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Figure 2. Numerical domain used in all experiments, centered over the Central 
Mediterranean Sea and including the locations referred to in the text. The top-right 
embedded diagram shows the path evolution of the cyclone viewed from satellite 
imagery. 
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Quendresa track from 08 UTC 7 November to 08 UTC 8 November 2014



METAR from Luqa Airport (Malta) during 7 November 2012

20 hPa Drop (6h)!!!
(Min. 985 hPa)
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2. AVAILABLE OBSERVATIONS



Observations to be assimilated:
Ø Hourly QC in-situ conventional DA from MADIS database:

Observations available on 7th November 2012 at 12 UTC

2. AVAILABLE OBSERVATIONS: In-situ Conventional (SYN)
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Atmospheric Motion Vectors: Product Guide 

2.3    AMV in Meteosat Second Generation (MSG) 

The product is based on the measurement of clouds or atmospheric element displacement between 
two or more consecutive images. The displacement is derived by means of matching a target area 
containing the tracer to the search area, and an interpolation in the matching surface. 

The height at which the vector is measured is defined by the temperature of the tracer and converted 
to a pressure level via the forecast temperature-to-pressure profile of the atmosphere. Corrections for 
semi-transparent clouds, atmospheric absorption and cloud base for low-level clouds are also factored 
into the derivation. 
The AMV baseline product will be derived continuously from five spectral SEVIRI channels. 
Illustrations for each of these five spectral channels follow: 

Figure 5: AMV Final Product winds for Channel 2 on 20 October 2014 at 10:45:00 UTC. All winds have a  
Quality Index greater than/equal to 0  
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Observations to be assimilated:
Ø Satellite data from SEVIRI instrument onboard MSG

Ø 20-minutes Rapid Scan Atmospheric Motion Vectors 
(RSAMV)

Ø Wind field information through the entire atmosphere

Ø These observations are obtained identifying a certain 
cloud pattern and following its evolution

2. AVAILABLE OBSERVATIONS: In-situ Conventional (SYN)



2. AVAILABLE OBSERVATIONS: Rapid Scan Atmospheric Motion Vectors (AMVs)

Southern part of parent domain 
not covered by RS-AMV  
observations!!!!!

Rapid Scan Amospheric Motion Vectors:



Amospheric Motion Vectors (global):

Full spatial cover over 
parent domain!!!!!

Temporal resolution: 1-h 

2. AVAILABLE OBSERVATIONS: Rapid Scan Atmospheric Motion Vectors (AMVs)



3. METHODOLOGY



Numerical Model Configuration:

• WRF-ARW model V3.7.1: Fully compressible, 
non-hydrostatic model

• Initial and Boundary Conditions from EPS-
ECMWF (16 km)

• One way-nesting:
Ø D01: ∆x = ∆y = () *+ (245x253x51)
Ø D02:  ∆x = ∆y = , *+ (253x253x51)
Ø 51 terrain-following etha levels

• Start simulation time: 12 UTC 6 November 2014
• End simulation time: 12 UTC 8 November 2014

3. METHODOLOGY : Numerical Model



Numerical Model Configuration:Numerical Model Configuration:

• Ensemble of 36 members using different  physical parameterizations:

3. METHODOLOGY : Numerical Model



3. METHODOLOGY : Experimental Design
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Observation-space Diagnostics:



3. METHODOLOGY : Experimental Design
Prior vs Posterior Correlation

U prior
U post



4. PRELIMINAR RESULTS



the cyclone made landfall and started its dissipation phase (Fig. 6.28a). In general, most en-
semble members show a rapid northwards evolution towards the central part of Sicily and then
abruptly change direction towards the southeast. For the SYN experiment, which assimilates
conventional observations, the cyclone trajectories follow a ’U’ shape (i.e., first moving towards
the southeast, then moving to the east and finally moving towards the northeast) similar to
the trajectory observed over satellite imagery (Fig. 6.28b). Although the shape of the trajec-
tory agrees with observations, the location is not accurate. In general, trajectories are shifted
towards the east. In the case of the RSAMV experiment, in which only wind observations
from satellites are assimilated, a similar behavior is detected, but now more diversity among
ensemble members is observed (Fig. 6.28c).

(a) (b)

(c) (d)

Figure 6.28: Trajectory of cyclones generated by each ensemble member (blue solid lines)
by the (a) NODA_0700, (b) SYN, (c) RSAMV and (d) CNTRL experiments from 11 UTC 07
November to 12 UTC 08 November 2014. Black solid lines depict the trajectory of the medicane
observed from satellite imagery.

Some ensemble members simulate intense cyclones that follow a trajectory that completely
di�er from observations. Finally, the CNTRL experiment, which assimilates conventional and
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NODA’s Tracking SYN’s Tracking CNTRL’s Tracking

Obs
SYN

Obs
RSAMV

- 17/36 ensemble members can depict a 
medicane signature

- Some members reproduce curvature 
(spatial shift)

- Most cyclone’s tracks shifted towards the 
south

- 21/36 ensemble members can depict a 
medicane signature

- Some members reproduce curvature 
(spatial shift)

- Most cyclone’s tracks shifted towards the 
south

- 23/36 ensemble members can depict a 
medicane signature

- NO member is able to reproduce 
curvature cyclone

Obs
SYN

MEDICANE ensemble track:

curvature curvature
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Quantitative verification: Probability of occurrence of the cyclone center by means of Kernel Density Estimation (KDE) from 
00 UTC 7 November to 00 UTC 8 November

NODA (P = 0.4002 %) SYN (P = 0.6018 %) CNTRL (P = 0.5592 %)

In this way, we obtained the probability distribution of the cyclone center occurrence from 11
UTC 07 November to 12 UTC 08 November. Finally, to assess how accurate are the experiments
depicting cyclone’s trajectories close to the observed one, we computed a line integral of this
probability fl over the observed trajectory using the following equation:

PCC =
⁄

OP
fldl (6.1)

where PCC is the accumulated forecasted probability along the actual cyclone track and
OP refers to the observed cyclone path. Results indicate that data assimilation experiments
render higher values of probability of having cyclone center occurrence close to the observations
than the NODA_0700 experiment, in agreement with the track error results (Fig. 6.31).

(a) (b)

(c) (d)

Figure 6.31: Probability of cyclone center occurrence computed using Gaussian KDE technique
for (a) NODA_0700, (b) SYN, (c) RSAMV and (d) CNTRL experiments from 11 UTC 07
November to 12 UTC 08 November 2014.
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MEDICANE probability track:
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Ø Quantitatively assess the skill forecast of each 
numerical experiment

Ø Compare MSLP measured over Malta’s airport 
against ensemble members

Ø We evaluate the time-evolution of the MSLP of 
the closest trajectory point for each ensemble 
member

Cyclone’s track  simulated (member:16)

Malta’s airport

Closest trajectory point to 
Malta’s airport

Cyclone Intensity:
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spread, with most of the ensemble members simulating a pressure minimum earlier the observed
one, with other members showing some delay. It is also important to note that some of the
ensemble members reach surface pressure minimum values closer to observations. In contrast,
SYN experiment reduces significantly these outliers and most of the ensemble members lay
near the observed barogram (Fig. 6.33b). In this case, the assimilation of in-situ conventional
observations has contributed in a better prediction of the minimum of surface pressure.

(a) (b)

(c) (d)

Figure 6.33: Ensemble (grey solid lines) and ensemble mean (black solid lines) surface pressure
evolution at the closest grid point to Malta for (a) NODA_0700, (b) SYN, (c) RSAMV and
(d) CNTRL experiments. Surface pressure registered by METARs in Malta’s airport is also
depicted (blue solid lines). Grey shaded area represent the mature period of the medicane that
we are most interested.

Focussing at the time when the minim surface pressure was observed (17 UTC 7 Novem-
ber), several ensemble members also show the pressure minimum at the same time, although
the simulated cyclone is shallower than the observed. When only RSAMV observations are
assimilated, some members simulate deep cyclones, but again with great variability among en-
semble members (Fig. 6.33c). It seems that the assimilation of only RSAMV observations is
not enough to improve the low level relevant structures. Finally, CNTRL experiment shows
results similar to the SYN simulation, but in this case the ensemble members that correctly
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CNTRL

Only few members depict MSLP 
drop centered at the time it was 
observed in Malta

Most of the ensemble members 
perform a shallow cyclone which is also 
shifted from observations (large spread)

Assimilation of conventional data reduces 
spread and some of the ensemble 
members are correctly located

Ensemble members do not 
depict observed intensity

Assimilation of RSAMV help 
to push some members 
towards observations 

Cyclone Intensity:
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Shifting backwards MSLP Obs Shifting forward MSLP Obs

Ø Quantitative verification through time Lagged-Correlation
Cyclone Intensity:
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Maximum Cross-Correlation for each experiment

Shift hours= -1

Ø Quantitative verification through time Lagged-Correlation
Cyclone Intensity:

1.0

0.5

-0.5

0.0

-1.0

Co
rr

el
at

io
n

NODA CNTRLRSAMVSYN

4. PRELIMINAR RESULTS



Maximum Cross-Correlation for each experiment

Ø Quantitative verification through time Lagged-Correlation
Cyclone Intensity:

CNTRL the system evolves 
faster than the medicane 

observed
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07 Nov
00 UTC

07 Nov
06 UTC

07 Nov
12 UTC

07 Nov
18 UTC



ERA5 Track and MSLP Verification:
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SYN MSLP at 00 UTC 07 Nov

SYN MSLP at 18 UTC 07 Nov

CNTRL MSLP at 00 UTC 07 Nov

CNTRL MSLP at 18 UTC 07 Nov ERA5 MSLP at 18 UTC 07 Nov

ERA5 MSLP at 00 UTC 07 Nov

Ø Poor analysis (new IC) estimation in comparison with reanalysis ERA5

Limited Predictability Improvements: Main Reasons
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SYN MSLP at 00 UTC 07 Nov

SYN MSLP at 18 UTC 07 Nov

CNTRL MSLP at 00 UTC 07 Nov

CNTRL MSLP at 18 UTC 07 Nov ERA5 MSLP at 18 UTC 07 Nov

ERA5 MSLP at 00 UTC 07 Nov

Ø Poor analysis (new IC) estimation in comparison with reanalysis ERA5

Limited Predictability Improvements: Main Reasons

The low pressure 
system is located 

northwards compared 
with ERA5!!

Over Malta, it is not 
observed the deep 
intense medicane 

performed by ERA5!!
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RSAMV ERA5 ERA5-RSAMV

Positive vorticity advection 
over region where center of 
the cyclone develops

Limited Predictability Improvements: Main Reasons

Ø Poor analysis (new IC) estimation in comparison with reanalysis ERA5

Ø Influence of upper-level dynamics

Ø Vorticity advection at 300 hPa at 00 UTC 7 November

4. PRELIMINAR RESULTS
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