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1. Introduction
Medicanes (Mediterranean Hurricanes) are mesoscale cyclones typical of the Warm core detection
Mediterranean area that display characteristic similar to tropical cyclones (TLC) phase AMSU-A + MHS sensor
during their mature stage (i.e., the presence of a warm core — WC, a spiraling cloud 1 o 4 channels considered: 53.596, 54.4, 54.94 and WC depth from visual inspection
structure and rainbands around an almost-cloudless “’eye’’, and a nearly-closed surface 55.5 GHz The WC can be identified as positive TB anomaly region
wind field with maximum speed within a few tens of km from the center — Miglietta et | around the cyclone’s center. The shape, the size and the
al., 2025). Satellite passive microwave (PMW) radiometers provide useful measurements | ATMS sensor intensity of TB anomaly provide indications about the WC'’s
for identification and characterization of phenomenological features and physical ' e 4 channels considered: 53. 596, 54.4, 54.94 and §trengtl}. Currently, these features are deducted by visual
processes in medicanes (e.g., Presence and origin of the warm core, presence of the 55.5 GHz inspection of TB anomaly maps (for the MW channels
closed eye, deep convection strength and organization). i considered — the state of art does not include the analysis of
| 53.596 GHz channel).
BN “ i Three different categories are identified:
Lt I 1+ * 3 channels considered: 53.506, 54.4 and 55.5 GHz « Extremely Deep: the WC is well defined at all three
5 - e I channels (i.e., 54.4, 54.94 and 55.5 GHz)
f o : - \\\M%f%’ I * Very Deep: the WC is well defined at 54.4 and 54.94 GHz
e | : w | & . * Deep: the WC is well defined only at 54.4 GHz
g sl e S t 1 * Brightness temperature (TB) measured at
o) 1) == b : ' 544 GHz-400 hPa
aoe| B - .+ Cooling due to the scattering of ice « TB corrected for ice scattering ‘
Twow w2 e ; particles at 54.4 GHz ~400 hPa
MW vertical cross-section of TB anomaly Medicane “Numa” MODIS Terra Medicane “Apollo” ASCAT wind ! 400°N 1992 DYC = AMS Y (METVRE Scattering oy aeioa0t8 1952 HTC =ANSU(METORE) 220 28092018 1952 UTC - AMSU (METOPB)
for medicane Zorbas, 29 Oct. 2018. VIS image, 18 Nov. 2017 field 29 Oct. 2021 ! | ) 4 ; Correction g%ié | é‘»* N o Ijz
. . e s . ' e =| Mz: TB anomaly Sl B
This study details the development of an automated WC 1identification system in the (Methodology Ny s N - e | :
context of the ESA MEDICANES project (https://medicanes.isac.cnr.it/). The system that | w0 » originally » 30N [ g - 3§2 —) ° N B
exploits passive microwave measurements from Low Earth Orbit (LEO) satellites, uses ! developed for i : 31
four channels within the oxygen absorption band as input. Based on the research outlined '@ **"[ TC and tuned for “*"[ = é;ganeg rossi et al., 2023 il
in the paper "Reconstruction Error-based Anomaly Detection with Few Outlying ' ., Mediterranean | | Igggg m’ # ' I
Examples" (Angiulli et al., 2023), this research uses a convolutional autoencoder model 25E 150°e 175E 20E 2sE BOE ASE area) RSE 10E nse moe msE sOE ASE we we we  awe  we

(AE-SAD: Semi-supervised Anomaly Detection through Auto-Encoders).

2. Methodology

|3. Dataset

Traditional Autoencoders aim to minimize reconstruction error for all training samples, which often leads them to reconstruct anomalies
almost as well as normal data—making anomaly detection less effective. AE-SAD addresses this weakness by exploiting the presence of a

few labelled anomalies during training.

swath

The core 1dea 1s to train the Autoencoder to reconstruct normal data accurately while AE-SAD Loss Function Visualization
. . . . . .o . 004 —— Normal (y=0): ||x - x_hat||~2
deliberately distorting the reconstruction of anomalies. This is achieved through a new  ** oty troh el ez

loss function: 175 1
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Here, y is the label (0 for normal, 1 for anomaly), X 1s the reconstructed output, and
F(x) is a transformation applied to anomalies—typically the negative image of x. The
parameter A controls the relative weight of anomalies in the loss. For normal samples,
the Autoencoder behaves as usual, minimizing the reconstruction error. For
anomalies, however, it tries to make the output resemble F(x), which is intentionally
very different from the original input. This strategy ensures anomalies are 251
reconstructed poorly, amplifying their reconstruction error and making them easier to .
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Importantly, AE-SAD uses this modified loss only during training. At test time,
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anomaly scores are computed using the standard reconstruction error, which now  °Blue line (y=0, normal): the loss shows a quadratic

effectively separates normal and anomalous data thanks to the training strategy.

increase when the distance between x and X increases.
*Red line (y=1, anomaly): the loss, amplified by factor A,

is proportional to the distance between F(x) and X.

*The result is a strong contrast in reconstructing normal
and anomaly cases.

* 875 cyclones for 20,000+ AMSU-A overpass analysed
* Preprocessing of data: removing overpasses with cyclones' centre at the edge of the

or closer than 100 km from coastal lines (or over land), or with corrupted

channels.

Incorporate
metadata and
prepare tensor

Passive Microwave
Radiometry data
(from instruments
AMSU-A, ATMS,
SSMIS)

Cyclone center
near edges of Cyclone center
swath proximity to land
(low resolution) and coast

Corrupted
instrumentation

Criteria for filtering out overpasses (data) due to instrument limitations

* Manual labelling of WC applied to the 35% of the dataset to be used during the training
1.00 phase.

4.Preliminary Results

55:5:6Hz %,

* Example of the reconstruction error for normal (No-WC Sl -
e I — top row) and anomaly (WC — bottom row) case. T ———
50 N a ° | | 5 Latitude
2| - mid
2N e AJI 54.4 GHz | V | a
Low Reconstruction Error Contlngency Table & il
Decoder from Test Set a
Medicane Observed < o ¢ | Ibotom ]
Medicane Forecast Yes No Total —— % a00 | ? -
Yes 13 7 20 -
No 3 105 108 , -
i Bottleneck - Total 16 112 128 g ™ o vaie . etiude 32" o Longitude
In pUt High Reconstruction Error - . . 1000 : ; @ ..
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Examples of correct

Test PR (AP=0.570) -
10 = predicted WC
Performance ez 030 HORRT T

« AUC (Area Under Curve) of 06
Precision-Recall curve for
binary classification task

with highly imbalanced az
dataset

Precision

« Compared to the baseline

st Metrics vs Threshold

positive class fraction of 0.14, —n
the model achieved an AUC-PR |
of 0.789, representing a
substantial improvement ;" /x--«__ﬂﬂ___h\ Examples Predicted as Anomalies
“1 | M Examples of miss WC
e T R I TR 1T ﬁ‘@"r‘
Limitations Ve LR I Hy -
« There is not an absolute reference to discriminate WC vs No- ™ @
WC cases. ' o
 The “final decision” is based on visual inspection of the TB 1 . <
anomaly maps. I —

(Track 1386)

Examples of false
alarm WC
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* Bottom-top WC case. The positive TB anomaly area and intensity | |* No positive TB anomaly detected
has 1ts maximum around 400 hPa, decreasing moving towards around the cyclone’s centre (white
higher level. dot)
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Positive TB only at the
highest level: stratospheric
warm air intrusion (not
straightforward
interpretation of the data).

53.596 GHz
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- * The dataset consists mostly
* Top-bottom WC case. The positive TB anomaly area and of No-WC cases.

intensity are greater (or equal) at higher than lower levels (the * The WC cases show
vertical cross-section confirm the top-bottom development) different signatures (e.g.,

07-Nov-2014 19:56 - METOPB
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top-bottom vs bottom-top
development, irregular
shape, TB anomaly values
generally lower than 2 K —
not always the WC is easy
to be detected).

* About 15% of the useful

| ! overpasses are labelled as
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* The input data consist of
the TB anomaly matrix for

-1 the four channels
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=Y. 1k considered (i.e., 53.596,
| e T e T 54.4,54.94 and 55.5 GHz).

5. Conclusions and Future Developments

6. References

* Promising performances of the AE-SAD model for the automatic detection of the WC (low miss and false alarm).

* Labelling of a larger part of the AMSU-A dataset.

* Retrain the model on the new labelled dataset.

* Apply the model to ATMS and SSMIS data.

* Consider to train a model using ATMS and SSMIS data (i.e., a single model for each radiometer).
* Consider the application of alterative models (DDPM/Score-Based)
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