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ABSTRACT

Not very rare in reality, socially very dangerous rapid intensification (RI) of tropical cyclone (TC) during landfall
remains actually an unpredictable phenomenon. Attempts to identify the presence of such a critical forecasting problem
have so far been unsuccessful. In the work, the problem is again considered within the framework of the alternative so-
called Equilibrium Translation Model (ETM). The basis for the consideration is TC lan (2022), the unique parameters
of which make it possible to refine and strengthen the previously obtained results. The new findings are further
supported by analysis of the parameters of TC Charley (2004) who committed landfall in the same region. Potential of
so-called Alignment number (An) is once again demonstrated to be an effective hazard identifier.
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Introduction

Judging by the practice of forecasting the TC development, existing theoretical and numerical
models do not even allow for the existence in nature of the phenomenon of the TC intensification during
landfall: forecasts based on them practically never predict such a development [1].

In general, there is indeed at least one strong factor aimed at reducing the TC intensity during
landfall. This is a fairly rapid decrease in the area of the sea surface underlying a TC with a decrease in
seawater heat inflow serving as “fuel” for the cyclonic motion. Existing models seem to give to this factor an
absolutely dominant role.

At the same time, during landfall, not only simple but even the TC Rl is in fact not at all a rare
natural phenomenon.

According to [1], among 38 powerful (fourth and fifth intensity categories) TCs that made landfall
around the world in 2004-2013, more than a third (16 TCs) rapidly intensified during landfall with the most
severe consequences (among them, TCs Charley (2004), Felix (2007), Haiyan (2013)).

However, regular forecasts in no case predicted the TC intensification during landfall.

A similar rigid standard of not predicting the phenomenon was also maintained in subsequent years,
including, for example, the landfall of TC lan in southwest Florida in 2022 [2]. By the way, all this is
happening even against a trend towards improving the prognosis of cases of TC RI in areas of the open sea
(not related to the landfall stage) [3-4].

The very existence of the TC RI phenomenon during landfall fundamentally calls into question the
adequacy of existing theoretical and numerical models. Overcoming resulting deadlock long ago required
identification of the problem by separating it from the general class of RI, which was not done. No steps
were taken for a general analysis of individual cases of the TC RI during landfall. Despite being based on
extensive field data, the first generalization of the critical forecasting problem [1] remained outside the
attention of researchers of tropical cyclogenesis (not a single citation).

In important reviews published later [3-5], the problem of forecasting the TC RI during landfall is
not even mentioned. In a slightly different aspect, only work concerning the possible multiplication of this
phenomenon with global warming [6] addresses the problem (more details below).
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At the same time, the above seemingly fundamental contradictions find a logical resolution within
the framework of the ETM [7-12], which considers a TC as a giant natural heat engine, the mechanical
output power of which depends on two parameters - heat inflow and heat conversion efficiency. By the way,
the latter can vary widely regardless of the former.

Below, the problem is again considered within the framework of the ETM, using as a new base TC
lan (2022), rapidly intensified during landfall in southwest Florida [2, 13].

The unique parameters of lan make it possible to refine and strengthen the previously obtained
results. The new findings are further supported by analysis of the parameters of the similar landfall of TC
Charley (2004) in the same southwest Florida. A much more reliable determination of the critical value of
the An (Anc) corresponding to RI has been achieved. This was also facilitated by new, more accurate TCHP
maps [14].

Equilibrium Translation Model: concept and promotion strategy

The long-term inability to correctly predict the TC RI, reflecting the need to overcome the lack of
understanding of the thermohydrodynamics of decisive interactions in the system sea-cyclone-atmosphere
has attracted the author’s attention since the 2000s [3-4].

At the first stage of a purely qualitative analysis, the conclusion was made that, in a TC, an internal
thermal drive arises, directed towards an increase in the sea surface temperature (SST). Next, the presence of
a negative feedback between the internal thermal drive and TH translation speed was established, which
made it possible to introduce the TC equilibrium translation concept.

Next, the key assumption was made that equilibrium translation mode is the basis of the RI
phenomenon. In other words, it was assumed that when the main TC drive, large-scale environmental wind
and the TC internal thermal drive are in certain conformity, this huge natural heat engine becomes most
efficient in converting sea water heat into wind energy, resulting in the RI.

The validity of the ETM can be assessed by the adequacy of its final product - the dimensionless
similarity number, named by the author Alignment number — An (Dr. Gvelesiani suggested calling this
parameter the Shekriladze number [15]).

An is equal to the ratio of the total amount of TCHP contained under the sea surface, “processed” by
a TC per unit time, to the heat transferred during the same time from the sea surface to the TC - a factor that
determines the establishment of equilibrium translation (if we wanted to use a physically more logical
reciprocal, we would have to deal with fractional quantities that are inconveniently small for the similarity
number).

The basic equation for the An can be written as follows [7-12]:
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where Ass is an area inside tangent wind velocity 34 knots (corresponding to the TC outer boundary, as assumed in
regular forecast advisories) (m?); q is integral heat flux (sensitive and latent) from the sea surface to a TC averaged
inside Ass (W / m?); Q is tropical cyclone heat potential (TCHP) averaged inside Az (J / m?); 85S¢ is increment of the

cooled sea surface (cooled sea surface remaining behind a TC during unit time) (m?/s).

Here, the role of the tangential wind speed field is reflected by the parameter g, determined by a
three-zone heat transfer model [12] taking in account the wind speed distribution specified in the regular
forecast advisory. The combined effect of the environmental wind and internal driving force is reflected by
the parameter &S.. Based on comparison with available field data, the main conclusion was made that the TC
equilibrium translation, accompanied by the RI, always must occur at a constant, critical value of the
alignment number An¢ = const.

The prospect arose to overcome the historical impasse in forecasting the TC intensity and, most
importantly, the TC RI. In addition, the ETM has shown the potential to provide a basis for analysis of a
number of other important aspects of tropical cyclogenesis, including the TC unusual trajectories, the
formation of secondary eyewalls, and the impact of global warming.

It became clear that the results obtained could only make sense if, after a thorough re-verification,
they became the basis for a virtually complete restructuring of large-scale studies of tropical cyclogenesis. It
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was also clear that achieving widespread interest in a field of research new to the author of the study was
also not an easy task.

To this end, a strategy was adopted to highlight the identification, for the first time in almost a
hundred years of research, of the similarity number characterizing the TC development, and to reinforce the
significance of the latter as much as possible by demonstrating the correlation of its critical value with Rls in
an ever-increasing number of real TCs.

Of course, optimism was built on the general recognition of the TC RI forecasting as the most
important unsolved problem in the field.

As for other aspects of tropical cyclogenesis, it was decided not to focus on them at all, since they
could only be supported by qualitative considerations.

Simultaneously, there was hope that when reading the publications, colleagues themselves would
reveal the multidimensionality of the ETM. Moreover, some of these possibilities were practically lying on
the surface.

First of all, this concerned the almost obvious projection of the model onto the phenomenon of so-
called unusual trajectories, the second most important unsolved problem of tropical cyclogenesis after the Rl
forecasting.
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Fig. 1. Scheme of internal thermal drive. Fig. 2. The occurrence of TH lateral movement.

Internal thermal drive (Fig. 1) is formed by a transverse gradient of static pressure on the eyewall
cloud, which, in turn, arises due to the presence of a difference in the temperature of the air sucked into the
wall around its circumference. In general, the internal drive direction depends on the point at which the
warmest air hits the wall, which may not coincide with the frontal point of the eyeall (Fig. 2).

In our publications, without any explanation, the condition a = 0 is automatically accepted as one of
the conditions for the implementation of equilibrium translation. Such a situation could have caused serious
criticism of the model, but, unfortunately, even this did not happen.

The fact is that an attempt at such criticism, even with the simplest qualitative reasoning, would
reveal the rich consequences of the internal thermal drive concept itself.

For example, with reasonable assumption of a strong excess of external drive over internal one in
most regimes of the TC translation, in the presence at the initial moment of a non-zero value of angle « one
would reveal the TC self-organized evolution to equilibrium translation (movement to a = 0).

Indeed, using the example of Fig. 2 it is easy to notice that the additional movement of the eyewall at
a relatively low speed to the left, with subsequent deformation of the field of spiral flows, will be constantly
directed towards a reduction in angle a.

The situation will change dramatically if there is a temporary, but sufficiently long-term decline in
wind speed or complete calm. Internal drive will become the leading force, the direction of which will
depend on the distribution of TCHP along the TC perimeter (in our studies the TCHP filed was assumed to
be roughly uniform).

In such a situation, any movement of the TC can occur, from zigzag to marking time.
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Projection can be continued onto another important phenomenon — the formation of the TC
secondary eyewall, if we keep in mind the possible occurrence of internal instability in a TC, when the
regional wind speed recovers and internal drive begins to quickly change direction and amplitude.

Further progress, of course, requires detailed analysis. However, the very fact that the occurrence of
both of the above phenomena is much more likely with existence, in a TC, of an additional drive of variable
direction and amplitude, should not raise much doubt.

Returning to the main line of the strategy, it should be noted that its implementation to a certain
extent goes beyond the author's capabilities.

The fact is that accurate and reliable establishment of the An value by Eq. (1) for a given situation is
only possible by the relevant research and monitoring centers that are able to determine with high accuracy
all of necessary parameters, including the most difficult to determine 8Sc.

Unfortunately, such work has not yet been done.

As if assuming such a risk, in order to at least approximately verify the ETM, from the very
beginning another equation was introduced [3-4], definable using solely publicly available information, such
as regular forecast advisories and daily TCHP maps:

An = M (2)
Ref q

where Upb is the TC rear boundary center translation speed; Ref = 2As34 / W34 is effective radius of TH (in the case of
circular TH it is equal to the radius), Was is the transverse size of Asa.

In Eq. (2) the role of the &S. / Ass ratio is reflected by the ratio Umax / Ref, While Upy, Azs, W3s and Res
are determined by the data from relevant forecast advisories [2] using the methods [12 ].

Based on Eq. (2), a number of studies [1, 7-12, 16-17] were conducted analyzing the life cycles of
numerous real TCs by constructing curves of the correlation of the maximum tangential wind speed (Umax)
and An over time. The high repeatability of the correlation between Umax and An¢r over a sufficiently large
number of TCs, with a spread of An., =35 #20%, allowed us to conclude that the ETM has fundamental
potential in terms of understanding and describing the TC development.

Of course, the cases with the TC RI during landfall were also involved, e.g., TC Charley that made
devastating landfall in the same southwest Florida in 2004 [16].

However, similar results could not shake the wall of total ignorance of the model and the similarity
number, combined with a difficult to explain persistent avoidance of identification of the real critical
forecasting challenge - the problem of forecasting the TC RI at landfall.

Regarding the latter, one episode is also remarkable.

In 2017, study [6] was published, which focuses on an assessment of the potential impact of global
warming on the incidence of the RI before landfall. The conclusion was made about potential significant
increase in this important parameter when global warming.

As the review of the article showed, the validity of this conclusion raises serious doubts.

The fact is that the conclusion was based on the results of simulation future events using exactly the
above-mentioned numerical models, based on which forecasts have never predicted the real not so rare
manifestations of the phenomenon [1].

The article does not say anything about the existing negative experience in using these models in
forecasting practice. Conclusions [1] are not only not refuted, but not even mentioned.

The possibility of a very useful public examination of an important problem arose.

To this end, in the same 2017, the author addressed the Bulletin of the American Meteorological
Society with a “letter to the editor” with a detailed consideration and criticism of the article, of course,
involving the ETM-An. The letter ended with a paragraph:

“In general, the above circumstances, together with the unsuccessful experience of using the modern
numerical models in real forecasting practice, create serious doubts regarding the validity of the conclusion
about significant increase in the incidence of TH rapidly intensifying before landfall when global warming.”
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Ultimately, we were faced with a shocking precedent for the suppression of scientific debate: the letter
was rejected by the journal based on reviewer conclusions. Another attempt to bring a critical problem out of
the silence zone failed. Serious signs of a strong position in the area of non-scientific corporate interests have
emerged.

TCs lan (2022) and Charley (2004): two landfalls with rapid intensification

The main object of consideration is TC lan (September 23 — 30, 2022), which made successive
landfalls in Cuba, southwest Florida, and South Carolina [1]. It became one of the costliest hurricanes in the
history of observations with the lion's share of damage in Florida. lan's landfall in Florida was accompanied
by the RI, once again highlighting the still unresolved problem with predicting the parameters of such
development.

TC lan's RI during landfall is characterized by a unique set of parameters recorded in regular forecast
advisories. They made it possible to refine the method for determining the An. Examination of TC Charley
(2004) using a refined method allows to reinforce the previous findings.

lan moved in a straight line at five distances between points corresponding to successive forecast
advisories, of which two distances until approaching the shore. For the first four of these distances, including
the start of landfall, it moved at a constant speed. The TC constant external dimensions are recorded in three
consecutive forecast advisories, the intermediate of which (advisory number 22, 0900 UTC 09/28/2022) we
link to the start of landfall (here we assume that landfall begins with the transition to land of 10 + 15% of the
Az area).

Since in such an “ideal” case the increment of the cooled sea surface is equal to the product of the
TC transverse size (W) by the TC center translation speed (Uy), then Eq. can be transformed to the following
form:

pn= WY 3)

A34'q

Although Eq. 1 is strictly applicable only to the above section of the lan's translation, to a certain
approximation, it can also be applied to the life cycles of lan and Charley as a whole, as was done in this
study. Uy is taken directly from the relevant forecast advisory, W, the transverse size of Aasg, is determined
based on interpolations between corresponding pairs of radii of the TC recorded in the same advisory. Q is
determined from the TCHP map for the previous day [14].
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Fig. 3. Time course of Umax (red crosses) and An (purple crosses) before and during landfall of
TC lan (2022) in southwest Florida and regular forecasts (black curves).
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The correlation between Umax and An before and during Ian’s landfall can be traced by Fig. 3.

The data covers a segment of lan's life cycle from the northern coast of Cuba to Southwest Florida.
The main interest, of course, is the landfall stage, which began around the 60" hour (here we assume that
landfall begins with the transition to land of 10 + 15% of the As4 area.). Time 0 in Fig. 3 corresponds to
21:00 UTC 09/25/2022.

The curves are constructed based on discrete points, each of which corresponds to a specific forecast
advisory issued at a given point in time. The standard time step for issuing the advisory is 6 hours, however,
during the landfall they were issued more often, which is reflected in Fig. 3.

Ultimately, any An value corresponds to a specific advisory, and all parameters used are among the
parameters available at that time to the compilers of the corresponding advisory. In other words, when
compiling any forecast advisory, there was a theoretical possibility of judging the situation also by the
current value of An.

The situation presented in the graph is quite meaningful.

At 04:30 on September 28, 2022, the regular forecast advisory correctly predicted the RI starting on
the open sea, which is consistent with the conclusion made in the review [3-4] about the presence of progress
in this part.

Further, apparently, in the numerical models the taboo embedded in them on allowing the TC
intensification during the Landfall period worked reliably. At the 60" hour, at the conditios of real
intensification, its cessation with a further decline in intensity was predicted.

In contrast, the An predicted both the onset of the RI and its continuation. The absolute values of
Anc: will be discussed in more detail below.
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Fig. 4. Time course of Umax (red crosses) and An (purple
crosses) before and during landfall of TC Charley (2004) in
southwest Florida and regular forecast (black curve).

lan's famous predecessor, T.S. Charlie, made a devastating landfall accompanied by RI in roughly
the same area of Florida in 2004. The correlation between Umax and An before and during Charley’s landfall
(according to Eqg. 3) is presented in Fig. 4.

Forecasters, also based on numerical models, also predicted a decrease in TC intensity with the onset
of landfall, although at that time there were quite compelling circumstances for this: Charley itself was not at
all at the RI stage and there was not so warm water ahead, with TCHP 2 - 3 times less than in lan's case
(striking evidence of the powerfulness of the RI's mechanism).
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The difference between the Anc values for the Charley case obtained from Eq. 2 [16] (Ane = 35)
and in this work by Eq. 3 (Anc = 29), cast doubt on the equality of similar values for lan published in the
report [17] and obtained in this work (Anc¢ = 23 in both cases). A re-check revealed a calculation error when
preparing the report [17]; in fact, for lan they are 35 and 23, respectively.

Based on the above arguments, preference in terms of accuracy can be given to that obtained in this
work (Angr = 23), although this is only an intermediate result.

Ultimately, the sought critical value must be identified by the relevant research and monitoring
centers which can do this using the basic Eq. (1) with much greater accuracy (by the way, in this case
another absolute value of An¢ can be identified, without changing anything in principle, remaining the same
for different TCs).

In general, the results of the work this time more accurately confirmed the previous conclusion about
the fundamental potential of the ETM in terms of predicting the TC development.

Conclusion

Not very rare in reality, but the most socially dangerous cases of a TC landfall with simultaneous RI
have actually never been predicted correctly. However, attempts to convince the relevant scientific
community to identify the existence of such a critical forecasting challenge still remain unsuccessful.

In parallel, over the course of two decades, the same community consistently ignored the model and
similarity number formed a framework that claimed to comprehensively reflect the features of the TC
development, including its rapid intensification.

This work continues to move toward overcoming these barriers.

Still working within the same framework of the ETM, previously made conclusions about the
potential of the Alignment number to be an effective hazard identifier are confirmed here with comparatively
high accuracy through the analysis of the unique landfall parameters of TCs lan (2022) and Charley (2024).

Due to the use of approximate equations in all studies, all obtained results require re-checking and
refinement by the relevant research and monitoring centers using Eq. (1).
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GHHM30329¢00 (303¢°bol 33d¢0gMgds bdgegobg aosligarolsls:
360E03M0 353m§j3935 3MMbmBoMgdols LezgHmdo

0. 99460g0sdg
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AOM30399W0 303WMbols 563 09 0l 0330500, BEOEFOSW MO doeHY Bsdodo BHGOGRO oAE0YMYdS
bdggmbg FooLZEOLLL 3MOJGH0ZMNWOE  5M53MMEbMDBOMmYds© BmMm3wgbs GRYds. Lodwszool
36OHMd9dMOO  bBsLosMOL 0@IbEHORBOEMIOOL F3IWMdJd0 98 OHMAY HoMrmds@gdgwo oym.
659MM3do 3MIMdgds 3303 AoBoboMgds s GHgMbsGHoo, 9.5, mbslfim®mmwo GH®MBLEsEool
99Ol BoMagddo. gobbowrgol Lsgdzgwos GHOM™M3039wo 303wmbo 0sbo (2022), HmIwol
603500 356589G MO0 Mg J00g0IE0 F993g00L IBMLEBHIOOLS s BZgHOL LodrsEgdsl
0d939. 5boro 1336900 THMIHFIMO0S HMOM303WOo (303wMmbol Bsterol (2004) bdgwgm By
A3l A9IBZEOL 35M5dgBHMYO0L sBsoBom. 30093 JOPBY G0l EIFMBLEMOMYdMwO 9.§.
56500MdoL ®oEbzolL 3@ 963050, MHMYMO3 LEROMbOL 9839JGMO 0IBEBOISGHMOMOUS.

1533560 LBoBY39%0: BHOM303Mwo  (303wmbo, LGSR0  25dw0gMgds, bIgmgombg  290l3ws,
0 mbsLHMOMEO BHOIBLES30, MBsEMdOL Goisbgo.
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Ycuiienne TPONMUYECKOr0 HUKJIOHA BO BpeMSIB bIX0/1a HA CYIILYy:
KPUTHYECKHU A BHI30B IPOTrHO3UPOBAHMS

N. lllexpuianse
Pe3rome

He cronb penkoe, colManbHO BeCbMa OMACHOE OBICTPOE YCHIICHHE TPOMYIECKOTO IUKIIOHA BO BPEMsI BRIXOIa
Ha CYIIly OCTaeTCs MPAKTUUECKU HEMPEICKa3yeMbIM siBIcHUEM. [1OTBITKY WACHTU(UITUPOBAThH MTPOOIEMHBIN
XapakTep CUTYaIluH MOKa He YBEHYAIUCh ycriexoM. B paboTe mpobiiemMa BHOBL pacCMaTPUBACTCS B pPaMKax
aTbTCPHATUBHOM, TaK Ha3bIBaeMOW Momenu paBHOBecHON Tpaucisimuun (MPT). OcCHOBHBIM OO0BEKTOM
paccMoTpeHust ABisieTcsl Tponwdeknid nukioH Man (2022), yHuKadbHBIE TTApaMeTPbl KOTOPOTO MO3BOJISIOT
YTOUHUTb U YCWJIWTH IIOJYUCHHBIC paHEC pPE3YyJIbTaThl. HoBrlie PE3YIbTAaThl MOATBCPIKIAAIOTCA aHAIN30M
MapaMeTpoB aHAJOTMYHOrO BBIXOJAa Ha Oeper Tpommueckoro IukinoHp Yapmu (2004). Eme pa3
MPOJEMOHCTPUPOBAH MMOTEHIMAT TaK Ha3blBAEMOIr0 4YKCJIa BBIPABHUBAHUSA KaKk 3(PPEKTHBHOrO
UACHTH(PHUKATOPA OTIACHOCTH.

KiaroueBble cJIOBa: TPONMYECKHI IMKIOH, ObICTpas MHTCHCU(HUKAIUS, BBIXOJ HAa CyIy, PaBHOBECHOE
MepeMeIeHIe, YUCI0 BEHIPBHUBAHUS.
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