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Figure 6. Comparison of H*Wind and Best Track Wind Speeds for Hurricane
Ivan (2004).

Figure 7. Comparison of H*Wind and Best Track Wind Speeds for Hurricane
Felix (2007).

Figure 8. Comparison of H*Wind and Best Track Wind Speeds for Hurricane
Rita (2005).



In the case of Hurricanes Felix (2007) and Rita (2005), the H*Wind wind
speeds are about 5 percent and 11 percent lower than the Best Track wind
speeds, respectively.

Figure 9 presents a summary comparison of Best Track and H*Wind wind
speeds for all hurricanes affecting the US and Caribbean during the period of
2004 through 2007, where it is seen that on average, the H*Wind wind
speeds are about 71/2 percent less than the Best Track wind speeds.

In addition to comparing H*Wind and Best Track winds at 6-hour posi-
tions along the track of hurricanes occurring during the 2004 through 2007
seasons, we also compare the estimated wind speeds at landfall. The landfall
estimates of wind speeds are developed from more data than those along the
track of the hurricane. The additional wind speed data associated with the
landfall estimates of wind speeds are usually obtained from land-based mea-
surements of wind speeds that are adjusted to be equivalent to conditions
over water. Figure 10 presents a comparison of the Best Track and H*Wind
estimated wind speeds at the time of landfall. H*Wind wind speeds were
obtained from Powell and Aberson (2001) and Powell and Reinhold (2007).
In cases where wind speeds given in Powell and Aberson (2001) and Powell
and Reinhold (2007) differed, wind speeds given in the more recent paper

17

Figure 9. Summary Comparison of H*Wind and Best Track Wind Speeds for
Hurricanes Impacting the US and Caribbean between 2004 and 2007.



were used. As indicated in Figure 10, the H*Wind estimates of the maximum
wind speeds in US landfalling hurricanes are about 8 percent less than those
given in the Best Track data.

Estimates of the maximum wind speeds for landfalling US hurricanes
using a combination of measured surface level wind speeds and pressures
and the wind field model described in Vickery et al. (2008b) provide an addi-
tional viewpoint on the magnitude of the maximum wind speeds produced
by landfalling hurricanes. As indicated in Vickery et al. (2008b), the hurri-
cane wind field model used in the analysis of landfalling hurricanes provides
an unbiased estimate of the hurricane wind speeds. Figure 11 shows the com-
parison of the estimated maximum sustained wind speeds derived by
Applied Research Associates (ARA) (Vickery et al., 2008b) and the Best
Track values. On average, it is seen that the ARA estimated wind speeds are
about 13 percent lower than the Best Track values.
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Figure 10. Summary Comparison of H*Wind and Best Track US Landfall Wind
Speeds.

Figure 11. Summary Comparison of ARA and Best Track US Landfall Wind
Speeds.



Figure 12 shows a comparison of both the H*Wind and ARA estimates (at
landfall) versus the Best Track landfall values, considering only hurricanes
with Best Track wind speeds exceeding 100 knots, where it is seen that the
difference between the Best Track and ARA estimates reduces a little, with
the ARA and H*Wind wind speeds being about 11 percent and 8 percent less
than the Best Track wind speeds, respectively.

In order to categorize the model hurricanes used to develop the hurricane
hazard curve for Saint Lucia into their appropriate Saffir-Simpson
categories, the modeled wind speeds are increased by 10 percent to account
for the apparent bias in the Best Track wind speeds.

5. Regional Analysis

In order to define the hurricane climate in the region of Saint Lucia, a box
is defined encompassing the region 10 degrees north to 20 degrees north and
55 degrees west to 65 degrees west. Each modeled or historical (Best Track)
hurricane that enters the box is assigned a Saffir-Simpson category based on
the highest sustained wind speed produced by the hurricane while within the
box. For categorization purposes, the maximum wind speeds associated
with the modeled hurricane are increased by 10 percent to account for the
observed bias in the NHC Best Track wind speeds. Figure 13 presents a com-
parison of the maximum intensities of the Best Track and model hurricanes
within the box. The period of record for the historical hurricanes includes the
period of 1900 through 2007. Figure 14 presents a comparison of the mod-
eled and historical hurricane intensities within the box where the historical
period of record is 1970 through 2007 (the satellite era). Chi square tests of
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Figure 12. Summary Comparison of ARA (left) and H*Wind (right) and Best
Track Estimated US Landfall Wind Speeds for Best Track Winds Greater than
100 kts.



the histograms show that the statistical distribution of the model results are
equivalent to the distributions derived from the historical data using either
the 1900 through 2007 data or the 1970 through 2007 data. It is also clear
that the annual frequency of Category 4 and 5 hurricanes was higher
during the 1970 through 2007 period as compared to the 1900 through
2007 period. It can be seen that the annual frequency of Category 4 and 5
hurricanes derived from the model agrees more closely with the 1970 though
2007 period than with the 1900 through 2007 period.

Given the overall uncertainty in the demonstrated bias in the Best Track
wind speeds and the general uncertainty in the estimation of hurricane wind
speeds, and hence hurricane categories, the comparisons of model and
observed hurricanes by category indicate that the hurricane simulation
model replicates the current climatology when the climatology is defined by
the Saffir-Simpson wind speed category of a hurricane.
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Figure 13. Comparison of Model and Historical Hurricane Frequencies by
Category in the St. Lucia Area. Historical Data Encompasses the Period of
1900 through 2007.



6. Contribution of Hurricane Categories to the St. Lucia Hurricane
Hazard Curve

Figure 15 presents the hurricane hazard curve for Saint Lucia based on the
current climate model as given in Vickery and Wadhera (2008a), along with
two other hazard curves derived with zero weight given to Category 3 and
lower storms in one case, and zero weight applied to Category 4 and lower
storms in the other case. In the case where the frequencies of Category 0
(tropical storms), and Category 1, 2, 3 and 4 hurricanes have been multiplied
by zero we are left with only hurricanes that reach Category 5 status some-
where within the climate conditioning region.

Recall that for categorizing the storms, the maximum sustained wind
speed within a modeled storm is increased by 10 percent in order to perform
the categorization. Effectively, this means that a simulated hurricane is clas-
sified as a Category 5 hurricane if the maximum sustained marine wind
speed in the model hurricane exceeds 141 mph. As indicated in Figure 15,
hurricanes reaching categories less than 4 somewhere within the Saint Lucia
area climate conditioning region have little effect on the hurricane hazard
curve in Saint Lucia for return periods of 100 years or more. Only Category 5
hurricanes contribute to the hurricane wind speed hazard for return periods
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Figure 14. Comparison of Model and Historical Hurricane Frequencies by
Category in the St. Lucia Area. Historical Data Encompasses the Period of
1970 through 2007.



of approximately 500 years or longer. The fact that only Category 4 and 5
storms contribute to the wind speeds considered for design in Saint
Lucia means that we do not need to consider the effect of climate change on
the frequencies of Category 3 and lesser hurricanes.

The impact of Category 1, 2 and 3 hurricanes on the hurricane hazard
becomes more important for lower return periods and may contribute
significantly to the average annual losses on the Island, but not to the
basic wind speeds.

Figure 16 shows the effect of increasing the annual frequency of Category
4 and 5 hurricanes by factors of 2 and 3 (100 percent and 200 percent
increase in frequency) on the hurricane hazard curve for Saint Lucia. A
100-percent increase in the frequency of Category 4 and 5 storms results in
the 700-year return period wind speed (3-second gust wind speed 10 m
above flat, open terrain) increasing from 150 mph to 160 mph, or approxi-
mately 7 percent. This 7-percent increase in wind speed results in an increase
in the design wind pressure of 14 percent for rigid structures. In the case of
Category III and IV buildings, the 100-percent increase in the frequency of
Category 4 and 5 hurricanes yields an approximate 6-percent increase in the
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Figure 15. Effect of Category 4 and 5 Hurricanes on Basic Wind Speeds in St.
Lucia.



basic winds speed and, consequently, a 12-percent increase in the design
pressure for rigid structures.

Because in the case of Saint Lucia, the basic wind speeds are influenced
only by Category 4 and 5 hurricanes, the effect on increasing the frequency
of Category 4 and 5 hurricanes in a future climate scenario has the effect of
shifting the wind speed hazard curve to the left. For example, a doubling of
the frequency of Category 4 and 5 hurricanes shifts the wind speed associ-
ated with an annual occurrence rate of 100 years in the current climate to a
wind speed having an annual occurrence of 50 years in this future climate
scenario. The change in basic wind speed as a function of the change in hurri-
cane frequency is thus dependent on the slope of the wind speed versus the
return period curve centered on the return period of interest. Generally, the
higher the return period of interest, the lower the slope of the wind speed
versus the return period curve, and as a result, increases in hurricane
frequency yield lower percentage increases in the basic wind speeds.
Figure 17 presents the change in the basic wind speed (expressed as a per-
centage) versus the percentage increase in the number of Category 4 and 5
hurricanes affecting Saint Lucia.
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Figure 16. Effect of Increasing Annual Frequencies of Category 4 and 5
Hurricanes on Peak Gust Wind Speeds Hazard Curve.



% Increase in Annual
Frequency of Category 4 and 5

Hurricanes

% Increase in Basic Wind
Speed for Category II

Buildings

% Increase in Basic Wind
Speed for Category III and IV

Buildings

10% 1.3% 0.4%

25% 2.6% 2.0%

50% 4.2% 3.6%

100% 6.7% 5.9%

200% 11.2% 9.0%

300% 14.7% 11.0%

Table 1. Increase in Basic Wind Speed in St. Lucia vs. Percentage Increase in
Annual Rates of Category 4 and 5 Hurricanes.

According to Curry et al. (2007), there could be an average of three to
four Category 4 and 5 hurricanes per year by 2025 in the Atlantic Basin.
This represents a 210- to 280-percent increase in the number of Category 4
and 5 hurricanes compared to the long-term (1944-2007) average of 1.4 Cat-
egory 4 and 5 hurricanes per year. If this were the case, the basic wind speeds
for Category II buildings in Saint Lucia should be increased by about 12 to
14 percent, and the basic wind speeds for Category III and IV buildings
should be increased by about 10 percent. Note that the increases in the basic
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Figure 17. Percentage Increase in Basic Wind Speed in St. Lucia vs.
Percentage Increase in Annual Rates of Category 4 and 5 Hurricanes.



wind speeds assume that the hurricane hazard remains elevated for the
expected life of the building. The Curry et al. (2007) estimate of the hurri-
cane activity circa 2020 to 2025 does not suggest that the activity will con-
tinue at the predicted rate of three to four Category 4 and 5 hurricanes per
year. The estimate is a combination of an assumed 1ºF increase in the
tropical sea surface temperature due to global warming and that
around 2020-2025 we will be at a peak of the warm phase of the Atlantic
Multidecadal Oscillation (AMO). Thus the estimate of a future Atlantic
Ocean climate with three to four Category 4 and 5 hurricanes per year is
a likely upper-bound estimate of a future hurricane climate. This
upper-bound analysis also assumes that an increase in basinwide hurri-
cane activity will be reflected equivalently in the Saint Lucia area.

7. Conclusions

The basic wind speeds (including the effect of the load factor) used for the
design of buildings in the Saint Lucia area are dominated by Category 4 and
5 hurricanes passing near the Island. Using this result, an approach has been
developed to assess the impact of increased hurricane activity on basic wind
speeds in the Saint Lucia area. The methodology can be applied using any
estimates regarding the increased rate of Category 4 and 5 hurricanes in the
future. The methodology assumes that the relative level of risk to be
accepted by a designer remains constant. Specifically, if a designer designs
a building with an annual probability of exceeding the design wind load
in today’s climate of 0.0017 (1/700), then the methodology assumes that the
same level of risk will be the target in a future climate. In other words, it is
assumed that the increased design wind speeds compensate for an increase
in the hurricane hazard expected in the future, so the target reliability of the
new designs is achieved even though the frequency of hurricanes may be
increasing. The methodology developed here can be readily applied to other
islands in the Caribbean and elsewhere. Following this final report, a techni-
cal one-day workshop will take place in Saint Lucia to present the results and
provide a short training program on engineering guidelines for local engi-
neers, architects and planners.
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