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Good morning, Mr. Chairman and members of the Committee.  Thank you for inviting me to

discuss potential implications of the recent increase in Atlantic hurricanes and the evidence that

this is the beginning of a multidecadal pattern that could have major implications for coastal

communities in coming years.  Understanding the historical patterns and the present conditions

that have led to this increase in Atlantic hurricanes is crucial for developing a management

strategy.   

I am Chris Landsea, Research Meteorologist with the Hurricane Research Division of the

Atlantic Oceanographic and Meteorological Laboratory in Miami, Florida.  The Atlantic

Oceanographic and Meteorological Laboratory is one of twelve laboratories administrated by the

Office of Oceanic and Atmospheric Research of the National Oceanic and Atmospheric

Administration (NOAA).  The Hurricane Research Division conducts basic and applied research

which directly benefits hurricane track and intensity forecasting which is a direct contribution to

NOAA’s mission of environmental prediction.  

Progress in predicting and understanding weather has been one of the greatest success stories in

science.  Hurricanes pose a major threat to our Nation’s coastal communities which points to a



critical need for enhanced predictive capabilities.  The impacts of hurricane winds, storm surge 

and inland flooding remain major threats to the Nation’s coastal communities.  Inland flooding

after hurricane landfall is becoming more devastating as Americans continue the trend of

building new homes and businesses in low-lying flood plains.  Accurate and early forecasts of

hurricanes give emergency managers and people time to prepare for the possibility of disastrous

affects that are coming, including possible evacuations.  Understanding the location and severity

of hurricane landfall is the key to planning long before the event.  Well-orchestrated responses in

the years, months, days, hours and even minutes before hurricane landfall can limit the loss of

human lives and property damage.

NOAA’s Office of Oceanic and Atmospheric Research strives to improve the reliability,

accuracy, timeliness, and specificity of predictions of hazardous weather, such as hurricanes, to

help society cope with these phenomena. Research results from the Hurricane Research Division,

in conjunction with the National Weather Service modernization efforts, have helped to improve

our hurricane prediction capabilities.  Over the last 30 years, the improvement in forecast error

has averaged about 1% per year, largely due to an increased understanding of hurricane

dynamics, improvements in computing and technology and more data in the region around the

hurricane.  However, more accurate predictions with greater lead times are becoming

increasingly more important with the onslaught of increasing coastal population and

infrastructure coupled with the increased likelihood of severe hurricanes over the next couple of

decades.

The following information details the current Atlantic hurricane situation and attempts to relate

the increased hurricane activity to an increased potential for storm-related damage caused by

hurricanes and their associated flood and wind-related conditions.  



The years 1995-2000 experienced the highest level of North Atlantic hurricane activity ever

measured.  Compared with the previous 24 years (1971-94), there were twice as many hurricanes

in the Atlantic, including two and a half times more major hurricanes.  Major hurricanes are

those reaching Category 3 strength with winds exceeding 110 mph and most of the deadliest and

costliest Atlantic tropical cyclones are major hurricanes.  In this same period, more than five

times as many hurricanes impacted the Caribbean Islands.   Today, major hurricanes account for

just over 20% of the landfalling United States tropical storms and hurricanes but cause more than

80% of the damage.  Overall , the United States has experienced about five times greater average

damages from tropical storms and hurricanes during the warm (high activity) than during the cold

(low activity) phases of the Atlantic multidecadal mode.

Based upon changes in oceanic and atmospheric conditions, we think this increased activity is

due to a natural cycle called the Atlantic Multidecadal Mode, a north Atlantic and Carribean sea

surface temperature shift between warm and cool phases that each last 20 to 40 years.  The data

suggest that we are in a warm Atlantic phase; thus, an active Atlantic hurricane era may be

underway, similar to that last seen from the late 1920s to the late 1960s.  Further, our results

suggest that the record amount of hurricane activity could possibly be caused by a combination of

the multidecadal ocean temperature changes plus a small contribution from the long-term

warming trend.  Known cycles of natural variability are high.  However, inadequacies in the data

record make long-term warming a difficult issue to resolve because model variability studies are

inconclusive.  

The North Atlantic hurricane season officially lasts from June 1 to November 30.  The tropical

storms that can turn into hurricanes and threaten the east and Gulf coasts of the United States

form in the Gulf of Mexico, Caribbean Sea, and Atlantic, many developing from easterly waves



moving off the west coast of Africa.  Hurricanes are fueled by warm water as they travel across

the ocean.  An abundance of warm water provides more energy allowing the storm to increase in

strength. However, we have found that the warm water alone was not enough.  The winds

between the upper and lower troposphere (the first seven miles of our atmosphere starting from

the ground or ocean and going upwards) also play a major role.  Strong vertical shear (i.e. a large

difference in the speed and direction of the wind between the lower and upper troposphere) in the

wind inhibits the formation or intensification of tropical cyclones whereas, weak wind shear

encourages them.

Evidence from our research, recently published in Science, suggests that many of the hurricane

seasons in the next two or three decades may be much more active than they were in the 1970’s

through the early 1990’s.  The present high level of hurricane activity is likely to persist for an

additional 10-40 years.  Warmer sea surface temperatures….are expected to contribute to

conditions that foster more hurricanes over this period.  Thus, we should prepare for a busy

period of hurricane activity.    

Consistent with experience since the active phase began in 1995, there would be a continuation

of significantly increased numbers of hurricanes (and major hurricanes) affecting the Caribbean

Sea, and basin-wide numbers of major hurricanes.  The Gulf of Mexico, however, is expected to

see only minor differences.  Tragic impacts of the heightened activity have already been felt,

especially in the Caribbean.  In addition, an increase in major hurricane landfalls affecting the

U.S. East Coast is anticipated.

An active hurricane season does not necessarily mean more storms making landfall.  In 1992,

Hurricane Andrew became the costliest disaster in U.S. history and was the only hurricane to 



make landfall that year.  While anticipating generally high activity during the hurricane seasons

for the next few decades, we do not expect every year to be hyperactive.  Nonetheless, rapidly

increased population and development means that hurricane damage will be far more than

previously experienced by coastal residents.  Years with a low level of activity can produce

disasters because even weak storms can cause devastating flooding. 

Although increased activity during a particular year does not automatically mean increased

storm-related damages, years with high activity have a greater overall potential for disaster than

years with low activity.  Increased occurrence combined with dramatic coastal population

increases during the recent lull, add up to a potential for massive economic loss.  In addition,

there remains a potential for catastrophic loss of life in an incomplete evacuation ahead of a

rapidly intensifying system.  Government officials, emergency managers, and residents of the

Atlantic hurricane basin should be aware of the apparent cyclical changes and evaluate

preparedness and mitigation efforts in order to respond appropriately in a regime where the

hurricane threat is much greater than it was in the 1970s through early 1990s.

The primary goal of the U.S. Weather Research Program (USWRP) is to increase the accuracy

and lead time of hurricane forecast predictions.  The USWRP is a well-organized, multi-agency

collaborative program.  NOAA cooperates with NASA, NSF, the Navy, and the university

community to conduct weather research that will improve forecasts of the location and intensity

of hurricanes in advance of their arrival.  NOAA’s Hurricane Research Division provides many

observational contributions to the Hurricane Program within the USWRP.  As the likelihood of

hurricane frequency and severity along the Atlantic coastline increases, the need for accurate

prediction capabilities will continue to grow if we are to provide timely warnings for our coastal

residents.  



I would like to express my appreciation again to you Mr. Chairman and members of the

Committee for this opportunity to explain the multidecadal increase in hurricanes of the Atlantic

basin and the far-reaching implications this increase has for our country.  I look forward to future

milestones and improvements in hurricane research and to the many contributions NOAA can

continue to make in this important area.  Through NOAA’s leadership, our understanding of

hurricanes and subsequent improvements in operational hurricane predictions have improved. 

We have come a long way but still have much to accomplish before all U.S. citizens will reap the

benefits of our weatherproofing efforts.  Thank you again for the invitation today.  I hope this

summary has been useful.  My testimony for the record will include an attachment of the full

text, including figures, from my recent Science magazine article providing more specific

technical data which served as the basis for my remarks today.  I would be happy to address any

questions you may have. 
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The years 1995-2000 experienced the highest level of North Atlantic hurricane activity in the

reliable record.  Compared with the generally low activity of the previous 24 years (1971-94), the

last six years have seen a doubling of overall activity for the whole basin, a 2.5-fold increase in

major hurricanes (= 50 m s-1) and a five-fold increase in hurricanes affecting the Caribbean.  The

greater activity results from simultaneous increases in North Atlantic sea-surface temperatures and

decreases in vertical wind shear.  Because these changes exhibit a multidecadal time scale, the

present high level of hurricane activity is likely to persist for an additional ~10-40 years.  The shift

in climate calls for a reevaluation of preparedness and mitigation strategies.

During 1970-87, the Atlantic basin experienced generally low levels of overall tropical cyclone

activity.  The relative lull was manifested in major hurricane (1) activity (Fig. 1), major hurricane

landfalls on the U.S. East Coast, and overall hurricane activity in the Caribbean.  A brief resurgence

of activity in 1988 and 1989 made it appear that the Atlantic basin was returning to higher levels of

activity similar to the late 1920s through the 1960s (2).  This notion was later discarded when the

activity returned to lower levels from 1991-94 (3), due in part to the long-lasting (1990-95) El Niño

event (4).  This event ended in early 1995 and was followed later that year by one of the most active

Atlantic hurricane seasons on record (5).  Activity has been well-above average each year since 1995,

except for 1997.  Here we address the question of whether or not the increase in activity reflects a

long-term climate shift, as suggested by previous studies (6-9), and provide evidence that confirms

this suggestion based upon changes in oceanic and atmospheric conditions.

The North Atlantic basin (including the North Atlantic Ocean, Caribbean Sea and Gulf of

Mexico) exhibits substantial interannual and interdecadal variability of tropical cyclone activity.  

 This variability is especially pronounced in major hurricane activity.  Interdecadal major hurricane

fluctuations occur in both landfall locations (10) and overall activity (11-13).  Most of the deadliest

and costliest Atlantic tropical cyclones (10) are major hurricanes.  Major hurricanes account for just



over 20% of the landfalling United States tropical storms and hurricanes but cause more than 80%

of the damage (14).  

Most Atlantic tropical cyclones form from atmospheric easterly (African) waves that propagate

westward from Africa across the tropical North Atlantic and Caribbean Sea primarily between 10/

and 20/N [termed the “main development region” (MDR) (15, 16) (see Fig. 2A)].  The Atlantic

tropical cyclones not spawned by African waves usually form poleward of 25/N.  African waves

account for ~60% of the Atlantic basin tropical storms and non-major hurricanes but ~85% of major

hurricanes (17).  Almost all major hurricanes formed from African waves begin development (i.e.,

attain tropical depression status) in the MDR (15) and thus are more sensitive to climatic fluctuations

in the tropics.

Although the number of easterly waves in the tropical Atlantic is fairly constant from year to

year, the fraction that develops into tropical cyclones varies substantially (18, 19).  The key to

understanding the fluctuations on interannual and interdecadal scales is the MDR.  The climatic

forcing that affects that region can be separated into local and remote factors.  In combination, these

factors influence the number of waves that develop into tropical cyclones during each hurricane

season.  Local factors occur in the actual region and have a direct thermodynamic or dynamic

connection to development.  Remote factors occur away from the MDR, but are associated (via

teleconnections) with conditions in that region.  All factors vary on disparate temporal and spatial

scales, and there is considerable interdependence between some of them.  The extremely active 1995

season, for example, resulted from the juxtaposition of virtually all of the factors known to favor

development (5).  Among the local tropical Atlantic factors are the lower stratospheric Quasi-

Biennial Oscillation (20, 21), sea-level pressure (5, 20, 22), lower tropospheric moisture (5), sea-

surface temperature (SST) (23-25), and vertical shear of the horizontal environmental wind (15, 26).

The two local factors addressed here are SST and vertical shear.



In general, when looking for long-term variability, it is necessary to look at the oceans because

their large thermal and mechanical inertia provide long-term memory and predictability (27).  The

oceans are the primary energy source for tropical cyclones.  Localized SSTs play a direct role in

providing moist enthalpy to power incipient tropical cyclones (5, 25).  Warmer SSTs decrease

atmospheric stability which increases the penetration depth of a vortex thus making developing

tropical cyclones more resistant to vertical wind shear (28).  Local SST > 26.5/C is usually

considered to be a necessary condition for tropical cyclone development (26), and higher SST can

increase overall activity (23-25).  Multidecadal variations in major hurricane activity have been

attributed to changes in the SST structure in the Atlantic (2, 12, 13) as tropical North Atlantic SSTs

correlate positively with major hurricane activity.  Although North Atlantic SSTs directly impact

tropical cyclone activity as a local thermodynamic effect, it appears unlikely that this is their only

physical link to hurricane activity.  For influencing activity on interannual time scales, this local

effect plays either a negligible role (for major hurricanes) or at best a secondary role (for all

hurricanes) (24).

The dominant local factor for tropical cyclone activity is the magnitude of the vertical shear of

the horizontal wind between the upper and lower troposphere, vertical wind shear.  Strong Vertical

wind shear inhibits the formation and intensification of tropical cyclones (e.g., 15, 26), primarily by

preventing the axisymmetric organization of deep convection.  Local vertical wind shear > ~8 m s-1

is generally unfavorable for development (29).  The climatological mean vertical wind shear,

Vertical wind shear, for August-September-October (ASO), the peak three months of the Atlantic

hurricane season during which virtually all major hurricanes form, is westerly with a magnitude,

vertical wind shear, greater than 8 m s-1 over much of the basin (15, 16).  Climatologically high

values for vertical wind shear are one of the main reasons why conditions in the Atlantic basin are

not especially conducive to tropical cyclone development.  The tropical North Atlantic SST appears



to act in concert with the overlying tropospheric circulation such that warmer SSTs correspond to

reduced vertical wind shear in the MDR (12, 24).

A key remote factor is SST variability in the central and eastern equatorial Pacific Ocean

associated with El Niño/Southern Oscillation (ENSO).  Positive Pacific SST anomalies associated

with warm-phase ENSO (El Niño) have been linked to increased vertical wind shear over the MDR,

and conversely for cool-phase ENSO (La Niña) (15, 20, 30).  Another remote factor that has been

linked to interannual and multidecadal variability in Atlantic basin tropical cyclone activity is rainfall

variability over the western Sahel (2, 31), with positive rainfall anomalies associated with reduced

vertical wind shear over the MDR (15).

The most obvious indicator of a possible long-term shift is the changes in the tropical cyclone

activity itself.  The total number of tropical storms and non-major hurricanes in the North Atlantic

basin has remained fairly constant from decade to decade (13).  The numbers of major hurricanes

and of Caribbean hurricanes, however, exhibit strong multidecadal variability.  The late 1920s to the

1960s were very active, while both the 1900s through mid-1920s and the 1970s through the early

1990s were quiescent (2, 12, 13).

The events of each year reflect a combination of temporal scales.  Interannual fluctuations in

activity occur in both high and low activity periods (Fig. 1).  Inhibiting influences during relatively

inactive multidecadal periods, however, set a limit on the possible level of activity.  During 1944-70

(the portion of the previous active multidecadal period shown in Fig. 1), the average number of

major hurricanes per year was 2.7 (32-34).  Six of the years produced four or more major hurricanes.

In contrast, the average for the quieter period of approximate equal duration, 1971-94, was only 1.5,

with no years having >3 major hurricanes.  The quieter period’s threshold of three major hurricanes

was then exceeded in 1995 for the first time since 1964.  The average number of major hurricanes

for 1995-2000 is 3.8 (34).  Three of those years had four or more.  The Net Tropical Cyclone activity



(NTC) for the North Atlantic, another measure of activity (8), shows a similar combination of

interannual and multidecadal fluctuations (35).  The only year since 1995 with below-average

activity was 1997, when the Atlantic hurricane activity was suppressed by the strongest El Niño

event of this century (36).  Even with 1997 included, the mean number of major hurricanes and mean

NTC for 1995-2000 are the highest of any consecutive six years in the 1944-2000 record.  While this

recent period spans only six years, it clearly belongs to a different low-frequency climate regime than

the previous 24 years (1971-94).

Studies of global SSTs using empirical orthogonal function (EOF) analysis (e.g., 37) have

shown that the primary source of interannual SST variability is the ENSO region.  To analyze the

relationship of Atlantic tropical cyclone activity with Atlantic SST anomalies in a way that is

independent of ENSO, it is helpful to first remove the teleconnected effects of ENSO on the Atlantic

Ocean (38).  The first rotated non-ENSO SST mode (39) represents interannual to multidecadal

variability (Fig. 2).  Because the mode’s temporal variability is dominated by multidecadal-scale

fluctuations (Fig. 2B) with the largest amplitudes in the Atlantic, we refer to it as the "Atlantic

multidecadal mode".  The positive phase of the mode’s spatial pattern (Fig. 2A) has warm SSTs in

the tropical North Atlantic from 0/ to 30/N (which includes the MDR) and in the far North Atlantic

from 40/ to 70/N.  This mode is not local to the MDR; it is instead a large-scale feature that, because

it is also present in the MDR, affects Atlantic tropical cyclone activity.  The primary region for SST

anomalies that would affect tropical cyclones directly would be in and just north of the MDR, i.e.,

~10-25/N (24, 40).    

These multidecadal-scale fluctuations in SSTs closely follow the long-term fluctuations in

Atlantic tropical cyclone activity (13).  The time series for the Atlantic multidecadal mode (Fig. 2B),

major hurricanes (Fig. 1) and NTC (35) all show similar multidecadal-scale shifts.  Ignoring

interannual fluctuations, major hurricane activity is high from 1944 through at least ~1964 (Fig. 1),



NTC is high through ~ 1969 (35) and the Atlantic multidecadal mode is predominately warm until

~ 1970 (Fig. 2B).  Then, major hurricane activity and NTC are mostly below average and the

Atlantic multidecadal mode colder from the early 1970s through the early 1990s.  All three quantities

have increased dramatically since 1995.  Note also that the two busiest periods in the 1970s and

1980s, 1979-81 and 1988-90 (35), coincide with two short warming periods, 1979-81 and 1987-90

(see Fig. 2B), indicating the possibility of significant relationships on shorter (decadal) time scales.

The correlations between the 5-year running mean of the Atlantic multidecadal mode with the major

hurricane and NTC running means are 0.72 and 0.81, respectively (41). 

It has been hypothesized that multidecadal changes in oceanic temperatures, major hurricane

activity and Sahel rainfall are related to fluctuations in the intensity of the thermohaline circulation

in the North Atlantic (12, 42).  A faster thermohaline circulation is suggested to be associated with

warmer SSTs in the North Atlantic and colder SSTs in the South Atlantic.  These conditions would

enhance Sahel rainfall and decrease vertical wind shear in the MDR.  In other words, the decadal-

scale SST fluctuations affecting Atlantic hurricane (particularly major hurricane) activity would

likely produce the connection via changes in the upper- and lower-level zonal atmospheric

circulations over the MDR (40).  It is also possible, but less likely, that the changes in atmospheric

circulation are forcing the SST changes.  It is doubtful, however, that long-term increased tropical

cyclone activity could cause warmer North Atlantic SSTs since hurricanes result in a cooling of SSTs

through vertical mixing and upwelling (e.g., 43).

Figure 3 shows the fluctuations in vertical wind shear averaged for ASO for the south-central

portion of the MDR where the strongest correlations between vertical wind shear and major

hurricanes occur (15, 16).  Although there is substantial interannual variability in vertical wind shear,

primarily associated with ENSO, this is being modulated by the obvious multidecadal-scale

fluctuations.  These fluctuations show a switch from conducive (high percentages of low vertical



wind shear) to suppressed (low percentages of low vertical wind shear) conditions in 1970, almost

coincident with the shift in major hurricanes (Fig. 1), NTC (35) and SSTs (Fig. 2B).  In Fig. 3,

however, the switch back to conducive conditions appears to start in 1988 (44), seven years earlier

than the switch for the other parameters.  Even though 1991 through 1994 exhibit a short-term return

to less conducive values, 1988 through 1990 had the most favorable values since 1969.  Figure 2

shows some evidence of North Atlantic SST warming for a few years around 1988 followed by

several cooler years in the early 90’s before the major warming in 1995.  The warming around 1988

is much more evident in the Atlantic multidecadal mode values for ASO and in the actual ASO SSTs

for the MDR (not shown).  Nonetheless, the dominant shift to warmer values clearly takes place in

1995, which is when occurrences of >3 major hurricanes and hyperactive years [NTC = 150%; (35)]

resumed.

For almost every measure of tropical cyclone activity, the differences between the warm and

cold phases of the mode are statistically significant (34, 44).  The single exception is the number of

U.S. Gulf Coast landfalling major hurricanes.  This is because the Gulf of Mexico activity does not

have a significant relationship with vertical wind shear fluctuations in the MDR (11, 12, 15) or to

the multidecadal North Atlantic SST fluctuations (Fig. 2A).  The greatest differences (ratios) are for

major hurricanes, hurricane days, U.S. East Coast major hurricane landfalls, and especially

Caribbean hurricanes and U.S. damage.  The Caribbean Sea has shown dramatic changes in

hurricane activity -- averaging 1.5 occurrences per year during the warm periods compared to only

0.5 per year during the cold period (34).  The current warm period has produced an average of 2.5

occurrences per year with an unprecedented (since 1944) six hurricanes in the region during 1996.

These multidecadal changes are illustrated in Fig. 4, which clearly shows the enhancement of overall

Caribbean hurricane activity during warmer periods.  Not only is the entire Caribbean region much

less active during the colder period (Fig. 4A), but the only hurricanes that developed during that



period in the Caribbean Sea east of ~73/W formed during the two intermittent short warming periods

(1979-81 and 1987-90) discussed earlier.  Large multidecadal fluctuations of major hurricane

landfalls are especially evident for the U.S. East Coast from the Florida peninsula to New England

and are illustrated in Fig. 5.  No major hurricanes made landfall from 1966-83.  This relatively quiet

period was similar to, but more extreme than, the low activity period during the first two decades of

the 20th Century.  In contrast, during 1947-65, 14 major hurricanes struck the East Coast (13).

Overall, the United States has experienced about five times as much in median damages from

tropical storms and hurricanes during the warm (high activity) than during the cold (low activity)

phases of the Atlantic multidecadal mode (44).

The Atlantic tropical cyclone record, which (except for U.S. landfall data) is not considered

reliable before 1944 (33), shows less than one complete cycle of the multidecadal signal.  The record

for the SST signal represented by the Atlantic multidecadal mode (Fig. 2B), however, which has

demonstrated a robust relationship with the observed activity, shows about two complete cycles --

with some proxy records extending back several additional cycles (42).  In addition, U.S. landfall

data are able to show almost two periods of the signal (13, 44).  Because of the multidecadal scale

of the Atlantic SST variability portrayed here, the shift since 1995 to an environment generally

conducive to hurricane formation -- warmer North Atlantic SSTs and reduced vertical wind shear

-- is not likely to change back soon (45).  This means that during the next 10-40 years or so, most

of the Atlantic hurricane seasons are likely to have above average activity, with many hyperactive,

some around average, and only a few below average.  Furthermore, consistent with experience since

the active phase began in 1995, there would be a continuation of significantly increased numbers of

hurricanes (and major hurricanes) affecting the Caribbean Sea, and basin-wide numbers of major

hurricanes.  The Gulf of Mexico, however, is expected to see only minor differences.  Tragic impacts

of the heightened activity have already been felt, especially in the Caribbean [e.g., Hurricanes



Georges and Mitch (46)].  In addition, an increase in major hurricane landfalls affecting the U.S. East

Coast is anticipated, but has not yet materialized (47).

Some have asked whether the increase in activity since 1995 is due to anthropogenic global

warming.  The historical multidecadal-scale variability in Atlantic hurricane activity is much greater

than what would be “expected” currently from a gradual global temperature increase attributed to

global warming (5).  There have been various studies investigating the potential effect of long-term

global warming on the number and strength of Atlantic-basin hurricanes.  The results are

inconclusive (48).  Some studies document an increase in activity while others suggest a decrease

(49).  Tropical North Atlantic SST has exhibited a warming trend of ~0.3/C over the last 100 years

(38); whereas Atlantic hurricane activity has not exhibited trend-like variability, but rather distinct

multidecadal cycles as documented here and elsewhere (12, 13, 17).  The extreme activity in 1995

has been attributed in part to the record-warm temperatures in the North Atlantic (25).  The

possibility exists that the unprecedented activity since 1995 is the result of a combination of the

multidecadal-scale changes in Atlantic SSTs (and vertical shear) along with the additional increase

in SSTs resulting from the long-term warming trend.  It is, however, equally possible that the current

active period (1995-2000) only appears more active than the previous active period (1926-70) due

to the better observational network now in place.  During the previous active period, only 1966-70

had continual satellite coverage (33, 50).  Further study is essential to separate any actual increase

from an apparent one due to more complete observations.

Although increased activity during a particular year does not automatically mean increased

storm-related damages (51), years with high activity have a greater overall potential for disaster than

years with low activity.  Increased occurrence combined with dramatic coastal population increases

during the recent lull, add up to a potential for massive economic loss (13).  In addition, there

remains a potential for catastrophic loss of life in an incomplete evacuation ahead of a rapidly



intensifying system.  Government officials, emergency managers, and residents of the Atlantic

hurricane basin should be aware of the apparent shift in climate and evaluate preparedness and

mitigation efforts in order to respond appropriately in a regime where the hurricane threat is much

greater than it was in the 1970s through early 1990s.
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