
point-by-point response to all referee comments for

egusphere-2023-2431

We appreciate the time and effort taken by the reviewers to provide a list of insightful comments
to improve the manuscript egusphere-2023-2431, originally titled “How a warmer Mediterranean precon-
ditions the upper-level environment for the development of Medicane Ianos”. A reply to the reviewers
comments is given in blue and changes to the manuscript are reported here in red. Line numbers refer
to the new revision of the manuscript, unless explicitly stated. Same for figure numbers. Figures and
equations in the present document are refereed as “here”. Some replies refer to the replies made in the
author response to the interactive comments, whereas others are copied here.

Anonymous Referee #1

General comment

I find the presentation to be mostly descriptive, despite the use of two quantitative diagnostics. Impor-
tantly, I was often left wondering about the significance of described observations. While most observa-
tions support the authors’ main point about the importance of the upper-level low-PV “bubble” well, the
presentation of observations without an evident link to theory or conceptual models make for a rather
lengthy read. Personally, I would have much appreciated more such links to conceptual or theoretical
frameworks of TC-like storm dynamics. I am aware that this comment is very general, but it would
take me an unwarranted amount of time to think more thoroughly about Ianos’ evolution to make more
specific suggestions for improvement. I consider the presentation “ok” for the purpose of the present
study, in the sense that the presentation does provide evidence for the main point of the study. I thus
leave it to the authors’ discretion to improve their manuscript in this respect.
We acknowledge that the original manuscript did not provide enough detail to understand the results
in a tropical transition framework. We have incorporated a figure with the Cyclone Phase Space (CPS)
diagram of Hart (2003)—this new figure shows that Ianos has not attained an axisymmetric warm-core
during the period of early intensification (16th). Ianos shares similarities with the meridional trough cate-
gory of subtropical cyclones undergoing Tropical Transitions (Bentley et al., 2017), e.g. quasi-geostrophic
forcing and less dependence in bulk stability. We relate some of our results to those found in the Tropical
Transitions (TT) composites of Galarneau et al. (2015), TT climatologies (McTaggart-Cowan et al., 2008,
2013), metrics (McTaggart-Cowan et al., 2015), and processes (Yanase et al., 2023).
We have added the following changes to the manuscript to address this point:

1. Introduction: We add more detail about the relation of TT and Medicanes, see reply to reviewer
#2 specific point 2.a.

2. CPS results: We include an analysis with a Figure. See reply to reviewer #2 specific point 3.c

3. Comparison of our results with the composites of Galarneau et al. (2015) for cyclones developing
or not developing a TT.

(a) Comparison of the PV tower between cases undergoing TT and those that do not, described
in the reply to reviewer #2 specific point 4.a

(b) Comparison of the convective outflow at L499, copied below
The composites of low-level disturbances near a PV streamer that develop into tropical cyclones
detailed in Galarneau et al. (2015) also show a convectively generated divergent outflow located
northwest of a low-level tropical disturbance. The cases where a tropical cyclone does not
develop produce a weaker outflow and interact less with the PV streamer.

(c) Comparison of the QG ascent at L544, copied below
The composite of QG ascent in Galarneau et al. (2015) for cases developing tropical transitions
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is different, the magnitude of their ascent in mid and upper levels is slightly stronger in non-
developing tropical cyclone cases. But they consider cases where the PV streamer is generated
by anticyclonic wave breaking instead of local mesoscale convective events.

4. The anticyclonic wrapping of the PV-streamer around the cyclone is explained using the phases of
Yanase et al. (2023) at L364. copied below.
Yanase et al. (2023) describes the cyclone wrap up for the tropical transition of tropical cyclone
Kirogi as an intermediate phase between a baroclinic phase, with a southward upper-level cold
trough and a northward low-level warm moist air, and a convective phase with a developed deep
warm-core convective vortex.

5. Conclusions: Our findings are associated to the meridional trough category of precursors of sub-
tropical cyclones undergoing tropical transition of Bentley et al. (2017): See reply to reviewer #2
specific comments 6.a and 6.b.

Major comments

1. QG omega analysis: The importance of the low-PV bubble is well supported from a phenomeno-
logical perspective and is of interest in itself. The mechanistic link of how these upper-level changes
impact Ianos’ evolution, however, is not established sufficiently well by the QG omega inversion
analysis. I have several issues with the analysis. First, the signal that the authors present is very
weak, and the associated discussion is partly confusing (L465: I do not see the absence of vertical
motion described by the authors; L475: I am confused if the authors show omega or w. Equation 3
says omega, but here positive values seem to be referred to as ascent.) Only two out of the six simu-
lations are contrasted. It is thus not possible to say if the weak signal is at least systematic. Second,
there is no theoretical or conceptual justification of how the observed small differences would impact
the evolution of Ianos. Note that arguments based on the dynamics of (fully) extratropical cyclones
can be applied here only partially because Ianos has clearly tropical characteristics. Formation and
intensification mechanisms of tropical-like storms thus need to be taken into account also. Third,
the authors consider one part of the forcing only. Without evidence that the other forcing term is
indeed negligible, I consider the analysis to be incomplete. Finally, the authors should acknowledge
the intricacies of a vertical partitioning of forcing in the omega equation, as discussed by Morgan
(1999).

(a) We have replaced Section 4.6 in the manuscript entirely (see the new section at L506). It also
replaces previous Fig 15 (Fig 16 in the new version of the manuscript) with a figure showing
the QG ascent forced by the full column. The cross-sections shown in former Fig 16 (now Fig
17) is also replaced by a Figure showing QG ascent forced by the full column and mid-levels.

(b) The methodology section now shows equation 3 with the vertical wind component w as in eq.
1 here. The following changes have been made to the text in section 2.3:
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L196: A conventional formulation using height as the vertical coordinate (such that it is an
expression for vertical velocity, w, rather than omega)

200: Where N is the buoyancy frequency, ∇H the horizontal gradient and ζg is the geostrophic
relative vorticity

(c) The introductory paragraph of the new section at L506, copied below, gives more detail on
the decision to show only two simulations, instead of the full array of simulations.
The pair of simulations with control SST initialised at 12Z 14 and 00Z 15 show a very distinct
evolution of Ianos (green line with large dots and diamonds in Fig. 2). However, they both
show a low-PV bubble of similar extent at 12Z 16 (Fig. 11.e,h). There is weaker coupling
between the weak surface pressure core, low-PV bubble and diabatic divergence aloft during
the 15th in the simulation initialised at an earlier time (Fig. 15.e,h), which may lead to a
different baroclinic development of Ianos. Differences in quasi-geostrophic ascent are thus
explored with the height-attributable solution from the QG omega equation inversion tool for
the simulation with control SST initialised at 12Z 14, termed the “poor simulation” hereafter,
and one initialised at 00Z 15, termed the “good simulation”.
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(d) The new section includes a clearer explanation of the attribution of TA and VA terms to the
ascent forced by different levels at L533, copied below.
Our QG inversion tool does not split the QG ascent into contributions from the VA or TA
terms. However, upper-level forcing is generally attributed to the VA term, and the lower-level
forcing to TA term.

(e) The low values of QG ascent forced by upper levels in Ianos at 12Z 16 are compared with
those obtained by Deveson et al. (2002) for a mid-latitude cyclone at the time of maximum
intensity. The comparison is at L530, copied below.
The QG ascent forced by upper levels at 700 hPa peaks at 1 cm/s in the good simulation at
12Z 16, which is small but comparable to the case of a mid-latitude cyclone at the time of
maximum intensification described in Deveson et al. (2002).

(f) We have updated the second point of the necessary conditions for the development of medicane
Ianos in the abstract at L15, copied below.
a quasi-geostrophically ascent forced by mid and upper levels during Ianos’s cyclogenesis,
partially associated with the geostrophic vorticity advection which is enhanced by the growth
and advection of the low-PV bubble

(g) We have updated the description of the section’s results in the conclusions at L582.
The geostrophic vorticity in the upper levels on the 15th is thus associated with the low-PV
bubble. The advection of this relative vorticity contributes to the baroclinic development of
a surface low beneath coming from the Libyan coast. A quasi-geostrophic height-attributable
inversion tool is applied to a pair of simulations able and unable to capture Ianos’s intensifi-
cation, and the former shows the presence of QG ascent forced by mid and upper levels.

(h) We have updated the second point in the list of key elements of medicane Ianos development
in the conclusions at L591, copied below.
The low-PV bubble is associated with predominantly anticyclonic geostrophic vorticity and a
divergent ageostrophic outflow as it expands early on the 15th. The upper-level forcing from
the vertical gradient of the advection of the geostrophic vorticity is associated with quasi-
geostrophic ascent, which favours Ianos’s cyclogenesis on the 15th.

(i) The partitioning done in Morgan (1999) attributes the vertical motion to individual PV anoma-
lies, using the distribution of the QG forcing from the Q vector convergence. Our methodology
is different. We obtain the QG ascent forced by different level ranges from the inversion of the
QG equation with the forcing applied at selected levels.

In addition, there is an alternative plausible hypothesis how the changes to the upper levels impact
Ianos: by changes to the vertical wind shear. The authors note this mechanism in the discussion
of preconditioning role of preceding convection during tropical transition in L542. The same mech-
anisms may be at work here, too, and analysis of this aspect would provide much benefit to the
manuscript.

We have added the paragraph at L300 (copied below) to indicate that the wind-shear hypothesis is
weaker than the QG ascent presented in the manuscript. For further details see the relevant reply
in the authors response to interactive comments.
Wind shear at the time of cyclogenesis is between 10 to 15 m/s in the IFS analysis and all sim-
ulations, and increases uniformly thereafter (not shown), even in the simulations not developing
medicane Ianos.

2. Title: I fully agree with the authors that convection preceding Ianos can be considered as a pre-
conditioning of subsequent evolution. Warmer SST makes this preconditioning more robust in the
model simulations of this specific case. I’d argue, however, that the preconditioning is still by the
preceding convection and not by the warmer SST. It is hard to make a general case about the
preconditioning role of SST from this single case. I think that it is thus warranted to adjust the
title accordingly.
See new title below. We keep a reference to the SST, as this paper is the result of the journey we
undertook to understand why Ianos was captured in simulations with warmer SST and initialised
on the 14th. Our simulations are very sensitive to SST, as are the paper’s points on the preceding
precipitation, low-PV bubble and diabatic heating. They all decrease or decrease with warmer or
cooler SST.
The impact of preceding convection on the development of Medicane Ianos and the sensitivity to
sea surface temperature
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3. Reference to tropical transition: At a few points in the manuscript the authors refer to the evolution
of Ianos as tropical transition. Is there evidence that Ianos indeed started as a (distinct) midlatitude
cyclone? The authors argument in L520 that baroclinic forcing alone was insufficient for strong
cyclogenesis speaks against a distinct baroclinic origin of Ianos. An alternative interpretation could
consider the observed evolution more akin to tropical cyclogenesis. I believe that clarification or a
more explicit discussion of tropical transition vs. tropical cyclogenesis would be beneficial to the
manuscript because the underlying mechanism differ distinctly between these pathways.
Yes, Ianos did not have a symmetric warm core during its first day (Figure 6). The former L520
has been rewritten (now at L587 and copied below). It now avoids the confusion between diabatic
processes and genesis.
The processes for Ianos’s intensification drawn from the analysis of our simulations can be sum-
marised in three steps:

Minor comments

L118: single-moment scheme: Please clarify which hydrometeors are represented. Is there ice? The
presentation suggests that there is rain only. More generally, please add a brief discussion on how
the simplistic one-moment scheme affects the representation of convection.

Details can be found in the “microphysics” section in RAL2M’s reference paper Bush et al. (2023)
cited in the manuscript. It includes the snow size distribution parameterization of Field (Field
et al., 2007). Added to L135, copied below
and the snow size distribution parameterization of Field et al. (2007).

Broadening the point on model deficiencies, we have added description of the main setbacks of the
RAL2M configuration at L138, copied below.
Despite its operational use in regional models over the UK since December 2019, the RAL2M
configuration suffers from heavy precipitation biases, producing too much intense rainfall and too
little drizzle (Bush et al., 2023). The use of the two momentum Cloud AeroSol Interacting Micro-
physics (CASIM Field et al., 2023, ;) reduces some of this bias and will be included in future RAL
configurations along with other improvements (Bush et al., 2024).

L281: I do not see an indication of dipole structure in the figure and thus this explanation seems mere
speculation. Alternatively, and more simply, the observed tropospheric PV values at upper-levels
could simply be due to vertical transport (cross-isentropic as well as adiabatic) of PV from the
lower troposphere.
The PV dipoles appeared earlier on when the low-PV bubble is forming at 6Z 14/9 over the areas
of high convective activity, as shown in Fig. 1 here. MetUM simulations, whose resolution is higher
than the IFS analysis and in which convection is not parametrized has clear dipoles in the Gulf of
Sidra. The low-valued PV could be vertically advected from below and/or generated aloft. We do
not aim to resolve this question in the manuscript (e.g. see L588). We have rewritten these lines
at L328, copied below.
Although distinct PV dipoles are not evident in Fig. 8.a, small-scale PV dipoles appear in the upper
levels at the earlier stages of convection in the IFS analysis and MetUM simulations (not shown).

Figure 1: Upper-level PV and horizontal winds as Figures 8,10 and 11 but at the 14/9/2020 06Z validation
time for (a) IFS-Analysis (b) control SST and (c) +2K SST, both init. at 00Z 14.
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L303: “horizontal gradients”: Did the authors evaluate different contributions to PV or is this speculation?
Usually, diabatic heating generates PV anomalies by generating stability anomalies, i.e., changing
the vertical gradient of theta.
No, we did not evaluate the vertical or horizontal contribution to the PV production, we replace
this point at L351, copied below.
Steady convective ascent along the column generates diabatic heating, e.g. via latent heat release,
and thus generates positive PV anomalies that extend along the column as shown in Fig 4 of Wernli
and Davies (1997), the so-called PV-tower.

Fig 14: I am confused: Is this a Hovmoeller diagram for which the meridional location is adjusted at each
time step to match the meridional position of Ianos? I have a hard time understanding this rather
unconventional and complex plot and thus suggest further improving the description/ introduction
of the format. Or is there a simpler way to depict the relevant information?
Yes, it is a Hovmoeller diagram where the meridional location is the validation time of the simula-
tion, and each point in the zonal is a location of the Ianos’ track. We believe the figure’s format is
often employed to show local changes before and after the passage of a TC, in particular the cold-
wake in SST, e.g. see Fig 20 of Thompson et al. (2019). We have rewritten the relevant sentence
in the caption as
The y-axis is validation time of the forecasts (days in September 2020), and each point in the x-axis
corresponds to a geographical point in Ianos’s track.

The description of the figure in the text has been rewritten at L458, copied below.
where the PV and diabatic outflow fields are shown across the points along the three-hourly cyclone
track in the x-axis, and for each of these fixed points the temporal evolution across forecasts
validation times is in the y-axis

L526: The authors did not study the adjustment process and thus I recommend not emphasizing this
process in the conclusions.
The attribution of the geostrophic circulation on the western side of the low-PV bubble to geostrophic
adjustment has been removed. The entire sentence has been replaced as described in the reply to
reviewer’s #1 major comment 1.h

Editorial comments

L10: “bubble” I think it is fine to use this term in the main text (L285) in quotation marks and when
supported by a figure. For the purpose of the abstract, I recommend rewording.
The “low-PV bubble” element is quite central in our analysis and in the description of our results.
Thus we have improve its definition in the abstract at L12 as
An area of low-valued potential vorticity (PV), termed a “low-PV bubble”

L15: The sentence reads as if the divergent outflow aloft sustains Ianos’ development. Is this the causality
that the authors mean to imply. Or isn’t the outflow at this point during the development rather
a consequence of Ianos’ sustained development? Please clarify.
Point (iii) only applies to Ianos’s intensification during the 16th. It is missing in earlier simulations
with -2K SST. The list has been rewritten at L12-18, copied below, to improve its readability and
separate the three elements with clearer text.
First, an area of low-valued potential vorticity (PV), termed a “low-PV bubble”, formed within
a trough above where Ianos developed; diabatic heating associated with a preceding precipitation
event triggered a balanced divergent flow in the upper-levels which contributed to the creation
and maintenance of this low-PV bubble as shown by results from a semi-geostrophic inversion
tool. Second, a quasi-geostrophically ascent was forced by mid and upper levels during Ianos’s
cyclogenesis, it is partially associated with the geostrophic vorticity advection, which is enhanced
by the growth and advection of the low-PV bubble. Third, diabatic heating dominated by deep
convection formed a vertical PV tower during Ianos’s intensification and continued to produce
diabatically-induced divergent outflow aloft, thus sustaining Ianos’s development.

L105: What is the medium-complexity model for surface fluxes? Or do you imply that surface fluxes fully
control the diabatic processes analysed with Semi-Geotriptic inversion tool? Please clarify.
Yes, the text has been rewritten at L118, copied below, to explicitly relate diabatic processes to
surface fluxes and SST changes.
Two medium complexity models are employed to understand the importance of diabatic processes,
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enhanced by surface fluxes induced by warmer SST or suppressed by cooler SST, and upper-level
baroclinicity in Ianos’s intensification.

L116: change “resolve” to “represent”
Done at L130.

L116: The eye is not a process. Please reword.
“Process” has been replaced by “feature” at L130.

L128: The use of the term “trajectory” is not entirely clear to me here.
It means the simulated trajectory of an air parcel by MetUM that is consistent with the maintenance
of geostrophic and hydrostatic balance. The text has been rewritten at L146, copied below, to make
this term more explicit.
The inversion tool is a single timestep integration of the SG system with atmospheric fields produced
by a MetUM simulation. Hence, it provides a solution for the MetUM flow consistent with the
maintenance of geostrophic and hydrostatic balance

L138: Does this sentence make sense?
No, it is missing the verb! It is fixed at L157.
The Matrix Q is shown

L152 Please note in the following discussion if the SGT inversion is linear.
The SGT inversion is not linear, replacing the wind vector u⃗ with the continuity equation in equation
1 yields an elliptic equation for the pressure tendency ∂ϕ/∂t, shown in eq. 2 here. See sect. 2.3 of
Sánchez et al. (2020) for further details. Nevertheless, the residual between the full solution and
the sum of both (NO−HEAT + HEAT −ONLY ”) is very small ( 1%). The residual of the case
shown in the manuscript’s Figure 13 is shown in Figure 2.d here. Given its marginal values we do
not consider it is worth including it in Figure 13.

∇ ·Q−1∇
(∂ϕ
∂t

)
= ∇ ·Q−1H+∇ · u⃗g (2)

Figure 2: As Figure 13 in the manuscript but including (d), the residual for w (colour) and vag (vector).
The residual is the difference between the “total” solution (panel a) minus the sum of no heat (panel b)
plus the diabatic only (panel c) solutions.

L155: What is your estimate of the Rossby radius of deformation? 0.32◦ deg would be a rather small
estimate. Why do you choose this length scale?
We first filter the MetUM fields to scales equivalent to the global operational models of 0.32◦,
as employed by Sánchez et al. (2020) and Hardy et al. (2023) where the SGT inversion tool was
successfully applied. Then a second step is performed where fields are bi-linearly regridded to a grid
resolution of 1.5◦ × 1.5◦. This procedure allows reasonable computational accuracy in computing
scales of 500km or greater (Cullen, 2018). The text is adapted accordingly at L176, copied below.
We filter scales below the Rossby radius of deformation in two steps. In the first step the discrete
cosine filtering technique of Denis et al. (2002) is applied to filter wave-numbers above 50, equivalent
to a wavelength of 0.32◦ and thus equivalent to the resolution of the global model employed in
Sánchez et al. (2020) and Hardy et al. (2023), where the SGT inversion tool was successfully
applied. In the second step the fields are bi-linearly regridded to a 1.5◦ × 1.5◦ latitude-longitude
mesh so the SGT inversion tool can accurately solve the semi-geostrophic flow at and above the
Rossby radius of deformation (Cullen, 2018) at a lower computational cost.
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L208: This statement is not strictly correct because the relation is not monotonic. Please revise.
The text has been rewritten at L239, copied below
The maximum intensity of Ianos is higher in the +2 K SST simulations initialised at the three
earliest times than in the latest two

L213: “trajectory” (here and elsewhere): “track” is the common term used for tropical-like storms. I
suggest revising to avoid confusion.
Trajectory has been replaced by track at L218, caption of Fig. 1, L226, L245, caption of Fig. 3,
L262 and L270.

L315: Titles of subsections 4.3 and 4.4, these subsections discuss also the tropospheric-deep PV tower not
only the upper-level structure.
The section’s title has been rewritten at L319, copied below
Evolution of the upper-level structure and associated PV-tower in the IFS analyses

L302: I have a hard time to identify the low PV values aloft. Please clarify or change color bar.
Figure 9 is updated to include blue contours for 0 PVU as shown in Figure 3 here, so it is now
clearer where the blue areas (showing negative PV) are.

Figure 3: As manuscript’s Fig 8 but including blue contours for PV = 0 PUV

L405: suggest adding: “size of the” dots.
Done at L460

Anonymous Referee #2

1 General comments

1. The tittle does not totally represent the content of the study and the conclusions: It focus more
on the mechanisms that favor the development of Ianos rather than on the interaction between a
warm sea or warmer sea and the convective factors that provoke Ianos cyclogenesis. It deals with
this issue, but it is not the main part of the study, in my opinion. Indeed, in the abstract we do
not see any focus on this.
See new title below, and the reply to second point in the major comments section of Reviewer #1.
The impact of preceding convection on the development of Medicane Ianos and the sensitivity to
sea surface temperature

2. The study argues about the importance of baroclinic forcing in the development of Ianos, i.e. from
a midlatitude meteorology point of view, but given it is a tropical transition phenomenon, it lacks
addressing its development for a tropical meteorology point of view, i.e., the dynamics of convection
and its organization. Therefore, I would explicitly mention this concern about the partial view of
this phenomenon in this study when discussing the results and conclusions.
The new version of the manuscript includes several changes to relate our results to those from the
tropical transition literature, see reply of the general point of reviewer #1.
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2 Specific points

1. I would try to reduce the length of the article, especially Section 4.2, 4.3, 4.4 (which are not the main
body of the line of arguments; or also merging 4.3 and 4.4 after summarising) and Conclusions and
just focus on the main important aspects for understanding the main message about the mechanisms
involved in Ianos’ cyclogenesis and the role of the SST (although this is not mainly addressed).
The importance of the results in former sections 4.2, 4.3 and 4.4 should be clearer in the new version
of the manuscript. The split between former sections 4.3 and 4.4 is important, as 4.3 attributes the
diabatic processes during the preceding process to the formation and maintenance of the low-PV
bubble, and 4.4 the low-PV bubble to the baroclinicity triggering Ianos cyclogenesis.

2. Section 1 (Introduction):

(a) L35-40: I would argue that upper-level baroclinic forcing is essential for the development of
precursors to medicanes, not for the intensification of medicanes, at least for those robust
(tropical) ones.
The intensification of medicanes is not well understood and could be case dependent. The
paragraphs containing these lines and the following paragraph have been rewritten at L38-
L61, copied below.

The upper-level cold air is provided by the intrusion of upper-level disturbances such as poten-
tial vorticity (PV) streamers or cut-off lows. The cyclogenesis of Medicanes thus occur under
such moderate to strong baroclinic environments (Mazza et al., 2017; Fita and Flaounas, 2018;
Flaounas et al., 2022). For instance, the reduction of the PV streamer by a PV inversion tech-
nique suppressed the cyclogenesis of a medicane in the cases described in Homar et al. (2003)
and Carrió et al. (2017). Latent heating due to convection is also an important player in the in-
tensification of Medicanes. Fita and Flaounas (2018) quantified the development of the surface
pressure tendency for a medicane in December 2005 and attributed its deepening to warming
in the atmospheric column from diabatic heating and advection within the upper troposphere.
Convection is often fuelled by air-sea fluxes from the sea surface, e.g. the ensemble simulations
of Noyelle et al. (2019), with different Sea Surface Temperature (SST) anomalies, relate the
warm core strength to a linear increase of SST warming, but they also reveal that growth
in the minimum pressure depth at maximum intensity is non-linear with the SST increase.
Miglietta et al. (2011) found that increasing SST leads to a deeper medicane, stronger surface
wind speeds and longer life-time of the medicane’s tropical features.

The relative importance of baroclinic instability and diabatic heating in medicane intensifica-
tion seems to be case dependent. Some medicanes may not undergo a full tropical transition
(Davis and Bosart, 2003), as suggested by Fita and Flaounas (2018) where their case classified
as a subtropical cyclone. The climatology of tropical transitions of McTaggart-Cowan et al.
(2013) shows high frequency of occurrence of strong tropical transition over the Mediterranean
Sea, a region with a moderate to high coupling index McTaggart-Cowan et al. (2015). Migli-
etta and Rotunno (2019) proposed a classification of medicanes into three categories: (A) those
where their later stages are dominated by the Wind-Induced Surface Heat Exchange mecha-
nism (WISHE Emanuel, 1986; Rotunno and Emanuel, 1987), (B) those where the baroclinic
instability is also important at later stages, and (C) a blend of the previous two where tropical
transition and a dramatic intensification occurs after a short but intense interaction of the
cyclone with an upper-level PV streamer. Miglietta and Rotunno (2019) conclude that the
presence of a symmetric deep warm core does not imply full tropical dynamics and hence the
terms “tropical-like” transition or “Mediterranean tropical-like cyclone” are often employed in
the medicane literature.

3. Sections 4.1 and 4.2:

(a) L197: What is the argument to say that it becomes a medicane at this time?
It is stated on the previous section of the manuscript at L209, now referenced at L229). The
new version has further details on the timings for medicane transition. See reply to general
comment of reviewer # 1.

(b) Figure 2: As the different initialization times are indicated by a different symbol, I would put
just the same color for the CTL, -2K and +2K groups. In this way, the interpretation becomes
clearer without too much noise.
We would prefer the current colour system as it highlights how the simulations with similar
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SST forcing change across initialisation times more clearly. Moreover, if we kept the same
colours and symbols for all figures showing timeseries, which simplifies the reading, timeseries
in Figure 5 would be even harder to differentiate if all would have the same colour.

(c) L215-225: It would be nice to make this analysis more complete by adding the CPS or at least
the VTU values for each run, to provide a clearer idea of its tropical (or not) structure.
There is a new section “Ianos’s tropical transition” at L299. It Includes the CPS diagnostic
of Hart (2003) and the Brightness temperature (formerly Figure 4, now figure 7). The CPS
computation is described at L107 and below
The tropical transition in Ianos is explored with the cyclone phase space (CPS) diagnostic of
Hart (2003), with a couple of differences in its methodolody. First, our domain is small so we
use a radius of 400 km instead of 500 km, see section 3.c of Mazza et al. (2017) for a discussion
on the choice of different radius. Second, the thickness asymmetry term B is computed using
the 925 hPa level instead of 900 hPa, as the latter level is not available in our simulations.

(d) L233: Could you provide more evidence for the dry-eyes mechanism of triggering these thun-
derstorms.
The SEVIRI water vapour image omitted from the manuscript is shown in Fig. 4 here. There
is a clear dry filament extending from a low-pressure system situated out in the southern
North Atlantic, North of Madeira, crossing Northwesterly through the Northeast section of
the Iberian Peninsula, passing south of the Balearic islands, bending above North Africa and
ending on the Sidra Gulf where convection is taking place South of Sicily. This image is pub-
licly accessible (after registration) from the referenced CEDA data centre.

Figure 4: SEVIRI water vapour image at 12Z 13, see manuscript for further details.

Further work could be done to attribute the event to the dry-eye mechanism, e.g. check
whether the filament is collocated with a stratospheric PV filament. However, this attribution
exercise is described with a speculative tone in our manuscript (“one possible mechanism ...”).
We chose to avoid showing Fig. 4 and undertaking the attribution work to reduce the length
of the paper. Detailing this process is beyond the scope of the paper.

4. Section 4.3:

(a) L304-305: Why the authors compare this development with those of extratropical cyclones
and not with those of tropical transition? I would argue that this is a typical development for
tropical transition cyclones and the result of Ianos acquiring a more robust tropical structure.
Panel (c) in Fig. 8 shows the 12Z 16 validation time, when Ianos has not yet developed an
axisymmetric warm core (see new Figure 6). Panel (d) shows Ianos where it has already

9



developed the axisymmetric warm core. We have rewritten these lines at L356 to clarify this
point, copied below, we also include a comparison with the composites of Galarneau et al.
(2015).
At 12Z 17 Ianos completes its transition to a medicane (Fig. ??): the positive PV anomaly
in the low and mid-levels connects with the upper-level stratospheric intrusion (Fig. 3.d).
PV towers are also a feature of tropical transitions of cyclones. For example, the composite
of cyclones undergoing tropical transition of Galarneau et al. (2015) shows a better-defined
PV tower extending to higher levels in the cases developing tropical transition than the non-
developing cases.

(b) L307: Talking about tropical-like transition here is not suitable as this is not a rubust defi-
nition in the literature. The best way to deal with this type of development is talking about
the tropical transition process, to be more in line with the community that study cyclone
transitions.
The term “tropical-like transition” is defined at L59, copied below. We replace it by, or com-
plement it with, axisymmetric warm core or medicane in L2, L288, L340, L356 and L555
Miglietta and Rotunno (2019) conclude that the presence of a symmetric deep warm core does
not imply full tropical dynamics and hence the terms “tropical-like” transition or “Mediter-
ranean tropical-like cyclone” are often employed in the medicane literature.

(c) In this section and the rest of the sections, I miss discussions about the upper-level dynamics
that considers the jet streak behaviour. It is true that the PV field is related to the jet
dynamics, but it would be interesting to also consider the analysis/explanations from the jet’s
QG forcing perspective in the analysis of this section and the following ones.
There is not a clear relationship between the position of the surface low and upper-level jets
at the time of Ianos’s cyclogenesis (Fig. 5.b). Ianos sits at the southern tip of the southerly
flow while it intensifies one day later (Fig 5.c) as well as near the left jet exit region of the
southwesterly jet streak. Hence, Ianos is in an optimal location for intensification relative
to the southwesterly jet streak, but the interpretation considering both nearby jets is not
straightforward.

Figure 5: Same as Figure 7 in the manuscript but showing wind speed contours instead of wind vectors,
every 10 m/s.

5. Sections 4.5 and 4.6:

(a) MetUM means full solution?
Yes, regridded and filtered as detailed in the caption of Figure 12.

(b) L403: Is not the y-axis showing the dates? (Figure 14).
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The description of Figure 14 in text and caption has been changed see reply to “(Fig. 14)”
minor comment from reviewer #1

(c) L467 By watching Figure 16 (a-b), one could argue that the forcing at lower levels is stronger
in (a) and, therefore, conclusions derived from Figure 15 are subject to the level of choice (700
hPa). If we choose 800 hPa or 850 hPa, for instance, conclusions could be different. Indeed,
the signal seems to decrease a lot at the 700 hPa level. Please, elaborate more on this. Why
not choose 800 hPa (it would still avoid boundary layer effects)? This argument of similar
low-level forcing appears to be quite weak.
It is the level chosen by Deveson et al. (2002). See reply to the first major comment of reviewer
#1 (”e” in particular). The section has been entirely rewritten at L506, with new figures.

6. Section 6 (conclusions):

(a) L538-544: I see the idea of the authors here, but I don’t fully see the relationship between
Ianos’ development and this mechanism in extratropical transitions and downstream cascade
of events. The link is about the upper-level PV modification by a diabatic source, but just up
to this point.
Although we are considering a medicane rather than a tropical cyclone here, the extratropical
transition of a TC is relevant as it is an example of diabatic processes preconditioning envi-
ronmental baroclinicity and cyclone reinforcement. Thus we think it is relevant to highlight
this evolution for those readers interested in how diabatic processes and baroclinicity interact
with each other. The paragraph has been rewritten at L608 to make this point clearer, see
below
The role of preceding or preconditioning precipitation events has been identified here during
medicane development for the first time. There is another kind of cyclone transition where
preceding precipitation also preconditions the baroclinic environment: the extra-tropical tran-
sition of tropical cyclones. During such events, tropical cyclones advect warm and moist air
poleward, triggering extratropical cyclogenesis and initiating ridge building and jet accelera-
tion ahead of the tropical cyclone (Grams and Archambault, 2016), which contributes to the
re-intensification of the transitioning (tropical to extra-tropical) cyclone (Keller et al., 2019).
In the Ianos case, the preceding precipitation is independent of the developing medicane.

(b) L541-544: An analysis focusing on the tropical transition perspective would make the article
more complete.
The paragraph has been replaced at L603, copied below. It details the TT pathway from
meridional thought precursors from Bentley et al. (2017), with further references to TT pro-
cesses.
Ianos’s pathway into a medicane shares similarities with the meridional trough category of
subtropical cyclones undergoing tropical transition (Bentley et al., 2017). The development of
deep convection in this category may be partially induced by QG forcing; these cyclones show
a weaker dependency on bulk tropospheric stability and a greater frequency of strong tropical
transition events, those able to produce a WISHE mechanism under a pronounced weakening
of shear environment from convection upshear (Davis and Bosart, 2003).

(c) 545-552 I think this part is not very well connected with Ianos’ mechanisms and it could derive
some confusion.
These lines have been removed and replaced by the two paragraphs detailed in the two replies
above, at L603-613 in the new version of the manuscript.

(d) L562: I would not mention this hypothetical situation as (as you discuss later) the model is
uncoupled and a robust analysis about model performance in this case has not been undergone.
This scenario could be quite fictitious.

We think this paragraph provides enough context to understand how “fictitious” our simula-
tions with +2K SST could be. Its purpose is mainly to motivate future work to understand
the role of SST under a changing climate and its possible impact on medicane development,
as well as to advocate for the use of regional coupled models at convective scales for climate
studies. The end of the last sentence of the paragraph has been rewritten at L626, copied
below. It now re-focuses into a modelling perspective, where our results are more relevant.
An accurate representation of SST changes and air-sea interactions in convective-scale regional
climate prediction models may be critical to determining the future climatology of medicanes.
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J. J. Gonzalez-Aleman, S. Gray, M. M. Miglietta, P. Patlakas, I. Pytharoulis, D. Ricard, A. Ricchi,
and C. Sanchez. The crucial representation of deep convection for the cyclogenesis of medicane ianos.
EGUsphere, 2024:1–29, 2024. doi: 10.5194/egusphere-2024-1105.

R. S. Plant, G. C. Craig, and S. L. Gray. On a threefold classification of extratropical cyclogenesis. qjrms,
129(594):2989–3012, 2003. doi: https://doi.org/10.1256/qj.02.174.

R. Rotunno and K. A. Emanuel. An air–sea interaction theory for tropical cyclones. part ii: Evolu-
tionary study using a nonhydrostatic axisymmetric numerical model. jas, 44(3):542 – 561, 1987. doi:
10.1175/1520-0469(1987)044¡0542:AAITFT¿2.0.CO;2.

C. Sánchez, J. Methven, S. Gray, and M. Cullen. Linking rapid forecast error growth to diabatic processes.
qjrms, 146(732):3548–3569, 2020. doi: 10.1002/qj.3861.

B. Thompson, C. Sanchez, X. Sun, G. Song, J. Liu, X.-Y. Huang, and P. Tkalich. A high-resolution
atmosphere–ocean coupled model for the western maritime continent: development and preliminary
assessment. Climate Dynamics, 52:3951–3981, 2019. doi: 10.1007/s00382-018-4367-0.

M. Tous and R. Romero. Meteorological environments associated with medicane development. Interna-
tional Journal of Climatology, 33(1):1–14, 2013. doi: https://doi.org/10.1002/joc.3428.

H. Wernli and H. C. Davies. A lagrangian-based analysis of extratropical cyclones.
i: The method and some applications. Quarterly Journal of the Royal Meteorologi-
cal Society, 123(538):467–489, 1997. doi: https://doi.org/10.1002/qj.49712353811. URL
https://rmets.onlinelibrary.wiley.com/doi/abs/10.1002/qj.49712353811.

W. Yanase, U. Shimada, N. Kitabatake, and E. Tochimoto. Tropical transition of tropical storm kirogi
(2012) over the western north pacific: Synoptic analysis and mesoscale simulation. Monthly Weather
Review, 151(10):2549 – 2572, 2023. doi: 10.1175/MWR-D-22-0190.1.

F. Zimbo, D. Ingemi, and G. Guidi. The tropical-like cyclone “ianos” in september 2020. Meteorology, 1
(1):29–44, 2022. doi: 10.3390/meteorology1010004.

14


