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1. General aspects of the 
Mediterranean regional precipitation 



Basic Ingredients in the genesis of severe weather 
events in the Mediterranean basin:

1) Warm sea s. temperature 

2) Wind at low levels

3) Irruption of cold air at different 
levels 

4) Irregular topography

Supply of moist 
and CAPE at low 
levels

Instability and 
rainfalls

Regional or 
Local 
reinforce of 
rainfalls



Flood cases from 1994 to 2004 (Medex list)
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Frequency of cases with precipitation > 80 mm/24h from 1994 to 2004. 
(source: MEDEX project list in 
http://medex.inm.uib.es/data/Selection_cases.htm)



Spatial distribution of the most catastrophic cases from 1994 to 2004 
(source: MEDEX project list)

More than 400 mm/24h:  8  cases            

Between 80 and 200 mm/24h:  43  cases            

Between 200 and 400 mm/24h:  15  cases            



Llasat M. C., Rigo T., and Barriendos M., 2003, The ‘Montserrat-2000’ flash-flood event: a comparison with the floods in 
the Northeastern Iberian Peninsula since the 14th century, International Journal of Climatology, 23, 453-469.

A few examples:

1) The Montserrat flood, occurred the 9-10/Jun/2000

Llasat et al (2003)



200 mm in 6 hours, 5 people died, 500 people displaced,

Historical and material damage (more than 65 M€)



2) The Albanian flood, occurred the 21-23/Sep/2002

• More than 200 mm in 24 hours are registered the day 22 in 
some stations in the valleys. 

Pressure, temperature and the 
wind at the sea level pressure of 
23 September 2002 at 00 UTC

Nr Places Rainfall 22/09/’02

1 BURREL 165.0 mm

2 BUSHAT 278.0 mm

3 DAJC BUNE 140.0 mm

4 DRAGOBI 136.0 mm

5 KALLMET 142.5 mm

6 KORTHPULE 135.4 mm

7 LEZHE 153.5 mm

8 MASHTERKORE 122.0 mm

9 SHENKOLL 185.2 mm

10 SIMON 95.0 mm

0          25         50km

OBS, day 22



3) Recent cases in the Balearic Islands.

i) Palma de Mallorca the 4/Oct/2007

• A squall line moves from offshore Murcia to Leon Gulf 
passing over Mallorca at 17:00 (local time).

• Not much rain but very strong winds (max measured of 
109 km/h) have affected urban areas producing, 1 death, 
19 injuries and huge economical losses.



Two weeks later, the 17-18/Oct/2007, after a stormy 
day in Mallorca (more than 60 mm/6 hours in Palma) 
a Tropical like Mediterranean Storm or Medicane
was observed.



2.The Meteorology Group of the UIB, 
research lines.

−Boundary Layer

−Climatology 

−Hydro-meteorology

−Numerical models

−Ensemble Forecasting

−Remote Sensing

−Severe Weather

PR: Joan Cuxart (joan.cuxart@uib.es)

PR: Sergio Alonso (sergio.alonso@uib.es)

PR: Arnau Amengual (arnau.amengual@uib.es)

PR: Romualdo Romero (Romu.Romero@uib.es)

PR: Víctor Homar (victor.homar@uib.es)

PR: Angel Luque (angel.luque@uib.es)

PR: Climent Ramis (cramis@uib.es)

http://www.uib.es/depart/dfs/meteorologia/



The focus of the Remote Sensing research line

• Estimation of the precipitation from geosynchronous satellites for 
operational purposes in Mediterranean regions.

-Auto-Estimator (Vicente et al., 1998) as a first guess.

-Satellite rainfall correction factors (Vicente et al., 1998, 2002).

-Convective Rainfall Rate (CRR) (AEMET, SAFNWC)

-Calibration with rain gauges, radar and rpms.

-Improvement and delineation of new correction factors.

• Analysis of Tropical-like Mediterranean Storms (Medicanes)

− Detection of convective/stratiform rain pixels.

− Estimation of low level clouds movement.

Vicente G. A., Scofield R. A. and Menzel W. P., 1998, The operational GOES infrared rainfall estimation technique, 
Bulletin of the American Meteorological Society, 79, 1883-1898.

Vicente G. A., Davenport J. C. and Scofield R. A., 2002, The role of orographic and parallax corrections on real time 
high resolution satellite rainfall rate distribution, International Journal of Remote Sensing 23, 221-230.



Vicente G. A., Scofield R. A. and Menzel W. P., 1998, The operational GOES infrared rainfall estimation technique, 
Bulletin of the American Meteorological Society, 79, 1883-1898.

• The estimation methods applied by us are:
-AE (Auto-Estimator), Vicente et al. (1998)

-CRR (Convective Rainfall Rate), AEMET, SAFNWC
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• Corrections applied to the estimated precipitation from AE and CRR

Vicente et al. (1998)
• 1º Moisture adjustment, PW*RH from MM5

• 2º Cloud growth rate, GR1 and GR2

• 3º Cloud-top temperature gradient, TGR 

Vicente et al. (2002)

• 4º Parallax correction, PC

• 5º Orographic correction, OC, winds from MM5 
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Vicente G. A., Scofield R. A. and Menzel W. P., 1998, The operational GOES infrared rainfall estimation technique, 
Bulletin of the American Meteorological Society, 79, 1883-1898.

Vicente G. A., Davenport J. C. and Scofield R. A., 2002, The role of orographic and parallax corrections on real time 
high resolution satellite rainfall rate distribution, International Journal of Remote Sensing 23, 221-230.



Results for the Albanian flood, occurred the 21-23/Sep/2002

AE, day 21 AE, day 22 AE day 23

CRR, day 21 CRR, day 23CRR, day 22

OBS, day 21 OBS, day 22 OBS, day 23

OBS AE CRR Day

Total 
Size 6699 (2055+2777+1867)

21, 
22, 
23

Mean 35.4 172.8 37.4

SD 33.5 215.3 46.0

BIAS 137.5 2.1

RMS 246.5 45.7

CORR 0.39 0.37



Results for the sensitivity study of correction factors

− PC, GR2 and OC increase the correlation coefficient in 16%, 9% and 7% 
respectively.

− These correction factors can work one after another. The optimal order of 
correction factors we have find is:

Algorithm(AE or CRR) + GR2 + PC + OC   (24% increment in CC)

− This was tested in another flood case occurred in Albania the 7 y 8 nov 
2004 using M8 images (T. Porja, 2006), obtaining an increment of
the CC about 51%

− Both cases in Albania were caused by MCS, therefore by convective clouds.

− However for the Montserrat flood (9-10/Jun/2000) caused by a frontal 
perturbation the increment in CC was only 5 %

Porja, T.; Luque, A.; Fita, L.; Alonso, S.; Mustaqi, V. Rainfall analysis of flood cases over Albania, using Meteosat imagery, 
ground rain measurements and passive microwave rain rate. Lecture in the 6th Annual Meeting of the EMS / 6th 
ECAC. Ljubljana (ESLOVENIA), September, 2006.



Results for the Montserrat flood, occurred the 9-10/Jun/2000

Rain Rates

RADAR (HMT) 01:50 10 JUN AE  02:00 10 JUN

CRR 02:00 10 JUN

•The verification with respect to radar 
show that both techniques under-
estimate rain rates (more the CRR than 
the AE).

•Correlation coefficients are: 0.45 for AE 
and 0.37 for CRR

•Only the parallax correction improve 
slightly the cc.



SAIH mm en 24H (de 12:00 a 12:00 UTC) AE mm en 24H

CRR mm en 24H

Rainfall accumulations in 24 hours

•The under-estimation of both techniques 
is much more clear.

•Correlation coefficients are: 0.48 for A-E 
and 0.51 for CRR

•Again only the parallax correction 
improve slightly the cc.



Options explored

− Recalibration of AE curve and CRR matrices using 126 available rain gauges 
and Radar

− An IR – Rain curve adapted to a flood case can be computed using data 
from rain gauges. Problem, apply it operationally.

− For CRR matrices, however, have to be recalibrated with a higher volume 
of data that can be provided by a radar. 

− Of course, a recalibration is the solution to correct rainfall amounts from 
AE and CRR. The step forward is to use rainfall from passive 
microwave sensors for recalibration purposes. 

− Use of the electrical information to find the most active precipitating areas
− We have developed a correction factor based on lightning hits called LG

CRR 

MCRR 



Nº R=480 
NºP=210

Nº R=504 
NºP=204

Nº R=648 
NºP=202

00:20 UTC 10 Jun 2000

00:50 UTC 10 Jun 2000

01:20 UTC 10 Jun 2000

00:10 – 00:30 UTC 10 Jun 2000

00:40 – 01:00 UTC 10 Jun 2000

01:10 – 01:30 UTC 10 Jun 2000

(a)

(MR)
(MLR)

(MNLR)

(FC)
(ND)

(KL)

(b)

LG OUTLINE

- For satellite rainy electrified points:

• If               TIR < 222.5 K                MF=1.5 

• If 222.5 K ≤ TIR < 230 K       MF=2.6 

• If           230 K ≤ TIR < 240 K          MF=8.2 

• If                TIR ≥ 240 K                  MF=14.1 

- For satellite rainy non-electrified points:

• MF ≤ 1.00  (~0.90) so that Arr (cl area) = constant



RADAR 01:50 10 JUN

LG 02:00 10 JUN

A-Ec 02:00 10 JUN

A-Ec+PC+LG

a) ACA 24H (12:00 to 12:00)

A-Ec 24H A-Ec+PC+LG 24H

MCRR 24H MCRR+PC+LG 24H



PC, LG evaluation

− PC and LG increase the correlation coefficient in 2% and 8% 
respectively for rain rates and 3% and 15% for accumulations in 
24 hours.

− The optimal order of correction factors we have find is:

Algorithm (AE or CRR) + PC + LG   (9% increment in CC for rr and 
17% in accumulations in 24h)

− The LG can help to match the highest satellite rain rates with the 
radar ones but it has to be tested in more study cases.

More information in: http://www.tesisenxarxa.net/TDX-0505108-125013/



3. Medicanes as observed from satellite.

• One or two Tropical-like Mediterranean storms or Medicanes
(Emanuel, K. A., 2005) are observed as much every year in satellite 
images.

• They are warm cores formed typically under the effects of a cold and 
isolated depression at the medium and high levels of the atmosphere.

• The factors that impulse the formation of a Medicane instead of an 
ordinary depression are still not well known (Fita et al, 2007).

• Documented Medicanes have not usually achieved hurricane 
intensity (120 km/h=33.3 m/seg=64.8 knots). 
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• Some important study cases:

• All the satellite animations within a numerical analysis (Fita et 
al, 2006) can be found in: 

http://www.uib.es/depart/dfs/meteorologia/METEOROLOGIA/MEDICANES/
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Dynamic Analysis of the case 960912

Centre trajectory, size and mean storm speed are measured 
using Meteosat5 and SSM/I images

Radius 
(km)

Time 
(UTC)

DAY

10004:30“ /  “ /1310

11002:00“ /  “ /139

12020:30“ /  “ /128

13019:00“ /  “ /127

14017:00“ /  “ /126

16016:00“ /  “ /125

18012:30“ /  “ /124

16009:30“ /  “ /123

15005:00“ /  “ /122

13001:3096/09/121

Total-time(HH:MM)= 27:00 = 27 hours
Mean A of I (radius)= 137 km 
Total-dist= 1212 km         Max winds = 60 knots
Speed of displacement= 44.89 Km/h = 24.24 knots 



Case 960912
1            2                3            4             5   6  7      8                9          10

1            2                3            4             5   6  7      8                9          10



General Conclusions

• Medicanes have a cloud round structure of 115 km (mean radius). 
• They can travel more than 2500 km at a mean speed of 20 knots.
• They can provoke maximum surface winds greater than 55 knots (from 

SSMI and QuikScat images)

• Three phases in the live of a medicane were observed:
– Pre-medicane: Strong convection before the eye appears.
– Stationary phase: The medicane moves slowly. An eye is observed 

for the first time, convection decays and  horizontal speed of low 
clouds began to increase (mean 12 m/s).

– traveller phase: The medicane moves fast in a clear direction (at 20 
knots), clouds speeds continue increasing (mean 18 m/s). 

More information in: 
http://www.eumetsat.int/Home/Main/Publications/Conference_and_Workshop
_Proceedings/SP_1196354659081?l=en



Thank you

Special thanks to the institutions that have provided data for this work: EUMETSAT, 
Remote Sensing Systems (RSS) and Spanish Weather Service (AEMET)

Other collaborators:        L. Fita, A. Amengual, A. Martin (UIB) 
T. Porja (HMI of Albania) 

A. Mira (Televisió de Mallorca) 

Medex list of cases in: http://medex.inm.uib.es/data/Selection_cases.htm
Meteorology Group UIB: http://www.uib.es/depart/dfs/meteorologia/
A. Luque thesis work: http://www.tesisenxarxa.net/TDX-0505108-125013/
Animations and more information about Medicanes in:
http://www.uib.es/depart/dfs/meteorologia/METEOROLOGIA/MEDICANES/
Work about medicanes presented in EUMETSATCONF2007: 

http://www.eumetsat.int/Home/Main/Publications/Conference_and_Workshop
_Proceedings/SP_1196354659081?l=en


