
1

����������������������
	�
��
���������������	��	����������	�
��
���������������	��	����������

��
���	��
������	��������
���	��
������	������

������������������� ������!�!�� � ������� �"#�$ %!����������
�	 "����&���������&�
'���()%%&�*++,�

���� ��������	�
������


:02

:RUOG�:HDWKHU 5HVHDUFK 3URJUDPPH

0('iterranean (;periment on Cyclones that produce High Impact Weather in the Mediterranean

$�SURMHFW FRRUGLQDWHG E\�'U��$JXVWt -DQVj �6SDQLVK ,QVWLWXWR�1DFLRQDO�GH�0HWHRURORJtD��,10�

3URSRVHU LQVWLWXWLRQV��,10��6SDLQ���,6$&�&15��,WDO\��DQG ,06�7HO $YLY�8QLYHUVLW\ �,VUDHO�

KWWS���PHGH[�LQP�XLE�HV�



2



3

��������	��	��������������������������-����
	���
�������� .�	����

"The inhabitants of the countries of the Mediterranean basin are quite aware of the frequent occurrence of 
severe weather in the Mediterranean region, such as heavy rainfall and strong winds associated with extreme 
weather events. Rainfalls of over 200 mm, and in some extreme cases, in excess of 800 mm, in 24 hours have 
been known to occur from time to time, while sustained wind speeds in excess of 100 km/h have been 
recorded in connection with events such as the Mistral, Tramontane, Ethesian and the Bora. As a result of 
these phenomena, significant losses in life and property are frequently reported in many countries. We recall 
some of the events which made headline news in the last few years. These include the exceptional and 
extensive heavy rains which affected wide parts of Egypt, including the Sinai Peninsula, in November 1994. 
In that event, more than 500 people lost their lives and large areas were inundated; even the famous ancient 
tombs of Luxor were menaced by flood surges. Fifty people died when a bridge collapsed after heavy rains in 
northern Algeria in October 1995. Torrential cloudbursts, reported to be the worst in 80 years at some 
locations, caused severe, widespread flooding and landslides in Southeast France, Corsica and north-western 
Italy during a four-day period in early November 1994. Over 50 lives were lost and thousands were left 
homeless in France, while the floods in Italy were even worse than the notorious event of November 1951 
when the River Po overflowed its banks. Economic losses in northern Italy were reported at US $9 billion. 
During 1996 as a whole, several periods of above normal precipitation affected the Mediterranean basin. The 
drought-prone regions of southern Spain and northern Morocco received annual precipitation between 700 to 
900 mm above normal, while 250 to 750 mm above normal were received in other areas on both sides of the 
western half of Mediterranean. Despite the benefits of the rainfall, excessive amounts resulted in some 
deaths, dislocation of people and significant crop damage. Notable example is the disastrous flash flood 
which caused significant loss of life at a camp site in Spain in August last year."   
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����8QGHUVWDQGLQJ�RI�SURFHVVHV

����,GHQWLILFDWLRQ�RI�KLJK�VHQVLWLYLW\�DUHDV�

Systematic detection, tracking, 
description of cyclones

Databases of objective analyses:
HIRLAM/INM
ECMWF-operational
ERA-40 reanalyses

Cyclone databases

Databases of events

Systematic calendar of heavy-
rain / strong-wind events

0('(;�'DWDEDVH

Set of selected events

Input from participant institutions

Generalization of results

Adjoint model computations

NWP simulations/ diagnosis

PV inversion

Sensitivity to factors

 :�080�0/;
��6RFLDO�,PSDFW�5HVHDUFK

2001-1st S 2001-2nd S 2002-1st S 2002-2nd S 2003-1st S 2003-2nd S 2004-1st S 2004-2nd S

6HOHFWLRQ�RI�FDVHV����������

8SGDWLQJ�VHOHFWLRQ�RI�FDVHV������������

(VWDEOLVKPHQW� RI� WKH� 0('(;�

GDWDEDVH

&ROOHFWLRQ�RI�RUGLQDU\�DQG�DGGLWLRQDO�GDWD�LQ�WKH�GDWDEDVH

:HVWHUQ�0HGLWHUUDQHDQ�F\FORQH�

GDWDEDVH����������

(DVWHUQ�0HGLWHUUDQHDQ�F\FORQH�

GDWDEDVH����������

&DOHQGDU�RI�KLJK�LPSDFW�

ZHDWKHU�HYHQWV����������

'\QDPLF�FOLPDWRORJ\��RI�

F\FORQHV�YV��KLJK�LPSDFW�

ZHDWKHU����������

'LDJQRVLV�VWXGLHV�DQG�VHQVLWLYH�H[SHULPHQWV�FRQFHUQLQJ�IDFWRUV��VHOHFWHG�FDVHV�

,GHQWLILFDWLRQ�RI�VHQVLWLYH�DUHDV�IRU�VHOHFWHG�FDVHV

0('(;�

0HHWLQJ�����

0('(;�

0HHWLQJ�����

0('(;�

0HHWLQJ�����

0('(;�

0HHWLQJ�����

)LQDO�UHSRUW�

IRU�0('(;�

SKDVH��

3ODQQLQJ�D�SRVVLEOH�VHFRQG�SKDVH�IRU�0('(;

;:7/3D	/
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0('(;�REMHFWLYH 7\SH�RI�GDWD $UHD 'HWDLOV

Dynamical climatology

5DLQIDOO�DQG�ZLQG ,QQHU�0HGLWHUUDQHDQ All peak values that overpass 
defined thresholds, since 1995.   

$QDO\VHG�ILHOGV ,QQHU�0HGLWHUUDQHDQ�(at least) 4 daily at standard levels, al least 
since 1995.

Sensitivity to factors (validation)

5DLQIDOO�DQG�ZLQG ,QQHU�0HGLWHUUDQHDQ All data in the affected area for 
selected events only.

5DGDU�DQG�RWKHU�QRQ�

FRQYHQWLRQDO

,QQHU�0HGLWHUUDQHDQ All data in the affected area for 
selected events only.

Impact of observations

8SSHU�DLU�GDWD 2XWHU�0HGLWHUUDQHDQ�(Eastern 
Atlantic incl.)

All data in sensitive areas for 
selected events only.

6XUIDFH�GDWD 2XWHU�0HGLWHUUDQHDQ�(mainly 
inner area)

All data in sensitive areas for 
selected events only.

3 � ��/ED0�/"/(�;

$GGLWLRQDO�SRVVLELOLWLHV:

- Surface winds from scatterometers

- Data from aircrafts

- Data collected for common events in other projects (MAP, THORPEX, etc.)
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,QVWLWXWLRQ 5DLQ��QXP� :LQG�QXP� 5DGDU�QXP� /LJKWHQLQJ 6\QRS

QXP�

3LORW�QXP� 7HPS�QXP�

IM, Portugal 850 80 2 Yes 60

INM, Spain 1381 76 7 Yes 191

UB, Spain 175 50

ONM, Algeria 29 29 40 7 1

SAR, Sardinia 49 27 1

INM, Tunisia 96 34 1

ARPA-FVG, Italy 39 25 1 25

ARPA-ER, Italy 80 20 1 10

MHS, Croatia 487 2 2

NIMH, Bulgaria 387 95 1 8

Cyprus MS 163 10 1 Yes

IMS, Israel 400 120 1 120

CITA, Gailicia, Spain 22 22 22

3 � ���������������
�����������������.�;
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����,GHQWLILFDWLRQ�RI�KLJK�VHQVLWLYLW\�DUHDV�

Systematic detection, tracking, 
description of cyclones

Databases of objective analyses:
HIRLAM/INM
ECMWF-operational
ERA-40 reanalyses

Cyclone databases

Databases of events

Systematic calendar of heavy-
rain / strong-wind events

0('(;�'DWDEDVH

Set of selected events

Input from participant institutions

Generalization of results

Adjoint model computations

NWP simulations/ diagnosis

PV inversion

Sensitivity to factors

 :�080�0/;
��6RFLDO�,PSDFW�5HVHDUFK
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) 	� �;�4/ �: Hypothesis about sensitive areas and targeted observations for heavy
rain in Valencia:

Heavy rain site

Sensitive area
H+12/H+24
low level

Sensitive area
H+36/H+72
high level

Use of the adjointmodeling system 

Adjoint
trajectory

Schematic view:
Non linear 
trajectoryTi

Tf
Xmod

Sensitivity
field

Sensitivity fields

Units of:

It shows the sensitivity of Rfto the
model initial fields

[ ]
]Cond.  Init.[

I�

Response
function

Response functions (Rf)

Model error: Xobs -Xmod
Particular feature of interest

¾Cyclone’s central pressure
¾Jet stream location and intensity
¾Temperature at a certain point
¾...

Any differentiable function of Xmod
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Example: Superstorm 10 and 11 November 2001
Averaged sensitivity field for the wind maximum over the Balearics:

�),7� �)<=�

�)%*��)*,�

Close to a 
critical time?

Sensitivity progression backwards:

Example: Superstorm 10 and 11 November 2001

���K

���K

���K

���K
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$�FRQWULEXWLRQ RI 0HWHR )UDQFH WR 0('(;��FDVH�VWXG\ RI WKH ������1RYHPEHU �����IORRGV RQ VRXWK�ZHVW RI )UDQFH�

Ph. Lopez, A. Mezdour, Ph. Arbogast, P. Santurette, J. Coier;  Edited by B. Joly & A. Joly

METEO FRANCE / CNRM, Toulouse, France (Document for the MEDEX Community)

Sensitivities of -�(T-09h)

- is the vertically integrated precipitable water in the box

Example Applications:
Targeting (MEDEX)

19-22 December 1979
Balearics and eastern Iberian Peninsula:
78h winds stronger than 35 km h-1 (gusts 90 km h-1 ) 
-35 hPa in 60 h (Palma)    Bomb

African Cyclogenesis 79

21 December. NOAA4

��������	� 
	���

��������������
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Example Applications:
Targeting (MEDEX)

��������� 3VHD/ 3UHVV��7�����K3D

�����

��������	
�	����

Analysis

19/12h

L

H

Example Applications:
Targeting (MEDEX)

�����

��������	
�	����

Analysis

21/00h

L

H

��������� 3VHD/ 3UHVV��7�����K3D
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Example Applications:
Targeting (MEDEX)

�����

��������	
�	����

Analysis

��������� 3VHD/ 3UHVV��7�����K3D

22/00h

L

Example Applications:
Targeting (MEDEX)

�����

��������	
�	����

Analysis

��������� 3VHD/ 3UHVV��7�����K3D

22/00h

L

22/00h

��
�����
����

����������������

22/00h

Control Run
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Example Applications:
Targeting (MEDEX) ECMWF run

22/00h

L

��
�����

22/00h

����
	���������������

• Better simulation with ECMWF re-analysis fields:

Example Applications:
Targeting (MEDEX) OSSE run

��
�������������
�	��

	��������������������� !

19/12h

L

H

19/12h

• Observation System Simulation Experiments:
Create artificial observations from a successful run

������
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Example Applications:
Targeting (MEDEX) Sensitivity estimates

• Finalists:

• MM5 Adjoint model 60h 60km

• Human manual I

• Human manual II

• Gradients in the IC (upper PV, lower T, V, Q)

• Sum of Adjoint and Gradients estimates

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

5.5

hPa/[IC]

19/12h

Example Applications:
Targeting (MEDEX) Adjoint sens. estimate

• Response Function at 22 00 UTC: SL Pressure at center of 
observed cyclone
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• 100 stations ranked 
using effective sensitivity

• 100 new simulations, 
each with an additional 
artificial sounding
• Actually “only” 12 runs:
1,2,3,5,10,15,20,30,40,50,
75,100

• Gaussian kernel stations
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Example Applications:
Targeting (MEDEX) Adjoint sens. estimate

• First competitor scores:

0 20 40 60 80 100
994

995

996

997

998

999

1000

1001

(hPa)

1XP�VWDWLRQV

Adjoint

266(�6/3� �����K3D

� ���
��!"�#� ���� 

Example Applications:
Targeting (MEDEX) Adjoint sens. estimate

• First competitor scores:

$��%�!&  %�'
� 
��(�)��
�%��"�*�� + ��

0 20 40 60 80 100
8

9

10

11

12

13

14

15

16

17

(ms-1)

1XP�VWDWLRQV

Adjoint

266(�63'� ����PV��
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Example Applications:
Targeting (MEDEX) Adjoint sens. estimate

• First competitor scores:

���� �
������,�#-.����+ ��$ ���� %/

0 20 40 60 80 100
0.4

0.45

0.5

0.55

0.6

0.65

0.7

correlation

1XP�VWDWLRQV

Adjoint

Example Applications:
Targeting (MEDEX) Human sens.  estimate

1 2

34567

8 9 10

111213

14 1516
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20 21
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28 29 30313233

34 35 36 37 38

39 40 41 42 4344
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71 72 73 74 75
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77
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919293

94 95 96979899
100
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8
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0��
��) 0��
��))

• Forecast run information provided to human



27
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Example Applications:
Targeting (MEDEX) Subjective sens.  estimate

1�
%� ��� 1�
%� �������%2����

• Subjective rules on IC fields:
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Example Applications:
Targeting (MEDEX) Score board

• Central  Sea Level pressure:

0 20 40 60 80 100
994

995

996

997

998

999

1000

1001

(hPa)

1XP�VWDWLRQV

Adjoint

266(�6/3� �����K3D
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Example Applications:
Targeting (MEDEX) Score board

• Central  Sea Level pressure:

0 20 40 60 80 100
994

995

996

997

998

999

1000

1001

Adjoint

Manual I

Manual II

Gradients

Adj+Gradients

(hPa)

1XP�VWDWLRQV

Adjoint

Manual I

Manual II

Gradients

Adj+Grad

266(�6/3� �����K3D

Example Applications:
Targeting (MEDEX) Score board

• Wind speed Balearics low levels:

0 20 40 60 80 100
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(ms-1)

1XP�VWDWLRQV

Adjoint

266(�63'� ����PV��
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Example Applications:
Targeting (MEDEX) Score board

• Wind speed Balearics low levels:

0 20 40 60 80 100
8
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Adjoint

Manual I

Manual II

Gradients

Adj+Gradients

(ms-1)

1XP�VWDWLRQV

Adjoint

Manual I

Manual II

Gradients

Adj+Grad

266(�63'� ����PV��

Example Applications:
Targeting (MEDEX) Score board

• Correlation PV300:

0 20 40 60 80 100
0.4

0.45
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correlation

1XP�VWDWLRQV

Adjoint
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Example Applications:
Targeting (MEDEX) Score board

0 20 40 60 80 100
0.4

0.45

0.5
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Adjoint

Manual I

Manual II

Gradients

Adj+Gradients

correlation

1XP�VWDWLRQV

Adjoint

Manual I

Manual II

Gradients

Adj+Grad

266(�63'� ����PV��

• Correlation PV300:
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