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Abstract

This research introduces a groundbreaking methodology aimed at mitigating
storm and hurricane intensity through the application of a ground-based,
manually operated Cloud Condensation Nuclei (CCN) Generator. To meet
the demand for more comprehensive context and rationale, this study ex-
plores the escalating challenges presented by the growing intensity of hurri-
canes, exemplified by Hurricane IAN (2022). The controlled release of envi-
ronmentally friendly aerosols into the atmosphere, achieved by combusting
selected wood pieces and organic edible materials, is a pivotal response to the
escalating threat of extreme weather events. By generating CCN, the novel
approach seeks to augment positive lightning in the eyewall, providing a po-
tential solution to the intensification of hurricanes. Results illustrate the suc-
cessful implementation of the methodology, with released aerosols effectively
reaching the clouds for seeding, thus contributing to the modification of con-
vection in the outer wall of Hurricane IAN and consequent intensity reduc-
tion. Rigorous experiments, incorporating considerations of various parame-
ters such as wind patterns and the experimental location in Sarasota City,
emphasize the scientific rigor applied to weakening Hurricane IAN. This
comprehensive approach not only holds promise in mitigating hurricane in-
tensity but also sheds light on the potential impact of cloud seeding in reduc-
ing the severity of future hurricanes, addressing a critical need for sustainable
solutions to climate-related challenges.

Keywords

IAN 2022, Hurricane Mitigation, Lightning, Aerosol, Cloud Condensation
Nuclei (CCN)

1. Introduction

It is anticipated that Hurricane IAN’s (2022) impact will be on par with or ex-

DOI: 10.4236/gep.2023.1112002 Dec. 8, 2023 13

Journal of Geoscience and Environment Protection


https://www.scirp.org/journal/gep
https://doi.org/10.4236/gep.2023.1112002
https://www.scirp.org/
https://doi.org/10.4236/gep.2023.1112002
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

V. Chaganti, M. K. Cheruvu

ceed the levels of storms such as Andrew, Charley, Wilma, Irma, and Michael, all
of which caused damage costs exceeding $ 20 billion (USD) (source: National
Centers for Environmental Information). Researchers at the International Hur-
ricane Research Center (IHRC) have recently conducted a study aimed at mitigat-
ing the adverse impacts of hurricanes on residential buildings and other structures
(Leatherman et al., 2007). The economic impact of climate-related disasters in the
United States of America has exceeded $ 600 billion over the last five years
(2016-2020) (Smith, 2021).

David Alexander suggested that the real-time integration of satellites, micro-
computers, communication satellites, and other technologies could enhance
natural disaster management (Alexander, 1991). According to a report, the be-
havior of hurricanes can be influenced by atmospheric and oceanic conditions in
their surroundings (Merrill, 1988). Furthermore, Laska and Morrow highlighted
the influence of social vulnerability on the outcomes of natural disasters, such as
hurricanes (Laska & Morrow, 2006). They emphasized the need to consider au-
tomated decision support systems utilizing computer technology for hurricane
mitigation planning (Berke & Stubbs, 1989). Defu Liu and Fengqing Wang con-
ducted a study on a statistical prediction model for typhoon-induced wave
height and wind speed. They emphasized the significance of conducting risk as-
sessments for design codes related to coastal defense infrastructures (Liu &
Wang, 2019).

Hurricanes and storms can cause various destructive effects, including torna-
does, heavy rains, winds, thunder, and hail. These disturbances in the environ-
ment can result in property damage, harm to lives, and widespread flooding. It
was reported that Hurricane Wilma in October 2005 caused $ 16 billion in
damages in South Florida, USA (Leatherman, 2011). Additionally, Hutton em-
phasized the importance of electricity maintenance and restoration after hurri-
cane disasters to preserve the well-being and health of people relying on
life-sustaining medical equipment (Hutton & Allen, 2020). To remotely monitor
man-made structures during hurricane events, a distributed software system was
developed (Otero, 2009).

To effectively mitigate hurricane-induced damages, English, Friedland, and
Orooji suggested employing amphibious construction techniques that can re-
duce flood damage without vulnerability to wind (English et al., 2017). Addi-
tionally, a study emphasized the importance of focusing on IT research areas for
emergency management and crisis support during extreme events (Jefferson,
2006).

Kerry Emanuel’s hypotheses propose that the maintenance and intensifica-
tion of tropical cyclones depend on self-induced heat transfer from the ocean
(Emanuel, 1986). Furthermore, it has been observed that industrial air pollution
increases the intensities of storms and hurricanes due to enhanced heat and wa-
ter condensation (Fritts, 2020). Sarah Gibbens noted that climate change and

global warming contribute to the rapid intensification of storms and hurricanes
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(Gibbens, 2020).

Various experimental and simulated studies have explored the effects of aero-
sols on storm systems. Sea-salt aerosols were observed to impact the structure
and precipitation of developed tropical cyclones, leading to changes in warm
core structure, precipitation distribution, and convective precipitation (Luo et
al., 2019). Additionally, anthropogenic aerosols were found to decrease the cloud
effective radius, thereby suppressing warm cloud precipitation, and releasing la-
tent heat (Khain et al., 2010; Rosenfeld & Woodley, 2000; Rosenfeld et al., 2008;
Andreae et al., 2004). These aerosols act as Cloud Condensation Nuclei (CCN)
and facilitate the transport of cloud water to the freezing layer.

Project STORMFURY conducted artificial modification by stimulating con-
vection outside the hurricane/storm eyewall through silver iodide seeding, re-
sulting in decreased wind speeds on certain days. The authors argued that this
stimulated convection competes with the convection in the original eyewall,
leading to changes in the eyewall’s radius and subsequent decreases in wind
speed. They emphasized that even a 10% reduction in wind speed can signifi-
cantly mitigate the damage caused by hurricanes (Willoughby et al., 1985).

Drawing from insights gained in the STORMFURY project, Daniel Rosen-
feld’s findings indicate that simulated numerical models demonstrated the po-
tential for aerosols responsible for cloud condensation to weaken storms. The
study encompassed a range of land and ocean aerosols, such as Black Carbon,
Organic Carbon, Dust, Sea Salt, and Sulphates, in its simulations (Rosenfield et
al., 2011).

Research has shown that anthropogenic aerosols discharged from land can
enhance the convective precipitation rate at the periphery of Tropical Cyclones,
as supported by research work (Jiang et al., 2016). This finding aligns with our
existing research efforts aimed at artificially modifying the convection in the
outer wall of hurricanes.

Griffith introduced a ground-based, manually operated Silver Iodide genera-
tor for winter cloud seeding to induce snowfall. Their approach utilized a seed-
ing solution composed of a 3% solution of silver iodide complexed with sodium
iodide and paradichlorobenzene, dissolved in acetone. This mixture was then
burned in a propane flame (Griffith et al., 2009).

It was analyzed that the intense lightning activity during the eruption of
Hunga Volcano in Tonga in January 2022, attributing it to the exceptional mass
eruption rate that rapidly expanded and entrained abundant seawater, leading to
its vaporization through magma-water interaction. The findings show that a suf-
ficiently powerful volcanic plume can create the conditions for electrical activity
(Van Eaton et al., 2023).

(Latham & Williams, 2001) reported that the efficiency of lightning fires is less
than 0.04 fires per cloud-to-ground flash or approximately one to four flashes in
100 starting fires in much of North America. Wildfires have the capability to

generate their own thunderstorms, as noted by AccuWeather Meteorologist
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Jordan Root (Schmidt, 2023). He explains, “The hot air generated by a wildfire
will rise and create an updraft. As the air rises, moisture will cool and condense
into tiny water droplets on the ash creating a cloud”.

Chris Vagasky, a meteorologist with Vaisala (Lee, 2022), an environmental
measurement company that owns and operates the National Lightning Detec-
tion Network, emphasizes the three necessary components for this phenomenon:
moisture, instability, and a source of lift.

Laboratory and field experiments (NASA, 2010) have revealed that the core of
certain lightning bolts can reach temperatures of up to 30,000 Kelvin (53,540 °F),
which is hot enough to instantly melt sand and break oxygen and nitrogen mo-
lecules into individual atoms.

Hurricanes with lightning, maximum sustained winds and lightning frequen-
cy are significantly correlated (Price et al., 2009).

Through the study of lightning, a team of NASA scientists is striving to de-
velop innovative methods for forecasting the intensity of impending hurricanes
(NASA, 2021). Traditionally, an escalation in lightning activity within a storm
signifies the likelihood of its strengthening. However, there are instances where
even weakening hurricanes experience significant lightning outbreaks, necessi-
tating meticulous analysis of supplementary data for accurate predictions re-
garding a hurricane’s intensity.

Zhang reported that an increase in the percentage of positive lightning in the
eyewall during an outbreak may suggest an imminent period of storm weaken-
ing (Zhang et al., 2012). They also noted that lightning is observed across all
storm intensity change categories: rapid intensification (RI), average intensity
change (AIC), and rapid weakening (RW) (Zhang et al., 2015). The differences
in Lightning Density (LD) between RI and RW are largest in the inner core, with
LD for RI cases being larger than for RW cases in the inner core (0 - 100 km).

Chaganti and Cheruvu, described an experimental methodology to weaken the
intensity of storms and hurricanes by utilizing a ground-based manually operated
Cloud Condensation Nuclei (CCN) Generator (Chaganti & Cheruvu, 2022).

In this paper we consider the research works (Van Eaton et al., 2023; Latham
& Williams, 2001; I; II; III; Price et al., 2009; NASA, 2021; Zhang et al., 2012;
Zhang et al., 2015; Chaganti & Cheruvu, 2022) and present our work to show the
mitigation of Hurricane IAN (2022) in the Sarasota City, Florida, USA where we

performed our experiments.

2. Materials and Methods

The motivation of our experiments is based on the following research factors:

¢ A sufficiently powerful volcanic plume can create conditions conductive to
electrical activity (Van Eaton et al., 2023).

e An increase in the percentage of positive lightning in the eyewall during an
outbreak may indicate an impending period of storm weakening (Zhang et
al., 2012).
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e Employ an experimental methodology aimed at reducing the intensity of
storms and hurricanes by utilizing a ground-based manually operated Cloud
Condensation Nuclei (CCN) Generator (Chaganti & Cheruvu, 2022).

To achieve these factors, it is necessary to release a substantial quantity of
plume before the hurricane arrives in the experiment vicinity. As the hurricane’s
outer wall and eyewall encounter the plume first, there is a high likelihood of
creating conditions conducive to electrical activity and an increase in the per-
centage of positive lightning in the hurricane’s eyewall. Our chosen method, as
outlined in (Chaganti & Cheruvu, 2022), involves generating large amounts of
ground-based Cloud Condensation Nuclei (CCN) in the form of smoke (plume)
using a manual generator, which burns organic materials in significant quanti-
ties following a systematic procedure. The process for generating substantial
quantities of CCN is detailed below.

2.1. Cloud Condensation Nuclei Generator

In our research endeavors, we have undertaken a series of experiments involving
the release of environmentally friendly aerosols into the atmosphere. The pri-
mary objective of these experiments is to generate cloud condensation nuclei
(CCN) through controlled burning of specific wood pieces from designated trees
and certain organic edible materials. This innovative approach aims to mitigate
storm intensity by artificially modifying the convection of the hurricane’s outer
wall and increasing the percentage of positive lightning in the eyewall during an
outbreak (Jiang et al., 2016; Griffith et al., 2009; Van Eaton et al., 2023; Latham &
Williams, 2001; Schmidt, 2023; Lee, 2022; NASA, 2010; Price et al., 2009; NASA,
2021; Zhang et al., 2012; Zhang et al., 2015; Chaganti & Cheruvu, 2022).

As previously described in the research paper (Chaganti & Cheruvu, 2022), we
are replicating the same procedure in this study, utilizing a copper fire pit with
specific dimensions: 30 inches in diameter, 9 inches in depth, and approximately

2 mm in thickness (refer to Figure 1).

Figure 1. Ground based CCN Generator.
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2.2. Maintaining the Integrity of the Specifications

We conducted three experiments involving the burning and release of CCN,
each lasting approximately 90 minutes. In each session, we introduced a prede-
termined quantity of material into the fire pit at regular intervals of 10 to 20
seconds. These sessions took place on the evening of September 26, 2022, from
6:00 PM to 7:30 PM; the morning of September 27, 2022, from 7:00 AM to 8:30
AM; and the evening of September 27, 2022, from 6:00 PM to 7:30 PM. Although
each experiment was conducted over a 90-minute period, the burning process
continued for approximately 24 hours. Consequently, we utilized distinct fire
pits for each of the three experiments.

According to the Earth Observatory of the National Aeronautics and Space
Administration (NASA), smoke from forest fires can ascend to altitudes of 2 to 3
km and spread up to 300 km in the direction of the prevailing wind, while des-
cending up to 1 km (NASA Earth Observatory, 2018). As the smoke rises, its
volume increases due to cooling caused by lower density at higher altitudes.
During this ascent, smoke particles can act as cloud condensation nuclei (CCN)
if they possess hygroscopic properties, potentially leading to cloud formation at
those elevations.

The dispersion of smoke is influenced by various factors, including surface
winds, relative humidity, temperature, atmospheric stability, mixing height, trans-
port winds, long-range transport, down drainage, plume rise, and dispersion index
( “Fire Weather Definitions”, 2023).

Given the substantial number (amount) of materials burned as detailed in
(Chaganti & Cheruvu, 2022), an abundant quantity of plumes is generated, as-
cending to significant heights. The cloud condensation nuclei (CCN) produced
in our experiments are highly likely to develop into cloud drops at the atmos-
phere’s lifting condensation level (LCL). This process contributes to our compre-
hension of cloud seeding and its potential influence on reducing storm intensity.

We have meticulously considered parameters such as wind patterns, the expe-
rimental location, and the surroundings during our experiments. To minimize
any potential disruptions caused by rainwater, the experiments were conducted
in an open space with a high roof, protecting the firepit from direct rainfall. Ad-
ditionally, to mitigate the influence of winds (if present), we arranged temporary
wooden protective walls around the experimental setup.

Initially, there was an estimation that Storm IAN 2022 would intensify into a
Category 4 hurricane and make landfall near the Tampa Bay region. However, in
a later announcement by the National Hurricane Center at approximately 03:05
PM on September 28", 2022, Hurricane IAN instead struck Cayo Costa, a barrier
island located west of Cape Coral and Fort Myers, 50 miles south of Sarasota
City, Florida. It made landfall as a Category 4 hurricane (NOAA, 2022a).

3. Results and Analysis

In Sarasota City, FL, USA, we conducted a series of three experiments. The first
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experiment took place on September 26%™, 2022, from 06:00 PM to 07:30 PM.
Subsequently, our second experiment was carried out on September 27%, 2022,
from 07:00 AM to 08:30 AM. The final experiment was conducted later that day,
on September 27%, 2022, from 06:00 PM to 07:30 PM.

On September 26%, 2022, between 06:00 PM and 07:30 PM the wind direction
as shown in Figure 2 was blowing from SE but for the rest of the night it was
from East to West.

On September 27, 2022, between 07:00 AM and 08:30 AM the wind direction
as shown in Figure 3 is blowing from East to West.

On September 27%, 2022, between 06:00 PM and 07:30 PM the wind direction
as shown in Figure 3 was blowing from ENE and most of the night it was blow-
ing from ENE.

On September 28%, 2022, from Figure 4, we can deduce that the entire day the
wind was almost blowing from NNE.

It is evident from (Van Eaton et al., 2023; Latham & Williams, 2001; I) that
rising plumes can create the conditions for electrical activity. If an increase in
the percent of positive lightning (Zhang et al., 2012) in the eyewall during an
outbreak, it may suggest a coming period of storm weakening. From (Zhang et
al., 2015) we understand that if the Lightning Density difference is large between
inner core (<100 km) and outer core, then Rapid intensification is more and if it
is the other way round then Rapid weakening is possible.

On September 26" and 27, 2022 we did our experiment and released ground
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Figure 2. Direction of wind flow in Sarasota City, FL on September 26, 2022 (Courtesy: Sept 26%, 2022,
Weather Spark, 2022a).
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Figure 3. Direction of wind flow in Sarasota City, FL on September 27, 2022 (Courtesy: Sept. 27t 2022,
Weather Spark, 2022b).
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based CCN in Sarasota City, FL, USA. The plume was continuously released for
90 minutes in each session with a total of 3 sessions. According to (NASA Earth
Observatory, 2018) the smoke can rise (forest burning) to a height of 2 km to 3
km and spread to 300 km in the wind direction while descending 1 km. We ex-
pect the burning of the material in our experiment must have reached a similar
distance and height.

From Table 1 we observe that on September 27, 2022, wind speed average was
about 10.2 miles per hour and the average direction was ENE. Considering 24
hours of time the plume must have spread from zero to 300 km. As we can see
from Figure 4, the direction of wind flow on September 28% 2022, was almost
NNE making the plume to be directed to the incoming Hurricane. From (Schmidt,
2023) we understand that the hot air generated by a wildfire will rise and create
an updraft. From (Van Eaton et al., 2023) we understand that the particles in the
plume cause intense lightning due to a downdraft. An updraft and downdraft
cause weakening of the Hurricane’s horizontal winds and this causes the Hurri-
cane to weaken.

According to NOAA Hurricane IAN was at the location shown in Figure 5.
Also, from Figure 6, and Figure 7 we can observe the lightning is present only
in the outer wall and the core does not have lightning. Therefore, we see that the
difference in the Lightning Density is negative in the core and positive in the
eyewall of Hurricane IAN. Also, lightning causes the release of extreme heat and
the air expands (NASA, 2010). This causes stimulated convection in the Eye-
wall/Outer wall of the Hurricane and further weakens the Hurricane (Willoughby
et al., 1985).

Table 1. Daily Wind Speeds in Sarasota City, September 2022 (Weather Underground,

2022).
Wind Speed Wind Speed Wind Speed
Max (mph) Avg (mph) Min (mph)
Sep 26, 2022 17 6.6 0
Sep 27, 2022 15 10.2 5
Sep 28, 2022 48 31.7 10
night day night
360 deg l il N
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270 deg w
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Figure 4. Direction of wind flow in Sarasota City, FL on September 28, 2022 (Courtesy: Sept 28%, 2022,
Weather Spark, 2022c).
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Figure 5. Hurricane IAN has an eye that was 40 miles wide (Karacostas, 2022) and hurri-
cane force winds that extend another 100 miles beyond that (Courtesy NOAA).

Figure 6. Lightning in the outer walls of Hurricane IAN (courtesy NOAA).
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Figure 7. Lightning in the Eyewall of Hurricane IAN on 28" September 2022. (Courtesy:
Blitzortung.org, 2022).
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This indicates that Hurricane IAN had weakened due to the lightning in the
eyewall. This lightning is a definite cause due to the plume that we released in
our experiment on September 26" and 27, 2022 in Sarasota City, FL, USA.

The additional aerosols released by our experiment potentially triggered ar-
tificial stimulation outside the hurricane/storm eyewall (Willoughby et al., 1985;
Rosenfield et al., 2011; Chaganti & Cheruvu, 2022), resulting in reduced wind
speeds and subsequent mitigation of Hurricane IAN in Sarasota City.

We can see the Lightning in the Eyewall (Figure 6) and on September 28,
2022, the Eye of the Hurricane (WFLA News Channel 8, 2022) was at about 153
km (Figure 8). According to (Zhang et al., 2012), an increase in the percent of
positive lightning in the eyewall during an outbreak may suggest a coming pe-
riod of storm weakening. From (Zhang et al., 2015) we understand that the dif-
ferences in Lightning Density (LD) between Rapid Intensification (RI) and Rap-
id Weakening (RW) are largest in the inner core and the LD for RI cases is larger
than for RW cases in the inner core (0 - 100 km).

y a
i e )
| Fdrtyers

9) I
Bonit

Key ‘. rgo
STavernier
Islamorada

Measure distance
Click on the map to add to your path

Total distance: 153.31 km (95.26 mi)

Figure 8. 28" September 2022 at 12 noon UTC (NOAA, 2022b) Hurricane IAN Location Map.
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4. Discussion

Our experiments in Sarasota City, FL, USA, instigated an evaluation of the con-
sequences of Hurricane IAN 2002 on the region. Reports indicate minimal
damage in Sarasota City, with downed trees and utility lines reported but limited
compared to nearby cities (XVII) as depicted in Figure 9. Wind speed and pre-
cipitation data as shown in Table 2 further suggest that Sarasota City expe-
rienced relatively lower wind speeds and moderate precipitation compared to
Punta Gorda, Bradenton, and Tampa.

While these preliminary findings imply a potential correlation between our

experiments and reduced damage in Sarasota City, a comprehensive assessment

Arcadia
(DeSoto)

Bradenton
(Manatee)

(Sarasota)

Punta Gorda
(Charlotte)
Fort Myers
(Lee)  Naples /
(Collier)

-

Figure 9. Sarasota and nearby Cities on Florida Map, USA (Courtesy: Florida Map Image
by Vectorportal.com).

Table 2. Wind Speed and Precipitation at Sarasota and nearby Cities, September 28, 2022
(Borresen & Procell, 2023).

County City Wind Speed (mph) Precipitation (inch)
Charlotte Punta Gorda 145 23
Lee Fort Myers most damage -
Collier Naples most damage -
Manatee Bradenton 86 10
DeSoto Arcadia - 16.8
Hillsborough Tampa 75 -
Sarasota North Port - 21
Sarasota Sarasota 50 -
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requires considering local infrastructure, preparedness, and additional factors
beyond weather conditions. Further investigation into cities with missing data is

essential for drawing comprehensive conclusions about the overall impact.

5. Conclusion

In conclusion, the groundbreaking experimental methodology employing a
ground-based Cloud Condensation Nuclei (CCN) Generator has demonstrated
promising results in mitigating Category 4 Hurricane IAN (2022)’s intensity in
and around Sarasota City, FL, USA. Through controlled burning of selected
wood pieces and organic edible materials in the CCN Generator, environmen-
tally friendly aerosols were released into the atmosphere, effectively seeding the
clouds during Hurricane IAN. The aerosols’ successful integration into the hur-
ricane’s eyewall was evidenced by the observed increase in positive lightning
during the hurricane’s outbreak. This was substantiated by comparing lightning
density patterns, indicating that the plume’s introduction contributed to the
weakening of Hurricane IAN. Our experiments must have potentially reduced
the wind speeds subsequently mitigating Hurricane IAN via induced convection
in Sarasota City. This novel approach showcases the potential of CCN Genera-
tion to influence hurricane dynamics, resulting in a weakening effect on cata-
strophic hurricanes. The experiment’s careful consideration of various parame-
ters including the wind patterns emphasizes the significance of a well-designed
approach for future hurricane intensity reduction strategies. Subsequent reports
on the aftermath of Hurricane IAN in Sarasota City reinforced the idea that the
experiment had lessened the hurricane’s impact, as evidenced by the limited
damage in the city compared to the substantial destruction observed in nearby
cities. This research contributes to our understanding of environmentally
friendly cloud seeding and its impact on hurricane intensity, further studies are
warranted to refine the technique and enhance our preparedness for dealing
with future hurricanes with the potential to protect widespread destruction and

economic losses.
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