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Article

Ianos—A Hurricane in the Mediterranean
K. Lagouvardos, A. Karagiannidis, S. Dafis, A. Kalimeris, and V. Kotroni

ABSTRACT: During 15–21 September 2020, an intense medicane, named Ianos, formed over the 
warm Mediterranean Sea. Following a path of approximately 1,900 km, Medicane Ianos affected 
Greece resulting in four casualties and devastating damage in the western and central parts of 
Greece. Persistent gale force 1-min winds up to 44 m s−1 and wind gusts up to 54 m s−1 were  
recorded in Cephalonia Island (Ionian Sea), while record-breaking amounts of accumulated rainfall 
have been recorded in several Ionian islands, as well as in parts of central Greece. Analysis of 
the available observations showed that Ianos was the most intense medicane ever recorded in 
the Mediterranean. This paper aims at investigating the genesis and evolution of the medicane, 
based on in situ observations, satellite measurements, and model analyses. Toward that objective, 
Meteosat Second Generation (MSG) SEVIRI imagery, combined with lightning data permitted to 
follow the evolution of convective activity during the various phases of Ianos. This investigation 
is complemented with upper-air model analyses in order to evaluate the synoptic environment 
within which Ianos had formed and was sustained over 7 days. Finally, the Global Precipitation 
Measurement Core Observatory (GPM CO) satellite overpasses over Medicane Ianos provided 
invaluable information about its 3D structure, especially during its most intense phase.
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T he Mediterranean Sea occasionally hosts intense cyclones with characteristics similar 
to tropical cyclones, such as a frontless and axisymmetric structure, deep convection 
close to their centers with a windless “eye” and sustained wind speeds close to hurricane 

strength (Lagouvardos et al. 1999). Such cyclones are often named “medicanes.” Although 
most of their lifetime is spent over the sea, when they reach the coasts of Mediterranean 
countries they can be very destructive. Recent case studies have investigated the formation 
and intensification mechanisms of these cyclones, which are mainly attributed to baroclinic 
processes (e.g., Mazza et al. 2017; Fita and Flaounas 2018) and to intense surface fluxes 
(Miglietta and Rotunno 2019). Noyelle et al. (2019) suggested that the higher the sea surface 
temperature (SST) during a medicane, the higher is the probability for tropical transition and 
thermodynamic intensification of the medicane, similarly to tropical cyclones. Thus, in a 
warming climate there is a special concern about the future changes of medicanes’ intensity 
and frequency of occurrence, with several independent studies showing an increasing trend of 
stronger medicanes in the near future (e.g., González-Alemán et al. 2019; Koseki et al. 2020).

Between 2016 and 2020, four strong medicanes have developed in the Ionian Sea  
(Dafis et al. 2020) and have caused damage in Greece, with the most recent and most  
destructive case being the Medicane Ianos between 15 and 20 September 2020. In  
October 2016, Medicane Trixie battered the south coasts of Greece with excessive rainfall 
up to 180 mm in less than 12 h in Crete and wind gusts stronger than 30 m s−1. One year 
later, in November 2017, Medicane Numa hit the west coasts of Greece resulting in severe 
flooding, landslides, and excessive precipitation. Medicane Zorbas in September 2018 
was one of the costliest weather-related disaster in Greece in the past decade, bringing 
hurricane-force wind speeds in south Greece and causing severe flooding in central Greece 
(up to 506 mm of rainfall in 48 h).

Ianos initially emerged as a surface cyclone close to a thunderstorm cluster in the Gulf 
of Sidra on 15 September 2020, off the coasts of Libya (Fig. 1). Global and regional model 
guidance showed a highly possible transition of the surface cyclone to a powerful medicane, 
a fact that led the METEO unit at the National Observatory of Athens (NOA) to name the 
medicane “Ianos” in the morning of 16 September, following NOA’s practice adopted since 
2017 to name weather events that are expected to produce high socioeconomic impacts 
(www.meteo.gr/namedstorms.cfm). Based on satellite imagery [namely, on Spinning Enhanced 
Visible and Infrared Imager (SEVIRI) imagery, various scatterometers’ data, and Global 
Precipitation Measurement Core Observatory (GPM CO) data], Ianos was evolved into a powerful 
medicane on 17 September 2020 when it started gradually to affect Greece with storm surges 
accompanied by high coastal waves, high rainfall amounts, and devastating winds, which 
resulted in four fatalities and extended infrastructure damages and landslides in the Ionian 
Islands and in central Greece. Zekkos et al. (2020) reported that the torrential rainfall resulted 
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in a large number of landslides and debris flows and more specifically in central Greece the 
authors mapped more than 1,400 landslides in 2 days.

The objective of this study is to highlight important aspects of the development of this 
high-impact medicane based on the analysis of the available in situ and satellite obser-
vations along with model-derived fields aiming to better understand its formation and 
evolution mechanisms. The physical processes behind the formation and behavior of 
medicanes have been intensively studied during the last decade (e.g., Tous and Romero 
2013; Picornell et al. 2014; Fita and Flaounas 2018). As the observational and modeling 
tools are continuously updated and improved, the scientific community is able to utilize 
new information toward improved understanding of medicanes. Based on previous stud-
ies regarding the intensity and impact of medicanes (Winstanley 1970; Miglietta et al. 
2013, their Table 1; Cioni et al. 2016; Dafis et al. 2020, their supporting information S1), 
our analysis offers insights into the formation and evolution on the strongest medicane 
ever recorded. The main novel element of the present work is the use of the state-of-the-art  
observational tools (like the GPM CO Microwave Imager and the Dual-Frequency  
Precipitation Radar), which can be used to analyze the convective nature of Medicane 
Ianos in high detail. A secondary, yet important, novelty is the fact that it is actually the 
first time that GPM CO captures a medicane in its mature state, allowing us to observe  
its shape, cloud bands, and precipitation regime at that stage. The added value of the 
analysis is mostly the new information gained from these observations, which can definitely 
improve our knowledge and help us prepare against and mitigate the effects of such high-impact 
weather phenomena.

Fig. 1.  Path of Medicane Ianos, from 0000 UTC 15 Sep up to 0000 UTC 21 Sep 2020. Shading denotes the SST (at 1-K  
intervals), and the black dots the daily SST anomaly higher than 2 K on 15 Sep 2020. Symbols for floods, landslides, and 
damaging winds are placed over the most affected areas.
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Data and tools
The METEO unit at NOA operates the NOAAN network of 430 automatic surface weather 
stations in Greece that is monitoring all basic meteorological variables at 10-min intervals 
(Lagouvardos et al. 2017). Due to the absence of a homogenized operating weather radar 
network, the weather station network allowed the real-time monitoring and analysis of the 
spatiotemporal distribution of rainfall produced by Ianos. Moreover, an additional local net-
work that covers the Ionian Islands (Kalimeris et al. 2015) provided higher temporal resolution 
(at 1-min intervals) weather observations of Ianos’s core.

The synoptic conditions during the event were investigated using the Final Operational 
Global Analysis of the National Centers for Environmental Prediction (NCEP FNL). FNL 
analyses are available at 0.25° × 0.25° spatial and 6-h temporal resolution. Meteosat 
Second Generation (MSG) SEVIRI brightness temperatures on water vapor at the 6.2-μm 
(WV6.2) channel and infrared at the 10.8-μm (IR10.8) channel together with lightning 
data provided by ZEUS very low-frequency (VLF) lightning detection network (Kotroni and 
Lagouvardos 2016) permitted to construct the full path of Ianos as well as to scrutinize 
its convective nature.

GPM, initiated by NASA and the Japan Aerospace Exploration Agency (JAXA) as a 
global successor to TRMM, comprises a consortium of international space agencies (e.g., 
CNES, ISRO, NOAA, EUMETSAT). It consists of a constellation of research and operational  
satellites, where the NASA/JAXA GPM CO satellite, carrying the radar/radiometer, serves 
as a reference standard to unify precipitation measurements. The GPM CO encompasses a  
multichannel conical-scanning microwave imager—the GPM Microwave Imager (GMI)  
(Draper et al. 2015) and a Dual-Frequency Precipitation Radar (DPR) (Kojima et al. 2012). GMI 
has 13 microwave channels that measure brightness temperature (Tb) sensitive to precipitation 
type ranging from light to heavy rain, snow, and ice. The reader can find information 
about the GMI channels in Hou et al. (2014). DPR consists of a Ku- and a Ka-band-frequency 
radar and can offer 3D data of precipitation particles inside the cloud systems. Overpasses 
of the GPM CO satellite provided invaluable data of the 3D structure of Ianos during its 
mature stage.

Path of Medicane Ianos—In situ rainfall and wind observations
The area of genesis of Medicane Ianos was over northern Libya and the surface cyclone could 
be first tracked by satellite imagery when it passed over the Gulf of Sidra, at the beginning of 
its 7-day-long life. Figure 1 shows Ianos’s path between 15 and 21 September 2020, when, 
after a route of approximately 1,900 km, it made landfall in the Mediterranean coast of 
Egypt. This path was inferred by the combined analysis of sea level pressure (SLP) provided 
by FNL and tracking of the cyclonic curvature or the closed circular patterns of clouds based 
on MSG SEVIRI imagery. Ianos formed over the warm waters of the Gulf of Sidra, where SST 
exceeded 28°C (Fig. 1) based on satellite observations from the Ultra-High Resolution Sea 
Surface Temperature Analysis product (Buongiorno Nardelli et al. 2013). According to the 
daily SST climatology built from 21 years (1985–2005) of AVHRR Pathfinder data (Marullo  
et al. 2007), the SST anomaly in the Ionian Sea was higher than +2 K. Ianos acquired its tropi-
cal characteristics, like the symmetric frontless structure, over the anomalously warm Ionian 
Sea at around 0300 UTC 17 September 2020.

Luckily, Ianos’ core was sampled by a weather station in Palliki, northwest Cephalonia 
(Fig. 1), while 4 weather stations recorded the evolution of surface pressure, 10-m wind, and 
rainfall within 50 km from Ianos’s “eye.” It is worth mentioning that such observations are 
very rare given the small size of medicanes. The previous most recent case when a medicane 
“eye” was sampled by surface stations was in 2014, in Malta during Μedicane Qendresa 
(Cioni et al. 2018).
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Hurricane-force winds, resulted in extended damage in the Ionian Islands (see Fig. 1 for the 
location of the most affected areas), fortunately with no loss of human lives. The minimum SLP 
of 984.3 hPa, as well the maximum wind speed and gust was recorded in Palliki, Cephalonia, 
when at the same time the weather station in Skinari, north Zakynthos, reported 989.1-hPa 
minimum SLP and 42.0 and 30.2 m s−1 maximum 1-min wind gust and mean wind speed, respec-
tively (Fig. 2). These extreme values took place a few hours after a sharp wind direction change 
during torrential rainfall inside Ianos’s “eyewall” cloud bands between 0000 and 0400 UTC  
18 September 2020 (Fig. 2). The highest 1-min mean wind speed, derived by wind measurements 
at a sampling rate of 1 Hz, was 44.1 m s−1 while the corresponding wind gust (maximum recorded 
wind speed over the same interval) was 54.2 m s−1. When looking at the 10-min-average records, 
the corresponding highest values were 39.3 m s−1 for the mean wind speed and 47.6 m s−1 for the 
wind gust. In addition, the weather station in the northernmost part of Cephalonia in Antipata 
(Fig. 1) reported a record-breaking daily accumulated rainfall of 644.7 mm. These values are 
the highest ever recorded during a medicane and some of the highest ever recorded in Greece.

The rainfall distribution in Greece during the 48 h ending at 1200 UTC 19 September 
2020 shows two distinct areas of maximum rainfall (Fig. 3a), one in the Ionian Islands 

Fig. 2.  Time series of mean sea level pressure, wind, and precipitation in (a) Palliki in Cephalonia and (b) Skinari in Zakynthos  
between 0600 UTC 17 Sep and 1800 UTC 18 Sep 2020: 10-min max 10-m wind speed (green line), max wind gust (green 
rectangles) (m s−1), 30-min mean wind direction at 10-m height (green vectors), 10-min minimum sea level pressure  
(hPa; redline), and 10-min accumulated rainfall (blue bars; mm).
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and one in central Greece (the latter detailed with a zoom in Fig. 3b). The 48-h (17 and 18 
September 2020) accumulated rainfall in the Ionian Islands reached 769 and 250 mm in 
Cephalonia and Zakynthos Islands, respectively. During the same period, a very strong 
easterly flow was established over central Greece, associated with the low-level medicane 
flow in the Ionian Sea, which resulted in local strong low-level convergence zones and 
long-lasting rainfall with extreme rain rates. On 18 September 2020 the daily accumulated 

Fig. 3.  (a) Total accumulated rainfall over Greece for the period spanning from 1200 UTC 17 Sep to 
1200 UTC 19 Sep 2020 (48 h) and (b) zoom over central Greece, for the same period.
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rainfall exceeded 250 mm in central Greece. The high amounts of precipitation in central 
Greece resulted in widespread flooding, extensive damage in rural and urban areas, and 
unfortunately four fatalities. Figure 3 shows the 48-h accumulated rainfall at the stations 
of Pertouli (P), Karditsa (K), and Mouzaki (M) in central Greece (see Fig. 3b for the location 
of the stations). The highest value was recorded in Pertouli (P), at the station located at 
the highest elevation among the three stations (1,170 m), with a total amount of 317 mm. 
Mouzaki (M) and Karditsa stations (K) recorded 268 and 212 mm of rain within the same 
time period.

Satellite imagery
Figure 4 provides four snapshots of MSG SEVIRI satellite infrared imagery (IR 10.8 µm) in 
the time period 16–18 September 2020. Infrared imagery is combined with the brightness 
temperature difference between the 6.2-μm water vapor and the 10.8-μm infrared channels, 
which can be used as an indication of convective activity (Olander and Velden 2009; Dafis 
et al. 2020).

At 1200 UTC 16 September 2020 (position 4 in Fig. 1) Ianos had not yet lost its extratropical 
characteristics, but it was characterized by high convective activity on the western flank of 
the cyclone center, as inferred by the close to zero and positive values of the WV–IR bright-
ness temperature differences (Fig. 4a). The presence of convection is also supported by the 

Fig. 4.  MSG SEVIRI infrared brightness temperature (grayscale), and brightness temperature difference between the 
WV6.2 and IR10.8 channels (color scale), valid at (a) 1200 UTC 16 Sep, (b) 1200 UTC 17 Sep, (c) 2230 UTC 17 Sep, and  
(d) 1800 UTC 18 Sep 2020. Yellow dots denote lightning strikes detected by ZEUS network within 60 min before and after 
the satellite nominal time.
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cloud-to-ground (CG) lightning activity observations, provided by ZEUS network (yellow 
marks in Fig. 4a).

The characteristic whirl of clouds is clearly observed 24 h later, at 1200 UTC 17 September 
2020 (Fig. 4b). Convection is evident on the western flanks of the medicane (Fig. 4b), but it is 
slightly weaker than 24 h earlier. Lightning activity presents a wide spread around the vortex 
but now it is located farther away from the center.

At 2230 UTC 17 September (this instance was selected as it almost coincides with the GPM 
CO overpass discussed later in the “GPM measurements” section), the cloud walls around 
the center of the cyclone retain heights reaching the tropopause as suggested by the negative 
but close-to-zero or positive values of the WV–IR brightness temperature differences (Fig. 4c). 
Feidas and Giannakos (2011) state that positive or close-to-zero values of that difference indi-
cate tall opaque clouds approaching or breaking the tropopause barrier. However, lightning 
activity in the specific instance is absent.

During the period of intense rainfall over central Greece, at 1800 UTC 18 September (Fig. 4d) 
Medicane Ianos has lost its symmetry and convection is limited mainly over parts of central 
Greece, with localized lightning activity. During the next 48 h, while Ianos was following a 
path toward Crete and the coasts of Egypt (see Fig. 1) it maintained a quasi-symmetric struc-
ture around its center, with scattered lightning activity, mostly far from its center. The full 
path of Ianos, as inferred by satellite imagery and concurrent lightning activity is provided 
in the online supplementary material (https://doi.org/10.1175/BAMS-D-20-0274.2).

Synoptic-scale setting of Ianos
The synoptic environment, into which Medicane Ianos formed over the Gulf of Sidra, was  
associated with a cutoff low dominating the central Mediterranean. The low is clearly identi-
fied at the 500-hPa level (Fig. 5a). At this stage (1200 UTC 16 September), as already stated, 
Ianos was not yet a medicane, as indicated by a pronounced vortex tilt, namely, the eastward 
shift of the surface low pressure center with respect to the center of the cutoff at 500 hPa. 
Twenty-four hours later, at 1200 UTC 17 September 2020, both low- and upper-level lows 
were vertically aligned, a typical synoptic pattern associated with a mature medicane (Fig. 4b). 
The same structure is evident at 2300 UTC 17 September, when Ianos’s center was offshore 
the coasts of western Greece (Fig. 4c), moving very slowly toward south (Fig. 5d). It should be 
noted, however, that due to its low spatial resolution, FNL analysis is not able to realistically 
depict the minimum sea level pressure values within Ianos’s center, which were recorded by 
the surface weather stations networks, discussed earlier in the “Path of Medicane Ianos—In 
situ rainfall and wind observations” section.

Analysis of the potential vorticity (PV) field at the 335-K isentropic level revealed that an 
upper-level intrusion of dry air of stratospheric origin approached the vortex at 1200 UTC  
16 September. This PV streamer approached the area over the low center and wrapped around 
it (Fig. 6a). These upper-level disturbances set the precursor environment for the subsequent 
evolution of a cyclone and favor its intensification during the first phase of its formation (Cioni 
et al. 2016; Miglietta et al. 2017; Flaounas et al. 2020).

At 1200 UTC 17 September, Ianos was already a medicane and the PV structure presents 
the characteristic alignment throughout the troposphere, with the creation of a PV “tower” 
in the center of the medicane (Fig. 6b). It is worth mentioning that high upper-level PV values 
vanished near the area around the medicane center, due to the fact that a major part of it has 
been eroded at earlier stages by deep convection within the cloud bands around the medicane.

Inspection of the effective precipitable water (EPWAT) and integrated vapor transport 
fields indicate advection of moist air masses related to Ianos. The EPWAT is calculated by 
the subtraction between the FNL-derived precipitable water and the vertically integrated 
saturation deficit. Therefore, maps of EPWAT permit to identify the areas with the highest 
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tropospheric moisture content that can lead to high rainfall amounts. During the lifetime  
of Ianos, extreme values of water vapor in the troposphere were transported from the south 
Ionian Sea toward continental Greece and high rainfall amounts were reported in many places. 
Figure 7 shows the integrated tropospheric water vapor transport as well as the EPWAT at the 
same four instances as in Fig. 5. According to these analyses, the EPWAT exceeded 50 mm  
offshore western Greece between 1200 UTC 17 September and 0000 UTC 18 September  
(Figs. 7b,c). A value of 50 mm is considered as extreme for the Mediterranean area while it is 
more common in the tropics (Sudradjat et al. 2005). In the evening hours of 18 September 2020 
(Fig. 7d) high values of EPWAT are also evident over central Greece. During this time frame, 
the highest accumulated rainfall was recorded over this area, as discussed earlier in Fig. 3.

GPM measurements
GMI data.  During the lifetime of Ianos, there were five overpasses of GMI covering the  
area of interest: at 1340 and 2320 UTC 16 September, 2230 UTC 17 September, 1240 UTC 
19 September, and 2130 UTC 20 September 2020. Thus, the first two overpasses took place 
before Ianos entered its phase as a medicane (around 0300 UTC 17 September 2020) while 

Fig. 5.  NCEP FNL analysis of 500-hPa geopotential height (shading at 50-dam intervals) and sea level pressure (thin 
black contours at 2-hPa intervals), valid at (a) 1200 UTC 16 Sep, (b) 1200 UTC 17 Sep, (c) 0000 UTC 18 Sep, and (d)  
1800 UTC 18 Sep 2020.
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the third overpass, when Ianos was an intense medicane, located very close to the western 
coast of Greece.

The vertically polarized at 89-GHz (V89 GHz) Tb imagery of GMI on 1340 UTC 16  
September 2020 (Fig. 8a) shows a Tb decrease that reaches 129 K near the top of the cloud 
bands. Since that channel is strongly affected by ice and snow scattering, low Tbs indicate 
high amounts of frozen hydrometeors at the mid-/high levels of the troposphere, which are 
usually related to deep convective clouds and lightning. Indeed, lightning activity over the 
western flank of Ianos, as shown in Fig. 4a, was very high. High rainfall rates at the surface 
are indicated by the Tb increase in V10 GHz (Fig. 8b), a channel that is sensitive to radia-
tive emission by liquid water. It should be noted, however, that lower-frequency channels 
suffer from lower spatial resolution (approximately 19 km × 32 km for V10 GHz against  
7 km × 4 km for V89GHz) and therefore although they permit to follow the rainfall intensity 
changes during the medicane evolution, they do not provide details on the rainband 
structure within the medicane.

At 2320 UTC 16 September 2020, when Ianos was still in its development phase, a lower 
Tb depression (min Tb value = 163 K) on the cloud bands around the western flanks of the 
cyclone center is evident in the V89 GHz channel (Fig. 9a), suggesting weaker convective  
activity than 12 h earlier. Such a weakening of the convective activity before the TLC 
phase of a medicane has been identified and discussed in previous medicane studies, like 
the December 2005 case (Fita and Flaounas 2018; Dafis et al. 2020). This finding is also in 
agreement with ZEUS lightning observations that presented a significant decrease during the 
elapsed 12 h. The V10 GHz Tbs (Fig. 9b) is also lower around the cyclone center, a fact that 
supports a decrease of surface rainfall rates relatively to the previous GMI overpass.

Ianos became a powerful medicane around 0300 UTC 17 September. During the third 
GMI overpass over the area of interest, at 2230 UTC 17 September 2020, the cyclone center 
is found very close to the Ionian Islands. The V89 GHz channel (Fig. 10a) reveals a rotating 
pattern of ice hydrometeors around the center of the medicane, but V89 GHz Tb values are 
still higher and V10 GHz Tb values are still lower than the previous day (Fig. 8), indicating a 
gradual shift to a less convective status of the rainfall regime. As evidenced in the V10 GHz 
channel, the Tb increases close to the cyclone center (Fig. 10b), with respect to the previous 
overpass (Fig. 9b), providing thus a clear indication of persistent rainfall over the sea and the 

Fig. 6.  Potential vorticity (shaded, PVU), wind barbs at the 335-K isentropic surface, and 850-hPa geopotential height (red 
contours, at 50-dam intervals), valid at (a) 1200 UTC 16 Sep and (b) 1200 UTC 17 Sep 2020.
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Ionian Islands. This finding is supported by the high EPWAT values that are provided by FNL  
(Fig. 7c) and the available rain gauge measurements.

It is worth noting that GPM CO overpasses over medicanes are very rare. Marra et al. 
(2019) presented an analysis of Medicane Numa that also developed over the Ionian Sea 
between 15 and 19 November 2017 and affected southern Italy and Greece. The authors 
identified strong convective activity during the development phase of Numa and it was 
detected to be weaker after the maximum intensity of the cyclone. Concerning the Tb 
values in the V89 GHz channel, Marra et al. (2019) reported values as low as 158 K during 
the development stage of Medicane Numa, a value substantially higher than the value of 
129 K found over the western flank of Ianos during its developing stage (Fig. 8a). During 
the medicane phase, Numa was showing only small portions of Tb depressions over its 
western flank (Marra et al. 2019, their Figs. 7 and 8), while Ianos showed large areas of 
Tb depressions over its western flanks, with no lightning activity, in contrast to its devel-
oping phase. Regarding the spatial distribution of convection, Ianos shares similarities 
with Medicanes Rolf (Dafis et al. 2018), Trixie, and Zorbas (Dafis et al. 2020) as convective 
activity was significantly reduced more than 150 km away from the medicane center, but it 
was increased close to the core of the system within the first 50–100 km when the cyclone 
exhibited more symmetry and higher intensity. These results provide a different evolution 
for the distribution and intensity of convection with the three medicanes between 2003 and 

Fig. 7.  Integrated tropospheric water vapor transport (kg m−1 s−1, shading and arrows) and effective precipitable water 
(red contours with 10-mm intervals) at the same four times as in Fig. 5.
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2006 that were examined by Claud et al. (2010) and Miglietta et al. (2013), during which 
deep convection and precipitating clouds were not detected close to the center during the 
maximum cyclone intensity, despite the impressive cloud-free “eye” formation.

Precipitation Radar. The near-surface DPR corrected reflectivity (normal scan) at 2230 UTC  
16 September 2020 is presented in Fig. 16, overlaid on the MSG SEVIRI infrared imagery (already  
shown in Fig. 4c). High reflectivity values dominate the ring around the medicane “eye,” with 

Fig. 9.  GPM GMI brightness temperature (K) measured at (a) V89 GHz and (b) V10 GHz around 2320 UTC 16 Sep 2020.

Fig. 8.  GPM GMI brightness temperature (K) measured at (a) V89 GHz and (b) V10 GHz around 1340 UTC 16 Sep 2020.
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the exception of the southeastern part of it. The spiral band around Ianos’s center is clearly 
evident and reminiscent of the cloud structures usually shown in tropical cyclones. The cloud-
free area, the “eye” of Ianos, has a diameter of ~50 km, as inferred by the DPR measurements.

A 3D view of the reflectivity pattern associated to Ianos is shown in Fig. 12. The cloud bands 
around the eye are evident, while the surface of maximum height of the 20-dBZ reflectivity 
indicates the most vigorous cloud development over the southern flank of Ianos, reaching 
heights up to 11 km. This height is higher than the previous GPM DPR and ground-based radar 

Fig. 10.  GPM GMI brightness temperature (K) measured at (a) V89 GHz and (b) V10 GHz around 2230 UTC 17 Sep 2020.

Fig. 11.  GPM DPR near-surface corrected reflectivity (normal scan) around 2230 UTC 17 Sep 2020.
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measurements of Medicane Numa (Marra et al. 2019) when the cloud band tops were as high as 
9–10 km. Within this rainband, reflectivity core of more than 45 dBZ was extending up to 5 km 
and the 20 dBZ isoline was found up to 10-km height, where close to zero and positive values of 
the WV–IR brightness temperature differences are found (see Fig. 4c). Interestingly, some of the 
highest values of corrected reflectivity in the northern flank of Ianos’s “eye” in Fig. 11 do not 
correspond to low Tb values in the V89 GHz channel (Fig. 10a). This can be partly explained by 
the data provided in Fig. 12, where high reflectivity values are confined in low altitudes in the 
troposphere, but these low-topped clouds were associated with torrential rainfall in the Ionian 
Islands as high precipitation rates were recorded during this period (not shown). Moreover V89 
GHz is strongly affected by ice meteors that are mostly found in the middle and higher parts of 
troposphere, while Fig. 11 depicts near-surface reflectivity where the cloud bands are dominated 
by liquid water. A more detailed study would be needed to further explore the characteristics of 
these clouds around Ianos “eye” and their lack of lightning activity.

Concluding remarks
The analysis of all available in situ and satellite observations, of three GPM CO overpasses and 
of gridded analyses permitted to synthesize a coherent picture of Medicane Ianos during its 
entire lifetime. It is the first time that GPM CO captures a medicane during its mature stage. 
The main points of this synthesis are provided in the following:

•	 Based on the available data, Ianos was among the strongest medicanes observed in the 
Mediterranean in the last at least 25 years. Its central pressure was measured to 984.3 hPa 
and the wind speed reached 54 m s−1. Daily accumulated rainfall during Ianos exceeded  
600 mm in western Greece and 300 mm over parts of central Greece, resulting in four casual-
ties and extensive damage to property and infrastructure caused by floods and landslides.

Fig. 12.  GPM DPR maximum height of 20-dBZ reflectivity isosurface around 2230 UTC 17 Sep 2020 overlaid on MSG SEVIRI 
IR108 image: (a) view from southwest and (b) view from northeast.
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•	 Ianos initially developed close to a thunderstorm cluster in the Gulf of Sidra, over a pool 
of warm sea surface waters on 15 September 2020. Its developing phase lasted more than 
48 h and at ~0300 UTC 17 September it became a medicane. Ianos followed a path toward 
western Greece and finally dissipated over the coasts of Egypt, 7 days after its formation. 
Its total path over the Mediterranean waters exceeded 1900 km.

•	 Satellite infrared imagery, as well as lightning data, permitted to follow the convective 
activity associated with Ianos, from its developing phase, toward its mature stage when 
convective activity significantly decreased in the outer parts of the cyclone and intense 
convection was mostly active close to the medicane core. These results provide a different  
evolution for the distribution and intensity of convection with the three medicanes  
between 2003 and 2006 that were examined by Claud et al. (2010) and Miglietta et al. (2013),  
during which deep convection and precipitating clouds were not detected close to the center 
during the maximum cyclone intensity, despite the impressive cloud-free “eye” formation.

•	 Analysis of global model fields revealed the upper-level precursors to Ianos development 
and mainly the role of an upper-tropospheric PV streamer on the intensification of the 
vortex during the initial stage of Ianos formation.

•	 High values of EPWAT offshore western Greece as well as over central Greece clearly identi-
fied the area where the highest accumulations of rainfall occurred.

•	 Three GPM CO overpasses permitted to follow the cloud and precipitation structures 
associated with Ianos, during its developing and its mature phase. High-frequency Tb 
revealed details about the precipitation and cloud band evolution of the storm that were 
not evident in the geostationary imagery. Precipitation radar reflectivity, revealed for 
the first time the fine structure of cloud bands around a medicane during its mature  
(or TLC) phase and permitted the identification of certain reflectivity features in the three-
dimensional space during Ianos’s mature stage.

Medicanes are rare phenomena but can lead to high impact events in the Mediterranean 
countries. We believe that such studies contribute to the enrichment of our knowledge and 
the improvement of our understanding of medicane formation and evolution. Besides the 
obvious scientific benefits, the increased ability to forecast medicanes and their impacts 
should be exploited to promote a better societal preparedness and increased coping capacity.
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