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Primary Focus Questions

1. What is needed to improve the accuracy of hurricane forecasts?

? ?New platforms (e.g., unmanned aircraft)
? ?New forecast products (e.g., refined statistical approaches)
? 2lmproved numerical forecast system (e.g., super-ensemble

approach)

2. What are the priorities for improving the forecasts?

3. What policy changes are needed to make improvements

available as soon as possible?



Science Support for Improved Hurricane-Landfall Prediction—
The U.S. Weather Research Program
Russdll L. Elsberry
Professor, Naval Postgraduate School

1. USWRP Overview

The U.S. Weather Research Program (USWRP) is a coordinated research program among
four agencies. Nationd Oceanogrgphic and Atmospheric  Administration (NOAA), Nationd
Science Foundation (NSF), Office of Navad Research (ONR), and Nationa Aeronauticad and
Space Adminigration (NASA). One of the two foc of USWRP is the Hurricane Landfdl, which
was sdlected after an extensve planning process that matched forecast needs with observationa
and research opportunities. Hurricane landfal has tremendous impacts on the affected aress that
have been wdl publicized in recent years. Whereas some damage and disruptions of lives and
commerce are unavoidable, much can be done to minimize these impacts.

The nation has invested much in an obsarvation sysem and forecast/waning system in
the modernized Nationd Weather Service, which is unpardlded in the globe except for Japan.
However, better exploitation of exising (and proposed) observations via advanced daa
assimilation sysems and numericad modds would improve the track forecast guidance provided
to the Nationd Hurricane Center (NHC) forecasters. In the case of intendity, wind Structure, and
precipitation associated with hurricane landfal, an aggressve science program is proposed that
will provide the understanding necessary to develop effective forecast guidance products. A
technology infuson component is integra to this proposed program via seed money for two
experimentd test beds to demondrate the viability of advancing the rate a which observationd
and research advancements are converted to improved operational products.

A research component in socid science that is coordinated with the physica science and
decisonrmaking communities is dso proposed. The objectives would be to understand better the
impacts of hurricanes, the costs and benefits of various response drategies, the decision
environment of the forecaster, and the process of technology infuson—from basc research to
societd benefit. Each of these interrdated factors may contribute to more effective decison
making that can reduce the society's vulnerability to hurricanes. Optimizing the partnerships
among the emergency management community and the media with the NHC and the loca
Nationd Westher Service offices offers the best opportunities for improving the hurricane
warning system for the United States.

The specific USWRP Hurricane Landfdl program gods ae to reduce landfdl track and
intengty forecast errors by 20%, to increase warning lead time to and beyond 24 h with 95%
confidence without increasing the present 3:1 overwarning, to make skillful (in comparison with
persstence) forecasts of gale- and hurricane-force radii out to 48 h with 95% confidence, and to
extend quantitative precipitation forecasts to 3 days and improve skill of day-3 forecasts to
improve inland flooding forecadts.

In specific hurricane landfal aspects such as track prediction, augmentation of the exigting
infrastructure is proposed as the primary invessment. In other aspects such as hurricane structure
modifications during landfdl, a fidd expeiment (observeationd) program is the prime



requirement. In esch aspect, the State of the science, technology, and prediction capability will
be indicated, deficiencies vis-a-vis the above gods will be identified, and the proposed research
programs will be described.

The nation has dready invested heavily in an observetions, andyss, forecadt, and
warning system for hurricane track prediction, and this invesment has sgnificantly increased the
rate of improvement in NHC track forecasts during the past five years. Predictability estimates
indicate that a further 20% improvement over five years may be possble. Near-term advancesin
track prediction guidance are planned via 1) Geophysicad Fuid Dynamics Laboratory (GFDL)
modd improvement on the new NOAA Class-VIIlI supercomputer; 2) accderation of data
assmilation advances a the Nationd Centers for Environmental Prediction (NCEP)
Environmental Modding Center (EMC) to incorporate satdlite, radar, and arcraft data thet will
improve the environmentd flow andyses and predictions that ae the fird-order effects in
hurricane moation; and 3) exploitation of a track guidance expert system that will assg the
forecagter in sdecting which dynamica modd tracks to accept or rgect. Longer-term research
efforts planned to improve track prediction include 1) provison of confidence estimates for track
guidance via ensemble prediction systems gppropriate for hurricanes, such that the NHC could
extend the warning lead time with the same overwarning ratio, and, it is hoped, decrease tha
overwarning;, 2) application of adaptive sampling theory to the hurricane track prediction to
oecify target areas for gpecid satellite-based or arcraft-based observations that would provide
the greatest benefit; and 3) development of the next-generation GFDL hurricane mode using the
Weather and Research Forecast modd framework. Several additiona efforts are also expected
to lead to moderate improvements in track guidance.

It is emphasized that the absence of an adeguate technology infusion infragtructure has
inhibited the trandfer of hurricane landfal-related research to operations. Consistent with the
proposed sSx “experimenta test beds’ mentioned in the NWS Strategic Plan, a feashility
demondration of more rgpid and smooth operationd implementation of USWRP hurricane
landfdl research is proposed via two centers. Hurricane Operationd Trangtion (HOT) in Miami
and National Test Bed (NTB) for numerical weather prediction aa EMC in Washington, DC.
Personnel a these centers would work with both the researchers and the operationd forecasters
to facilitate the transfer of the proposed guidance product and to ensure that it meets operationa
needs and condraints. A feashility demondration of these two technology infuson centers is
consgdered essentid for USWRP research to move toward operations, and the Hurricane
Research Divison (HRD) and EMC have proposed initiatives that complement the proposed
USWRP concept. The number of additiond personnd needed to accomplish the trangtion of
mature research results or observationd technology to operations is indicated throughout the
plan. The proposd here is for USWRP to adopt technology infuson as a feashility
demondration that a smooth and more rapid trandfer to operationd guidance will be
accomplished. The request is for NOAA to include this technology infuson component as part
of ther USWRP initiagives and then to seek permanent billetss and funding to maintain this
function in the out years.

Outer-wind-gructure andyss and prediction are critical factors in timing of the hurricane
warnings, because dl disaster-preparedness activities and appropriate evacuations are to be
completed before the 35-kt winds cross the coast. Exciting new opportunities are avalable to
make rapid advances in this topic, especidly from the NASA QUIKSCAT scatterometer winds,
the Advanced Microwave Sounder Unit (AMSU), and high-densty and rapid-scan wind
obsarvations.  Another new platform is autonomous Unattended Aerid Vehides (UAV) to
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supplement staffed reconnaissance.  Provison of these new data sources in the GFDL modd is
expected to lead to reliable forecasts of outer-wind-structure change.

Progress is beng made in inne-wind-structure (intendty) andyss usng sadlite
technology. However, its prediction is a chalenging scientific problem because of complex,
nonlinear processes occurring in the ocean, the hurricane boundary layer, convective structures,
and environmentd forcing. Thus, investments to advance scientific understanding are proposed
to develop the bads for a skillful intengty prediction technique. Fortunatdy, a cooperdive fied
experiment between the Hurricane Research Divison (HRD) and the NASA Convection and
Mesoscale Experiment (CAMEX-IIl) provided a unique daa set to advance scientific
underganding. Anayss of this 1998 data st will be given a high priority. Whereas numerica
models of inner-gructure change offer promise, key issues of red-time observations required to
provide adequate initid conditions, and improvements in the physicad process representation
(convection and friction) must firs be addressed.  Collaboration with an Office of Nava
Research initiative to air—sea fluxes in high wind and wave conditionsis proposed.

Some innovative obsarvationd platforms that have been successfully deployed during
1998 and 1999 on the coast in advance of hurricanes that made landfal have provided exciting
new data sets to study structure modifications that occur after landfdl. These new observations
are from Doppler radar mounted on whedls, portable radar wind profilers, a rapidly deployable
automatic surface observing system, and deployable meteorological towers.  Highest priority will
be given to andysis of these data sets in conjunction with coordinated measurements when the
hurricane was just offshore.  New conceptua modds for explaining locdized wind damage
dreeks are expected. A modeling component to develop forecast guidance for the NHC
forecagter isincluded in this plan.

In response to the recognition that inland flooding has become over the past three decades
the chief cause of desths associated with hurricane landfdl, and at the request of loca NWS
forecast offices, a program to improve the anadysis and prediction of precipitation is planned.
Specid efforts to exploit the expertise in radar and remote sensing of overocean precipitation
will be made to improve quantity-of-precipitation forecasts (QPF) over land following hurricane
landfdl. Overlgp with the QPF focus of the USWRP will add to advances in understanding
precipitation processes, improved tools for estimating precipitation and nowcasting, and
improvements in modeling. Case sudies and modd tests of landfal precipitation events will be
a high priority. To provide some ealy forecast guidance, empirica datisticd models will be
developed, and a conceptua modd of the precipitation during the extratropicd trangtion of a
tropica cyclone derived by ONR researchers will be provided to NHC.

Socid and economic research is an integrd pat of the Hurricane Landfdl focus.
Because annuad U. S. hurricane losses average about $5 billion, a cost saving of $50 million
would result from every 1% of those losses that might be prevented. Because the vulnerability to
hurricane impacts continues to grow with movement to coastd aress, the assets at stake and the
vaue of an effective response system aso rise.  Knowledge gained in the socid, economic, and
decison sciences will lead to implementation of better response drategies, and will help to st
priorities as to where increased research would be most beneficid. These studies would focus on
each agppect of the hurricane warning service—forecast preparation and communication;
disssmination by emergency management, media, and private industry; and sociological aspects
of public response to warning content, frequency, consistency, and so on.



Two kinds of fidd experiments are planed. A number of the required research
measurements are achievable during the annud HRD experiments. For example, supplementd
targeted obsarvations to test adaptive sampling theory could be made in conjunction with the
Gulfgream- IV survellance flight.  An outer-wind-structure measurement program with multiple
Aerosondes could demondrate the feashility of long-duration flights that would supplement the
manned reconnaissance flights in the high wind near the center. Coallection of ocean daa sets
should continue to document potentid ocean influences on inner dructure changes. Each
landfaling hurricane provides an opportunity to collect boundary layer data sets tha are
critically needed to document the sructure modifications a the coast. Another combined fied
experiment, as during 1998, is planned for the 2001 hurricane season. This experiment will be
built around the HRD field experiment, and NASA is again expected to be a mgor participant.
Two centrd foc will be the dynamics and thermodynamics of inner-structure change and the
landfdl dructure modifications. In addition, provison of the observations for red-time daa
assmilaion and production of vaidation sets for numericad modd testing will be a new focus
Workshops and planning meetings during 2000 will define specific data requirements based on
anayses of the successful 1998 experiment.

Key deficiencies have been documented in this plan. Deficiencies in technology infuson
are paticularly evident in trandferring to operations the research and observationd technology
advances that have been achieved. Further advances to be achieved via this USWRP effort will
only add to that gap. Thus, a feasbility demondration that the HOT and NTB centers will lead
to a smooth and more rapid trangition is thus consdered to be a high priority for a nev NOAA
initiative. At least five research-trandfer pogtions are needed immediatdy and this should grow
to nine pogtions over five years. A second deficiency is the infrastructure postions a the HRD
and EMC needed to accomplish critical tasks in this plan. Data assmilation tasks a8 EMC and
targeted observations, andyss of the 1998 fidd experiment data, and application of radar and
remote senang techniques to the inland QPF will not be accomplished & HRD according to this
plan without additiond funding/personne from NOAA initigtives.  Additiond participation by
academic researchers must be secured to bring new personnd and new ingghts that will help to
achieve the research goas. New NSF funding for high-quality proposds is required so that the
success rate in the grants program can be raised. Multiyear funding is necessary to get academic
rescarchers involved. Ladt, regping the benefits of cross-cutting research in data assmilation,
optima observation mix, and QPF between the two USWRP implementation plans will require
communication of needs and sharing of research and observing technology advances.

A common perception is that because the United States invested in better observations of
hurricanes means that forecasts will necessarily be improved. This perception is not necessarily
true. In some cases we have developed the tools to convert better observations to provide
improved forecast guidance. This has been true for track forecasts. In the case of outer wind
dructure, new space-based and arcraft-based observations will likely soon contribute to
improved forecasts of the gale-force radius. However, many aspects of the science of inner wind
dructure are not understood, so the investment in better intensity observations has not paid off in
teems of dgnificantly improved intendty forecass. Smilaly, better science underdanding is
needed to support quantitative precipitation forecasting. Each of these aspects is being addressed
in the USWRP Hurricane Landfal plan, which, it is hoped, will receive the necessary funding in
the 2002-06 period.



2. Resear ch scientist per spectives on the hurricane for ecast/war ning process

Past research has led to improved modd track forecast accuracies, especialy in be last
gx years. Mak Powdl of the NOAA Hurricane Research Divison did not find a corresponding
decrease in landfal pogtion errors.  Furthermore, the trend is for warning longer areas dong the
coadt, rather than smadler areas. Reasons for this inconsgency in waning trends must be
explored with an intent to reverse this trend as the USWRP research results in forecast guidance
that isimproved.

One explandtion for increesing warning aress is that an overly consarvative warning
sysem has developed in which multiplicative sfety factors are introduced in eech step. The
"no-surprise” theme of the NWS may encourage the NHC forecasters to agree to extend the sizes
of warnings beyond what is meteorologicdly judified. A "no-risk" attitude should be replaced
with a dtuationspecific risk assessment. One stience contribution may be to provide the
forecaster with confidence-based guidance products that will assgt in reducing the warning
aess.  The emergency management community may aso have a "no-surprise’ policy in
protecting the public in each area, and thus may request a greater safety factor. A basic question
is whether the public will only respond if ther area is under a warning.  The insurance company
dipulation that their tourist industry policy will only pay off if the dte is within a mandatory
evacuation warning area must lead to pressure to extend the area.  The media is properly
representing that the threat is over an expanding area with time (rather than concentrated a a
point dong a track). How scientificaly based are those spread charts, especidly because the
forecadts have improved in accuracy and should be Situation-dependent?

In a purist scientific world, the NHC forecaster should not issue warnings over any larger
area than is meeorologicdly judified for that specific dtudion (one waning area fits dl
gtuations will necessxily be overly conservative). The levd of uncertainty should be an agreed
vaue tha is fully undersood by the emergency management community and the media Any
further expanson of the area for politicd or other reasons would then be the consdered
judgement of those community officids who have a lower "acceptable risk” The science
community can hep in gedifying the uncetanties in esch dtuation, and thus assg the
forecagters in working with the user community.



Improved Numerical Forecast System for Atlantic Hurricanesusing the
Superensemble Approach

T.N. Krishnamurti and Eric C. Williford
TheFlorida State Univer sity

1. I ntroduction

Improvement of hurricane forecasts is an important prerequiste for “Policy Issues in
Hurricane Preparedness and Response” A suite of hurricane forecas models at the Nationd
Hurricane Center in Miami provide guidance on tracks, landfal, and intendty. This uite is
made up of datidicd, dmple (deering) dynamicd, and more complex multileve
physica/dynamicd models.  Above dl dse, the consensus forecasts, prepared by the
experienced duty forecasters (using the above suite of forecasts) at the Nationd Hurricane
Center, convey the most important information for hurricane preparedness and response.  The
role of universty research has adways been minima in providing any kind of red-time guidance
of catastrophic weather. In recent years, severd university groups have experimented with the
issues of red-time forecadts, especidly related to mesoscde severe weather.  Such groups
operate out of the universties at Fort Callins, Segitle, Universty Park (Pennsylvania), and a few
others. At The Florida State Univeraty (FSU), the notion of a consensus forecast issued by an
experienced forecaster was cast into an objective “multimodel superensemble’” forecast. That
method appears to hold some promise for red-time weether, climate, and hurricane forecasts
(Krishnamurti et d. 1999, Science Magazine). Bascdly that is the theme of this presentation.

2. Improved forecasts from a multimode superensemble

This is based on a training and forecast phase from many experiments. Here we take
some 120 six-day forecasts made by globd modeers. Given roughly 120 such recent past globd
forecasts and the best edimate of the respective observed fidds, a smple linear multiple
regression is computed to determine the atisticd weights. Some 10° such weights describe the
mode biases a each geographica location, each verticd leve, each variable, and for each of the
participating member models. These datigtics are next used to condruct the superensemble
forecads. The superensemble invariably peforms somewhat better than dl multimodes that
paticipate in this exercise. The superensemble has a higher forecast kill in comparison with
that of the ensamble mean. That difference arises because the ensemble mean assigns a weight
of 1.0 to dl participating models and does not correct the bias of the models based on their past
behavior. This ends up including some of the poorer models as well, thus the sill of the
ensamble mean is degraded. The superensemble is sdective in assgning welghts, and the past
history of performance of models has a mgor role in comparison with that of current forecasts by
the multimodds. The superensemble dso peforms better than the ensemble mean of “bias
removed’ individud modds.  The superensemble methodology for hurricane forecasts is
somewhat different from what is done for globa day-to-day wesather forecasts and seasonal
forecasts. Here we firs prepare a database on storm postions, landfdl, and intensty from some
120 previous forecasts of the multimodels. The training is done & 12-h intervas dong the sorm
tracks, that is, thisis more like a one-dimengond problem.



3. Hurricane Track and Intensity Forecasts during 1998 from the Superensemble

Firg we shdl look a the overdl datidics of the track and intengty forecasts for the entire
year of 1998. Here we show the day-1, day-2, and day-3 skills for these forecasts. The results
for the superensemble track forecasts (cross vdidation) are presented in Fig. 1, and intendty
forecasts are shown in Fg. 2.

1998 Atlantic Hurricane Track Error
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Fig. 1. Superensembletrack forecast errors(km) for 1998 Atlantic hurricanes.

1998 Atlantic Hurricane Intensity Error
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Fig. 2. Superensemble intendity forecast errors (mph) for 1998 Atlantic hurricanes (the
model members are arranged in their order from left to right, the last histogram being of
the superensemble).

During 1998, the best track forecasts came from the NHC official component. These are
in fact subjective forecasts made by the forecasters of the Nationa Hurricane Center in Miami.
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They are essentidly based on consensus from among the suite of modd forecasts available to
them. In addition, they adso make use of ther past experience on subjective hurricane
forecadting to arrive a these officid forecasts. The superensemble forecasts are superior to those
of al other models and officid forecasts for each of the three days. The superensamble, in the
“control” or the training phase, has postion errors on the order of 120, 180, and 200 km for days
1, 2, and 3 of the forecasts, respectivdly. The corresponding podstion erors for the
superensemble “forecasts’ are 120, 180, and 220 km for days 1, 2, and 3 of the forecasts. The
same is true for the intendty forecasts as well. The rms forecasts for the control and the test
periods from the superensemble are better than those of dl other modds. Also shown in these
diagrams is the ill of the ensemble mean, which is lower than those of the superensemble.
These results are based on the use of the cross-vaidation approach.

4. Overall track forecast errorsfor all hurricanes of 1999

The sill of track forecads for dl of the 1999 Atlantic hurricanes from the participating
multimodels, the ensemble mean, and the superensemble are summarized in Fg. 3. The
folowing multimodels ae included here NHC1 (the Nationd Hurricane Center's Officid
Forecast), AVN1 (NCEPs Aviation Modd), OHPC, GFDL (the Princeton Model being run at
NCEP), VCBI (the equivaent barotropic Vicbar model), UKM1 (the U.K. Meteorologicd Office
Model), NGP1 (the U.S. Navy's NOGAPS model), ENSM (the ensemble mean), and FSU SENS
(the FSU superensemble). The ordinate in this diagram illudrates the postion error in
kilometers and the abscissa denotes forecast time intervas (every 2 h). Here we note that the
pogtion erors of the superensemble are below those of the multimodels and of the ensemble
mean during the 3-day forecast. The day-3 reductions in pogtion errors in comparison with the
NOGAPS and the Aviation mode are quite subgtantial, on the order of 200-300 km. The
superensemble reduces the 3-day erors in comparison with the best mode (GFDL) by roughly
120 km. Overdl, these reductions of errors by the superensemble seem quite encouraging.

5. I ntensity forecast errorsduring 1999

Our experience with the sill of track forecads from the multimodd superensemble for
1999 was quite smilar to those for 1998. The intengty forecasts have been a difficult issue for
numericd weether prediction. In the overdl Satistics of intendty forecasts, where dl the storms
of 1999 are included, we did notice a smdl improvement from the superensemble over dl other
member models as well as the officid best “observed” etimates of intendty. The summary of
the 1999 Atlantic hurricane intendty errors is illustrated in Fig. 4. Wha is goparent here is that
the intendity forecass from the superensemble are only dightly better than the member models in
generd.
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Fig. 3. Superensembletrack forecast errors(km) for 1999 Atlantic hurricanes.
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Fig. 4. Superensemble intensity forecast errors (km) for 1999 Atlantic hurricanes (the

modd members are arranged in their order from left to right, the last hisogram being of
the superensemble).

The intendty issue needs to be addressed from mesoscale higher-resolution models and a
uperensamble. That work will require planning and careful implementation of multimodds and
the training phase.

6. Response to the Focus Questions

a). What is needed to improve the accuracy of hurricane forecasts?

?? New platforms (e.g., unmanned aircraft): An Unattended Aerid Vehicde (UAV) flying
over the tops of degp convection near 15 km above sea level with an array of remote
sensng equipment such as GPS-based surface winds and passive microwave radiometers
can provide information on hydrometeors, rain rates, and surface winds, furthermore,
advanced microwave sounding units can be extremdy helpful in future survellance of
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hurricanes.  UAVs of the future can follow the storm over severa diys and provide data
sets toward the underganding of dorm intengty. Further exploitation of coastd and
arborne radars and sadlite data sets a high resolution, especialy from geostationary
platforms, could provide ussful data sets at frequent time intervals and spatia resolutions.

?? New forecast products (eg., refined statistical approaches): Possbly neurd network
techniques could be advanced to improve track and intendty forecasts. Further research is
needed in these aress.

?? Improved numerical forecast system (e.g., superensemble approach): This is worth
exploring further in the coming years with improved higher-resolution multimodds.  For
the immediate future this would be most desirable.

b). What arethe prioritiesfor improving the forecasts?

Mounting a UAV program or a new geosationary satellite-based remote sensing program
would teke severd years. In the immediate future the operationd research arcraft programs of
NOAA and NASA (CAMEX 3 and 4) need to be augmented. Currently there are three NOAA
arcraft (two P3s, a Gulf Stream, a USAF C130, and possibly a NASA DCS8). There is great need
for the data sets from these arcraft to be available fully on GTS for numerical modding in red
time; only a smal fraction of these data sets are sen on GTS. Better coordination of aircraft and
deployment of observations is needed, especialy in the context of adaptive Srategies.

¢). What policy changes are needed to make improvements available as soon as possible?
This is difficult to address without knowing wha the current status of policy issues is

AMS policy statement is an overall umbrella  We need to go beyond that to address coordinated
observationa and modeling issues.



Hurricane Forecasting Consider ations
Steven W. Lyons
The Weather Channel

1. Overview

We are dl aware of the modest but steady improvements in tropica cyclone track
forecast sill the NHC has reported over the past 30 yr. | believe it amounts to about 1% per
year. Largest improvements have been redized at extended brecast times and have been at least
patly attributed to numericd modd improvements. | believe we dso redize that the rate of
forecast improvements has not kept up with the rate of coastal population growth. Of course,
population increase has absolutdy no direct physica effect on forecast kill or on the breadth of
watches and warnings. In other words, how many people that could be affected by a hurricane a
landfdl has no direct link to how large watch or warning aress should be.  Idedly, the
meteorological Stuation and its uncertainty “should” dictate the Sze of watches and warnings.

In his recent research a the HRD, Dr. Mark Powell has brought one very interesting
agpect of hurricane track forecadting to light. Verifying track forecasts reveded that hurricane
landfdl forecasts have not improved appreciably since 1976 a any time scade. Obvioudy, we
should be more interested in making accurate landfal forecasts than we are in making accurate
high-seas forecasts.  If our landfal forecasts have not improved, that can only mean that high-
seas forecasts have improved a a rate of more than 1% per year, dthough keep in mind the
number of landfdl forecasts is a smdl percentage of the total number of forecadts. It is
dissppointing to see the lack of forecast improvement a landfall, but whet is the cause? It turns
out that, higoricaly, landfal forecasts tend to be a little more accurate than their high-seas
counterparts.  One reason given is that because there are more data available dong the coast and
inland and forecadts are dready more accurate there, it is more difficult to improve upon coastd
forecasts. Another possible reason could be the “forecast of least regret,” namely, the forecast
track is subjectivdly modified to cover “risks’ associated with high population, long evacuation
times, very vulnerable coasts, and political demands. The result is degraded forecast kill.

Based on these results my first recommendation is that we make every effort possble to
leave the NHC forecaster adone to make the best “meteorological” forecast possble, without
worry of coastd population, coastd vulnerability, money or politicd consequences.
Nonmeteorologica issues are fundamentaly the job of emergency managers, paliticians, and the
private sector, not meteorologistss a&a NHC. When the forecaster includes nonmeteorologica
eements in his forecadt, they are conddered a least twice (the second time is by emergency
management).  The meteorologist should dtick drictly to the meteorological forecast and
assessment of its uncertainty out in time without worry of ramifications of a poor forecast. The
NHC forecaster’s role with emergency managers, media, and other disciplines should be to
educate them about how forecasts are made and about forecast uncertainties.

2. Tropical cyclone nowcasts

One huge improvement in the meteorology of tropicad cyclones is the nowcast
capabilities we have today as compared with yesteryear. The Gaveston hurricane of 1900 and
the great northeastern U.S. hurricane of 1938 are examples of tropical cyclones that caught
people very much by surprise. That can no longer happen, thanks to satellite meteorology that



dlows us to monitor continuoudy the location and intendty of tropica cyclones around the
world. Mog visud media outlets have the capability of displaying these wonderful images for
dl to see. Would it not be wonderful to have satellite images of the 1900 and 1938 hurricanes in
our archives? We should continue our efforts to improve and to develop more satellite-based
techniques to monitor various aspects of tropica cyclones, including techniques that estimate
impact elements at sea, dong the coast, and inland.

3. Track forecasts

Numerica prediction of tropica cyclone tracks has improved tremendoudy since the
ealy modes of the 1950s and 1960s. Ironicdly, today’s reliance on mode guidance has
possbly led to the decline in skill of subjective tropica cyclone forecadts. It is hard to imagine
that landfdl forecasts in the 1970s were about as good as they are today and watch/warning areas
were smaller. Back then forecasters relied very much on subjective forecast techniques. Today
they rdy heavily on modd forecasts. Revitdizing and improving subjective andyds and
forecast <kills  without inhibiting numericd moded  advances could provide Sgnificant
improvements in track forecasts.

Through computer advances, modd forecasts very likdy will continue to improve,
assuming we remember one fundamentad problem with tropicad cyclone forecaging: maximizing
obsarvations. We musgt continue to improve the initid conditions we provide models, because
even the world's best track forecast models fal short of very smple modes when they are
incorrectly initidized. We have seen this happen with the GFDL modd. In this vein, we must
make sure our modding efforts address getting “real observations’ into modes at the expense of
the mode first guess, not the other way around. The NOAA jet objective is to do exactly this.
Has anyone examined the extent to which jet data are contributing to modd initid conditions?

Reconnaissance data from the Hurricane Hunters and NOAA have been invauable for
determining tropica cyclone drength and are much gppreciated by al users of this informetion.
Ultimately, though, | see by far the biggest spatid and temporad coverage of 4D “observations’
coming not from arcraft, ships or rawinsondes, but from sadlite remote-sensang technology.
Eventudly that technology will provide a vast arsend of remotdy sensed data. We must find
better assmilation techniques that dlow modds to accept and to digest satdlite information. |
find tha sadlite “information” is my sngle best source for diagnosng tropicad cyclones and
ther surrounding environments and therefore vdidating or invaidating numerica guidance.
This is true because satdlite data are underutilized in modes. Veification of sadlite wind
accuracy should be based on other observations, not on verification aganst modd firs-guess
fidds or modd analyses.

There are three additional aspects of tropica cyclone track forecasting that | would like to
mention, 1) ensemble forecast techniques, 2) measures of “track confidence” and 3) track modd
boundary conditions. 1) As computers get faster, a multitude of ensemble forecast posshilities
will grow quickly. | am sure Dr. Krishnamurti will discuss ensembles and superensembles in
some detal, so | will be brief and say that any ensemble techniques that provide a more robust
forecast that kads to an improved track and/or higher confidence in the forecast should be highly
encouraged. Very smple ensembles such as repeat numericd forecasts varied by smdl changes
in tropical cycdone initid pogtion and/or initid speed could be powerful tools to estimate genera
predictability and forecast track confidence. These kinds of runs that use identica boundary
conditions require very smple modd changes.



2) | drongly beieve the research community should be working hard to develop
techniques that give us forecast track confidence levels or certainty. Such confidence estimates
would help not only emergency managers with ther critical decisons, but would help the media
to provide the public with forecast confidence levels so they can best assess their risks. Forecast
uncertainty should be kept quantitative and scientificaly repeatable rather than subjectively
derived.

3) Each year, NHC evduates the <ill of various tropicd cyclone models, regiond
modds, globd modds dimaologicd modds, and thar “offidd forecast.”  This veification
indicates that, over a large sample, the GFDL triple-nest tropica cyclone model and the UKMET
globa modd outperform other operationd modds (the officid forecast remains the best over
dl). The GFDL modd (and nearly dl other U.S. tropicd cyclone models) uses lateral boundary
conditions from the NCEP globa spectrd modd. It turns out that the NCEP modd does not
verify as wdl as the Navy modd or the UKMET modd. | know it may not be politicaly correct,
but | sy, “let us dl swdlow our pride’ and run vaious combinations of these modes to
maximize skill. We are trying to save lives and property, and that should be our highest priority.
Through international cooperation we can al benefit from sharing resources.  Currently, |
believe the GFDL modd initidized by the UKMET or Navy NOGAPS modd will provide better
track forecasts than it does usng the NCEP globad modd. As | recall, GFDL showed this for a
faw cases when NCEP computers were unavalable and they initidized ther modd with
UKMET or Navy model forecasts. That does not mean the rdaive sill of various modds will
reman unchanged through time. We should continue our strong support of each modding
center s0 they may continue to improve their models independently of each other. If we do nat,
we may dl eventudly find oursalves at the same dead-end street!

4, Intensity forecasts

There has been little gppreciable improvement in tropicd cyclone intendty forecast skill
over the past 30 yr over the high seas and at landfal. Also, tropicd cyclone intensity nowcasts
have remained nearly unchanged during the period of arcraft monitoring. However, the need for
accurate intengty forecadts is highly Stuation-dependent. This is true because of the nonlinear
growth of wind, wave, and surge damage as a function of tropica cyclone strength. We know
that mgor hurricane landfal events dthough far rarer than those of lesser strength, cause most
hurricane damage.

Idedly, we want to make accurate intengty forecads at al times, but by far the mogt
important intengty forecasts are those within 36 h of landfdl. Landfdl intensty not only
controls the magnitude of coastd impact, but aso controls how, who, and how many people
emergency managers atempt to evacuate from a coastline. We have known this for years, but in
1999 hurricane Floyd displayed this very clearly. So, | think we must concentrate on intensity
forecast accuracy for tropica cyclones a landfal, and | do not mean to infer that intengty
change mechaniams & and near landfdl are necessxily different from tropicd cyclone intengty
changesin the high sess.

If we search forecast records, we find the largest intendty forecast errors are associated
with tropical cyclones that develop rapidly or weeken repidly. Intendty forecasts tend to be far
more consarvative for these events than what nature deals out. Part of the reason for this is that
daidicd sadlite guidance techniques, through averaging, provide intendty trends that are more
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consarvaive than exireme events. Better understanding of mechanisms for rapid intengfication
and rapid weakening is very important.

Today we reman in a debae over wha the controlling influence is on intensty change
sea urface temperatures or the environment in which the tropicad cyclone is embedded.
Unfortunately, the amosphere is not linear and there is no way to separate these effects from
esch other, except through smplified liner modds.  After 25 years of watching tropica
cyclones | am convinced both are important depending on the circumstances, but from the side of
a forecagter, environmenta aspects by far outweigh sea temperature consderations. Sea
temperature gppears to have a fundamentd control on “potentid” drength, but full potentid is
rarely redlized. Ingpection of current research suggests that sea surface temperatures are being
examined more than ae environmentd influences  Even in the gpirit of sea surface
temperatures, is anyone looking a dl those tropicd cyclones with which forecasters routindy
ded that wesken as they move over warmer water? We need to maintain a practicad sde and
examine intengty changes that routindy give forecasters big problems and have large impact on
our coastal populations.

Numericd models have shown only poor skill with intengty forecasts in red time
dthough there have been numerous sudies that have verified a measured trend after the event is
over. Are these studies getting the correct answer for the wrong reason because they are working
backward from the answer? My guess for getting models to forecast intendty change better is to
provide a more accurate initid 3D divergence fidd and horizontad and vertica latent heeting
digributions. These are two tough tasks, but | bedieve that if they can be met they will
dramdtically improve modd intendty forecess. At least the horizontd didribution of deep
convection can be obtained from satdlite information.  Alternatives include improving subjective
and datisticd recognition and measurement of these ements.

Currently, intendty forecasts are “marred” by the way we portray tropica cyclone
intengty. Let me forget for a moment the 10-m devation of the wind forecast (which has its
origin from a sandard wind height used to generate ocean waves). Let me put it this way, if you
found 1 out of 1000 nonmeteorologists that could tell you what the NHC's definition of
“maximum sustained wind” in a tropica cyclone is | would be surprised!  We need to change the
way we describe tropica cyclone winds to the public. Tagging a tropicd cyclone by a single
maximum wind speed “somewhere’ in the dreulation is incondstent with the impacts that winds
can generate; thus it exaggerates impacts a landfdl. It fits the Saffir—Simpson dassfication
nicey, but should we not be basng that scde on a more robust and spatidly dominant wind
geed? We have heard wind engineers complain for years how wind damage from “mogst”
hurricanes is wel bdow what should have occurred from the forecast/nowcast maximum
sugtained wind. | have had difficulty explaining to The Weether Channd viewers that a specific
maximum sustained wind cannot be seen a any buoy or coastd observation Site and that impacts
from winds that strong would likdy not be redized at the coast. Obvioudy, this aspect is
important for asymmetric tropica cyclones, but this variety makes up the mgority of tropicd
cyclones. | srongly suggest we redefine our definition of maximum sudained wind so that it
better represents observed wind measurements.  This problem is exacerbated by the “maximum
envelope of water,” or MEOW, used by emergency managers to make evacuaion decisions.
MEOW provides worst-case surge scenarios dong a coadtline based on a angle maximum 10-m
wind edimate somewhere in a tropicd cyclone. In most cases, maximum sustained wind is
locdized within a smdl aea on one sSde of a tropicad cyclone. The result of applying that



maximum to the entire tropica cyclone and then applying the MEOW leads to overwarning,
even for the case of a perfect track and intensity forecast.

5. Tropical cycloneimpacts

NHC currently provides tropica cyclone track and intengty forecasts. Based on these
two parameters it is possble to estimate/forecast the potential impact to U.S. residents at and
beyond landfdl. Impacts include surge flooding; wave eroson, wave damage, and wave
flooding; wind damage; and rainfadl-induced flooding. The private sector needs to move away
from smple tramsmisson of meteorologica information and become the “interpreter” that adds
vaue to those “meteorologicd” forecass and transforms them into coastal and inland impact
forecadts that the public understands and can use to make sound life-saving decisons. We need
more scientific research that addresses impact, not just track and intendty forecasts. These
dudies should benefit disseminaiors and potentid victims, not just meteorologisds. It is no
longer sufficient amply to tell people where a tropicad cycone is going and how fast the winds
are. People and commerce take action based on expected impacts; they do not take action based
directly on meteorologica parameters.

Along this line of impact thinking, we need to change the way we depict ocean wave
information in tropica cyclone advisories  Collocation of 12-ft seas with 34-kt winds is rarely
vaid. Rather than provide 12-ft sea information, | suggest that we change the advisory to
include esimates of wave height a the radius of 34-kt winds. Radii of 12-ft seas can extend
many hundreds of miles away from the tropicd cyclone didracting from the advisory
information.

Last, both Hurricane Irene and Hurricane Hoyd showed me the falure in how the
Nationad Weather Service disseminates its information. They have too many products and too
many places for people to have to look to find them. Inland impacts from Irene (via the Miami
WFO) and Floyd (via eastern WFOs) were well covered yet people were caught by surprise,
because once the NHC stops its advisories or fails to mention the extent of inland impacts most
people and media disregard those impacts. | propose HPC (that dready makes advisories behind
NHC) take over the NHC advisory as the tropical cyclone moves inland.  Advisory format
should remain identicd to the NHC ocean advisory, but discusson should be shifted to inland
wind and flood potentid. The only difference in the product after this seamless transfer of
respong bility should be the NCEP name change from TPC/NHC to HPC within the advisory.

6. SUmmary

| have touched upon a few areas where | think we can redize large improvements in
tropical cyclone forecasts & a very low cost tha redly amounts to not much more than policy
changes in some cases. These changes are logica, and how we got away from doing them is a
mystery to me. If someone were to come into our business cold and see what we are currently
doing, they would likely ask why we are doing it that way. | think they would expect us to be
doing it in ways very smilar to what | have proposed. | will close by saying to everyone dedling
with the tropicad cyclone threet: vist the people you are trying to protect. They may open your
eyes to better ways of doing business.



Forecast Considerations
Max Mayfield
Director, National Hurricane Center

Working with the Tropica Prediction Center, the hurricane landfdl component of the U.S.
Wesather Research Program (USWRP) has identified severa primary forecast goas to be attained
after an intendve 5-year research and development program. These are 1) to reduce landfal
track forecast errors by 20%; 2) to increase warning lead time with 95% confidence to beyond
24 h without increesing the current level of overwarning; 3) to reduce landfal intendty forecast
errors by 20%; 4) to make skillful forecasts of tropica storm and hurricane force wind radii out
to 48 h; and 5) to improve forecasts of inland flooding by extending and improving the skill of
quantitative precipitation forecasts out to three days. As in red edate, for which the three most
important factors are “location, location, locetion,” in hurricane forecasting the three most
important factors are “track, track, and track.” Obvioudy, god 2 cannot be attained without a
ggnificant improvement in track forecast accuracy, but, in addition, progress in items 3-5 are of
limited use in the absence of an accurate track forecast.

Given that overdl track forecast accuracy has been improving a a rate of 2% per year or less,
and that landfal forecasts appear to lave been improving a an even dower rate, the 20% track
improvement goad over 5 years is clearly quite ambitious. However, research technologies that
have made or are making the trangtion to operations may be mgor contributors to reaching this
god. Prdiminary results from the first flights of the NOAA Gulfsream IV (G-1V) jet arcraft,
which flies in the environment of hurricanes that thresten to meke landfdl, show mean
improvements in track forecasts of 10%-15%. Improvements resulting from the G-1V, however,
have been incondgent and point to the need for dgnificant advances in data assmilation
techniques.

During the decade of the 1980s, datigtical techniques provided the primary operational track
forecast guidance. During the 1990s, however, dynamicd modes improved consderably and
surpassed the sill of the datistica techniques. As we enter a new decade, there are indications
that the next significant increment of track forecast accuracy will come from a second wave of
datigicd andlyss that extracts the best information from the dynamicad modds — Ensembles
whether they are amply an average of the best of the dynamicd models or are an eaborae
“traning” sydem such as The Horida State Universty superensemble, are showing greet
promise.  Ultimately, however, improvements to numerical westher prediction are required,
through increased computer power, better physical parameterizations, and improved observations
and data assmilation dgorithms.

The USWRP god of a 20% improvement in intengty forecadts is even more daunting than the
20% track improvement god. In recent years, intendty forecasts have been improving a a
dower rate than track forecasts, and there is no technology currently a hand to assigt us with
intengty forecasts analogous to those of the G-IV jet for track. In fact, in the near term, it is
possble that intensty forecasts will appear to become less accurate than before. New
technologies, such as the GPS dropwindsondes and the Stepped-Frequency Microwave
Radiometer (SFMR), ae dlowing us for the fird time to measure, rather than to infer, the
maximum surface winds in a tropica cyclone, and we ae learning that the hurrican€s wind
dructure is more complicated than was previoudy thought. The ability to diagnose this
increased variability in intengty is well ahead of our ability to forecast it. As a result, intensty



verificaion datigics are likdy to worsen over the next severd years as we improve our
edimates of current intengty.

Tropicad cyclone intengty forecadting is a least a decade behind track forecadting, in the sense
that the best avalable tool for forecadting intensty is gill a datigtica—dynamicd mode (SHIPS).
We have a limited physcd understanding of tropicd cyclone intensty change, especidly repid
deepening. The rapid deepening of Hurricane Opd, a 1995 hurricane close to the land-based
obsarvationd network, illusrates a research community literdly miles apat—split  between
those who attribute the strengthening to a subsurface oceanic heat source and those who blame
potentid-vorticity interactions in the upper troposphere.

Whereas hurricane tracks are determined dmost exclusively by ther large-scde atmospheric
environment, hurricane intendgty is influenced to a grester degree by smdler-scde features in
both the atmosphere and ocean. This means that a much finer observationd network will be
required to bring forecasts of intendty by dynamicd models to the same leve as track forecads.
Moreover, operational dynamicd modds, such as the Geophysca Huid Dynamics Laboratory
hurricane modd, have inadequate resolution for an accurste smulaion of the inner core region
of a hurricane. Also, improvements to physcad parameterizations used in the models will likdy
be required. The problem goes far deegper than merdly collecting new data or increasng model
resolution, however. A host of new technologies and platforms have been proposed to address
observationa needs, each with its own sat of characteristics, accuracy, and sampling limitations.
We will probably find that the next generation of mesoscde hurricane modds is enormoudy
sendtive to these characteristics. New technologies that rely on the presence of scatterers, for
example, may leave important parts of the hurricane vortex unsampled. It is unclear how well
these technologies will fit together to produce improvements in intendty prediction. There is an
urgent need for data smulaion experiments before an intdligent observationd sysem can be
designed to address the intensity problem.

Customer demand for new products, as wel as misapplication of exigting products, dictates new
forecast products. Five-day track forecasts gppear to be in the near future, dthough these are
likdy to be usgful only to a smal cusomer subset because of the associated uncertainties.
Perhaps the most misunderstood forecast parameters are the hurricane and tropica storm force
wind radii. Although mathematicians have done wonders in the fidd of data compresson, any
attempt to depict the very complicated two-dimensond wind fiedd of a tropicad cyclone usng
only four numbers is a problematic enterprise.  Emergency managers need to know how an
goproaching hurricane's wind fidd will affect their operations, however we do not yet have the
cgpability to tell them what they need to know. Observations from SFMR, coupled with anayss
techniques that are making the trandtion to operations, may dlow us to provide a detaled
grephical depiction of the hurricaneg's current wind fidd within a few years. Usgful forecasts of
a hurricane's wind fidd, unfortunatdly, are many years away, and, because of the importance of
uncertainties, may come from probabilistic rather than deterministic approaches.

Last year’s Hurricane Irene has reminded us that it is not dways enough to have the correct
warnings in place. Many were shocked at the impact of Irene's rains in south Florida, despite
accurate and timely flood watches and warnings issued by the Miami Wesather Forecast Office.
Hurricane Floyd killed 56 people in the United States; most of these deaths were due to
drowning in freshwater. The warning process cannot be consdered successful unless the
impacts of a hurrican€s hazards are effectively communicated to government officas and the
generd public. We have done a good job communicating the potentidly deadly and devastating
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impacts of storm surge and wind; now more emphasis needs to be placed on freshwater flooding,
which has become the leading cause of hurricane-related desths in recent years. It is important,
however, that we make it clear that the greatest potentid for loss of life remans from storm:
surge flooding.

Support for hurricane research, both basic and applied, has declined to critica levels. Resources
alocated for hurricane research over the past 20 yr have not even been permitted to keep up with
inflation. NOAA'’s Hurricane Research Divison, whose experiments led directly to the purchase
of the Gulfsgream jet and whose pioneering efforts in data andyds are taking us into the
graphicd era, can no longer afford to go into the fidd each summer. Although the path to
improved hurricane forecasts faces a number of obstacles, both conceptud and technicd, there
are none that cannot be overcome with determined effort. However, without a revitdized, well-
funded program of hurricane research, progress on these issues will remain agonizingly dow.



Comments
Robert C. Shesets
Former Director, National Hurricane Center

| have some very strong opinions about what should or should not be done with respect to
mogt items up for discusson. Some of those opinions are given below as revised on 18 May
2000 to reflect some recent actions by Broward County (Fort Lauderdae), Forida, and the
Florida Windstorm Underwriters Association (forced “wind pool”):

1. Do not mess with the Saffir—Simpson scale for hurricanes and the associated
warning processt After severd years of public awareness programs, this scde is now an
integral part of how coasta and near-coastal residents respond to hurricanes. That process has
been quite effective in reducing loss of life dong and near the coast and probably inland with

respect to response for winds.

2. Do not add some new scale for inland flooding from hurricanes! As others have
sad, we dready have such a scde - it is cdled “inches” If some new scde is added, it will
likdy confuse more than help. For years the West Pecific region experimented with an
“Internationd” scale of 1 to 10 for hurricanestyphoons. It has not caught on for public use and
now various countries in the region are usng the Saffir—-Simpson scde or its equivdent.  Any
scde for flooding, damage potentid from winds, and so on tha is more complex than the Saffir—
Simpson scde would likely have little public use. It is possble that such a scde might be useful
for some public officids, but that is questionable.

With respect to flooding, it should be recognized that the degree of flooding is not
directly related to the drength of the hurricane as determined by the maximum wind speed or
lowest central pressure.  There are many factors such as ground saturation, interactions with
some baroclinic system, updope flow, and so on, with wide variations of ranfdl and associated
flooding over short distances. Also, heavy rains and associated inland flooding can teke place
with week tropica systems or systems not associated with tropicd systems a al. The great
Midwes flooding of a few years ago is an example of mgor flooding that had nothing to do with
hurricanes.  Many other such cases could be cited, even in the hurricane-prone inland and/or
coasta regions.

Because gmilar flooding conditions for a given area can be created by the remnants of
hurricanes or other weather systems, to avoid confusion, these events should generdly be trested
the same way. Use of key descriptive words would likedy be more effective in communicating
the danger to the public than some new scde. Three such descriptive words could be
“moderate,” “severe,” and “catastrophic” combined with “localized” and “widespread.”
For example, the rainfal section of the National Hurricane Center”s Tropical Cyclone Public
Advisories could contain phrases such as “rainfall of 6 to 10 inches is expected along the path
of the hurricane that will likely create widespread moderate flooding and localized severe
flooding over portions of eastern North Carolina during the next day or two.” Some quditative
definitions of what “moderate,” “severe”and “catastrophic” mean with respect to flooding would
be needed. Of course, these definitions could be different for different communities.



With respect to evacuations, | believe that we are evacuating too many people for
hurricane thrests. Part of this Stuation is due to te fact that we use “MEOWS’ to describe the
potentid storm surge because of the uncertainty in the forecast track and intendty. Also, nearly
dl of the sormsurge and associated evacuation maps published in phone books, newspapers,
and hurricane preparedness tabloids for various categories of hurricanes are for word-case
scenarios with storms moving onshore norma to the coast.  Situations such as Hurricane Floyd
travding nearly padld to the coast (dightly inland, dong the coast, or dightly offshore)
produce much less coastd inundation. Also, it has been common practice to attempt to evacuate
any aea that could potentidly get flooded, even if that flooding might not be life threatening,
with only a few inches of water surrounding the houses. Arguments presented for this gpproach
to evacuation are that people could be isolated from emergency services, and thus it is better to
get dl potentidly threatened resdents out of harm’'s way. All of this means massve evacuations
which after the fact may show that 90% or more of those evacuating did not need to do so. Also,
after Hurricane Andrew, many inland residents away from the threat of the sorm surge are not
confident that their homes are built well enough to provide a safe place of refuge during a severe
hurricane.  Of course, mobile home and manufactured home communities should be evacuated in
ay cae. With this as a background, | recommend that public officids use the following
guidelines when recommending or ordering evacuations.

1. Only recommend or order evacuations for those people whose lives are a risk from
drowning or building collapse caused by substandard congruction (mobile homes, manufactured
homes). Do not order or even recommend evacuations for areas where potential flooding would
be only a few inches. Broward County (Fort Lauderdde), Florida, has now initiated such a
program. That program has reduced their potentid evacuations by about 200,000 people, or
about 40 percent of desgnated evacuees under their previous plan. Miami Dade County,
Florida, hasindicated they will use asmilar plan on a case-by-case basis.

2. Use phased evacuations whenever possible, getting out the highest-risk peoplefirgt.

3. Use redidic potentid storm surge inundation for the particular sorm stuation. Take
into consderation areas of probable offshore flow as compared with onshore flow. With today's
communications capabilities, more-redisic sorm-surge potential maps could be presented to
locad emergency management officids as well as to the generd public than those based on the
more prevaent wordt-case “MEOW” gpproach with storms moving normal to the coast.

4. Do not use the “dl of my area’ or “none of my ared’ agpproach to warnings and
asociated evacuation, but redidicaly assess risk. A line must aways be dravn somewhere,
giving a warning on one dde of the line and not on the other. A hurricane warning should nearly
adways have a tropicd storm warning on its edge to help convey the trandtion in the degree of
threat.

5. Try to evacuate people tens of miles or less, not hundreds of miles. There are some
recommended actions listed below that should help this approach to become aredlity.



On the longer term, the following actions should be undertaken.

The U.S. Congress should implement a National Hurricane Hazard Reduction Act
gmilar to the very successful National Earthquake Hazard Reduction Act created severa
years ago. Such an equivdent act and funding would provide long-term continuous funding for
research to improve short-teem and long-term forecasts of hurricanes and ther effects and to
develop and/or to promote cost-effective mitigetion programs.  Efforts are presently under way
a the International Hurricane Center a Forida Internationd Univergty to build a codition of
universty scientists and others from around the nation to get such an act passed by the U.S.
Congress.

The second is for the U.S. Congress, dae legidators, and locad governments to pass
hurricane  loss-mitigation legidation that would not only reduce the ever-risng disaster
assigtance outlays, but would actudly promote the safety and economic well being of residents
and businesses subject to hurricane-generated damage.  Some examples of such legidation are as
follows.

U.S. Congress

1. Reduce Federally subsidized coastal development. The Barrier Idands Act of a few
years ago was a good dart in this direction, but federdly subsidized water and sewage treatment
plants, roadway systems, and so on have encouraged rapid ®astal development. That is not to
say that such programs should not take place, but that those programs should be strongly tied to
community planning that requires redrictions on population dendty, strong building codes,
community shelters, and so on that would reduce evacuation times and minimize damage from
hurricanes.  The National Flood Insurance Program should be amended adong the lines
suggested by the current FEMA Director, James Lee Witt; to restrict multiple pay-outs greetly
and to phase toward true risk-based premiums rather than being subsidized by those in lower risk
aess. A recent study by the St. Petersburg Times in the Tampa Bay area indicated that these
subsidies were now as much as 70% or more in some areas and generdly 50% or more for most
of that coastd zone. Also, new congruction should be required to obtain risk-based private-
sector flood insurance a market rates.  Such requirements would reduce development in very
high risk areas and/or would result in properly built structures with low risk to flooding or sorm
surge and wave action in those aress.

2. Change Federal tax laws to dlow private insurance companies to set asde funds for
infrequent but catastrophic losses such as hurricanes or earthquakes. Current tax laws bascdly
operate on a year-to-year profit/loss tax bass that is unredigic for such events as catastrophic
losses from a mgor hurricane or earthquake that might occur once in a 10-year period. These
characterigtics of the tax laws have driven the reinsurance market offshore or overseas. The firgt-
line insurer then has to buy reinsurance from these companies, thus taking funds away from the
economy of the United States and dmost assuredly increasing insurance rates for individud
homeowners. The date of Horida indituted a Hurricane CAT Fund after hurricane Andrew to
accumulate such “reinsurance’ funds tax free. These funds are accumulated by a “tax” upon



every hurricane policy in the date. In essence, this means that other daes are subsidizing
insurance for Florida resdents.

State legidatures and/or local gover nments

1. Implement and enforce strong, hurricane-resistant building codes. This is not
complex sciencee  We know how to build hurricane-resstant dructures.  Contrary to the
aguments of builders associations who generdly oppose improved codes on the erroneous
grounds tha the increased cost of congruction will price many people out of the home-buyer
market, mgor improvements are avalable a minima cost increases (dudies show the additiond
cost ranges from 2% to 5% of the totd cost of the home). Southeast Florida, which has such
codes in effect, has shown no sgns of dowing in growth rates snce codes were strengthened
after Hurricane Andrew. When the cost of such improvements is spread over the typica 30-year
mortgage, it is infinitesma. Also, most insurance companies now provide some reduced rates
for home owners who have doors and windows protected. Having homes, outsde of the
potentid life-threstening flood zone, in which you can live before, during, and after a hurricane
greatly reduces evacuation and recovery times and costs for communities.

2. Change insurance legidation to encourage competition for well constructed and
protected homes. Contrary to the common misconception that “..[ijnsurance agangt wind
damage codts is done on a VOLUNTEER bass through private insurance underwriters’ (quote
from a recent book on Atlantic hurricanes), that insurance is anything but VOLUNTARY in
many hignhrisk coasta areas.  That is many such high-risk coastal area properties are in a
forced “wind pool.” Generdly, dl private insurance companies operating in the state must take a
portion of that risk, based upon their percentage of coverage in the rest of the state. Because
these companies are not going to lose money, they must charge higher rates esewhere in the
date to make up for potentid losses in the high-risk areas where rates may not be actuaridly
sound.  Frequently, homes sgde by sde in the “wind pool” exig for which one homeowner who
has built properly and provides protection for windows and doors pays the same premium as his
neighbor who has done nothing to reduce possible damage. That dtuation may be changing. In
a vey recent proposd/action by the Horida Windstorm Pool, they recognized that wind is
frequently highly corrdated to the “styleé’ of the sructure.  They are now planning to charge
substantially more for structures with gabled ends, large porch or carport overhangs, garage
doors not properly braced, and so on and to give reductions for “hipped” roof dyles. It is
expected that other insurers will follow that lead. These actions could have a profound impact
upon the style of homes in the future, once the public redizes that there are subgtantid finencid
pendties for the wrong kind of Structure and benefits for those built to resst damage from wind.
To ad in this process legidation should be passed that allows insurance companies to
compete for the good risk in the “pool” by offering lower rates and then counting that
policy against their assigned portion in the high-risk “pool”. Such action should encourage
individua homeowners and developers to build more-hurricane resisant dructures.  If they do
not, let insurance premiums increase to actuarially sound rates for those who choose not to build
to the higher standard.



3. Require all new homes to have a “safe room.” “Safe rooms’ can be easly and
inexpengvely desgned into new homes. This could be a wak-in closat in the master bedroom
or an interior bathroom. Such rooms would protect occupants from such short warning events as
tornadoes and would aso provide a place of refuge in a severe hurricane, thus reducing the
number of evacuees and evacuation times.

4. Reguire all manufactured home communities and mobile home parks to have a
community building on site to be used as a hurricane shelter. This building would be built to
engineered standards to protect resdents from hurricanes or tornadoes. New developments
should be required to have such structures as part of the permitting process [Lee County, Florida
(Fort Myers) now has such an ordinance]; exiging parks and communities would be given some
period in which to bring ther exiging community buildings up to hurricane-resistant standards
(most such communities dready have recreation/community buildings).

5. Require public buildings such as schools to be built so that they can be safely
used as hurricane shelters. The gate of Horida now has such legidation for adl new schools.
Also, offer tax incentives or other financid help to prepare private-sector buildings for use as
shelters.  Such a practice will reduce evacuation times, so that people can evacuate tens of miles,
not hundreds of miles. If shorter lead times result, then “overwarning” can be greetly reduced.

If such actions are teken, the threat to life and property from hurricanes will be grestly
reduced.



