coast. For this 

purpose, three sites along the U.S. Atlantic coast are selected 

and long term wind speeds, wave heights and structural load 

effects are calculated for a reference 5MW offshore wind 

turbine (OWT) based on three different methods.  

In the next section, the three considered approaches to 

estimate long term environmental and structural conditions for 

an OWT are introduced. Following this section, the 

characteristics of three selected sites and the available 

environmental data at these sites are described. In the following 

sections, two physical models which are used to estimate wind  

and wave intensities during hurricane conditions are 

summarized. Finally, the wind speed, significant wave height 

and associated mudline moments for different MRPs are 

calculated for the three considered approaches and sites, and the 

results are compared and discussed. Results at MRPs of 50 and 

500 years are emphasized as the former is the unfactored design 

MRP in IEC 61400-3 and the latter is the MRP which is 

considered as a target for conditions including load factors. 

EXTREME HAZARD ESTIMATION TECHNIQUE FOR 

OFFSHORE ENVIRONMENT  
In this section, three methods for estimating two offshore 

hazard intensities, the hourly mean wind speed V and the 

significant wave height Hs, are introduced. The first is based on 

extrapolation of measurements, the second is based on 

deterministic modeling of wind and wave given hurricane 

parameters and the third is based on probabilistic modeling of 

wind and wave given hurricane parameters. For the latter two 

methods, hurricane parameters and their variability are 

characterized by a stochastic catalog of synthetic hurricanes. 

METHOD #1: EXTRAPOLATION OF MEASUREMENTS 
The most commonly used method in practice to estimate 

long term metocean hazard is the statistical extrapolation of 

measured data usually from offshore buoys and meteorological 

towers. The overall intent with this method is to use measured 

distributions of wind and wave intensities to calibrate 

probabilistic models that can then be used to estimate 

environmental intensities at long MRPs. The basic extrapolation 

technique is the annual maxima approach which is described in 

IEC 61400-1 (8). In this approach, annual maxima of measured 

observations are recorded and the data is fit to a probabilistic 

distribution. Another method, which has advantages when 

measured data is limited, is the R-LOS method which is 

described in (9, 10) and uses the R-largest measurements per 

year to calibrate the probabilistic distributions of extreme 

values of wind and wave, where R is simply the number of 

measurements considered per year. In both cases, the modeled 

data is based on measurements that are comprised of both 

hurricane and non-hurricane events, with the former tending to 

occur infrequently and therefore influencing the data minimally 

over the measurement period which is typically not more than a 

few decades long. In this paper, the R-LOS method is used with 

R=7 to obtain the wind speed and significant wave distributions 

for specified sites. In this method, the 7 largest wind and wave 

measurements per year are recorded and then Generalized 

Extreme Value (GEV) distribution functions are selected to 

best-fit the data. Finally, wind and wave intensities are 

calculated for different MRPs, based on the calibrated GEV 

distributions. The results for this approach are labeled in this 

paper as “Measured”. Note that this method considers wind and 

wave to be independent random variables. While this is 

obviously a coarse approximation of real conditions, it is 

commonly used in practice, as such an approach is guaranteed 

to provide a conservative (i.e. high) view of the wind and wave 

intensities at a particular MRP. While a conservative approach 

has so far been economically feasible for oil and gas structures, 

the economic margins are expected to be thinner for OWTs and 

methods for reducing their cost by reducing design 

conservatism may prove worthwhile. A more sophisticated 

approach, based on modeling the wind and wave as jointly 

distributed random variables is outlined here (11).  

METHOD #2: SYNTHETIC HURRICANE, 

DETERMINISTIC PHYSICAL MODELS 
It is well-known that the tails of distributions of wind and 

wave intensities at sites exposed to hurricanes will be 

influenced by the hurricane characteristics and that such 

characteristics, which occur infrequently, cannot be estimated 

reliably with measurements spanning only a few decades. In 

such cases, it is common to consider a stochastic catalog of 

synthetic hurricanes. Such a catalog aims to represent potential 

hurricane activity at a particular site by simulating tens of 

thousands of years of potential hurricane activity that is 

consistent with the brief historical record. Such catalogs 
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characterize hurricane events in terms of several parameters  

such as hurricane eye location, central pressure, maximum wind 

speed, radius to maximum winds and forward translational 

speed over the duration of the storm. These parameters evolve 

during the duration of the event. Other researchers have used 

stochastic catalogs to calculate wind speeds corresponding to 

different mean return periods (12, 13) considering the influence 

of potential hurricane activity and applying deterministic 

models to estimate wind intensities. Such calculations are an 

integral part of designing structures to sustain wind loads in the 

U.S., as the hurricane wind speeds in ASCE 7-10 (14) are based 

on such an approach (15, 16). There has been some research on 

hurricane risk assessments of onshore structures, mostly 

focusing on the combined hazards of wind speed and storm 

surge (17-20), however there has been little research focused on 

assessing hurricane risk to offshore wind farms (21). In 2012, 

Kim and Manuel proposed a framework for assessing hurricane 

risk to OWTs. The framework consisted of simulating hurricane 

tracks, estimating the wind and wave during the duration of the 

hurricanes, and calculating the wind and the wave at different 

MRPs (22). Their approach consists of the following steps: 

first, a stochastic catalog of synthetic hurricane events for the 

site of interest is selected, then, physical models are used to 

estimate environmental intensities for each hurricane without 

consideration of uncertainty in such models, then, the empirical 

cumulative distribution function (CDF) is calculated for the 

environmental intensities obtained from the physical models. 

Knowing the hurricane arrival rate at a particular site v, the 

environmental intensities, represented generically here with the 

variable X, are calculated for different MRPs using Equation 1. 

)
1

1(1

MRP
FX


 


 (1) 

In this paper, quantitative results are calculated and 

compared to other methods. The results for this approach are 

labeled here as “Hurricane wo/u” which denotes intensities 

calculated based on a hurricane catalog (rather than 

measurements) but without considering uncertainty in physical 

models. 

METHOD #3: SYNTHETIC HURRICANE, 

PROBABILISTIC MODELS 
As described previously, well-established frameworks can 

be adapted to characterize long-term environmental intensities 

at offshore sites exposed to hurricane. So far, none of these 

adaptations has considered uncertainty in the models for 

estimating intensities given hurricane intensities. Such 

information is essential to probabilistic seismic hazard analysis, 

where decades of research has been conducted to calibrate 

ground motion prediction equations, which estimate ground 

shaking intensity at a particular site including uncertainty as a 

function of earthquake characteristics. In this study, a similar 

technique is employed and termed probabilistic hurricane 

hazard analysis. An overview is shown schematically in Figure 

1. 

The first and second steps shown in Figure 1 are identical 

to those described in the previous section, i.e. a hurricane 

catalog is selected and wind and wave are calculated based on 

the parameters of the synthetic hurricanes in the catalog using 

physical models (Holland’s model for wind and Young’s model 

for wave – see the following section for more details on these 

models). In the next step, the uncertainties in wind and wave  

modeling are quantified. Then using the characterized 

uncertainties in the previous step, realizations of wind and wave 

for each event are simulated. In the next step, for each 

realization, the probability of exceedance for each value of 

wind and wave is calculated through an empirical CDF. Finally, 

using Equation (1), the CDF for each realization is converted to 

mean return period and the mean value of all realizations is 

calculated. The results for this approach are labeled here as 

“Hurricane w/u” which denotes intensities calculated based on a 

hurricane catalog (rather than measurements) considering 

uncertainty in physical models. 

SITE CHARACTERISTICS AND AVAILABLE DATA 
Three sites along the U.S. Atlantic Coast are selected to 

compare probabilistic and deterministic hurricane intensities 

and load effects estimated based on stochastic catalogs and 

extrapolation of measurements. The sites have been selected to 

correspond to the location of data buoys deployed and 

maintained by National Oceanic and Atmospheric 

Administration (NOAA) with multiple decades of recorded 

data. Characteristics of the three considered sites are listed in 

Table 1. These sites are selected because they are amenable to 

offshore wind energy development and are representative of a 

range of geographical, oceanic, and meterological conditions 

appropriate for OWTs.  
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Figure 1. Schematic showing an overview of probabilistic hurricane hazard analysis for assessing long-term hazard intensities at 

offshore sites exposed to hurricanes. 

Table 1. Site information for three NOAA buoys considered in 

this study 

Site 
NOAA 

ID 

Latitude 

(deg) 

Longitude 

(deg) 

Duration 

(yrs) 

Depth 

(m) 

ME 44007 43.53° N 70.14° W 31 23.7 

DE 44009 38.46° N 74.70° W 27 30.5 

GA 41008 31.40° N 80.87° W 20 19.5 

The buoys measure 8 minutes average wind speed at 5 m 

above the sea surface and significant wave height over 20 

minutes and report them hourly. 

PHYSICAL MODELS 
In this paper, two parametric models are used to predict 

wind and wave intensities as a function of hurricane parameters. 

The wind model in this study is that proposed by Holland in 

1980 (23) and revised in 2010 (24). The wave model in this 

study is that proposed by Young in 1988 (25). These two 

models have been widely used since their introductions, and 

since they are parametric, enable tractable computations even 

for stochastic catalogs considering many tens of thousands of 

years of hurricane activity. Each physical model is described in 

the following sections. 

HOLLAND’S MODEL 
In the Holland model, the tangential wind field is given as a 

function of the pressure field via cyclostrophic balance in 

Equation 2. 
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where V is wind speed at distance r along a line between 

the maximum wind speed and the eye of hurricane, Rmax is 

radius of maximum wind speed,  is air density, Pc is central 

pressure, Pn is ambient pressure and f is the Coriolis parameter 

(26). If the maximum surface wind Vmax and central pressure are 

known, then the so-called Holland B parameter can be 

estimated using Equation 3, 

cn PP
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The Holland B parameter represents the shape and size 

of the vortex. To estimate the spatial distribution of the 

asymmetric wind field, Equation 4, proposed by Georgiou in 

1985 (27), is used. 
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)sin(5.0)(),(  trHolland VrVrV   (4) 

In the equation, V(r,) is the wind speed at radial distance r 

(where r = 0 represents the eye location) and angle (where  = 

0 represents the direction of the hurricane track) and Vtr is the 

translational forward speed of the hurricane.  

YOUNG’S MODEL 
Young’s parametric hurricane wave prediction model 

estimates a spatially-distributed wave field as a function of 

hurricane parameters. This model requires three hurricane 

parameters as input: radius to maximum winds Rmax, maximum 

wind speed Vmax, and forward translation speed Vtr. An 

equivalent fetch, dependent on Rmax, is calculated as a function 

of Vmax and Vtr. Then, the maximum significant wave height Hs 

is estimated using standard JONSWAP fetch-limited growth 

relationships. Young also provides spatial distribution plots, 

standardized by the direction of forward motion and in terms of 

the ratio between the distance from eye to point of interest (r) 

and the effective radius to maximum winds (R’), to determine 

the significant wave height at any location within the influence 

of the hurricane (i.e. within an square area defined as being 

within 8 times the effective radius R’ of the hurricane) (25).  

The waves predicted by Young’s model are assumed to 

occur in deep water and in the open-ocean where the waves are 

not influenced by the seafloor or by land. Because this study 

considers sites where offshore wind farms could be located, we 

are specifically interested in applying Young’s model to shallow 

water regions that are relatively close to land. Since Young’s 

model was not developed for this situation, we have developed 

bias-correction relationships to correct predictions from 

Young’s model as a function of water depth and latitude. The 

factors, which were calibrated based on a comparision of 

predicted values and buoy measurements, are such that the 

wave height predicted by Young’s model is reduced by 10% in 

40 m water depth and 1% in 80 m water depth.  

UNCERTAINTY IN HOLLAND AND YOUNG MODELS 
The uncertainty in the wind speeds predicted by the 

Holland model and the wave heights predicted by Young’s 

model are quantified by comparing modeled and measured 

values during historical hurricanes occuring within the past 14 

years for 28 buoy sites along Atlantic coast and Gulf of Mexico. 

These measurements are also used to correct biases in the 

Young’s model due to the simplifying assumptions of the model. 

The uncertainty is defined as the difference between the natural 

logartihm of measured and observed values of variable x (e.g. 

Hs or V) according to Equation 5. The process for quantifying 

the uncertainty and bias-correction factors is explained in detail 

by a paper currently being prepared by the authors. The variable 

x was found to be reasonably represented by a normal 

distribution. 

)()( ModeledMeasuredx xLnxLn   (5) 

In the next section, the differences in the wind and wave 

intensities estimated for long MRPs for each of the three 

methods are analyzed.  

RESULTS AND DISCUSSION 
This section presents results from wind and wave 

intensities estimated using each of the three methods described 

previously. For all methods, environmental intensities are 

estimated for a particular MRP, and these intensities are 

simulated using the computer program FAST, an open source 

program developed by NREL for the analysis of wind turbines 

subjected to aerodynamic and hydrodynamic loading, for a 

model of a 5MW OWT supported by a monopile. Results are 

presented both in terms of environmental intensities and in 

terms of average maximum mudline moment.  

For the first method, which is based on extrapolation of 

measurements from buoys, the calculations are straight-forward 

and described previously. For the latter two methods, which use 

synthetic hurricanes to characterize hazard, the first step is to 

estimate synthetic hurricane events for the stochastic catalog.  

In 2014, Liu (28) developed a synthetic hurricane database and 

a filtering approach to select a statistically representative subset 

of hurricane events which characterize the hazard for a specific 

site. The synthetic storms are generated based on the Vickery 

hurricane track modeling approach (29). The numerical 

example in this section is based on selection of 1000 hurricanes 

among 100,000 years of hurricane simulation for each site. For 

each site, the 1000 hurricanes are selected by filtering the 

catalog, specifically requiring hurricane events to have an eye 

location within 250 km distance from each site and then 

statistically sampling from this subset of events. The selection 

approach is explained by Liu. An example of the subset of 

events is shown in Figure 1a which shows 1000 synthetic 

hurricane tracks for the DE site. This subset of events is 

statistically consistent with the events for the entire 100,000 

year stochastic catalog. 

For the second approach, the two physical models to 

estimate wind and wave are treated deterministically, including 

bias-corrections to Young’s model. For the third approach, 

simulations are required to represent the uncertainty in the two 

physical models. Specifically, 100 realizations of wind and 

wave are simulated and the mean is plotted in Figures 2-4, 

which shows the extreme hourly mean wind speed and 

significant wave height as a function of mean return period for 

the three sites and methods. The figures highlight two MRPs, 50 

years (the unfactored design MRP in IEC 61400-3) and 500 

years (the MRP which is considered as a target design 

recurrence period for conditions including load factors). At site 

GA, the results (see Figure 2) show that the effect of hurricanes 

is such that both wind and waves calculated based on synthetic 

hurricanes (Methods #2 and #3) are higher than that predicted 
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based on measurements (Method #1) for all considered MRPs. 

The difference increases for higher mean return periods. The 

plot shows that even for the design MRP (50 years), the hazard 

as calculated by synthetic hurricanes controls the design. The 

annual rate of hurricane occurrence at this site is 1.16 which is 

higher than that at the other two sites which are located at upper 

latitudes. For the other two sites, the annual rate of hurricane 

occurrence is 0.53 and 0.79 for ME and DE, respectively. The 

results show that for GA, when compared to measured estimates 

(Method #1), the design wind and waves when the physical 

model uncertainties are not considered (Method #2) are 

increased by 39% and 55%, respectively for a 50 year MRP, 

and for a 500 year MRP, they are increased by 67% and 73%, 

respectively.  
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Figure 2. Environmental extremes for GA: a) wind speed V b) 

significant wave height Hs 
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Figure 3. Environmental extremes for ME: a) wind speed V and 

b) significant wave height Hs 

Figures 3 and 4 show that the wind speed and significant 

wave height at lower MRPs are greater for measured hazard 

(Method #1). As the rate of hurricane at these two sites is 

relatively small, for lower MRPs, the effect of hurricanes is not 

considerable. At higher MRPs, however, the figures show that 

the effect of hurricanes increases and for an MRP of 500 years 

the hazard is higher for Methods #2 and #3, except for the 

significant wave height at DE. Consideration of uncertainty in 

the physical models (Method #3) increases the wind and wave 

intensities compared to Method #2 for all considered MRPs 

with the difference tending to increase with increasing MRP. 
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Figure 4. Environmental extremes for DE: a) wind speed V and 

b) significant wave height Hs 

To find the effect of considering uncertainties in terms of 

load effects on an OWT, we analyze a hypothetical 5MW OWT 

(30) at each site using the program FAST. The FAST model is 

used to convert environmental conditions into moment 

demands, specifically the mudline moment. The model is 

subjected to simultaneous time series of irregular waves and 

turbulent wind. The irregular waves are modeled using a 

Jonswap spectrum with the kinematics solved in the spectral 

domain as outlined by Agarwal (31), while the turbulent winds 

are modeled using a Kaimal spectral model and an exponential 

coherence model, as specified in IEC 61400-1 (8).  

Each structural model is analyzed for six, one hour, 

realizations of the wind and wave time histories. The mudline 

moment for each case is taken as the average of the maximum 

mudline moment in each of the six simulations. This procedure 

is specified in the IEC guideline (2). For each series of analyses, 

the same six seeds are used for the random number generators 

implemented in the wind and wave time history simulation 

code.  

Extreme loads are evaluated with the rotor parked and the 

blades feathered as specified by IEC for design load case 6.1a. 

This load case states that demands should be assessed for all 

yaw errors between -8° and 8° (i.e. the angle between the 

primary wind direction and a line normal to the rotor plane is 

varied between -8° and 8°). To reduce the number of analyses in 

this paper, extreme demands were only calculated for a yaw 

error of 8° as the worst case scenario. The results are shown in 

Figure 5. 
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Figure 5. Mudline moment of 5 MW NREL offshore wind 

turbine for three methods of characterizing hazard at (a) GA, 

(b) ME, and (c) DE 

The same conclusions from wind and wave estimations can 

be applied for bending moments at mudline. For the GA site and 

for all considered MRPs, the results based on synthetic 

hurricanes (Methods #2 and #3) gives higher moments 

compared to the results from extrapolation  of measurements 

(Method #1) and the difference increases for higher MRPs (see 

Figure 5a). For ME and DE sites, the moments are larger based 

on extrapolation of measurements at lower MRPs (less than ~70 

years) and are larger based on synthetic hurricanes at higher 

MRPs. It can be seen from the figure that the mudline bending 

moment increases for the considered MRPs when uncertainties 

are included in the physical wind and wave modeling. It should 

be noted though the approach taken here neglects physical 

limits on the hazard. For example, wave heights limits due to 

breaking waves are not considered in the currently analyses.   

CONCLUSIONS 
In this paper, extreme offshore hazard is evaluated and 

compared using three methods: statistic extrapolation of 

measurements (Method #1), synthetic hurricanes without 

uncertainties (Method #2) and synthetic hurricanes with 

uncertainty (Method #3). The hazard is evaluated for three sites 

located off the coasts of Georgia (GA), Delaware (DE) and 

Maine (ME). The comparison between the three methods shows 

that for sites with higher hurricane occurrence rates, such as the 

GA site, modeling synthetic hurricanes results in a significant 

increase in offshore hazard compared to that estimated using 

extrapolation of measurements. At all sites, the hazard estimated 

with synthetic hurricanes was higher at larger MRPs (except for 

wave heights at DE), but at the ME and DE sites, the hazard 

was higher based on extrapolation of measurements at lower 

MRPs. Considering uncertainties in the physical models to 

estimate wind and wave based on hurricane parameters 

increased the wind and wave hazard for all considered MRPs. 

Structural analyses of a 5MW NREL offshore wind turbine on a 

site off the coast of Georgia shows that adding uncertainties into 

probabilistic hurricane hazard will increase the bending moment 

at mean return periods of 50 and 500 years by 86.4% and 

185%, respectively.  

 

ACKNOWLEDGMENTS 
This work was supported in part by the US National 

Science Foundation through grants CMMI-1234560 and 

CMMI-1234656 and by the Massachusetts Clean Energy 

Center.  

REFERENCES 
1-Department of Energy US. 20% wind energy by 2030: 

Increasing wind energy’s contribution to US electricity supply. 

Washington, D.C; 2008. 

2- International Electrotechnical Commission. IEC 61400-

3. Wind Turbines—Part 3: Design Requirements for Offshore 

Wind Turbines. 2009.   

3- Veritas, D. N. (2010). Design for offshore wind 

turbine. Offshore standard Det Norske Veritas DNV-OS-J101. 

4- Lloyd, G. (2005). Guideline for the certification of 

offshore wind turbines. 

5- American Bureau of Shipping. (2011). Design standards 

for offshore wind farms. ABS, Corporate Offshore Technology, 

Contract No. M10PCC00105. 

6- Bull, A. P. I. (2007). Interim guidance on hurricane 

conditions in the Gulf of Mexico, API 2int-MET, First edition, 

Washington, DC. 

7- A. P. I. (2000). Recommended practive for planning, 

designing and constructing fixed offshore platforms-working 

stress design. 21th Edition, API RP. 2A-WSD. 

8- International Electrotechnical Commission. IEC 61400-

1. Wind Turbines—Part 1: Design Requirements.  2005.   

9- An Y, Pandey MD. The r largest order statistics model 

for extreme wind speed estimation. Journal of wind engineering 

and industrial aerodynamics 2007; 95(3), 165-182. 

10- Guedes Soares C, Scotto MG. Application of the r 

largest-order statistics for long-term predictions of significant 

wave height. Coastal Engineering 2004; 51(5), 387-394. 

11- Valamanesh, V., Myers, A. T., Hajjar, J. F., & Arwade, 

S. R. (2013). Probabilistic Modeling of Joint Hurricane-induced 

Wind and Wave Hazards to Offshore Wind Farms on the 

Atlantic Coast. PMP® Exam Practice Test and Study Guide, 

247. 

12- Batts, M. E., Simiu, E., & Russell, L. R. (1980). 

Hurricane wind speeds in the United States. Journal of the 

Structural Division, 106(10), 2001-2016. 

13- Revised standard project hurricane criteria for the 

Atlantic and Gulf coasts of the United States. Memorandum 

HUR 7-120. U.S. department of commerce, NOAA, June 1972. 

14- ASCE 7-10. (2010). Minimum design loads for 

building and other structures. 



 9  

15- Applied Research Associates, Inc. (2001). Hazard 

mitigation study for the Hawaii Hurricane Relief Fund, ARA 

Report 0476, Raleigh, N.C. 

16- Vickery, P. J., & Wadhera, D. (2008). Development of 

design wind speed maps for the Caribbean for application with 

the wind load provisions of ASCE 7. Pan American Health 

Organization, Washington, DC. 

17- Huang, Z., Rosowsky, D. V., & Sparks, P. R. (2001). 

Long-term hurricane risk assessment and expected damage to 

residential structures. Reliability engineering & system 

safety, 74(3), 239-249. 

18- Pinelli, J. P., Gurley, K. R., Subramanian, C. S., Hamid, 

S. S., & Pita, G. L. (2008). Validation of a probabilistic model 

for hurricane insurance loss projections in Florida. Reliability 

Engineering & System Safety, 93(12), 1896-1905. 

19- Li, Y., & Ellingwood, B. R. (2006). Hurricane damage 

to residential construction in the US: Importance of uncertainty 

modeling in risk assessment. Engineering structures, 28(7), 

1009-1018. 

20- Pinelli, J. P., Simiu, E., Gurley, K., Subramanian, C., 

Zhang, L., Cope, A., ... & Hamid, S. (2004). Hurricane damage 

prediction model for residential structures. Journal of Structural 

Engineering, 130(11), 1685-1691. 

21- Rose, S., Jaramillo, P., Small, M. J., Grossmann, I., & 

Apt, J. (2012). Quantifying the hurricane risk to offshore wind 

turbines. Proceedings of the National Academy of 

Sciences, 109(9), 3247-3252. 

22- Kim, E., & Manuel, L. (2012, July). A Framework for 

Hurricane Risk Assessment of Offshore Wind Farms. In ASME 

2012 31st International Conference on Ocean, Offshore and 

Arctic Engineering (pp. 617-622). American Society of 

Mechanical Engineers. 

23- Holland, G. J. (1980). An analytic model of the wind 

and pressure profiles in hurricanes. Monthly weather 

review, 108(8), 1212-1218. 

24- Holland, G. J., Belanger, J. I., & Fritz, A. (2010). A 

revised model for radial profiles of hurricane winds. Monthly 

Weather Review, 138(12), 4393-4401. 

25- Young, I. R. (1988). Parametric hurricane wave 

prediction model. Journal of Waterway, Port, Coastal, and 

Ocean Engineering, 114(5), 637-652. 

26- Xie, L., Bao, S., Pietrafesa, L. J., Foley, K., & Fuentes, 

M. (2006). A real-time hurricane surface wind forecasting 

model: Formulation and verification.Monthly Weather 

Review, 134(5), 1355-1370. 

27- Georgiou, P., 1985: Design wind speeds in tropical 

cyclone prone regions. Ph.D. thesis, University of Western 

Ontario, 295 pp. 

28- Liu, F. (2014). “Projections of future U.S. design wind 

speeds and hurricane losses due to climate change.” Doctoral 

Dissertation, Clemson Univ., Clemson, SC. 

29- Vickery, P.J., Skerlj, P.F., Twisdale Jr., L.A., 2000b. 

Simulation of hurricane risk in the US using an empirical track 

model. J. Struct. Eng. 126 (10), 1222–1237. 

30- Jonkman J, Butterfield S, Musial W, Scott G., 

2009. Definition of a 5-MW reference wind turbine for offshore 

system development. Golden, CO: National Renewable Energy 

Laboratory 

31- Agarwal P, Manuel L. Incorporating irregular nonlinear 

waves in coupled simulation and reliability studies of offshore 

wind turbines. Applied Ocean Research 2011; 33:215 

 

 


