
of the destructive potential of a storm since it does 
not account for storm size. The Saffir…Simpson scale 
(SS) is currently used to communiate the disaster 
potential of hurricanes in the Western Hemisphere. 
It serves a useful purpose for communicating risk to 
individuals and communities, but is a poor measure 
of the destructive potential of a hurricane because it 
depends only on intensity.

Destruction can be quantified in terms of mortality 
and economic loss, but these measures cannot easily be 
associated with hurricanes of a given size and intensity, 
because they also depend on population density and 
coastal vulnerability in the affected area. Mortality 
is complicated by direct and indirect causes (Combs 
et al. 1996; Shultz et al. 2005), while total insured or 
estimated economic loss additionally depends on the 
wealth of the impacted area. Therefore mortality and 
insured losses do not necessarily scale with hurricane 
intensity. For example, the south Florida landfall of 
Hurricane Andrew (1992) contributed to insured losses 
of $22 billion (in 2006 dollars) with 40 deaths in Miami…
Dade County while SS3 Hurricane Katrina (2005) is 
associated with insured losses of over $42 billion and 
over 1,400 deaths in Louisiana and Mississippi.

The purpose of this paper is to broaden the sci-
entific debate on how best to describe a hurricane•s 
destructive potential. Kantha (2006) initiated debate 
on the subject when he suggested retiring the SS. 
We suggest a metric relevant to the physical forces 
that contribute to damage, based on the size of the 
wind field and magnitude of the winds. From this 
we take a first step toward defining scales to help 
distinguish between potential wind and wave/surge 
impacts while retaining the concise range of the SS. 
The destructive potential is suggested as an objective 
starting point to estimate the impact of the wind field, 
before the coastal vulnerability, infrastructure, and 
affected populations are taken into account.

First, we review current measures of hurricane 
destructive potential and discuss risk perception. In 
the second section we introduce integrated kinetic 
energy and justify its relevance to wind and storm 
surge and wave destructive potential. We describe the 
H*Wind analysis fields and compare kinetic energy 
calculations for Hurricanes Camille and Katrina, and 
discuss the sensitivity of the calculations to biases 
in the measurements or methods used to estimate 
surface winds. The third section presents the kinetic 
energy calculations relevant to wind and storm 
surge for a variety of large and small hurricanes, and 
introduces the wind and surge destructive potential 
scales, along with methods to compute them from 
wind radii information available in advisories and 
forecasts. Finally, in the fourth section we discuss the 
advantages, limitations, and new applications for the 
destructive potential metrics.

Hurricane intensity. Tropical cyclone intensity in the 
Atlantic Basin is currently defined (NWS 2006) by 
the maximum sustained wind, •the highest one-
minute average wind, VMS, (at an elevation of 10 m 
with an unobstructed exposure) associated with 
that weather system at a particular point in time,Ž 
and a 1…5 damage potential rating is assigned by the 
Saffir…Simpson scale (R. H. Simpson 1974; Saffir 
1975; more information available at www.nhc.noaa.
gov/aboutsshs.shtml). From a practical standpoint 
we interpret the VMS as a marine exposure wind. 
Determination of tropical cyclone intensity often 
depends on indirect estimates from visible satellite 
imagery (Dvorak 1975), pressure…wind relationships 
(e.g., Kraft 1961), or empirical reduction of f light-
level reconnaissance wind measurements to produce 
surface level estimates (Franklin et al. 2003). Coastal 
communities are warned for tropical cyclone impacts 
based on intensity information with uncertainties of 
10%…20% [depending on the method and measure-
ment platform (Franklin et al. 2003; Uhlhorn and 
Black 2003)], and forecasts (24 h) with ~5 m s…1 mean 
absolute intensity errors (www.nhc.noaa.gov/verifica-
tion/index.shtml?), or ~one-half an SS category.

Measures of hurricane destructive potential. The 
potential of a tropical cyclone to inf lict damage is 
currently described by the SS, originally defined 
according to peak 3-s wind gusts (Saffir 1975), 
and subsequently interpreted to be associated 
with VMS. Alternative measures to assess hurricane 
destructive potential include accumulated cyclone 
energy (ACE; Bell et al. 2000), hurricane outer- and 
inner-core strengths (Weatherford and Gray 1988; 
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Wind destructive potential. Since the concept of a 
damage potential rating with a 1…5 range is familiar 
to the public, we investigated the range of various 
IKE measures computed from a variety of storms in 
the H*Wind archive (Table 1). With the exception of 
Hurricanes Iris, Keith, and Michelle (in which grid 
points over land reflect open terrain winds), the grid-
ded fields represent marine winds throughout the 
analysis domain. A rating system for wind destructive 
potential was assigned according to Table 2. We limit 

the rating to < 6.0 and follow the recommendation 
of Kantha (2006) for a continuous scale to prevent 
discrete jumps in category.

To convey the potential for wind damage, we take 
into account the nonlinear nature of the interac-
tion of wind with structures. Residential structures 
respond to wind in a highly nonlinear process, as 
evidenced by residential insurance losses at zip 
codes (Fig. 3) compared to H*Wind open terrain 
wind speeds in Hurricanes Andrew, Hugo, and Opal 
(Powell 2000). Light, moderate, and severe wind 
damage thresholds correspond to loss levels of ~2%, 
12%, and 60% of insured value. The respective IKE 
wind damage thresholds were weighted by multipli-
ers of 1.0, 6.0, and 30.0 to account for the relative 
contribution to losses (e.g., winds � 55 m s…1 (IKE55) 
produce about 30 times more loss, and winds from 
41 to < 55 m s…1 (IKE41…54) produce 6 times more loss 
than winds 25 to < 41 m s…1 (IKE25…40)]. However, 
describing impacts of small, intense storms within 
the context of larger, less intense storms remains a 
challenge. The weighted IKE values obtained from 
this analysis did not appear to do justice to the 
dramatic damage potential associated with a small, 
intense storm with winds > 55 m s…1. Consequently, 
we segregate storms with winds � 55 m s…1 from the 
population and reserve a scale rating > 4 for these 

storms using a different empirical 
fit. Very small, intense storms are 
also a challenge for gridding an 
analysis. Several of the gridded 
field VMS values for storms listed 
in Table 1 show differences from 
VMS depicted in the H*Wind online 
graphical product (not shown). The 
H*Wind analysis is continuous and 
constrained to match the observed 
VMS; depending on the grid resolu-
tion, the maximum gridded VMS 
will typically be less. As described 
in the second section, the VMS value 
has little effect on the IKE calcula-
tions, but grid resolution should 
be adjusted to better resolve grid 
cells in which VMS � 55 m s…1. For 
example, the online H*Wind analy-
sis graphic for Hurricane Iris (not 
shown) depicts a VMS of 66 m s…1 but 
the largest value in the 1.5-km reso-
lution gridded field was 43 m s…1. A 
smaller grid size would be needed 
to resolve VMS and compute IKE55 
for this tiny storm.

FIG. 3. Residential wind damage (claim to insured value ratio) as a 
function of 10-m open-terrain Vms for zip code locations in Hurricanes 
Andrew, Hugo, and Opal. The 25–40, 41–54, and �  55 m s–1 thresholds 
are shown by vertical lines and mean damage by open circles.

TABLE 2. A wind and storm surge/wave destructive 
potential rating for hurricanes based on integrated 
kinetic energy (TJ).

Wind 
destructive 
potential 

rating

Wind 
damage–
weighted 

IKE

Surge/waves 
destructive 
potential 

rating

Storm 
surge and 

waves 
IKETS

0.1 0.5 0.1 0.7

1.0 34.5 1.0 2.7

2.0 78.0 2.0 11.7

3.0 135.0 3.0 29.5

4.0 30 IKE55 1.1 4.0 61.0

5.0 30 IKE55 50 5.0 119.5

5.9 30 IKE55 298 5.9 260.0
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