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ABSTRACT

This proposal is for a research study that will attempt to combine the best
elements of both the federal government and private industry projects on hurricane
intensification and modification.  There will be a difference in the way a hurricane will
be attacked.  Rather than trying to attack it through seeding its inner core, this
proposal will try to use wind shear at the upper levels to destroy the storm’s vertical
structure.   Past research has shown that work in this area of study has had positive
impacts on hurricane forecasting that ultimately saved lives.  Furthermore,
technology has improved significantly over the last twenty years and with the
tremendous strides made in weather forecasting over the past century, now may be
a great time to revisit this kind of research again.

Coastal communities in the eastern half of the United States as well as many
underdeveloped countries in the Caribbean and Central America are more vulnerable
than ever to a major hurricane like Hurricane Andrew in 1992 or Hurricane Mitch in
1998.  Hurricane Andrew caused approximately $27 billion dollars in damage after
making landfall in South Florida while Hurricane Mitch left an estimated 11,000
people dead from heavy rains over a period of several days.  While forecasting a
hurricane’s storm track and intensity has improved, it has not been able to keep
pace with the explosive population growth that has taken place over the past several
decades.

Efforts are being made into researching hurricane intensity by the federal
government.  NASA and NOAA have joined forces to investigate tropical storms and
hurricanes to see why and how they intensify.  There are also studies being done to
find out how wind shear affects a hurricane along the coast during landfall.
Meanwhile, private industry is making efforts to eradicate hurricanes through the
concept of storm modification although experts in the meteorological field aren’t
enthusiastic about these ideas due to the inconclusive results from Project
Stormfury.
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INTRODUCTION

Over the past five to ten years, forecasters and scientists alike have been
warning people living along the East Coast of the United States as well as many of
the Caribbean islands in the Atlantic Basin that the Atlantic region is entering a
period of increased tropical activity.  As depicted in Figure 1, past trends in history
have indicated that increased activity occurs every forty years or so.  Consequently,
forecasters believe that more intense hurricanes will make landfall over the next
forty years.  Activity has already begun to rise over the past decade.

Since 1991, there has been a dramatic increase in the number of tropical storms and
hurricanes that have developed each year during the hurricane season as shown in
Figure 2.

Harbingers of such increased activity go as far back as Hurricane Andrew in
1992, which brought some $27 billion dollars in damage to South Florida (Great
Storms Collection), Hurricane Opal in 1995, which heavily damaged the Gulf Coast of
Florida, and Hurricane Fran in 1996 which caused some $6 billion dollars in damage
to Wilimington, North Carolina. Then in 1998, Hurricane Mitch became a catastrophe
of enormous proportions in parts of Central America dumping three to six feet of rain
in 48 hours (Sarewitz and Pielke 45). One year later, in September, 1999, Hurricane
Floyd caused approximately $6 billion dollars in damage from North Carolina to New
England.
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So far, much of the coastal population in the United States has been lucky,
but research shows that the next major hurricane to strike a major coastal city could
end up costing as much as $80 billion dollars in damage (Mandias, par 5).
Meanwhile, coastal populations keep growing and while forecasting hurricanes has
improved over the last several decades, it has not been able to keep up with the
tremendous growth in population particularly along the coast (Sheets, Danger’s
Edge).  As a result, forecasters fear that a recipe for disaster may be brewing.

Coastal Populations Continue To Grow Rapidly…

Many people dream of living along the coast.  The beauty and tranquility and
tranquility of living near the ocean is very attractive to people who are caught up in
the hectic hustle and bustle of everyday life in the cities and the suburbs.  While
living along the coast may sound enticing, the fact still remains that coastal life isn’t
always calm and serene.  It is often marred by coastal storms such as hurricanes,
which claim many lives and cause billions in property damage periodically.  For
instance, Hurricane Andrew killed 65 people and caused $27 billion dollars in damage
after it rolled through the Bahamas, South Florida, and Louisiana in August, 1992
(Great Storms Collection).

Nevertheless, populations continue to experience explosive growth along our
coastlines.  For example, in the four coastal counties of New Jersey, which include
Monmouth, Ocean, Atlantic, and Cape May, the number of residents grew from 1.3
million to 1.6 million between 1980 and 1993 (Insurance Research Council 10).
Since 1993, these coastal populations have continued growing as New Jersey has
become one of the most densely populated areas in the country (Insurance Research
Council 10).  Furthermore, since 1960, coastal populations across the United States
have grown from about 175 people per square mile of coastline to about 275 people
per square mile of coastline as shown in Figure 3 (http://www.census.gov).

This change in population is nearly 150% more growth over the past four
decades, and that figure is expected to continue rising.  By the year 2015, the
coastal population per square mile is expected to double that in 1960 as reflected
also in Figure 3 (http://www.census.gov).  With this kind of growth in coastal
population, there will need to be more buildings, roads, and houses.  All of this new
infrastructure will cost money to insure.  Finally, the rate of growth in coastal
populations relative to non-coastal populations indicates a trend of more people
migrating from inland areas toward the coast (http://www.census.gov).

Figure 3

Increase in Coastal Populations
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Improvements in Forecasting Can’t Keep Up…

Over the past century, there have been a number of significant developments
in technology that have helped hurricane forecasting make tremendous strides over
the past several decades.   The development of both radar and satellite imagery in
the 1950s and 1960s really helped weather forecasters monitor hurricanes more
effectively (Ahrens 226).  Prior to the implementation of these tools, “severe storms,
such as hurricanes and typhoons, went undetected until they moved dangerously
near inhabited areas (Ahrens 226).

However, there were difficulties in the beginning as forecasters misinterpreted
early satellite imagery.  For instance, before Hurricane Camille devastated the
Mississippi Gulf Coast in August, 1969, forecasters at the fledgling National Hurricane
Center originally thought that Camille wasn’t that powerful because of its small size
and diameter depicted in the satellite imagery (Danger’s Edge).  This is where
another development, weather aircraft came in.  Going back to the early 1950s,
aircraft known as Hurricane Hunters flew into these dangerous storms, and collected
data such as location, temperature, pressure, humidity, and wind speed.  In the case
of Camille, this proved to be quite important since the data collected from the
Hurricane Hunter aircraft contradicted the satellite imagery, and gave forecasters a
much clearer, but dire picture of what was happening in Camille (Danger’s Edge).

Over the past several decades, computer technology has become more
prevalent as well.  As computers have become more powerful and less expensive,
they have been able to process large amounts of data in shorter amounts of time. In
addition, the computer processing technology of today is much more adept at
processing complex mathematical and scientific formulas the forecasters and
scientists use to try and model what’s occurring in the atmosphere.  Consequently,
forecasters have been able to work with more accurate forecasting models (Ahrens
221).

The improvement in forecasting models has even had a huge impact on the
forecasting of hurricanes, which can be quite difficult due to their unpredictable
behavior.    Difficulty in forecasting hurricanes comes from the fact that
approximately eighty percent of a hurricane’s motion comes from winds around the
storm system called “steering currents,” which start out hundreds of miles away
(Williams, 148).  To give an idea of how much forecasting these storms has
improved, Figure 4 indicates a gradual reduction of errors, in terms of nautical miles,
made  by  s eve ra l  d i f f e r en t  hurr icane forecast ing models
(http://www.nhc.noaa.gov).

Improvements in Forecasting Errors.  Source:  NOAA.

Figure 4
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However, despite the progress that has been made in the forecasting of a
hurricane’s future track, forecasters point out that these improvements are only
gradual over time.  Moreover, they fear that although the future looks promising for
further improvement, a forecaster’s skills and technology won’t be able to keep up
with the explosive growth that is occurring along the coastlines of the United States.
Then, there are problems with accurately forecasting hurricane intensity.  Despite
some advances in recent years, the task of prognosticating how strong a hurricane
will be at landfall continues to be a difficult one.  Forecasting intensity is difficult
because there are many different variables at play in the environment within and
around a hurricane.  These variables include such things as warm eddies in the
ocean, wind shear, concentric eyewalls, and sea surface temperature anomalies.

The Central American Hurricane Problem…

Not only is the problem of forecasting hurricanes critical for the United States,
but also for the surrounding underdeveloped regions of Mexico, Central America, and
the Caribbean.  The countries in these regions also have problems with tremendous
population growth.  However, they also have to endure the burdens that go with
poor social and economic conditions, corrupt governments, poor land usage, a
degraded local environment, and a lack of hazard mitigation and emergency
management protocols.

While it is true the places in the United States would be heavily damaged by a
major hurricanes, and the cost of rebuilding from that would be in the billions, the
overall economic structure and current infrastructure of roads, communication lines,
buildings, and a solid government in place would enable these same places to
recover quite rapidly.  On the other hand, in places like Honduras and Nicaragua in
Central America, this is not the case.  As a matter of fact, both of these countries are
still recovering from the devastation brought by Hurricane Mitch some four years ago
in October, 1998 (Sarewitz and Pielke, 45).

Furthermore, thousands of people in these underdeveloped regions such as
Central America lose their lives to storms like Mitch every year.  For instance, in
addition to the catastrophic devastation left behind by Hurricane Mitch in 1998, there
were approximately 11,000 people in both Honduras and Nicaragua combined that
lost their lives due to the mudslides and raging flood rivers that resulted from the
heavy rains.  A different approach must be looked at in order to supplement
forecasting and prevent catastrophes like this from occurring again in the future.

Research and data demonstrate the need for an alternative solution to using
just forecasting as mankind’s defense against hurricanes.  The following research will
show that there is work being done by the federal government and private industry
in the areas of better understanding hurricane intensity and storm modification.
Although the work done in storm modification, particularly in private industry has
drawn skepticism from experts, it is important to point out that technology has
improved tremendously since the failure of Project Stormfury in 1980.   In addition,
the advancements in the science of meteorology over the past century can give hope
to the idea of revisiting the concept of storm modification.
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LITERATURE REVIEW

Problem Hurricanes Present To Today’s World…

It is well known that hurricanes are very vast and vicious storms that can
affect a large number of people over wide stretches of land in coastal and low-lying
regions in the Caribbean, Central America, Mexico, and the Eastern United States.
Hurricanes can present a variety of problems with winds, rain, storm surge, waves,
and even tornadoes.  For example, there were numerous problems when Hurricane
Mitch, shown in Figure 5, devastated the Central American countries of Honduras
and Nicaragua.

Now, of course, there were underlying social issues of increased population,
poverty, poor land-usage, a degraded local environment, and a lack of emergency
preparedness and hazard mitigation (Sarewitz and Pielke 45).  However, if Mitch had
spun off the coast of Texas or moved inland like Tropical Storm Allison did in June of
2001, the same result would have happened in Houston with many more lives,
homes, and businesses lost.  Mitch would have been a devastating hurricane
anywhere with winds near 190 mph at one point along with battering waves and
coastal storm surge.

On the environmental side, there was perhaps another process at work, which
was the idea of global warming, or the “inadvertent modification” of the atmosphere
(Sarewitz and Pielke 46).  However, the idea of curing global warming will not
prevent future disasters such as the catastrophe caused by Mitch in Central America
from occurring again since the problems that occurred there were not going to be
solved “by reducing greenhouse gases” (Sarewitz and Pielke 45).  In addition, single
events such as Hurricane Mitch or Tropical Storm Allison will probably never be
attributed directly to global warming since the effects of greenhouse gases probably
won’t be felt until decades later (Sarewitz and Pielke 48).

In the case of Mitch, what created the catastrophe for Honduras and
Nicaragua, shown in Figure 6, was a phenomenon called orographic lifting, which was

Figure 5

Hurricane Mitch Off  Honduran Coast in October, 1998.  Source:  NOAA
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the actual lifting of the rushing air from Mitch over the rugged terrain of the
Honduran and Nicaraguan countryside (http://www.usatoday.com par. 2)
demonstrated in Figure 7. The combination of the tremendous moisture from Mitch
and the lifting of this moisture over the mountains resulted in three to six feet of rain
over this region of Central America within 48 hours (Sarewitz and Pielke 45).   The
deluge from Mitch caused tremendous mudslides and flooding that either swept
many people away in raging rivers, or buried them in tons of mud.

This is not the only time that a hurricane or storm caused this much death
and devastation.  Within the eighteen months following Mitch, there were even worse
disasters in Venezuela and Mozambique as indicated in Figure 8 (Sarewitz and Pielke
57).  In Venezuela, heavy rains over a period of several days at the start of the rainy
season in December, 1999, caused a surge of water to flood small villages and towns
in the Northeastern portion of the country (Machos par 5).  As a result,
approximately 20,000 people lost their lives (Machos pars. 3-4).  Meanwhile, in
Mozambique, a series of tropical cyclones, i.e. hurricanes, brought devastating floods
that killed thousands in late February and early March, 2000 (Machos par. 1)

Figure 6

Some of the Devastation from Hurricane Mitch in 1998.
Source:  Honduras National Web Site
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Figure 7

The Process of Orographic Lifting.  Source:  USA Today
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Early Attempts to Control Hurricanes…

Studies and tests had already been done as early as 1947 when General
Electric sponsored a cloud seeding project headed by Dr. Irving Langmuir (Boesen
63).  The project, called Project Cirrus, was primarily focused on seeding hurricanes
by having a plane drop dry ice into them.  This idea became reality on October 13,
1947 when a Navy plane flew into a hurricane out at sea, and released dry ice into it
(Boesen 63).

The results of this earlier experiment apparently gave Langmuir and his
researchers enough proof that their idea worked as the storm suddenly changed
direction, and made landfall in Savannah, Georgia (Boesen 63).  However, it would
be discovered years later by another scientist named Mook that the sudden change
in direction of the storm was not caused by the seeding rather by changes in the
upper level steering winds (National Academy of Sciences 106).

The hurricanes during the period of the 1940s and 1950s were particularly
devastating to residents of the East Coast of the United States, particularly from
North Carolina on up into New England.  Storms such as Connie and Hazel in
October, 1954 and Diane in August, 1955 were massive and powerful.  These
Category Four Hurricanes brought hurricane conditions well inland to places such as
New England and even Canada (http://www.hurricaneville.com/historic.html).

Of the three storms, Diane was the one that finally put government agencies
into action.  After making landfall in North Carolina on August 17, 1955, Diane
swiftly moved up the East Coast into New England, where it spawned the worst
winds and flooding of that time.  As a result, some 184 people died, and damage
from the storm was estimated at $5 billion dollars (Boesen 62-63), which today
would be in the range of about $80 billion (Sarewitz and Pielke 58).

After the 1954 and 1955 hurricane seasons, President Eisenhower appointed
an Advisory Committee on Weather Control (National Academy of Sciences 5).
Additional life was given to this committee’s work when Congress passed a bill in
1956, which prolonged the committee two more years (Fleagle 70).  However,
despite the government action, nothing much was done on the matter until 1961 due
to skepticism on the part of many scientists (Fleagle 70), and fear of lawsuits if
something were to go wrong (Battan 113).

Then, in 1961, a group led by Pierre St. Amand at the Navy Weapons Center
in California took a major step with the development of new seeding generators.
These improved generators would be able to release large amounts of the chemical
compound, silver iodide (AgI), from an airplane into a storm such as a hurricane
(Boesen 63).  At the same time, Dr. Robert H. Simpson, director of the National

Figure 8
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Hurricane Research Labs in Miami, Florida) theorized that a hurricane could be
weakened with particles of frozen nuclei (Boesen 63). Releasing frozen nuclei into
the clouds of a hurricane would change the moisture into ice crystals and cause an
imbalance between the forces driving the storm (Boesen 63).   These two
developments brought about the eventual creation of Project Stormfury.

The group’s first test was performed on Hurricane Esther in September, 1961.
A Navy plane loaded with silver iodide crystals was sent into Esther, and released
several waves of the crystals.  What resulted was apparently a decrease in the
sustained winds in Esther by about ten percent (Battan 113).  The apparent success
with Esther formalized the creation of Stormfury, which was a partnership between
U.S. Weather Bureau and the Navy (Battan 114).  Members of the project team
developed another hypothesis for hurricane modification.   They proposed that if the
supercooled water contained within the deep clouds of the eyewall can be converted
to ice, the storm’s vertical column of air would be warmed slightly and the hurricane
would be modified into a moderate tropical storm with heavy rain (Battan 115).

Project Stormfury would conduct several experiments over the next seven
years.  From 1963 to 1969, the group would go into Hurricanes Beulah (1963) and
Debby (1969), and almost seed Betsy (1965).  Not seeding Betsy was probably a
good thing since the storm ended up suddenly changing direction, and went into
South Florida and Louisiana where it caused approximately 1.5 billion dollars in
damage (Battan 115).  Meanwhile, in the cases of Beulah and Debby, there was
moderate to excellent success.  Beulah had some small decreases in wind speed, but
Debby had a 31 percent reduction in sustained winds (National Academy of Sciences
107).

The project continued throughout the 1970s, but finally in 1980, Project
Stormfury ended without showing any conclusive evidence that hurricanes could be
modified successfully. The project’s work wasn’t able to distinguish between the
modification experiments made in hurricanes such as Esther, Beulah, or Debby and
actual changes in the atmosphere around these storms themselves
(http://www.aoml.noaa.gov). However, the project still bore some fruit as its
real legacy created new technology, other research tools, and a huge fund of
hurricane knowledge (http://www.usatoday.com).

Figure 9

Wind Reduction in Hurricane Debby After
Seeding on August 19-20, 1969
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Research Being Done Today…

There are a number of projects currently going on today on the topic of
Hurricane Intensity and Modification by both the federal government and private
industry.  There are two separate ways that the problem is being attacked.  First, the
government is researching hurricane intensity so researchers can better understand
what causes a hurricane to intensify at a given moment during its life cycle.
Meanwhile, a private company is working on a unique powder that will weaken
hurricanes by robbing them of their moisture if it is successful.  Other work being
done is a study that was featured in the American Meteorological Society a couple
years ago, where researchers are investigating how wind shear affects the vertical
profile of a hurricane.

Government Research Into Hurricane Intensity…

In the summer of 2001, the federal government deployed several agencies
including NOAA, the National Oceanic and Atmospheric Administration, and NASA,
the National Aeronautics and Space Administration to begin research into finding out
what causes hurricanes to intensify.  Forecasters want to better understand why
storms such as Hurricane Opal rapidly strengthened in the Gulf of Mexico in October,
1995 while others such as Hurricane David slowly weakened after becoming so
powerful in September, 1979.  The first case studies in this project were Tropical
Storms Barry and Chantal, which both developed during the first weeks of August,
2001 (Machos par 1).  Chantal was a particularly good case since it fluctuated in
intensity quite often, despite sea surface temperatures and upper level wind
conditions being favorable for development (Machos par 1).

One of the biggest obstacles facing tropical forecasters today is not only
where the storm will make landfall, but also how much will it strengthen or weaken
(Machos par 3).  In dealing with Chantal, researchers found how difficult it can be to
figure out whether or not a system will develop into a hurricane and intensify
(Machos par 3).  Factors such as warm eddies, sea surface temperature anomalies,
upper level winds, and wind shear all have an impact on a hurricane’s intensity.
Researchers are hoping that this investigation will yield important clues in the
forecasting the intensity of future storms (Machos par 2-3).

However, according to Dr. Bob Sheets in 1991, forecasting has only made
modest gains while population has exploded (Danger’s Edge).  Plotting a graph that
would compare population growth with improvement in forecasting, one would see
that the forecasting graph would have a linear plot while the population graph would
behave exponentially (Danger’s Edge).  Despite the progress made in forecasting
over the last several decades, forecasters are unable to predict with very high
accuracy where a hurricane will be in 72 hours, and even have greater difficulty in
figuring out how intense a storm would be in the same time frame.

NOAA Gulfstream IV Taking Part in Hurricane Intensity Research

Figure 10
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Shearing a Hurricane Apart…

Another effort into hurricane intensification looks at the way wind shear has
an adverse affect on hurricanes and tropical storms (American Meteorological Society
192-207).  Many know that in order for a hurricane to strengthen or stay healthy, it
must have light winds aloft (http://www.hurricaneville.com/factors.html).
Hurricanes need to have light winds aloft because they are “vertically stacked”.  In
other words, these storms have a vertical profile where clouds build up vertically in
the atmosphere.

Well, if the upper level winds surrounding a hurricane or tropical storm nearby
are blowing in a west to east direction that will tear up the storm’s vertical profile
and hinder any thunderstorm development that a hurricane or tropical storm needs
to intensify (http://www.usatoday.com).   There are many different factors that
can cause westerly shear in the tropics, and they include upper level troughs and a
strong El Nino Episode in the Pacific Ocean (http://www.usatoday.com).   What
the researchers are attempting to find out is whether or not the difference between
observations of wind shear over land and the oceans can be the basis for modifying
the vertical profile of the hurricane’s straight-line winds at landfall.

Another major critic of hurricane modification, Dr. Steve Lyons, believes that
shearing a hurricane apart would be even more difficult to attacking the hurricane
through seeding.  He believes that developing an artificial upper level disturbance in
the atmosphere would be difficult since the “area surrounding a hurricane is much
larger than the hurricane itself.”  In order to weaken the hurricane, there must be
something done to destroy the storm system’s energy core.

However, there is technology available including the new Gulfstream aircraft,
which can study what goes on at the upper levels of the atmosphere in and around a
hurricane.  In addition, there is more knowledge available from past experiences
such as Project Stormfury along with better computer simulated models to give
researchers and forecasters better information on what is going on in the
atmosphere in and around a hurricane.  While there may not be a way to completely
eradicate a hurricane, there may be a way to contain it or prevent it from becoming
too severe.

Dyn-O-Mat’s Hurricane Fighting Gel…

Private industry is also currently making efforts to help in the prevention of
future hurricane catastrophes.  One of the more significant developments was made
this past summer when a South Florida based company called Dyn-O-Mat
(http://www.dynomat.com), culminated two years of research when they
successfully tested their hurricane powder, Dyn-O-Gel, on a storm cloud (Machos par
2). Dyn-O-Gel, which has since been renamed to Dyn-O-Storm
(http://www.dynomat.com), was released into a storm cloud 1,600 meters long
and 4,000 meters deep by a military aircraft.

Approximately 4,000 kilograms of the substance was required to absorb the
moisture from the storm cloud (Science News par 3). The polymer has grains
capable of holding 2000 times its own weight in moisture.  It would be the equivalent
of taking a huge sponge or super strong paper towel and soaking up all the moisture
in a tropical storm or hurricane.  According to William A. Cordani, Assistant to the
CEO at Dyn-O-Mat, the company estimated that the cost to drop the material into
the storm cloud was in excess of $500,000 dollars.
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Interacting with the moisture, the powder turns into a gel like a substance
that becomes heavy and falls back to the earth.  Cordani states that researchers at
Dyn-O-Mat “discovered that the gel dissolves in salt water, and they recognized that
the disbursement of Dyn-O-Gel into tropical storms and hurricanes could alter them.”
While the substance is considered safe and biodegradable, it will be used on storms
out at sea rather than near the coast where it could impact people (Science News par
4-5).

The people at Dyn-O-Mat are very excited about their recent success, and
want to obtain government funding to perform another test of their product on a
tropical depression (Machos par 2).  As a matter of fact, Cordani said that Dyn-O-Mat
is working closely with a lobbyist, who is seeking funding in the range of 50,000,000
dollars from the federal government although the company isn’t sure if it will need
that much funding.  In addition, they are hoping that eventually Dyn-O-Mat will be
able to sell this product to the government (Science News, par 4).

However, despite recommendations by a number of astronauts, who have
also lent their assistance to the project, there are skeptics.  There are some critics of
the product who say that a powder such as Dyn-O-Gel, or Dyn-O-Storm, isn’t strong
enough to be able to reduce a hurricane’s intensity (Machos par 3). One of those
people is Dr. Hugh Willoughby of NOAA, a researcher who flew into and studied
Hurricane Gilbert in 1988.  Willoughby has given advice to the people at Dyn-O-Gel
on what they need to do in order to weaken a hurricane, but he still remains
skeptical.

Dr. Willoughby believes that the prospects to modify a hurricane are
“dubious” at best.  That is because people just cannot comprehend the “power and
size of a hurricane relative to human endeavors.”  Many powerful storms such as
Gilbert, Andrew, and Mitch cover around 1,000 square miles in diameter or more.
There is just so much energy that these storms contain over a large area that they
can’t be overwhelmed with just a simple powder, or ice pellets.  He feels that the
only way to combat these storms is through “better building codes, wiser land use,
and more accurate forecasts.”
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PROPOSAL

The Plan…

This plan proposes that research pursue the promising idea of hurricane
modification.  Research has indicated that it would be worthwhile to revisit this
subject of hurricane modification, particularly through the use of wind shear.  The
plan would be to conduct a research experiment to find out whether or not hurricane
modification through wind shear is feasible.  If it is found feasible, then the plan
would continue by taking the results obtained from the research experiment, and
using them to develop an artificial upper level disturbance that would shear
hurricanes apart.  The research would take place at Florida State University.

Prior to conducting the research experiment, work would be done in analyzing
simulations of the upper level wind flow, and try to model it in a computer.  The
purpose of this work would be to try to gain a better understanding of the forces at
work in the upper levels of the atmosphere.  Data collectors and researchers would
take data obtained from the upper levels of the atmosphere around a hurricane or
tropical storm, and feed it into a supercomputer.  The supercomputer will then try to
recreate the dynamics of the upper level wind patterns around a hurricane.  The
results of this research would be analyzed by the researchers and then used as the
basis for the first stage of the research experiment.

Upon the completion of the preliminary analysis, the research experiment
would commence with the creation of a scaled down environment in a lab that would
simulate a powerful hurricane getting sheared apart by winds generated from a wind
tunnel.  The objective of this particular test would be to see how to implement the
shear so that it has an immediate and effective impact on the simulated storm.
Another important aspect of this experiment that will be important to observe will be
how the upper levels of the atmosphere will behave.

The next step would be to take this experiment out of the lab and into a real
world setting by creating an artificial wind in the upper levels near a very small
storm such as a tropical wave, or small area of low pressure in the Atlantic away
from land.   This would be done so that if there were any adverse effects, none
would have an impact on any nearby countries.  If this test turns out to be a
success, then work would continue with the next step in the line of progression,
which would be to test it on a tropical depression.

Upon the conclusion of this research, results would be analyzed.   Conclusions
drawn from the analysis will be used to decide whether to continue start up a
government consortium.  This consortium would bring together the best researchers
from the government, private industry, and academia to develop a process that
would generate hostile upper level conditions in the vicinity of a hurricane that would
tear the storm’s vertical cloud structure apart, and weaken it.  The implementation of
artificial shear would be used in areas such as the Gulf of Mexico and the Central
Atlantic.

These areas would be good areas for this to work since the disturbance will
not be directly over land, and at the same time protect coastal areas from Central
America and Mexico through the Caribbean Basin, and up the entire eastern coastline
of the United States.
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Projected Timeline for the Research Project…

The proposed program for the research experiment must be completed within
two years.  During the course of the research, evaluations will be made along the
way by the project team as well as the National Science Foundation and Florida State
University.  Evaluations by the representatives of the NSF and the Florida State will
be performed on a quarterly basis while the project team would make their own
evaluations at the end of each particular leg of the research.

The preliminary work on the project would begin as soon as this proposal is
submitted.  During this preliminary stage, a project manager would be named, and
contact the appropriate personnel at the National Science Foundation and Florida
State University.  The project manager would also begin the task of assembling a
team, and inquiring about the availability the necessary resources to conduct the
research experiment.

Upon approval, the program would commence in earnest toward the end of
the second quarter of 2002.  The project team would get together and get situated
near the lab at Florida State University.  After orientation to the project and the lab
facilities, the team will commence work on their research.  The research will start in
September, 2002 with preliminary investigations into computer models on upper
level wind patterns and the vertical cloud structure of a hurricane.

Using the results of the preliminary research, the researchers will analyze the
data and determine what forces are working to create the upper level wind patterns.
The researchers will determine what forces would be useful in developing the upper
level disturbance that will be used.  So, the next stage of the research work will look
at what exactly happens in the lab, and whether or not it supports the researchers
findings from the computer data.  The goal will be to begin this phase of the project
in early 2003.

The lab simulation portion of the project should conclude by the end of the
first quarter of 2003 with the lab experiment on the simulated storm cloud going into
the wind tunnel.  After that, there will be another period of analysis by the
researchers to determine what exactly happened, and whether the forces in the wind
coming from the wind tunnel is behaving in a similar fashion to the forces modeled in
the computer.  Once that is completed, work will commence on putting together a
real world test.  This is projected to begin in July, 2003.

This work will start with a venture out to the remote location somewhere in
the Caribbean island chain.  There are numerous waves that move off the African
coast during the course of the season, and probably the best time for performing a
real life test of this concept on a tropical wave would be at this time since conditions
aren’t favorable for significant hurricane development.  Once this test is done, the
cycle of analysis begins, and a decision will be made to pursue the research further.

Below is a more specific breakdown of the timeline.

♣ April, 2002—Proposal is submitted to the National Science Foundation for
approval.

♣ May, 2002—Project Manager is named, and contacts with NSF and Florida
State begin.
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♣ June, 2002—Work begins on assembling a team and allocating essential
resources.

♣ July, 2002—Upon approval, the team will meet at Florida State University
and set forth an agenda for the project.  Officials of the NSF and Florida State
University conduct a review of the project.

♣ August, 2002—Project team completes orientation for both the facilities and
the project itself.

♣ September, 2002—Project team commences research with preliminary
investigation into computer models on upper level wind patterns and
hurricane cloud structure.

♣ October, 2002—Researchers begin analysis of computer data of wind
patterns and hurricane cloud structure.  Analysis will try to detect what forces
are at work at the upper levels when shear exists.

♣ November, 2002—Analysis of computer data continues while work in putting
together the lab for the simulated storm situation begins.  Project is given
another quarterly evaluation by the NSF and Florida State.

♣ December, 2002—Researchers complete analysis on the computer data, and
a basis or foundation is created by which the next stage of the research will
be followed.  Final preparations are made for the upcoming lab experiment.

♣ January, 2003—The next phase of the research project commences with the
team getting together in the lab and conducting experiments with the artificial
storm cloud structure and the wind shear.

♣ February, 2003—Work continues in the lab with the simulated storm.  Data
is collected and analyzed by the researchers to see whether or not their
conclusions from the computer data are valid.

♣ March, 2003—Lab work concludes with further analysis of the data collected
from the experiment.  Analysis of this data is compared to and combined with
the results of the computer analysis to amend the basis of the first
experiment to create a new foundation for the next experiment.

♣ April, 2003—Analysis is done by the NSF and Florida State University to
determine whether more funding is needed.  Meanwhile, preparation begins
for the next stage of the research.

♣ May, 2003—Upon approval of additional funding by the NSF, the project
team moves out to the remote location in the Caribbean to continue work on
the next portion of the research experiment.

♣ June, 2003—Final preparations are made for the real world experiment on a
storm cloud or tropical wave in the Central Atlantic.

♣ July, 2003—Work commences on the next stage of the research experiment.
Pilots will begin flights into Central Atlantic near the Lesser Antilles to
determine what disturbances would be good for the experiment.
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♣ August, 2003—Test is conducted on a wave in the Atlantic.  Research
analysis begin while evaluation of project is conducted by the NSF and Florida
State.

♣ September, 2003—Analysis continues as project team heads back to FSU
now that the height of the hurricane season begins.  Researchers begin to put
together their findings and generate a report on them as well.

♣ October, 2003—Analysis and report work continues.

♣ November, 2003—Analysis and report work continues.  Project team meets
to review findings and discuss them.

♣ December, 2003—Analysis draws to a close while report work continues.
NSF conducts another evaluation of the project.

♣ April, 2004—Research report is submitted by the project team to the NSF.
NSF begins analysis of report and evaluation of the project for more funding.
If approved, the team will commence work on an experiment with a
depression.



16

BUDGET

The following is a detailed budget for the proposed research experiment.  This
budget is based on a similar project by Dyn-O-Mat for their Dyn-O-Storm product.
With the help of both Florida State University and the National Science Foundation in
terms of funding, the resources required for the research experiment can be
obtained.  Currently, this is a preliminary budget since there are details still being
worked out.

Budget Breakdown…

The budget for the research experiment will consist of two major components:  (1)
The facilities required for housing, conducting the research, and performing the
experiments, and (2) The resources required to conduct the research experiments.
In Figure 10 below, there is a percentage breakdown of the costs for the two major
components.

As shown in Figure 10, the majority of the cost for this research project will be
needed to allocate the necessary materials such as aircraft, wind tunnel, computers,
and personnel such as pilots to fly the aircraft into storms, data collectors, and
researchers to analyze the data.  The percentage breakdown of these resources is
given in Figure 12.  Figures 11 and 12 show a more specific breakdown of the
Facilities and Materials budgets.

24%

76%

Facilities

Materials

Percentage Breakdown of Proposed Budget

Figure 11

28%

3%
14%

55%

Labs

Airport

Remote Location

Housing

Figure 12

Percentage Breakdown of Facilities Budget
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Now, the final budgetary info is a detailed itemized budget in Figure 13 below.  This
consists of all the elements of each component.  The detailed breakdown also
includes info on how the costs were calculated.

Figure 14

Total Itemized Cost for Project

Budget Justification…

This project is a very ambitious one.  However, compared it to the 400,000 dollars
worth of powder used by Dyn-O-Mat to eradicate a storm cloud, this is a manageable
budget.  Overall, the budget is still very comparable to that of the Dyn-O-Mat project
although they are using a different means to go about modifying a hurricane.  These
costs have been updated, and determined by resources allocated for the Dyn-O-Mat
project, and actual research done on what it would take to conduct this experiment.

(1) Facilities:  This is based on the need for a laboratory to conduct the research
and experiments in, airport or airfield to fly reconnaissance aircraft into and

Facilties
Labs $100,000
Airport $10,000
Remote Location $50,000
Housing (20 people) $192,000
Subtotal $352,000

Materals

Aircraft $250,000
Wind Tunnel $25,000
Computers $100,000
Pilots (6 at $37,500 for 6 mos.) $225,000
DATA Collectors (10 @ $10/hr) $208,000
Researchers (5 @ $60,000/year.) $300,000

Bottom Line Grand Total $1,460,000

23%

2%

9%

20%19%

27%

Aircraft

Wind Tunnel

Computers

Pilots

Data Collectors

Researchers

Percentage Breakdown of Materials Budget

Figure 13



18

out of storms, a remote location that will have a lab and airfield to do work on
analyzing real world experiments involving a tropical wave or depression.
There will also be a need for housing for a total of about 20 people.  The
housing costs are based a cost for an average apartment, which is about
$800 dollars.  This price includes some utilities as well.

(2) Material:  This is the bulk of the costs as the total materials or resources
required to conduct this research experiment accounts for about 80% of the
total budget for the project.  This includes the cost for using airplanes,
computers, special weather related equipment such as dropsondes, satellite,
radar, cloud making substances, and a wind tunnel, and finally for personnel.

The personnel is broken up into three distinct categories:  Pilots, Data
Collectors, and Researchers.  The pilots will be hurricane hunter pilots.  There
will be two for each major part of the day:  mornings, afternoons, and
evenings, and they will only be required for six months out of the year to fly
into storms.  Data Collectors will consist of graduate students pursuing
meteorology, and will make an hourly wage for their work.

Finally, we have the researchers, who will be the driving force of the project.
They will put forth the agenda to follow during the course of the research
experiment, and they will be analyzing the data collected during the research.
It is important to note that while the pilots will only be needed for six months
out of the year, data collectors and researchers will be needed constantly
since lab work and experiments will be conducted throughout the year.
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DISCUSSION

It is essential to have an evaluation of the program, especially since the
research and experimentation will yield results that will determine whether to go on
to the next step.  During each phase of the process, from the preliminary
investigation to the completion of the experiment on an actual hurricane, the project
will be evaluated to see what has been accomplished, and most importantly what has
been learned.  The results from each evaluation will be used as the basis for the next
step in the research experiment.

At the end of the preliminary investigation, an evaluation will be done by the
researchers and the project leader on the information given by the computer models
of the upper level wind patterns.  The results will then be used as a basis for
understanding what forces are at work to create these upper level wind patterns.
From there, it will be determined what forces will be beneficial to use to destroy the
hurricane’s vertical structure.

Using the analysis from the preliminary investigation, an experiment will be
conducted in the lab using a wind tunnel that will recreate an upper level wind
environment that is hostile to hurricane development.  It will be used on an artificial
cloud structure similar to the vertical cloud column in a hurricane.  Researchers will
evaluate how the vertical cloud column behaved when the forces created by the
upper level wind acted on it.  The analysis obtained will be used as the foundation for
the next step, which will be using these forces on a storm cloud or tropical wave.

Building on the successful outcome from the previous step, the project team
will then try to develop a process that would recreate a man-made artificial
disturbance at the upper level that will be deployed on a tropical depression to see
how it behaves in that instance.  Again as with the previous steps, results from the
interaction of the upper level wind forces and the depression will be evaluated.  At
this point, a determination will be made based on the analysis from the previous four
steps to decide whether or not to go any further and test this process on a hurricane.

By developing an alternative to just the concept of improved forecasting
methods, building codes, and emergency management procedures, scientists will
have another tool at their disposal that may prove beneficial even if the research
ultimately fails. The benefits from such research will help researchers and forecasters
to better understand what goes on in a hurricane, and generate more accurate
forecasts for both a hurricane’s future track and intensity.  With the advancements
made in meteorology in the past 100 years, and the rapid improvement in
technology over the past couple of decades, the time is now to revisit this subject.
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