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An example: The November 2001 superstorm
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Example (A): Gandia flood:

NMOCQ (22 h_ 2NN L diamatar)

Type (A): The cyclone (that can be shallow; e.g. orographic
origin) organises the inflow of moist and warm Mediterranean air

Example (B): Sardinian cyclone:
>100 mm in 3 hrs
118 km/h wind gust
9 m highest waves

nnnnnn

Type (B): deep cyclone and hazardous weather are two
aspects of the same evolution (baroclinic origin)




Example (C): Quasi-tropical cyclone:
115 km/h wind gust
27mm/ 1 h
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Type (C): cyclone driven by latent heat release
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Databases of objective analyses:
HIRLAM/INM

ECMWF-operational

ERA-40 reanalyses

Systematic detection,v tracking, Generalization of results ‘
description o cyclones |
l NWP S|mulat|ons/_d|agn05|s n }—
Cyclone databases | = ]
(2) Understanding of processes HSensitivity to factors ‘

i

—k(1) Dynamic climatolgy ‘ PV invefsion

’ (3) Identification of high sensitivity areas N ‘

Databases of events

ml

Adjoint model cémputations ’—

Systematic calendar of heavy-
rain / strong-wind events

’ Set of selected events }

Input from participant institutions

| MEDEX Database k—

STRUCTURE

Climatological aspects of western Mediterranean cyclones

Climatological aspects of cyclones and precipitation in
Mediterranean Spain

Physical understanding of cyclones and their effects

How to improve the forecast of western Mediterranean
cyclones ?

What about the future of cyclones and precipitation in a
modified climate ?




CLIMATOLOGICAL ASPECTS OF
WESTERN MEDITERRANEAN
CYCLONES

The importance of having good data bases ...

A data base of
cyclones requires:

A methodology that
permits the objective
and automatic detection
of cyclones and its
dynamical description.

For example:

’ Domain: zero vorticity line
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Shalow (1000-925 hPa)

\\w Gulf of@a
il:;un Peninsula

Deep (1000-300 hPa)

B % 46 %0 8 6 80 80

FLUE A L)

Summer | Autumn | Winter |Spring |G Genoa |Palos | Iberian | Algeria
Shallow 70.5 43.6 31.8 46.3 41.9 79.6 80.7 79.0
Medium 9.5 12.1 11.7 12.1 14.6 6.0 8.4 9.5
Deep 20.0 44.3 56.5 41.6 43.5 14.4 10.9 115

Simultaneity Heavy Rain Event-Cyclone

For each Heavy Rain Event (60 mm/24 h) in “regional
unit” T for day D we look for the closest cyclone for
day D at 06, 12 and 18 UTC and at 00 UTC for day

D+1.

07 UTC

00 UTC 06 UTC




Results
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Frequency (%) of cyclone centres within a 600 km
radius for different regions: heavy rain events and
random sample of events.

Simultaneity Cyclone-Heavy Rain
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Simultaneity Cyclone-Heavy Rain
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Tridimensional structure of cyclones
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Frequency (%) of cyclone depth for all the closest
cyclones to the regional units: heavy rain events
and a random sample of events.
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CLIMATOLOGICAL ASPECTS OF
CYCLONES AND PRECIPITATION
IN MEDITERRANEAN SPAIN

Trying to classify the complex reality ...
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IBERIAN
PENINSULA W

5 Sierra dq
Sistema’ Cazor
Subbetico ~ O

MEDITERRANEAN
SEA

DAILY RAINFALL DATA BASE
U Y - Homogeneous and complete series
Sierra de Ronda - 410 rain gauges
Gibraltar

Strait - 30 years (1964-1993)

CLASSIFICATION RA

Win  Spr N7 Aut

Significant rainfalls 5% -5 mm—— 3941 days (30.0% 29.6% 13.6% 26.8%)
1964-93

Explained variance ( % )

1 3 5 7 9 1113151719 21 23 2527 29
Principal Component

13



Explained Variance ( % )

RP1 (551) m{ RP2 (492) l@ 3 ' RP4 (211)

Win Win i Spr

' RP% (259) %RF() (294) ’*RP7 (296)

Spr Win-Aut Spr-Aut

&

RP8 (385) RP9 (368) RP10 (401) RP11 (296)
Spr-Sum Spr-Sum Aut Win-Aut

CLASSIFICATIO TMOSPHERIC PATTERNS (APs

ECMWEF analyses on significant days (1984-93) == 1275 days
Geographical window 33.75N-45.75N 11.25W-6.00E —— 408 grid points

Classification based on geopotential height at 500 and 925 hPa

+ 500 HPa+—
16 (96.7%),

925hPa | | .
8(95.7%) 1 |
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35 7 9111315171921 23252729

Principal Component
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Table I1. Percentage frequency of the 11 daily RPs within the 19 APs (in bold, percentages greater than 15%) and seasonal distribution of the APs (in bold,
percentages greater than 30%)

Atmospheric  Number 3 5 RP9  RPI0  RPIl | Winter  Spring  Summer  Autumn
pattern of days

APl
AP2
AP3
AP4
APS
AP6

431 17.6
549 183
19.0
29.5
36.2
333
350
a1
2.1
10.7
30.0
17.4
19.7
357
320
28.8
231
419
a2
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Win 43.1% - Aut 33.
Heavy 15.7%




Win 54.9%
Heavy 11.3%

36.9%

-

16



36.2%

— T

30.5%

Aut 41.0%
Heavy 15.2%

Aut 37.9% - Spr 36.2%
Heavy 17.2%

r
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17.9%

15.4%

N

Spr 35.0% - Aut 35.0%
Heavy 2.0%
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Win 46.4% - Aut 42.9%
Heavy 10.7%

Sum 41.4% - Spr 30.0%
Heavy 0.0%

30.0%

20.0% ;

f 4
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Win 47.8% - Aut 34.8%
Heavy 21.7%

Win 53.0%
Heavy 37.9%
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AP14

Spr 35.7% - Sum 33.9%
Heavy 19.6%

s
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Aut 40.0% - Spr 32.0%
Heavy 32.0%
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17.8%

Sum 38.4%
Heavy 0.0%

19.2%

Win 30.8% - Aut 30.7%
Heavy 13.5%
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Spr 41.9%
Heavy 4.7%

Spr40.2% - Win 3
Heavy 11.5%
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PHYSICAL UNDERSTANDING OF
CYCLONES AND THEIR EFFECTS

The great value of mesoscale numerical modeling ...

THE STUDY OF CYCLONES

* Observations (limited in number, space and time)

* Theory (requires simplifications)

» Experimentation (Numerical Modeling)
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* Multiscale perspective of cyclone structure

gt b -

ok % 1 . et
DOMAIN 1(22.5 km resolution) DOMAIN 3 (2.5 km resolution)

» Realistic physical processes parameterized
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FORECAST TIME: 24 h 00 UTC Sun, 11 Nov 2001 FORECAST TIME: 24 h
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UNIQUE FEATURE
OF NUMERICAL MODELS

* Reasonably good control simulation of your case study

!

» Specifically designed simulations (by perturbing factors)
(sensitivity studies / factor separation)

!

» Improved physical understanding of your case study
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THE

GANDIA (3-4 Nov. 1987) EVENTS TOUS (20 Oct. 1982)
MCS (33 h) MCC (>12 h)
Circular shape (~200 km diameter) >400 mm
1000 mm / 36 h in Gandia Dam breaking in Tous
INFRARED
METEOSAT
(mm)
.350
e
200
150
60
RAINFALL
(SECOND HALF)
o : 871104 821020
Q)

GANDIA

Location / Stationarity: well
QPEF: underestimated

Algerian low / Mesolow
Convergence ahead of LLJ

FULL

- LO“LLEVEL(H?CULA}TON
s /
/

SIMULATION

TOUS

Location / Stationarity: well
QPEF: underestimated

Westward-moving low / ULJ
Embedded mesolow
Convergence over SE Spain




FULL SIMULATION

N

NO ATLAS

— )

NO LATENT HEAT — LOW-LEVEL CI]}\(EUL/;TI‘ON ’

TOUS /

Rainfall suppression T
No inland structure

SLP appreciably modified
Shift Low / LLY y
Weak convergence SE Spain |~

FACTOR SEPARATION STUDY

n . .
n factors —— 2 simulations

Experiment Atlas orography Latent heat exchange
Fo no no
Fi yes no
F2 no yes
Fi2 yes yes

a. Effect of the Atlas Mountains = F1 - Fo
b. Effect of the Latent heat = F2 - Fo
c. Effect of the interaction Atlas/Latent heat = F12 - (F1+F2) + Fo
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GANDIA
Extensive pressure decrease over the Mediterranean
Cyclogenesis / Enhancement of easterlies and convergence

Southward shift of the rainfall activity

EFFECT

=n
0w

ATLAS MOUNTAINS

TOUS
Pressure decrease limited to the east of the Balearics
Northerly winds and offshore outflows over eastern Spain

General rainfall suppression

GANDIA
Mesolow over eastern Spain
Intense mesoscale cyclonic circulation / strong convergence

Focusing of rainfall over central Valencia

EFFECT

—
L 20 wrs

LATENT HEAT

TOUS
Mesolow over southeastern Spain
Intense vortex / strong convergence line

Substantial rainfall enhancement (elongated structure)

b)
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OL EXPERIMENT

00 June 0000 UTC

----- T 500 hPa
—— H 500 hPa
Shaded ErPV_Is

10 June 0000 UTC

— PSEALVLC
Shaded
Precipitable
Water (PRWA)
— PSEALVLC
Shaded
Acum. Rainfall:
SI25%PV: 91 mm
CONTROL: 165 mm

{ PVuUnits

00 June 0000 UTC

----- T 500 hPa
—— H 500 hPa
Shaded ErPV_Is

NO25%PV EXP

g PV Units

10 June 0000 UTC

— PSEALVLC
Shaded
Precipitable
Water (PRWA)

— PSEALVLC
Shaded
Acum. Rainfall:

CONTROL: 165 mm

NO25%: 230 mm

i PV Units
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CONTROL E

00 June 0000 UTC

----- T 500 hPa
—— H 500 hPa
Shaded ErPV_Is

1
PV Units:

XPERIMENT

| PVUnits

10 June 0000 UTC

— PSEALVLC
Shaded
Precipitable
Water (PRWA)

— PSEALVLC
Shaded
Acum. Rainfall:
216E: 79 mm
CONTROL: 165 mm

00 June 0000 UTC

----- T 500 hPa
—— H 500 hPa
Shaded ErPV_Is

10 June 0000 UTC

— PSEALVLC
Shaded
Precipitable
Water (PRWA)

— PSEALVLC
Shaded
Acum. Rainfall:
216W: 157 mm
CONTROL: 165 mm

PERIMENT

'[PV Units

o

CONTROL EXPERIMENT

A
N\
"\

{| PV Units
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HOW TO IMPROVE THE
FORECAST OF WESTERN
MEDITERRANEAN CYCLONES ?

Trying to determine their sensitivity areas ...

EUCOS study on Climatology of Sensitive Areas for Southern Europe
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Too general! ... We need to know sensitive areas for specific cases.

- An hypothesis about sensitive areas and targeted observations
for heavy rain in Valencia:

Heavy rain site | Low level flow
4 *- Upper,lc.}'_t:] flow

! Se‘nsitive area
S |H+12/H+24
low level

Sensitive area
H+36/H+72
high level

Use of the adjoint modeling system

Schematic view:

- :
\_  Non linear

\_ trajectory M

T.

//l

-// ~
SensitivityO N

field function

Adjoint
trajectory
Sensitivity fields Response functions (R,)

. Units of: - Model error: X , -X
R /.J - Particular feature of interest
m -Cyclone's central pressure
-Jet stream location and intensity
- It shows the sensitivity of R;to the -Temperature at a certain point
model initial fields

. Any differentiable function of X

mod
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Example: Superstorm 10 and 11 November 2001

Averaged sensitivity field for the wind maximum over the Balearics:

Close to a
critical time?
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A contribution of Meteo France to MEDEX: case study of the 11-14 November 1999 floods on south-west of France.
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 J (T-09h)

dMaQv 950 hPal
/ e
£

AT O30T I
Vi

WHAT ABOUT THE FUTURE OF
CYCLONES AND PRECIPITATION
IN A MODIFIED CLIMATE ?

Downscaling of GCMs for Mediterranean Spain ...
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STATISTICAL DOWNSCALING USING PREVIOUS RESULTS

Table T1. Percentage frequency of the 11 daily RPs within the 19 APs (in bold, percentages greater than 15%) and seasonal distribution of the APs (in bold

Future climate simulation with a GCM

ECHAM-OPYC3 atmosphere-ocean coupled model run (1860-2099)

- T42 ECHAMA4 model: 19 vertical levels / 2.8° horizontal resolution
- OPYC3 model: 11 vertical levels / finer resolution in the tropics

- 1860-1990: Historical greenhouse gas concentration

- After 1990: Scenario A (IPCC)

DOWNSCALING
METHOD

Changes in cyclone frequency and precipitation
by the late 21st century ?

STRATEGY

percentages greater than 30%)

Atmospheric
pattern

Number 3 RPI1 | Winter  Spring  Summer  Autumn
of days

APl
AP2
AP3

17.6

E ; 3. i y : 0. : : i X 54, 183

mecHCcH > IO

2080 — 2099

' 1) Same relationship between APs and RPs
11 running 2) Similar amounts of precipitation due to the RPs
e 3) Same scaling factor ¢§=R//S; to obtain totals

FUTURE PRECIPITATION
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( factor)

Table I1. Percentage frequency of the 11 daily RPs within the 19 APs (in bold, percentages greater than 15%) and seasonal distribution of the APs (in bold,
percentages greater than 30%)

Atmospheric Number 3 RP6 RP7 RP10 RP11 Winter Spring Summer Autumn
pattern of days

43.1 17.6 59 334
183 1.4 254
19.0 6.0 54.8
5 338 41.0
0.0 379
9.0
8.0
237

API
AP2
AP3
AP4
APS

Mhow=wworauivnio

SR LNN D

o

HZumBew Z>ITOM

1971 — 1990

11 running
decades

COMPENSATED FUTURE
121 decades (MEAN + VARIABILITY)




ANALOGUE TECHNIQUE

GEO 500

o ECWVWE 1984-93
m ECHAN 1971-8¢/]

Mediterranean Mediterranean
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o EChiWF 1984-83
m Compensated 2080-99

Atlantic Mediterranean

1984-93

MESIEETN D O B B A

Mediterranean

2080-99
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ESTIMATED
CHANGES (mean)

ESTIMATED
CHANGES (std)
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OBSERVED PRECIPITATION TENDENCIES (1964-1993

Figura 4: Distribucion espacial de las tendencias (% por década) de la precipitacion en el drea

mediterrianca espaiola (1964-1993),

N 110)
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