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The HyMeX (*) project

Olivier Bousquet
CNRM, Méetéo-France, Toulouse, France

HyMex coordinators:
V. Ducrocq (Météo-France) & P. Drobinski (CNRS)

*Hydrological cycle in the Mediterranean
eXperiment
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Objectives and Observation Strategy

Atmospheric remote sensing in HyMeX
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a To improve our understanding of the water cycle, with emphases on the
predictability and evolutien ofdntense'preeipitation events within the Mediterranean
basin
s by monitoring and modelling:
the Mediterranean coupled system (atmosphere-land-ocean), its variability
(from the event scale, to the seasonal and interannual scales) and its
characteristics over one decade in the context of global change

a To evaluate the societal and economical vulnerability-10 extreme events and the
adaptation capacity.

Major disciplines: Meteorology, Oceanography, Hydrology, Climatology, Societal sciences
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Relief of the surface of the Earth (meters)
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Water storage
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Better understanding of the
long-term water cycle over
the Mediterranean basin:
variability and trend

Water budget
of the
Mediterranean Sea
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Event Seasonal LULITEL Century




How to reduce the
Impacts of the extreme
events and climate
change ?

Water budget
of the
Mediterranean Sea

| I | 1

Event Seasonal LULITEL Century
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in Scientific Topics

Mesoscale convective systems
Slow-moving frontal systems Hydrological continental cycle

V Better understanding of intense weather
events:

o

4

Mediterranean cyclogeneses Key guestions:
Regional winds What are the ingredients and their interactions

(Mistral, Bora, Tramontana) necessary to produce an extreme event ?
What will be the evolution of intense events with
the global climate change ?

l I I 1

Event Seasonal LULITED Century




ALTITUDE (km)

Deep convection

Main properties :

- Both strong rain intensity (~100 mm.h") and

intermittency

- Depends on the large scale forcing (SST, PV, etc ...) and
the presence of the relief (enhancement, location)
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Shallow banded convection

. Main properties : 4h
. - Both low rain intensity (~10mm.h") and
*intermittency
- Depends on the income flux and the relief
* structure (triggering)
o -
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_precipitation andiflash-flooding

S

Large scale meteorological environment propitious to heavy precipitation events relatively
well known, progress has to be made to better understand the mechanisms that govern the
precise location of the anchoring region of the stationary precipitating systems as well as
those that produce in some cases uncommon
amount of precipitation

Radar reflectivity

" low-level convergence,
" strong moisture fluxes and
conditionally unstable flow

/\ : low-level jet

A
' : upper-level mean flow

Ducrocq et al, 2008
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« Nested » approach necessary to tackle the whole range of processes and
Interactions and estimate budgets

Enhanced current operational observing
system over the whole Mediterranean
basin: budgets

(data access ‘data policy’)

Special observing periods of high-impact events in
selected regions of the EOP target areas (aircrafts,
ships,...): process studies
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« Nested » approach necessary to tackle the whole range of processes and
Interactions and estimate budgets

Western Mediterranean Eastern
(+ Greece?) Mediterranean




Heavy precipitation,
flash-flooding, dense
water formation and
ocean convection,
severe winds and
cyclogeneses, rivers
(Rhone, intermittent
rivers), coastal zones
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° French UHF wind profilers ’ French VHF wind profilers

Figure 2 : carte des réseaux GPS et radiosondages (et Pilots) sur I'Afrique et le bassin Méditerranéen.

Les stations GPS dont les données sont publiques sont : IGS (A}, EPN (), unavco (0), aFrer (V).

. i . . Les autres appartiennent soit a des services nationaux (stations permanentes) ou des projets, comme
@] Italian UHF wind PIOﬁlel‘S Italian VHF wind pl‘Oﬁ]-erS AMMA/GHYRAF (*) et UNAVCO. Les stations GPS des réseaux Algérien et Egyptien en prévision sont
indiquées par des symboles plus petits. Les stations de radiosondages et pilots sont indiqués par des

cercles (1) de taille moyenne (radiosondages), grande (radiosondages haute résolution archivés pour
AMMA) ou petite (stations Pilots mesurant le vent seul).
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Observations over land: | e o e
Hydrometeorological sites and supersites: e e
observations of precipitating systems and inflow, - 2 ﬁ B
rivers and continental surfaces (nested watersheds) i S

Examples of contributions received for the HyMeX
Implementation Plan :

- mobile/fixed radars (LAMP; New Zeland, Univ.
Honenheim, DLR, NOVIMET, NSSL)

- water vapour lidar and aerosols (IGN-SA)

- water vapour and Temperature lidars (Univ.
Honenheim),

-Doppler wind lidar (IMK)

-Cloud radars (IMK, DLR),

-Micro-rain radars (DLR, LaMP)

-Sodar (CNRM)

- electricity receiver PROFEO (ONERA)

- CCN/IN measurements (LAMP; CNRM)
- GPS receivers (GM)

- Soundings (IMK, CNRM)
- energy budget stations (IMK, CNRM)

- atmospheric surface and soil moisture measurements
(CNRM, HSM, IMK)

- Disdrometers (LTHE, DLR)
-Ceilometers, photometers (CNRM)

4 target areas during the SOPs
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Hydrometeorological sites and supersites:
Observations of precipitating systems and inflow,

rivers and continental surfaces (nested watersheds)

Observations over the Sea: . "’%.
Observations of the atmosphere and ocean e R HE
boundary layers, air-sea fluxes (annual cycle, Sy WSS
intense events), dense water formation and e TS
propagation

Examples of contributions received for the HyMeX Implementation Plan :
-‘mooring, buoys
- ARGO free-drifting

- glider transect

- GPS and XBT on-board ferries
-research vessels with air-sea fluxes measurements, soundings, ocean soundings, X-band radar ?
-Boundary layer Pressurised Balloons

-Aeroclipers for measuring air-sea fluxes ?

- aircraft (DO128-IMK ?) for measurements in the marine boundary layer
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Observations of precipitating systems and inflow, L I g e ;
rivers and continental surfaces (nested watersheds) e e e
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Observations over the Sea: >
Observations of the atmosphere and ocean L
boundary layers, air-sea fluxes (annual cycle, B
intense events), dense water formation and 5
propagation '

Observations of the free troposphere:
Observations of the Mediterranean cyclogeneses,
and precipitating systems over Northwestern Med.
and their environment over Western Mediterranean
regions

Examples of contributions received for the HyMeX Implementation Plan :

- soundings (enhancement of existing and additional soundings) — link with EUCOS-MEDEX
- French research aircrafts : ATR42 (low and middle troposphere) & Falcon20 (upper levels)
- NRL/P3 ELDORA (cloudy and precipitating systems)

- HALO-NEPTUNE ??

+ Satellite products (METEOSAT, METORP,...)




SOP1: 15 Sept.- 15 Nov.

Heavy rainfall and flash-flooding,
Ocean state prior the dense water
formation for SOP1.1

arch-April
Dense water formation and convection

formation
Cyclogeneses and severe regional winds

| | | - il

| I I I
2010 2011 2012 2013 2014




Number of HPEs

Monthly distribution of HPEs (daily rainfall > 150 mm) 1967-2006
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SOP1: 15 Sept.- 15 Nov.

Heavy rainfall and flash-flooding,
Ocean state prior the dense water
formation for SOP1.1

Dense water propagation for SOP1.2

Monthly frequency of mtense cyclones (ERA40 -
1957-2002) (Homar, 2007)

J FMAMIJ JA SO ND

arch-April
Dense water formation and convection
formation
Cyclogeneses and severe regional winds

2010 2011 2012

Intense events are scarce
A full annual cycle for dense water formation




Number of HPEs

Monthly distribution of HPEs (daily rainfall > 150 mm) 1967-2006
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SOP1: 15 Sept.- 15 Nov.

Heavy rainfall and flash-flooding,
Ocean state prior the dense water
formation for SOP1.1

Dense water propagation for SOP1.2

Monthly frequency of mtense cyclones (ERA40 -
1957-2002) (Homar, 2007)

J FMAMIJ JA SO ND

March-April
Dense water formation and convection
formation
Cyclogeneses and severe regional winds

2010 2011

2014



Deliverables

Prospective White book edition Science Plan
document Promotion in international Implementation Plan
conferences Search for fundings

Phase 1 2008 Phase 2

Nov. 2005: : Jan. 2007: : April 2009 ‘
“ : . : F 2
Mediterranean” 1st Mediterranean- : %ﬁgeHyl(\)/lcS( I1st Idraft of the
OA prospective i HyMeX workshop ~ Sep.2007: & " & RS N1AU10N Ry )i oofBNE
workshop i 2nd issue of i P Plan 2nd draft of the :
: the HyMeX Implementation :
: Dec. 2006: white book End 2008 Plan IleaSnCIence
: Lst issue of 1st draft of the :
 the HyMeX International Science & 3rdkH)r/]Mex :
: white book Plan Workshop

Structures:

International Scientific Steering Committee
. . _ (ISSC)
White book editorial and reviewing E Executive ISSC (Exec-1SSC)
committees Working groups (WG)

Forum,
prospective

editorial
committee




HyMeX

e ~100 contributions to the Science Plan and Implementation Plan

Contributions in each WG

LA

[l WG1: water budget of
the Mediterranean Sea

[l WG2: Hydrological
continental cycle

[ ] WG3: Heavy precipitaion
and Fllash-flooding

B WG4: Intense air-sea
fluxes

[[] WG5: Societal and
economical impacts

o 272 WG members

WG members

HyMeX Organisation

[] France
B Spain

[ ] Italy

B Croatia
B Portugal
[] Germany
B usa

[ ] Tunisia
B Greece
[] Maroc
[ Turkey

[ ] Romania
Il UK

[l Egypt

[] Israel

[ ]Algeria
Ml Cyprus
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Atmospheric Remote Sensing

during HyMeX

Wind profiler network (EOP & SOPs)
2 year project

Weather radar network (EOP & SOPs)
4 year project

Remote sensing profiling station (EOP & SOPs)
2 year project
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Profrler radar network (EOP)

Observe upstream conditions
UHF (1.2 GHz; 75m < Z < 5000m)

VHF (45 ou 72 Mhz; 1.5 km < Z < 10 km)

e UHF

UHF Oper.
UHF Res. (CNRM)
* UHF Res. (LA)

¢ VHF

VHF Oper.

VHEF Res. (CNRM)
O Mini VHF Res. (CNRM)

Shipborn UHF
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Weather radar network (EOP)

Spatio-temporal distribution of
precipitation over the sea + VAD

OOperational radars 10w cost &
= continuous sampling

Heterogeneity of data
Data exchange policy

@
()

Limited range

AEMET ENAV Shipborn X-band radar on 1
® METEOCAT ARPA SARDEGNA commercial ferry boat
DPC :
METEO-FRANCE ARPA PIEMONTE Shipborn X-band radar research

® AT vessel Atalante
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« HPE » Radar network

Convective systems in Southern France

Reseau metéorologique radar ARAMIS
prévu au 31 decembre 2006

3-D wind & reflectivity fields
+

Particle Id.

« Low Resolution » domain
(350x350x12 km3)

Légende
| radar en fonction fin 2005
| radar préevu d'ici fin 2006

AT =15 ; AX = 2.5 km
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« HPE » Radar network

Convective systems in South-Eastern
France

Reseau metéorologique radar ARAMIS
prévu au 31

« High resolution » domain
(200x200x12 km3)

3-D wind &reflectivity fields
_|_

Particle Id
+

Radar refractivity retrieval

Légende
| radar en fonction fin 2005
| radar préevu d'ici fin 2006

AT =5"; AX =1 km




5

-

S

S
y T

S e 7

. W
S : Y
:;&.__' o Tl x 3 = /‘_ J
—h;‘x - [ L
2 -

o

{3
'} \.n:
ot

ot

I‘ﬂ":"

- Sy

'\’# o
= N

3
B

P -
=
Syt

> 4 T
®'¢ CONVECTI

VE

() 1\




during HyMeX

1504\% (). € e =
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2008-10-21 - 00-23 UTC

Frontal system

OEE

00 UTC 12 UTC 23 UTC

OPERATIONAL COMPOSITE OF RADAR REFLECTIVITY
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HyMeX Remote Sensm-f

2008-10-21 00 UTC

20081021 - 00:00UTC - Alt = 500m

40 60 80 100 120 140 160
Radar id=Bollene-Collobrieres-Montclar-Nimes-Opoul-Sembadel

Alt = 500 m AMSL

Z (dBZ) + (U,V)

20081021 - 00:00UTC - Alt = 2000m

40 60 80 100 120
Radar id=Bollene-Collobrieres-Montclar-Nimes-Opoul-Sembadel

Alt = 2000 m AMSL




2008-10-21 12 UTC - Z (dBZ) + (U,V)

20081021 - 1200UTC - At = 500m

0 | 1 1 1 |
0 20 40 60 80 100 120 140 160

Redar ic=Bollene-Collobrieres-Montclar-Nimes-Opou-Sembadel

Alt = 500 m AMSL

20081021 - 12:00UTC - Alt = 2000m

20 40 60 80 100 120 140 160
Radar id=Bollene-Collobrieres-Montclar-Nimes-Opoul-Sembadel

Alt = 2000 m AMSL
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40 60 80 100 120 140 160
Radar id=Bollene-Collobrieres-Montclar-Nimes-Opoul-Sembadel

. \ \ \ \
40 60 80 100 120 140 160
Radar id=Bollene-Collobrieres-Montclar-Nimes-Opoul-Sembadel

Alt = 500 m AMSL
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40 80 100 12 140 160 40 60 80 100 120 140 160
Radar id=Eollene-Collobrieres-Montclar-Nimes-Opoul-Sembadel Radar id=Bollene-Collobrieres-Montclar-Nimes-Opoul-Sembadel

Alt = 500 m AMSL Alt = 2000 m AMSL
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yMeX

2008-10-22 04 UTC - Z (dBZ) + (U,V)

20081022 - 04:00UTC - At = 500m
LAY
.

20081022 - 04:00UTC - Alt = 2000m
A
¢
#

2 40 60 80 100 120 140 160
Redar ic=Bollene-Collobrieres-Montclar-Nimes-Opou-Sembadel

40 60 80 100 120 140 160
Radar id=Bollene-Collobrieres-Montclar-Nimes-Opoul-Sembadel

Alt = 500 m AMSL Alt = 2000 m AMSL
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40 60 80 100 120 140 160 40 60 80 100 120 140 160 200
Radar id=Bollene-Collobrieres-Montclar-Nimes-Opoul-Sembadel Radar id=Bollene-Collobrieres-Montclar-Nimes-Opoul-Sembadel

Alt = 500 m AMSL Alt = 2000 m AMSL




2008-10-22

20081022 - 08:00UTC - Att = 500m
LA VB

E

| 1 | | — | | 1 L -
0 20 40 60 80 100 120 140 160 40 60 80 100 120 140 160 180
Radar id=Bollene-Collobrieres-Montclar-Nirmes-Opoul-Sembadsl Radar id=Bollene-Collobrieres-Montclar-Nimes-Opoul-Sembadel

0

Alt = 500 m AMSL Alt = 2000 m AMSL




3.during HyMeX'

e
Mobile research radars will
be deployed
to improve the radar
coverage as well as to
provide information in
regions/watersheds not well
covered by operational radar
systems

1860

1840

m 2 m
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Jduring HyMex

TR R (Privas)
7 | Conventional radar

(Mt. Aigoual)
Conventional radar

(Mt. Lozere)
Doppler & Dpol

(Ales)
Doppler & Dpol

(Carpentras)
C-band Doppler & Dpol

(GBRS site)
Doppler & Dpol

520 B4 880 80

(Arles)
Doppler & Dpol
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(Privas)
Conventional radar

(Mt. Aigoual)
Conventional radar

NRL-P3 (ELDORA)

OR (Mt. Lozére)
NOAA-P3 (NSSL Tail radar) Doppler & Dpol
(Ales)
Doppler & Dpol
(Carpentras)

C-band Doppler & Dpol

(GBRS site)
Doppler & Dpol

(Arles)
Doppler & Dpol
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Other research topics

Operational exploitation of
dual-polarimetry

Design of radar network in
region of complex terrain

Assimilation of wind
vectors in high res NWP
systems

B4 B0 8
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(EOP 2011-2013)

A fixed, instrumented, site dedicated to ground-based remote sensing will be set up near
Montpellier.

Météeo-France will take care of the infrastructure (location, electricity, communication).
The CNRM will deploy its instruments to document the characteristics of the low-level
upstream flow, as well as to conduct research on integrated remote sensing profiling
stations and perform instrument inter-comparisons, ...
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Remote sensmg proﬁhng station

image © 2608 GeoConter
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«Google

Atitude 24391 10

P0551b1e locatlon Mauguio
(Montpellier airport)

Secured and equipped site

Météo-France local center on the premise
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Remote“sensing profiling station:
Available instruments

Degreane PCL 1300 mobile UHF wind
profiler (1274 MHz)
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Remote“sensing profiling station:
Available instruments

VHF wind profiler (45 Mhz) + RASS system




%,y H
, 3
2.
C
ﬂ-

HyMeX & O

Remote“sensing profiling station:
Available instruments

Backscattering Lidar & Laser Ceilometer




Remote“sensing profiling station:
Available instruments

RS station

GPS station

Surface Met. and Flux stations
Captive balloon




Remote“sensing profiling station:

Possibly available instruments

Doppler sodar & Doppler lidar X-band Doppler radar (SOPs)




L,
=
L,
i
he T

W o e "
g durin
- b ;; s e

Needed instruments

Photometer (to estimate lidar ratio)

Water vapor lidar

Doppler lidar

More X-band Doppler radars - Cloud radar

Microwave radiometer profiler
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Collaborations are needed to have a full set of
instruments deployed during (at least) a
couple of SOPs

Thanks for your attention

http://www.cnrm.meteo.fr/hymex/ email:olivier.bousquet@meteo.fr


http://www.cnrm.meteo.fr/hymex/
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