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SIRTA, a ground-based atmospheric observatory for clouds, aerosols and
water vapor

M. Haeffelin, C. Boitel, D. Bouniol, H. Chepfer, M. Chiriaco, A. Delaval, P. Drobinski,
C. Goukenleuque, M. Grall, A. Hodzic, F. Hourdin, F. Lapouge, A. Mathieu, Y.
Morille, C. Naud, V. Noël, J. Pelon, A. Protat, B. Romand, R. Vautard

ABSTRACT

Ground-based remote sensing observatories have a crucial role to play in providing
data to improve our understanding of atmospheric processes, to test the performance
of atmospheric models, and to develop new methods for future space-borne
observations. IPSL, a French research institute in environmental sciences, created
the SIRTA atmospheric observatory with these goals in mind. Today SIRTA, located
20 km south of Paris, operates a suite a state-of-the-art active and passive remote
sensing instruments dedicated to routine monitoring of cloud, aerosol and water
vapor properties. Detailed description of the state of the atmospheric column is
progressively archived and made accessible to the scientific community. This paper
describes the SIRTA infrastructure and educational outreach program, and provides
an overview of the scientific research associated with the observatory. Researchers
using SIRTA data conduct exciting research on atmospheric processes involving
complex interactions between clouds, aerosols and radiative and dynamic processes
in the atmospheric column. Atmospheric modelers working with SIRTA observations
are not just end users. They are actively involved in the development of the
observatory. Several modeling teams are developing new methods to test their
models and innovative analyses to develop new parametric representations of sub-
grid processes that must be taken into account in the model. SIRTA plays a key role
in the development of data interpretation tools for future active remote sensing
missions in space (e.g. Cloudsat and Calipso). SIRTA observation and research
activities take place in networks of atmospheric observatories allowing scientists to
access consistent datasets from diverse regions on the globe.

INTRODUCTION

Clouds, aerosols, and water vapor are identified as key actors in the Earth’s climate
system. Radiative energy fluxes through the system are controlled to a large extent
by the spatial distribution and by the microphysics of clouds, aerosols, and water
vapor. The distribution of these key actors are largely influenced by exchanges
between the surface and the free troposphere as well as by large-scale atmospheric
circulation. Cloud and aerosol microphysical properties depend strongly on formation
processes.
In spite of large efforts undertaken in the past ten years, major uncertainties remain
in the quantification of the impact of clouds, aerosols and water vapor on the global
radiative budget (IPCC, 2001). Studies have shown that

- Better understanding of cloud radiative impact requires correct descriptions of
the spatio-temporal extent of clouds, the microphysical, macrophysical and



dynamical properties of clouds, as well as the formation and dissipation
processes of clouds.

- Limiting factors in the knowledge of aerosol radiative impact are the
complexity of formation, transport and sedimentation processes.

- The study of water vapor radiative impact requires better descriptions of the
spatial distribution of water vapor, of vertical exchange processes and of
interactions with aerosols in the formation of clouds.

To study these complex interactions, and thus to improve our ability to detect,
understand and predict climate change, the third assessment report of the
International Panel for Climate Change (IPCC, 2001) emphasizes the necessity to
develop systematic and sustained research activities through observation, modeling,
and climate process studies. In particular, the IPCC report (2001) recommends the
use of observations in climate studies be reinforced by developing long-term
coherent data sets of quality. This can only be achieved through combined efforts
from the observing (both satellite and ground based) and modeling communities.

In an effort to provide a concrete solution to the need for better observation data sets,
SIRTA, a French observatory dedicated to the remote sensing of clouds, aerosols
and water vapor, was created around the research communities of Institut Pierre
Simon Laplace (IPSL). IPSL is a French research institute in environmental sciences
that federates six national research laboratories of the Paris metropolitan area,
involved in both Earth observation from space and from the ground and in
atmospheric modeling. SIRTA was developed with the following objectives:

1. To advance our understanding of dynamic and radiative processes in the
atmosphere, from the boundary layer to the top free troposphere, by observing
these processes through a complete set of atmospheric profiling instruments.

2. To enhance our ability to model weather, climate change and air quality by
improving parametric representations of atmospheric processes through
systematic and sustained comparisons between observations and model
diagnostics.

3. To prepare future satellite missions that will carry next generation active
remote sensing instruments and to validate satellite retrievals of current
satellite missions by using today’s ground remote sensing capabilities.

Extensive partnerships have been setup with the modeling research community and
with the satellite observation community. At SIRTA atmospheric modelers are not just
end data users, they participate actively in the steps towards the stated goals of the
observatory. This involves people that are trained at the model-observation interface,
that are able to provide feedbacks between models and observations. Similarly,
researchers from the satellite community are actively involved in the activities of the
observatory, so that it can serve as preparation platform for future satellite missions.

SIRTA is also actively involved in developing partnerships with other advanced
remote sensing sites dedicated to atmospheric observation. These partnerships take
place in the framework of European and worldwide research programs. SIRTA
participates in a GEWEX working group to enhance cooperation between advanced
atmospheric profiling sites. The mission of such a network is to collect consistent
data sets of known calibration and quality of the vertical structure of clouds, aerosols,
and water vapor, to study their radiative impact. Currently, the collaborations are



undertaken  around 9 sites (5 in Europe, 3 US, and 1 Australian). The three
American sites and the Australian site are part of the Atmospheric Radiation
Measurement (ARM) program founded in 1989 to resolve uncertainties in climate
change and improve the performance of atmospheric models (Ackerman and Stokes,
2003). They provide continuous observations of the atmosphere over Alaska, the
U.S. great planes, and the tropical western Pacific. The five European sites located in
France, Germany, Italy, the Netherlands and the U.K., constitute a tight network over
continental and maritime mid-latitudes.

SIRTA is an ambitious ground-based observatory; the site infrastructure and remote
sensing instruments are described in Section 2. Section 3 provides illustration of
SIRTA data, description of data processing and information on both data and
infrastructure access. Section 4 illustrates research activities on atmospheric
processes related to clouds, aerosols and the boundary layer. Section 5 provides
descriptions of research activities involving atmospheric modelers. Section 6 is
dedicated to satellite-related research using SIRTA data. Prospective activities and
conclusions are given in Section 7.

THE SIRTA INFRASTRUCTURE

SIRTA was created in 1999 around research and technical teams of the Institut
Pierre Simon Laplace (IPSL), a French research institute in environmental sciences
that federates six national research laboratories of the Paris metropolitan area.
SIRTA is the atmospheric observatory of IPSL for clouds, aerosols and water vapor.
The IPSL research laboratories dedicated to atmospheric research are:

• Centre d’études des Environnements Terrestes et Planétaires (CETP)
• Laboratoire de Météorologie Dynamique (LMD)
• Laboratoire des Sciences du Climat et de l’Environnement (LSCE)
• Service d’Aéronomie (SA)

At CETP, LMD, LSCE and SA scientists are involved in process study research,
atmospheric modeling, satellite observation programs, and atmospheric remote
sensing from the ground. Development of remote sensing instruments has been an
active area of research at IPSL laboratories for many years. Instruments such as
radars, lidars and radiometers for ground-based and airborne applications were
developed to observe atmospheric processes such as boundary layer dynamics,
cloud formation and microphysics, precipitation, aerosols and ozone in the urban
environment. In 1993, a Rayleigh/Mie back-scattering lidar was developed at LMD
(Flamant et al) on the campus of Ecole Polytechnique, in Palaiseau. Broadband
down-welling solar and infrared radiometers and a weather station were installed on
the roof of the LMD building. From 1994 until 2000 no less than five field campaigns
were carried out on the Ecole Polytechnique campus. In 1999, a joint decision by
IPSL and Ecole Polytechnique resulted in the creation of an official remote sensing
infrastructure dedicated to atmospheric research, the Site Instrumental de Recherche
par Télédétection Atmosphérique (SIRTA). SIRTA is located on the campus of Ecole
Polytechnique in Palaiseau, a suburban community 20 km south of Paris. Ecole
Polytechnique, the leading engineering school in France, dates 1872, but the
Palaiseau campus was established in 1974. The 200-ha campus sits on a 10-km
plateau about 160 m above sea level. The plateau is a semi-urban environment
divided equally in agricultural fields, wooded areas, and housing and industrial



developments. The prevailing winds are Westerlies, blowing air of maritime origin
over the site. North-easterly winds occur quite frequently as well advecting polluted
air from the Paris metropolitan area over the site. In conditions of Southerly wind
Saharan dust is often observed in layers 3-7 km above ground. SIRTA latitude and
longitude are 48.713º North and 2.214º East, respectively.
Today, the SIRTA infrastructure consists of:

- Five 200-m2 platforms equipped with electricity, 100Mbit network and phone
connections to host transportable instruments (in trucks or containers

- A dedicated building hosting the SIRTA back-scattering lidar
- A 30-m mast for in-situ measurements also connected to electrical supply

and network
- A 500-m2 platform on top of a large 3-story building (15 m above ground).

The roof platform has unobstructed field of view; it is suited to host
radiometric instruments or any type of self-standing equipment.

- A data acquisition room centralizing PCs for data acquisition and processing
SIRTA is composed of an ensemble of state-of-the-art active and passive remote
sensing instruments, including radars, lidars, and radiometers suited for atmospheric
profiling. Several instruments operating at SIRTA were developed by IPSL instrument
experts (both engineers and scientists). CETP carries most of the IPSL radar
expertise; CETP developed a 95-GHz Doppler cloud radar and a 5-GHz Doppler
precipitation radar; both radars operate at SIRTA. LMD and SA specialize in lidar
developments; instruments experts from these two laboratories developed a
Rayleigh/Mie back-scattering lidar and an infrared Doppler heterodyne lidar, both
operating at SIRTA, as well as several air-borne lidars. A DIAL lidar for ozone remote
sensing was developed at SA. A water-vapor Raman lidar was developed by SA in
cooperation with IGN.
The majority of these instruments can be categorized as operational as they operate
continuously or according to regular schedules, while a few are used only during
intensive observation periods, or in the context of practical trainings. Table 2.1 lists
the instruments currently gathering data at SIRTA. Table 2.2 lists instruments
developed at IPSL that can also operate at SIRTA during field campaigns.

Instrument operating at SIRTA Area of use Origin

Backscattering Lidar (532, 1064 nm) Clouds and aerosols LMD

Ceilometer (Impulsphysics LD40) BL and clouds KNMI

Doppler Infrared Lidar (10.6 mm) Dynamics LMD

Doppler 95 GHz Radar Clouds CETP

Doppler 5 GHz Radar Precipitation CETP

BSRN radiometer station Radiative fluxes K&Z

AERONET sun-photometer Aerosols, water vapor CIMEL

Microwave radiometer (20+30GHz) Vapor + liquid water CETP

Meteorological Station Surface thermodynamics LMD

Radio-sondes (Meteo-France) Vertical profiles Meteo-F

Table 2.1: List of instruments operating routinely or continuously at SIRTA



Additional IPSL Instruments Area of use Origin

DIAL Lidar (532, 1064nm) Ozone, aerosols SA

Raman Lidar (355 nm) Water vapor SA/IGN

Infrared radiometer (8, 11, 12 mm) Brightness temperature LOA/CIMEL

Spectro-pluviometer Precipitation CETP

Table 2.2: List of additional instruments developed at IPSL, or associated institute,
that operate at SIRTA in the context of specific field campaigns

The instrumentation at SIRTA can be divided in three classes:
- Continuously operating systems (24 hours per day, 7 days a week):

Technicians check instrument operating status daily (weekdays only).
- Routinely operating systems (8am-8pm, Monday-Thursday): Instruments

are powered on and off by operators and checked periodically during the
day. Weekly maintenance activities take place on Fridays.

- Field campaign operations: Instruments that require continuous presence
of operators.

Table 2.3 summarizes the type of operation for each group of instrument listed in
table 2.1.

Instrument
Atmospheric

Variables Range
Operati

ng
mode*

Measurem
ents

frequency

Availability
for field

campaigns
outside
SIRTA

523-nm
Lidar

Aerosols and
clouds

0.1 –15 km RT 8-20, M-T No

LD40
Ceilometer

BL and
clouds 0.1 – 7 km AT 24h No

Doppler
Infrared
Lidar

3-D Wind
Terminal
velocity

0.3 – 10 km FC - Yes

95 Ghz
Radar Clouds 0.1-15 KM RT 8-20 M-T Yes

5 Ghz
Radar

Precipitation 0.5-100 km FC - Yes

BSRN
radiometer

SW direct
SW diffuse
LW down

Surface AT 24h No

AERONET
photometer

Aerosols
Water vapor Column AT 24h No

Microwave
radiometer
(20+30GHz)

Water vapor
and liquid
water content

Column AT 24h Yes

Weather
Station

Wind
Temperature
Humidity

10 m
2 m
2 m

AT 24h No



Radio-
sondes
(Meteo-
France)

Wind
Temperature
Humidity
Pressure

Vertical
profile

AT
00 and 12
UT

No

Table 2.3: Type of operation for each group of SIRTA instruments.

A Rayleigh/Mie back-scattering lidar for cloud and aerosol remote sensing (Lidar
Nuages Aérosols, LNA) operates Mondays through Thursdays, 8am to 8pm local
time. Maintenance is performed on Fridays, but measurements can be collected on
Fridays if requested. Operations are currently not possible in case of precipitation.
The LNA is a Nd-Yag pulsed lidar emitting at 1064 nm. The emission frequency is
doubled (532 nm) and linearly polarized. Back-scattered photons are collected
through NFOV (0.5 mrad) and WFOV (5 mrad) telescopes that range 2-20 km and
100 m – 5 km, respectively, with a vertical resolution of 15 m. Photons entering each
telescope are detected at 532 and 1064 nm using photo-multipliers and avalanche
photo-diodes, respectively. Linearly polarized and cross-polarized photons at 532 nm
are detected separately. The pulse frequency is 20 Hz while the nominal temporal
resolution is 10 s.
The LNA lidar is used to describe the vertical structure of the atmosphere, such as
the boundary layer height and the altitudes of aerosol and cloud layers. The raw lidar
signal is not calibrated in an absolute sense. To retrieve particle back-scattering
coefficient or extinction coefficient profiles, the lidar profile must be calibrated. The
lidar calibration is performed by normalizing the lidar profile to a computed molecular
back-scattering profile in a particle-free zone of the troposphere. The molecular back-
scattering profile is derived from temperature and moisture profiles provided by
collocated radio-sonde data.
The cross-to-linear polarization ratio can be used to identify non-spherical particles;
in case of cloud layers the ratio is used to separate ice from liquid water. For
aerosols, the ratio can be used to identify the larger dust particles.

A Transportable Wind Lidar (Lidar Vent Transportable, LVT) is based at SIRTA. The
LVT lidar is a Doppler coherent lidar at 10.6 µm, with a typical range resolution of 450
m in line of sigth (LOS). The maximum range is greater than 10 km shot to shot in
horizontal LOS. The LVT lidar can detect cirrus (8 to 11 km) in vertical LOS. The
LMD TWL measures a range resolved line of sight wind component. Depending on
the scanning system, the TWL gives the wind components. Different scans can be
programmed: plan-position indicator (PPI) (scan at fixed elevation angle), range-
height indicator (RHI) (scan at fixed azimuth angle), conical scans or series of
regularly spaced elevation and azimuth angles (raster scan). The limitations for
operating conditions are rain, fog and low cloud layer. The LVT was installed at
SIRTA in March 1999 and measurements are realized during campaigns:
1999 : VALID : Experimental Tests to Validate a Multiwavelength backscatter
Database and Intercompare Wind Lidar Concepts. This campaign was held at
Palaiseau for backscatter database and at the Observatoire de Haute Provence in
south of France for wind validation.
1999 : MAP : Mesocale Alpine Program in the Rhine Valley in Switzerland.
2001 : ESCOMPTE,  Measurements of  atmosperic pollution over Marseille area



Applications: Terminal velocity, multiple frequency, BL dynamics. The meteorological
applications are dynamics of tropospheric flow on heterogeneous and homogeneous
terrain and boundary layer turbulence.

A 95 GHz Doppler Radar (RASTA) operates at SIRTA to document the microphysical
and dynamic properties of all types of non-precipitating clouds. RASTA is a vertically-
pointing single-beam 95 GHz radar. The system is installed in a van, and hence
transportable. The beamwidth is 0.18 degrees, the sensitivity is around 51 dBZ at
1km; the 1.2-m Cassegrain antenna is vertically pointing. RASTA operated on the
same routine schedule as LNA from October 2002. Uninterrupted operations over
Multiple 24-h periods were tested in May and June 2003 to sample complete diurnal
cycles. RASTA is not calibrated yet, but several experiments will be conducted in fall
2003 in order to perform a calibration as accurate as possible using calibration
procedures proposed in the literature: (1) calibration by comparing with the 5 GHz
polarimetric RONSARD radar once calibrated itself and (2) calibration using radar
echoes in rain characterized by a rain rate between 3 and 10 mm/h, for which the
reflectivity is roughly invariant (Hogan et al. 2002).

5 GHz dual polarization Doppler Radar (RONSARD) is a C-band ground-based
pulsed radar aiming mainly at documenting the dynamic properties of precipitating
systems in the troposphere (reflectivity, wind and variance of the wind). Another
specific objective is the detailed description of the boundary layer in clear air or under
cloudy conditions, even in absence of precipitation. In order to answer this second
objective while preserving the first one, the real-time signal processing was modified
in 1998.
Maximal range is 100 or 200 km depending on pulse repetition frequency, with
corresponding unfolded velocity +-20 or +- 10 m/s, and range resolutions 200 or 400
m, respectively.
This instrument has a 4-m diameter antenna on a trailer. This antenna bears both
transmitter and receiver in order to avoid energy losses. The antenna can be
programmed to scan consecutive cones at various elevations and various elevation
steps. Scan duration is about 30 seconds for a complete 360 scan in azimuth at fixed
elevation which results in about 9 minutes for a complete volume scan (20
elevations). It can also perform so-called Range Height Indicator (RHI) scans at fixed
azimuth.
Dual polarization (horizontal and vertical) capability is presently being added to
RONSARD by means of a second receiver in order to improve the characterization of
the microphysical properties of precipitation. Antenna efficiency was recently
improved by …
Besides, SIRTA is the only European Observation Site equipped with both a
scanning 5 GHz polarimetric Doppler radar and a vertically-pointing 94 GHz Doppler
cloud radar. We therefore intend to investigate how this particular dual-wavelength
synergy can be used to access microphysical properties of clouds (particle size
distribution, ice and liquid water contents). As a first step, some theoretical work is
needed to investigate the information carried by all the Doppler moments at 5 and 94
GHz and/or the Doppler spectra within ice clouds. As a second step both radars will
be operated in a vertically-pointing configuration, in order to evaluate the quality of
the retrieved microphysical properties.



 Radiometers operating at SIRTA cover a wide spectral range from U.V. (a few
hundred nanometers) to micro-waves (a few millimeters):
ß NO2 photolysis rate radiometer (300 nm)
ß PHOTONS/AERONET Sun-photometer (400-1000 nm)
ß Radiometric station (0.3-4.0 mm, and 4.0-40 mm)
ß Micro-wave radiometer (20-30 GHz)

A CIMEL 318-CE sun-photometer was installed at SIRTA in July 2002, as part of the
PHOTONS/AERONET network (Goloub et al., 200?). The sun-photometer data are
transmitted hourly to NASA GSFC for analysis and become available on the
AERONET web site soon there after. A mask is applied to the data to remove cloud
contamination (Aeronet reference). Aerosol optical depth is then provided for each
wavelength (400, 670, 870, and 1020 nm). In case of mostly clear conditions, the
sun-photometer measures sky radiances from which aerosol size distributions can be
assessed. SIRTA technicians perform daily operational checks and weekly
maintenance, while long-term maintenance and calibration is provided by the
PHOTONS network.

A Kipp&Zonen (KZ) AP-2 solar tracker was installed at SIRTA in December 2002.
The tracker carries a CH1 pyrheliometer, a shaded CM22 pyranometer, and a
shaded CG4 pyrgeometer. The pyrheliometer measures the direct or un-scattered
solar radiation (0.3-4.0 mm), while the shaded pyranometer measures the
downwelling diffuse solar radiation scattered by the atmosphere (0.3-4.0 mm). The
two measurements are then combined to produce the total solar radiation incident at
the surface, as recommended by the Baseline Surface Radiation Network (Ohmura
et al., 1998). The shaded pyrgeometer measures the downwelling infrared radiation
incident at the surface (4.0-40 mm).
The instruments are factory calibrated by KZ. The pyrheliometer is calibrated against
an open cavity absolute radiometer (secondary standard) that is itself calibrated
every five years against the World radiometric reference, maintained by the World
Radiometric Center in Davos, using the sun as source (Direct Radiation). The
pyranometer is calibrated against a secondary standard. An inter-comparison
between 15 pyranometers (Michalsky et al, 2002) shows that the KZ factory
calibration and instrument performance are very satisfactory (1 W/m2 sigma).
Comparisons of pyrgeometers performed at the ARM Oklahoma and Alaska sites
revealed very good consistency between the KZ CG4 and the WRC absolute sky-
scanning radiometer (Philipona, 2001). Recalibration of the three radiometers will be
performed every other year. We are planning to install instruments on loan during
calibration periods.

Two dual-wavelength micro-wave radiometers have been operating at SIRTA since
1999 (reference).  The DRAKKAR Microwave Radiometer (DMR) is a vertically
pointing system developed at CETP that measures radiometric brightness
temperature in K and Ka bands. The antenna beam-width is 13 deg for the 23.8 Ghz
channel and 11 deg for the 36.8 Ghz channel. Radiometric accuracy is about 1 K.
Absolute calibration is obtained with cryogenic targets. The RESCOM Microwave
Radiometer (RMR) has a two-axis scanning system. The antenna bandwidth is 1.9
deg. Absolute calibration is obtained using a tip-curve technique. The RMR
calibration can be transferred to the DMR. This micro-wave radiometer pair has been
used in combination with a spectro-pluviometer to investigate the individual



contributions of rain, water vapor, and liquid water at frequencies ranging from
10GHz to 90 Ghz for telecommunication applications. This significant micro-wave
radiometer measurement dataset is largely unexploited at present. After calibration
consistencies are verified, water vapor content and liquid water path retrieval
algorithms will be applied to the whole database.

In-situ measurements at SIRTA currently consist of temperature, humidity, wind
direction and module, and precipitation. Those measurements are performed on the
roof platform, on 2-m and 10-m masts. Precipitation data (rate and cumulative) are
obtained by a tipping-bucket pluviometer. A 30-m mast will be equipped with a sonic
anemometer for high-frequency measurements of heat and moisture fluxes. This
mast will be equipped with temperature, humidity and pressure sensors, installed at 2
m above ground, as well as a wind vane and anemometer installed at 10 m above
ground. Data gathering from the instruments on the 30-m mast is scheduled to start
in January 2004.

DATA DESCRIPTION AND ACCESS

SIRTA data processing. SIRTA engineers and scientists are implementing a suite of
processes to build a reliable scientific database of atmospheric remote sensing
data.

i. Raw data acquisition: Data acquisition routines are developed independently
by each team responsible for its own instruments. All data acquisition
systems are integrated in the network provided by Ecole Polytechnique.
Transfer of raw data is performed according to a secure standard process.

ii. Secure storage of raw data: SIRTA data is unique and irreplaceable. Raw
data files are transferred to a central processing unit as soon as they are
complete. Raw data are then secured onto CLIMSERV data storage disks.
CLIMSERV is an IPSL data storage and archival system dedicated to climate
data sets.

iii. Near real-time visualization: Visualization routines are run on raw data to
create quick-look images of data that was just collected. Near real-time
processes are available on several data streams. They allow timely check of
instrument operating status and performance. Near real-time quick-look
images appear incrementally on the SIRTA webpage as data is being
collected (see viii). Complete visuals become available one or two days after
data collection is complete.

iv. Instrument performance monitoring: Instrument condition and performance,
and instrument acquisition systems are verified daily (weekdays only) to
ensure timely detection of breakdowns or mal-functions.

v. Data quality control: Each instrument PI is responsible for the development of
quality control routines to ensure that erroneous data is detected and labeled
accordingly. In the SIRTA data file nomenclature, data that has not been
through thorough quality control is labeled as level 0a, 1a or 2a, whereas
data that is has been thoroughly checked is identified as 0b, 1b or 2b.



vi. Conversion to self-documented data formats: SIRTA is progressively
adapting the NetCDF data format for all data intended for distribution. This
data format includes meta-data that provide information about the instrument
and algorithms used for data interpretation.

vii. Reliable back-up and archival of all data: As mentioned above, SIRTA data
are stored in the CLIMSERV database system. Data stored on CLIMSERV
disks are backed-up on a daily basis onto LTO tapes. In case of disk failure,
lost data can be restored very rapidly. CLIMSERV offers also archival of data
sets to ensure long-term storage of SIRTA data. Archived data are duplicated
and kept in fireproof environments.

viii. Timely and easy access to information and data: Documentation about
SIRTA instruments, research activities and data is progressively becoming
available through the SIRTA website (http://sirta.lmd.polytechnique.fr). Browsing
available quick-look images is also available from the SIRTA website. SIRTA
data (both scientific data and images) is open without restrictions to
researchers worldwide through an ftp access (ftp://sirtapub@perceval.lmd.polytechnique.fr,
password required, provided upon request).

Access to SIRTA data. For instruments integrated in the SIRTA data network, raw
data are pushed at regular intervals onto the central processing unit and become
available from the CLIMSERV storage disks a few hours after an acquisition cycle is
complete. Raw data are accessible to instrument PIs by specific ftp access. If raw
data is processed by the instrument PI SIRTA has no control over the timely release
of processed data into the SIRTA data archive. Alternatively, raw data processed by
SIRTA become available in a timely fashion, once the data processing procedure is
setup and complete. The following paragraph gives an example of level-0 and level-
1 data that is currently available in the SIRTA data archive (see also Table 3.1)

LNA lidar level-1 data are provided as non-normalized, range-corrected back-
scattered profiles. Signal-to-noise ratio flags are included in the level-1 data. Several
interactive codes are made available to users to perform normalization, cloud layer
detection, optical depth and depolarization ratio calculations. SIRTA provides
tutorials for those users interested in learning lidar data processing. LD40 ceilometer
raw data are processed with Vaisala software that provide both back-scattered
profiles and cloud base height detection. RASTA cloud radar level-1 data files
contain un-calibrated reflectivities, Doppler velocities and spectral width data.
Retrievals of cloud micro-physical properties based on radar and radar/lidar data are
part of current research activities at IPSL. Production of such retrievals on a routine
basis requires that robust algorithms be developed. Solar and infrared radiative flux
data from multiple instruments are provided in the database. An algorithm
developed by Long and Ackerman (2000) will be applied on the radiometric data to
provide continuous daytime estimates of the fraction of cloud cover. Quick-look
images of sun-photometer level-2 data (AERONET level 1.5 data) are available for
browsing. Actual data files should be ordered directly from the AERONET program.
Micro-wave radiometer data are currently only available as un-calibrated raw-data.
Both ground meteorology and vertical profiles of temperature, humidity and wind are
available in the SIRTA database. Radiosonde data are processed by Meteo-France.



Instrument Level 0 (raw) Level 1 Level 2

LNA lidar
Arbitrary digital
counts

PR2 non-normalized
Normalization
height

Atmospheric
structure
Optical depth, ice-
cloud microphysics

LD40 ceilometer Voltage (V) PR2 (m-1 sr-1)
Cloud-base height
Boundary layer
height

RASTA radar
Arbitrary digital
counts

Reflectivity (DBz)
Velocity (m/s) and
Variance

Atmospheric
structure Ice/water
content
Size distribution

Radiometric Flux
Station

Voltage (V)
Resistance (W)

Radiative flux (W m-

2)
Temperature (K)

Fraction of cloud
cover

AERONET Sun-
photometer* Voltage (V)

Radiance (W m-2 sr-

1)

Optical depth
Angström coefficient
Size distribution

Microwave
radiometer

Voltage (V)
Brightness

temperature
Vapor + liquid water
content

Weather station
Voltage (V)
Resistance (W)

Temperature,
Relative Humidity
Wind (mod + dir)

-

Meteo-France
radiosonde data

Voltage (V)

Profiles of
temperature,
relative humidity,
wind

-

Table 3.1 Level-0 data (PI access only) and level-1 data accessible in the SIRTA
archive. Retrievals of atmospheric properties (level-2 data) from single or multiple
instruments require developments of specific algorithms and are part of active areas
of research. *Sun-photometer data should be ordered directly from the AERONET
program.

Access to the infrastructure. In the past few years considerable efforts were devoted
to the definition and the set-up of the instrumental facility, leading to the SIRTA
observatory described above. However, right from the beginning the adopted
philosophy was not only to provide access to the data but access to the facility.
Access has been provided to scientists, researchers, engineers and students for a
number of applications:

i. Instrument development and qualification: Access has been provided to several
research teams and private companies (typically SMEs) developing remote
sensing instruments to test the performance of their equipment. The advantage
of testing instruments at SIRTA rather than in a laboratory is the ability to



compare with other instruments at the site and to be provided with collocated
data providing a detailed description of the observing conditions. An infrared
radiometer and a micro-pulse lidar, developed by CIMEL Electronique, have
been tested at SIRTA. Several IPSL research teams developing lidars operate
their instruments at SIRTA to assess their performance.

ii. Instrument inter-comparison campaigns: Access is also provided to set up
instrument inter-comparison campaigns. A water-vapor retrieval campaign is
planned for spring 2004. This campaign will involve micro-wave radiometers
from CETP, a CIMEL sun-photometer, two GPS receiving antennas from IGN, a
water-vapor Raman lidar, and frequent (4 per day) radiosonde launches by
Meteo-France. This campaign will take place in the context of regular SIRTA
operations that will provide additional data on cloudiness and precipitation.

iii. Limited focus field campaign: ECLAIR (Experiment on cirrus from lidar and
infrared radiometer) a limited focus campaign on cirrus clouds took place in
October-November 2002. This campaign required operations of regular SIRTA
instruments plus the infrared Doppler lidar. The instruments were operated on
alert for 3 hours around the overpass of Terra or Aqua satellites in conditions of
single layer cirrus clouds. The alert period lasted about 4 weeks. The Doppler
lidar was operated by the team of the scientist that proposed the field campaign.
Such focused field campaigns typically involve no more than 2 or 3 researchers.

iv. Large field campaigns: Several large field campaigns have taken place recently
at SIRTA on a variety of scientific topics:

- POLDER-1 (1997): cirrus product validation using ground lidars.
- CARL (1999): Improved cloud particle size, LWC and IWC retrievals from

lidar/radar, involving research equipment from Germany and the United
Kingdom.

- ESQUIF (1998, 99, 00): Urban air quality study using radiometers and lidars
for aerosol and ozone remote sensing, involving research equipment from four
French research laboratories.

- These campaigns were funded through support from the French space agency
(CNES), European programs, and the Paris region, respectively. Such field
campaigns typically involve 10 to 20 investigators or more.

v. University experimental work: Several hundred students are hosted each year at
SIRTA to participate in experimental work as part of their university curriculum.
These sessions serve as application studies for atmospheric remote sensing
classes in a variety of application. For all-day sessions, students typically spend
the morning hours studying instruments and data acquisition while the afternoon
is dedicated to interpretation of the data just observed.

vi. Visiting scientist program: Scientists on extended visits at IPSL have access to
the SIRTA observational dataset. Geographical proximity to the experts involved
in the acquisition and interpretation of SIRTA data provide the ultimate working
environment for a productive visit. Visiting scientists have been funded to come to
SIRTA for periods ranging between 3 and 6 months.

vii. Training programs: SIRTA put together training programs on atmospheric remote
sensing by lidar. This training program is accessible to students, scientists and
engineers that are interested in lidar data interpretation. The course also provides
training on using tools developed at SIRTA.



EDUCATIONAL OUTREACH

Educational activities were developed at SIRTA to trigger the interest of students in
observation-based research in atmospheric science and to enhance the awareness
of students to issues related to the Earth’s climate and environment.
Students are hosted at SIRTA to participate in experimental work and to conduct
short-term research projects as part of their curriculum. Experimental activities
proposed at SIRTA are unique opportunities for students to discover and operate
state-of-the-art remote sensing instruments (lidar, radar, radiometers) and to realize
the complexity of atmospheric observatories. In graduate programs, experimental
activities are focused on remote sensing of specific atmospheric parameters (e.g.
cloud particles, aerosols). In the first part of an experimental session, students learn
about instrument optics and detection systems, they follow their data through the
acquisition system. In the second part, the students analyze the observations that
they contributed to, by applying retrieval techniques to obtain geophysical
parameters of interest. For undergraduate college programs SIRTA proposes visits of
the observatory and tutorials on atmospheric remote sensing. In the past 4 years,
SIRTA hosted more than 50 students each year from 7 different undergraduate and
graduate programs of the Paris area. Each year half a dozen students conduct three-
to-six-month research projects at SIRTA. These projects typically involve analysis of
SIRTA observations, either focusing on remote sensing techniques or specific
atmospheric processes.
SIRTA offers data interpretation tutorials to scientists and graduate students that are
interested in using SIRTA data. Such tutorials are particularly necessary for lidar
data. Retrieval algorithms developed at SIRTA are used for the tutorial and provided
to scientific users.
SIRTA intends to develop educational outreach programs to a larger public, reaching
out to students from elementary to high school grades.



ATMOSPHERIC PROCESS STUDIES

Better understanding of fine-scale atmospheric processes is required to improve our
ability to simulate both weather and climate. This section describes several process
studies based on detailed observations of the atmospheric column: (1) variability of
cirrus cloud microphysical properties, essential to better characterize cloud radiative
impacts, (2) terminal velocity of cloud particles, to better understand the life cycle of
clouds, (3) the distribution of aerosols in the atmospheric column, to assess the
variability in aerosol content and type, and (4) the dynamic interactions between the
surface and the lowest atmospheric layers, key to understand the source of moisture
and particles in the atmospheric column.

Remote sensing of cirrus cloud microphysical properties

Cirrus clouds have low temperatures and are often semi-transparent. Because of
these characteristics, they contribute significantly to the natural greenhouse effect,
and influence the global cloud radiative equilibrium. Despite important progress in the
last 15 years, the quantification of cirrus cloud radiative impact is still unknown. One
of the main causes of uncertainty comes from our partial knowledge of their
microphysical properties that strongly impact the ice cloud radiative budget. In
particular, the particles size, shape and orientation in space have to be well
documented in order to quantify correctly the ice cloud radiative impact.
This study (Noel et al. 2002) presents a technique to retrieve information on particle
shape in ice clouds, using the SIRTA Nd-Yag lidar. This technique is based on the
strong sensitivity of the state of polarization of the light in the visible domain to the
shape of the scatterers. The light emitted by the laser of the lidar is initially linearly
polarized, and the scattering by ice crystals changes the state of polarization of the
light that is recovered by the lidar telescope. This sensitivity has been used for years
(Sassen, 1991) for discriminating water clouds (spherical particles) and ice clouds
(non-spherical crystals). In the current study, it has been used to classified the ice
crystal shapes in four different categories depending their shape ratio Q (ratio
between the ice crystal length and width): 1) Q < 0.05, 2) 0.05 <Q< 0.7, 3) 0.7 <Q<
1.1, and 4) Q> 1.1. The classification method uses simple comparisons between the
measured linear depolarization rate and simulated one for ice cloud composed of
crystals with different shape ratios. The simulated lidar depolarization ratio is based
on a ray-tracing code that includes multiple scattering phenomena. The comparison
between observed and simulated depolarization rate allows the variability of the ice
crystal shape ratio Q within the cirrus cloud to be obtained (Figure 4.1). Fifteen cases
of mid-latitude cirrus clouds observed with the SIRTA lidar have been analyzed, and
lead to the following conclusions:

- The fifteen cirrus studied are mainly composed of ice crystals with shape
ratios close to unity

- The crystals with high effective shape ratios are mainly associated to low
temperatures (or cloud tops).

In comparisons, analysis of ATSR dual view observations collected above tropical
cirrus clouds led to conclude that near the top of such clouds, columns (high shape
ratios) and poly-crystals (shape ratio close to unity) are the most frequent (Baran et
al. 1999). Moreover, POLDER-1 analysis using bi-directional polarized observations
showed that columns and poly-crystals are dominant at cloud top for mid-latitude
cirrus clouds (Chepfer at al. 2001). Those results are consistent with the current lidar



depolarization study, as the higher/colder particles show larger shape ratios. The
number of studies on crystal shapes using remote sensing is very limited for the time
being and the existing ones are usually based on passive satellite retrievals that do
not allow the cloud internal vertical structure to be documented.
 In the future, the method presented in this study could be applied to the complete
lidar SIRTA database (and eventually others ground based lidar datasets) to get
statistically representative information on the ice crystal shape vertical variability.
The possible extension of this method to future lidar in space missions like CALIPSO
to get global information on the vertical variability of the crystal shape has been
discussed in Noel et al (2002).

Figure 4.1 Vertical distribution of cirrus cloud particle shape (hexagonal assumption)
observed over SIRTA for a 7-hour period.

Terminal velocities in clouds

In operational forecast and climate models the life cycle of a cloud is strongly linked
to its internal dynamics (sedimentation of cloud particles), to the environmental air
dynamics (wind) and to the feedbacks between dynamics and microphysics, that is,
to the way the effective radius and water content is modified by the internal cloud
dynamics and vice-versa. In a model this essentially translates into two dynamic
parameters that must be accurately represented: the terminal fall speed of the cloud
particles and the vertical air velocity. Vertically-pointing cloud radars measure the
sum of vertical air velocity w and terminal fall velocity VT. In order to separate these
two components statistical approaches have been proposed (Orr and Kropfli 1999;
Protat et al. 2002) assuming that for a long time span the mean vertical air motion
should vanish with respect to the mean terminal fall velocity that is much less
fluctuating. A statistical power-law relationship between the terminal fall speed and
radar reflectivity may therefore be derived using this assumption. VT can then be
subtracted from the Doppler velocity to access the vertical air velocity component.



Figure 4.2: Statistical VT-Z relationship for a cirrus cloud sampled over the SIRTA
with cloud and aerosol lidar (LNA) and cloud radar (RASTA) on October, 1st, 2002.
From top to bottom: (a) No attempt to classify with the particle shape. (b) shape ratio
class 1, Q< 0.05 (plates); (c) shape ratio class 2, 0.05<Q<0.7, (d) shape ratio class 3,
0.7<Q<1.2; (e) shape ratio class 4, Q<1.2 (columns).



This works very well for thin clouds. However, it has been clearly observed that a
single Vt-reflectivity relationship can generally not be used to represent accurately
the whole cloud depth. Truncating the cloud in several layers and applying the same
statistical approach leads to an increase in the statistical error of the VT estimates
(Orr and Kropfli 1999).  Therefore, to avoid this problem we propose to use the lidar
information as an additional constraint to the problem. Indeed, as described in the
previous section (and in Noel et al. 2002), the lidar depolarisation ratio carries a
quantitative information on particle shape (ratio of the crystal length to the diameter
of its hexagonal base) under some assumptions. We establish separate Vt-reflectivity
relationship for each class of particle shape. Figure 4.2 shows an illustration on a
cirrus cloud sampled over the SIRTA with LNA and RASTA on 1 October 2002. The
first graph shows the statistical VT-Z relationship without any attempt to classify with
the particle shape. The scatter around the fitted curve is large, owing to the
contribution of the vertical air motion. The four following graphs show the same
relationships for each of the four classes of particle shape. This figure reveals a trend
of increasing fall velocities with increasing shape ratios; an encouraging result.
However, the computation of the terminal fall velocity differences from a given class
to another in the [-30 dBZ, -5 dBZ] reflectivity range shows very small differences in
this case. Other cirrus clouds sampled at the SIRTA are presently under study to
evaluate the variability of these relationships. More generally, in order to evaluate the
robustness of such a classification, several cloud types and several clouds of the
same type should be investigated. This will be the next step of this research, in the
framework of the CloudNet project, during which routine cloud observations by cloud
radar and lidar are conducted for a two-year period.

Aerosol transport

Desert dust and pollution aerosol, of natural and anthropogenic origins respectively,
have major impact on climate and environment at the global and regional scale
(IPCC, 2001). Being close to Saharan dust sources, and influenced by emission and
production of aerosol particles linked to local industrial and traffic sources, SIRTA is
ideally located to monitor aerosol properties of mixed origins. Multiple types of
particles are thus frequently observed in the same vertical column. While dust
aerosol particles are mostly observed in the free troposphere, particles associated
with local pollution are typically confined to the boundary layer. Long-range transport
and transport in the boundary layer through the diurnal cycle lead to vertical
redistribution of particles. The radiative forcing in the infrared and the impact on cloud
formation and cloud properties due to aerosol activation are strongly dependent on
altitude. It is thus essential to identify and characterize aerosol properties on the
vertical.
Routine observations of aerosols at SIRTA have been developed to meet these
objectives, combining lidar vertical profiling, sun-photometer spectral measurements
and broad-band radiative fluxes. Lidar depolarization measurements allow us to
distinguish mineral aerosols from other types of particles. Indeed mineral particles
transported over a few days in warm air masses do not experience processes that
lead to surface coating and hence they keep their irregular shapes.
Europe is regularly exposed to desert dust aerosols originating from northern Africa.
Figure 4.3 shows an example of lidar measurements performed using dual
polarization differentiation for two cases observed in October 2001 and April 2002.
The October case corresponds to a major dust transport event (Ansmann et al.,



2003). Large depolarization values are observed between 1500 and 4000 m altitude,
while small depolarization values are observed for boundary-layer aerosols.
Boundary-layer particles are weakly non-spherical and get more and more spherical
as their diameter grows in the boundary layer with increasing relative humidity
(Hänel, 1982). Low depolarization values are maintained over the whole profile for
the April case.

Figure 4.3 : Lidar backscatter coefficient (left) and depolarization coefficient (rigth) for
two observation cases allowing to differenciate aerosol type (see text).

Another important constraint to characterize dust aerosols is the Angström coefficient
a. It is linked to the wavelength dependence of the aerosol optical thickness (AOT)
and can be obtained from the AOTs measured at two different wavelengths. Small
particles lead to a strong dependence of scattering with wavelength, and lead to
large values of a. This is not the case for large particles that mainly compose the
granulometry of desert dust. In fact the presence of large particles is observed far
away from the source in the whole advected dry layer containing desert dust. It is
believed that the dynamics of the frontal system linked to jet streaks allows the
sedimentation process to be counteracted. Indeed the undulations of the polar jet
linked to the development of cyclonic activity at mid-latitudes lead to cases of strong
meridian transport and to large aerosol optical thickness values observed over
SIRTA. In this case the lidar data were used to infer the Angström ratio which is
always found to be smaller than 1.
Aerosol optical thickness measurements are also obtained from a CIMEL sun-
photometer operating at SIRTA as part of the PHOTONS-AERONET network.
Looking at cloud decontaminated data, about 10 occurrences per year of desert dust
events over SIRTA were identified, assuming a threshold in optical depth of 0.5 at
440 nm, and a ratio smaller than 1.5 between optical depths measured at 670 and
870 nm.
Further process analyses such as direct radiative forcing at the regional scale and
particle aging due to transport are being conducted in the context of the European
lidar network EARLINET (Bösenberg et al., 2002) in which SIRTA is involved. SIRTA
observations of aerosol properties combined with cloud properties and dynamics in
the atmospheric column will also be used to study aerosol indirect effects.

Boundary layer processes



Representation of turbulent and mesoscale transport in the planetary boundary layer
(PBL) is an important issue for climate modeling, in particular for determination of
biosphere–atmosphere exchanges and for prediction of cloud cover. It is also of
primary importance for the simulation of pollution events at local and continental
scales and for the interpretation of surface measurements of the atmospheric
composition. The fundamental features of the PBL dynamics are its diurnal evolution
and its turbulent nature (Stull, 1988). At night a stably stratified boundary layer lies
below a residual layer (RL), a neutrally stratified layer that generally has the same
mean state and variable concentrations as those of the recently decayed mixed
layer. During daytime, strong turbulence mixing occurs in the convective boundary
layer (CBL). Most of the studies using the SIRTA database focus on the CBL.

Figure 4.4. Panel A: Lidar time series over Palaiseau on 8 August 1998 from 0800 to
1700 UTC (ESQUIF experiment). The relationship between the range-squared
corrected backscatter signal (RSCS in arbitrary units) and colour coding is given by
the colour bar. Panel B: RL (thin solid line) and CBL (thick solid line) top heights (hRL

and hCBL, respectively) as a function of time. From Fochesatto et al. (2001).

In the CBL, the vertical mixing is non local as opposed to the surface layer, i.e.
mesoscale structures such as thermals, convective PBL cells or rolls transport most
of the energy at the various vertical levels (e.g. Emmanuel, 1991). In the early
morning, the developing CBL can entrain energy and matter from the RL contributing
to its growth. In the absence of vertical transport by thermals, the level of the RL top
is expected to be constant overnight (if effects of subsidence and radiative cooling



are excluded) until fully eroded by the developing CBL. This conceptual scheme has
been used for PBL studies over the past 30 years (e.g. Wilczak et al. 1996). Using
SIRTA observations collected during the ESQUIF field campaign (Etude et
Simulation de la QUalité de l’air en Ile de France, winters and summer 1998-2000,
see Menut et al., 1999) and Meso-NH mesoscale numerical simulations (Lafore et
al., 1998), Fochesatto et al. (2001) showed evidence of dynamical coupling between
the RL and the developing CBL. Indeed, turbulence in the RL has been observed
using the ground-based lidar data by looking at the temporal fluctuations of the height
of the RL top (see Figure 4.4). Such fluctuations are related to interactions between
thermals and the inversion capping the CBL via wave propagation and turbulence.
Lidar measurements showed that the RL top height started to fluctuate shortly after
the CBL begins to develop, which strongly support the hypothesis that convective
gravity waves transporting momentum upward lead to enhanced drag and mixing and
affect atmospheric circulation (Kershaw, 1995). Using ECLAP field experiment data
(Etude de la Couche Limite en Agglomération Parisienne, winter 1994-1995, held
where the SIRTA is located now, Dupont et al., 1999) Drobinski et al. (1998) showed
how PBL rolls affect and modulate the turbulent surface fluxes. Measurements by
lidars, anemometers, soundings and sodar gave an overview of the characteristics of
the PBL rolls and the sources of energy production that maintain them. The
experimental results obtained on two consecutive days were compared to an
analytical PBL model by Brown (1970) that is based on the nonlinear solution for the
PBL flow that explicitly includes organized structures, while using K-theory to model
small-scale turbulence. The observations and the predicted modified flow were in
excellent agreement (see Table 4.1), showing that thermal stratification and wind
shear are important factors in the structure and dynamics of the PBL rolls.

Date Time
(UTC
)

Momentum flux
(W m-2)

Sensible heat flux
(W m-2)

PBL roll lateral drift
(cm s-1)

Data Model Data Model Data Model
13
March
1995

1125
1732
2318

0.46
0.17
0.03

0.52
0.19
0.04

162
-5
-17

183
30
-17

30
30
___

22
18
0

14
March
1995

0635
1145

0.02
0.23

0.02
0.13

-4
138

-10
125

___

0
0
0.05

Table 4.1: ECLAP experimental results versus Brown (1970) PBL model : the
momentum and heat fluxes were retrieved from sonic anemometer measurements
collected at 10 m height – the PBL roll lateral drift was retrieved from the TWL
(ground based Doppler lidar) radial velocity measurements. Adapted from Drobinski
et al. (1998).

Menut et al. (1999) investigated PBL dynamics and turbulent processes in the SIRTA
area with a three-dimensional ‘column’ modeling approach (i.e., over a small domain)
using the mesoscale model MERCURE and the ECLAP database. To ensure the
representativity of the comparison between measurements and simulations and to
test the suitability of mesoscale models for PBL studies, the dynamical and thermal
effective roughness lengths characterizing the site of Palaiseau were prescribed
explicitly in the model using sonic anemometer measurements (see Figure 4.5).



Other modifications to the surface parameterizations were implemented: the addition
of the convective velocity scale in near free convection periods and a differentiation
between dynamical and thermal roughness length. Menut et al. (1999) showed that in
periods of important convective activity, the modeled and measured surface turbulent
fluxes are in better agreement when including the convective vertical velocity in the
surface parameterizations. In the case of light winds, without marked temperature
inversion, simulations could reproduce the turbulent processes and the dynamics in
the surface layer. In the case of complex vertical PBL structure, caused by synoptic
advection, it was shown that ‘advection-less’ simulations could not match the
observations. This provided evidence that regional processes may strongly affect
microscale meteorology over the Paris area. For example, pollutant concentrations
depend on the intensity of mixing and the depth in which pollutants are mixed, as
revealed by the ESQUIF field experiment (Vautard et al. 2003).

 (a)

 (b)
Figure 4.5. Panel a: Effective dynamical roughness length (z0m) as a function of
wind direction as determined from sonic anemometer measurements at 10 m above
ground. Panel b: Comparison between u* measured by sonic anemometer, and
derived from simulations. The dashed line represents the simulation with a fixed z0m
equal to 1.2 m. The long-dashed line represents the simulation with a z0m
depending on wind direction, with, under unstable conditions, the convective velocity
scale w_ being added to the mean wind speed. From Menut et al. (1999a).



MODEL TO OBSERVATION COMPARISONS

To evaluate model-simulated cloud processes, the GEWEX Cloud System Study
developed a method utilizing single-column models driven by well-defined boundary
conditions. The main advantage of this method is that it isolates the sub-grid
parameterizations from the large-scale flow and the surface processes (Randall et al,
1996). The procedure consisting in building the boundary conditions is however quite
heavy. In particular, the horizontal convergence of heat and humidity as well as
surface fluxes into the domain under study must be evaluated very carefully. This can
only be achieved during dedicated field campaigns and after detailed modeling with
cloud resolving models.
A complementary approach consists in running continuous simulations of the local
meteorology relying for the large scale forcing on the operational meteorological
analysis, and confronting them to routine observations collected at advanced
atmospheric profiling observatories. This applies obviously directly to the models
used for producing the analysis. For instance Morcrette (2002) assess ECMWF
model cloudiness and surface radiation by direct comparisons with ARM data over a
period of one month. The meteorological analysis can also be used to define the
boundary conditions of a limited area model or to constrain the large-scale circulation
of a regional or global model (nudging). For instance, Guichard et al (2003) make use
of the ARM data for directly evaluating the predictions and parameterizations of the
MM5 meso-scale model.
This approach has been retained for SIRTA. Both a limited area cloud resolving
model (MM5) and a global general circulation model with zoom capability (LMDZ) are
run daily with refined grid over the Paris area. The configurations retained for both
models as well as preliminary results are presented below. Sustained observations
allow model performances to be assessed in a quantitative manner over a large
number of situations, including difficult situations that occur unexpectedly. This
approach however requires that analysis methods be developed to distinguish
model-to-observation discrepancies due to large-scale analyzed fields from those
directly related to the model. Further more, to validate the representation of a
particular process in the model, it is essential to identify situations suited for a
physical study of this process, as illustrated below for the study of the convective
boundary layer.

Meso-scale models and SIRTA

Mesoscale models solve the non-hydrostatic and anelastic equation system. A 4-day
simulation initialized at 0000~UTC every day is performed with MM5 using 3 and 9-
km resolution domains nested within a 32-km resolution domain extending over
Europe using two-way interface. The initial and coupling fields are generated by first
interpolating NCEP short-term forecast data available every 6 hours to the model
grid. The vertical grid consists of 25 levels between ground and 100 hPa. To ensure
a good description of the atmospheric boundary layer, 11 levels are taken below
1000m. The size of the first 9 meshes is less than 200m. Simulations are routinely
compared to SIRTA measurements (wind speed and direction, temperature,
humidity, infrared and visible fluxes). Figure 5.1 shows such comparisons for 28 May
2003. Wind direction, relative humidity, temperature and IR radiative fluxes simulated
by MM5 show good agreement with observations. The wind speed is underestimated



during morning hours. SW radiative fluxes are underestimated in the afternoon
although clouds are present in both simulations and observations.

Figure 5.1: Comparisons between model simulations from MM5 and SIRTA
observations. Clockwise starting from bottom left : surface longwave radiative flux
(W/m2), relative humidity (%), wind speed (m/s), wind direction (deg), 2-m
temperature (oC), surface shortwave radiative flux  (W/m2).

Routine comparisons between numerical simulations and observations are useful to
better understand the behavior and limits of physical parametrizations in
meteorological models. They offer a framework to test various hypotheses in physical
processes over a broad range of meteorological situations. Meteorological models
are also used to force other models, such as chemistry transport models. In the
section on Photochemistry and clouds, we describe how SIRTA observations are
used to evaluate MM5 model performance in order to diagnose the source of
possible errors in sub-sequent air quality simulations.

GCM models and SIRTA

LMDZ is the atmospheric global circulation model originally developed at LMD and
used at IPSL for climate studies (see eg. Sadourny and Laval, 1984). The dynamical
core is based on finite difference formulation of the primitive equations of
meteorology. The equations are discretized on the sphere on a stretchable longitude-
latitude grid, allowing a finer resolution on a particular region of the globe to be used.
Coupled to the dynamical core, the model includes a set of physical parametrization
for radiative transfer in the solar (Fouquart and Bonnel, 1980) and thermal infrared
(Morcrette et al., 1986) ranges, cumulus convection Emmanuel (1991) and clouds
(Bony and Emmanuel, 2001; Le Treut and Li, 1991).
In the standard version of the model, the vertical transport by turbulence in the
boundary layer is represented with a K-diffusion approach with a diffusivity
depending
on the local Richardson number (Laval et al., 1981).
For comparison with the observations at SIRTA, the model is run with a refined grid
over the Paris area. Although the idea is to go down to meshes of typically 20x20
km2 (below, some hypothesis of the model such as hydrostatic balance on the



vertical or the use of a statistical scheme for clouds may not be relevant), the primary
tests have been performed with a very light version based on a global grid of only 48
points in longitude and 32 in latitude zoomed in order to reach a 100 km resolution
over France. In order to force the large-scale synoptic circulation, the model variables
are relaxed toward NCEP analysis (nudging):

dX/dt = (dX/dt)GCM + (Xanal - X) / t ,

where X is the vector of model variables, Xanal the corresponding values from the
analysis, (dX/dt)GCM the tendency computed by the general circulation model and t is
a time constant. The time constant t varies from half an hour outside the zoom area,
in order to obtain a realistic large-scale synoptic situation, to 10 days inside, to let the
model compute its own meteorology there. The grid and the associated relaxation
time constant are shown in Figure 5.2.

Figure 5.2: the grid used in the first SIRTA simulations with LMDZ. The shaded or
color rectangles show the meshes. The contour correspond to the value of the
relaxation time constant for nudging (see text for details).

The method is illustrated with sensitivity experiments. First the standard version of
the atmospheric model is run with two different formulations for surface evaporation.
In the version of the model used here, evaporation is based on a simple "bucket
model": Evaporation is computed as a function of near surface humidity q and
humidity at saturation qs for a given surface temperature Ts. E is expressed as

E=0.35 b u* (q-qs(Ts)),
where the stress b that depends on the depth of water in the soil (or bucket), is equal
to 1 for a wet soil and decreases when aridity increases. In the control simulation



called CONTROL, the formulation relating b to the depth of water in the soil has been
tuned with respect to SIRTA observations. In the DRY experiment, b is fixed to a
constant with a lower value. Finally, we present a simulation THERMALS ran with the
thermal plume model recently developed at LMD (Hourdin et al., 2002). This mass
flux parameterization of the convective boundary layer replaces the counter-gradient
term introduced in the original K-diffusion formulation plus a dry convective
adjustment used in the model to prevent unstable temperature profiles to occur.
A 20-28 May 2003 period was selected because it shows well-developed cases of
convective boundary layers toped with cumulus clouds, especially during the last
three days of the period when cloud-aerosol lidar data are available.

Figure 5.3 : The temperature (at 17m), relative humidity (at 17m) and the SW flux at
the surface observed at SIRTA are compared with the results of 3 simulations :
CONTROL (with a tuned evaporation at the surface), DRY (with a drier soil) and
THERMALS (as control but activating the thermal plume model for the convective
boundary layer).

In Figure 5.3, we show comparisons of the humidity and temperature interpolated at
17m with the observations at SIRTA. The DRY simulation is too dry, and, consistently



too hot (the weaker latent heat flux at the surface resulting in a warmer soil). The
tuning of the surface scheme for the CONTROL simulation allows us to obtain good
agreements for both temperature and humidity, if one considers daily averages.
However, the standard version of the model strongly underestimates the amplitude of
the diurnal cycle for humidity. This is clearly a deficiency of the boundary layer
scheme that does not simulate a strong enough contrast between the accumulation
of water vapor in the thin nocturnal boundary layer and drying by the effect of
convective mixing with tropospheric air during the day. A much better agreement is
obtained for the diurnal cycle when the thermal plume model is used. It clearly
appears from the examples above that the simulation of the local meteorology at
SIRTA is sensitive to the model parameterizations.
It is planed to use SIRTA observations to further assess and develop the
parameterizations of the general circulation model, in particular those of the thermal
plume model, as presented in the following section.

Assessing boundary layer parametrizations

 In order to detect conditions suitable for a physical study of surface driven boundary
layer processes using model output, we use the diagnostic of the boundary layer
height (BLH) based on a method proposed by Troen and Mahrt (1986) with
extensions by Holstlag and Boville (1993). The physics behind the algorithm is that,
under unstable situations, some parcels of air (characterized by an excess of
buoyancy) can detach from the surface layer and rise until an equilibrium level is
reached. This level is taken as the BLH. Then, the lifting condensation level (LCL) of
the parcel virtually lifted from the near surface is compared to the BLH. If the LCL is
lower than the BLH, the LCL should correspond to the base height of a boundary-
layer cloud resulting from surface driven processes.
If the LCL coincides with the observed cloud-base height, one may assume that the
processes inducing BL clouds are local or are created in an area with similar air
mass and ground characteristics (quasi Lagrangian case) as the area of study. In
such a situation, both large-scale fields and surface conditions are deemed to force
the boundary layer in a realistic manner. In addition, observed temporal variations
can be interpreted as the evolution of a consistent air mass. When no agreement
between model and observations is found, one must look at complementary
observations to identify the source of discrepancy.
Figure 5.5 shows three consecutive convective situations above SIRTA observed by
the LNA lidar on 26, 27, and 28 May 2003. On 26 May a persistent layer of fair
weather cumulus clouds appears at 10UT; it hinders rapid growth of the boundary
layer. Maximum boundary layer height, about 2000m, is reached around 16UT. On
27 May a residual layer and fewer clouds favor a more rapid growth of the boundary
layer than the previous day. On 28 May even fewer clouds than on previous days but
fear weather cumuli appear at multiple levels. The boundary layer becomes
decoupled around 12UT.
We compare boundary layer heights and lifting condensation levels diagnosed from
LMDZ output to boundary layer heights retrieved by the LNA lidar and cloud base
heights derived from ceilometer data, respectively. Figure 5.6 shows diurnal cycles of
the modeled and observed boundary layer parameters. The shapes and amplitudes
of the boundary layer diurnal cycles are well captured by the diagnostics over the
entire period. In addition, situations where the model is able to create boundary layer
clouds, revealed by an LCL below the BLH, are in phase with observed fair weather



cumulus clouds. On 28 May we observe multiple cloud layers, characteristic of a
complex situation, and a decoupled boundary layer. Model diagnostics match the
higher observed cloud and boundary layers.

Figure 5.5: Range-corrected back-scattered lidar signal for the 26-28 May period.
Clouds at the top of the boundary layer appear in red (strongest back-scattering). A
persisting aerosol layer drops from 6 to 3 km from 26 to 28 May. At altitudes below
500m the lidar overlap function is very small and the signal cannot be exploited.

Such conditions are well suited to assess and develop further the thermal plume
model. Lidar back-scattering profiles may be used to validate model internal variables
such as the relative fraction of up-drafts, the height reached by thermals and the
thickness of the entrainment layer, and if possible, vertical velocities. Clouds must
also be included in this convective model developed originally for the dry convective
boundary layer. The combination of lidar, radar and radiometric measurements at the
surface will be used to assess simultaneously the BLH and LCL, the cloud fraction
and cloud radiative forcing.



Figure 5.6: Evolution of the first cloud base height (red) and boundary layer height
(black). Dots are lidar and ceilometer observations. Solid lines are diagnostics based
on LMDZ runs. Three diurnal cycles are represented (26-28 May 2003).

Simulation of lidar backscattered signal from aerosol model output

Anthropogenic aerosols present in the lower troposphere have a significant impact on
health and visibility, especially in large cities like Paris. In order to predict their
concentrations during pollution episodes and to understand the mechanisms
involved, scientists have developed air quality models that rely on sophisticated but
uncertain physical and chemical parameterisations. A key question we address in our
activities is whether such chemistry-transport models are able to correctly simulate
the vertical distribution of aerosols. Comparisons of model outputs with available
classical ground measurements allow the validation of aerosol horizontal distribution,
but do not provide information on their vertical variability. Backscatter lidar profiles
contain valuable information on the vertical distribution of aerosol layers, their altitude
and temporal evolution. Using lidar data in a statistical validation of the aerosol
models allows a better understanding of transport and mixing processes for a variety
of meteorological situations.
The CHIMERE chemistry transport model (Schmidt et al., 2001; Vautard et al., 2001;
Bessagnet et al., 2003), developed at IPSL, simulates gas-phase chemistry, aerosol
transport, formation and deposition at continental (Europe) and urban scale (Paris
area). The horizontal resolution of the urban-scale model is about 5 km with 20 levels
from ground up to 500 hPa. It includes both inorganic (sulfate, nitrate, ammonium)
and organic species, from primary or secondary origin. The population of aerosol
particles is represented using the sectional approximation, assuming discrete aerosol
size sections and considering the particles of a same size section homogeneous in
composition (internally mixed): as an example the first size section bin concerns
primary aerosols with size section ranging 10 and 40 nm, whereas the last bin
contains mostly dust aerosols with sizes sections ranging 10 and 40 mm.



In order to compare the SIRTA 532 nm lidar data with model outputs, we use an
innovative approach that consists in comparing the observed lidar profile with a
simulated one built directly from the model outputs. For each size section bin, the
model outputs contain: the number of particles per volume of air, their composition,
and their vertical distribution. The simulation of the lidar signal requires aerosols
optical properties (extinction and scattering coefficients, phase function) for each size
bin. Those are computed in using the Rayleigh and Mie theories with inputs given by
the model hypothesis: the refractive index associated to the composition of the
aerosol size bin and a log-normal size distribution fitting the edges of the size bin.
Then, the simulated lidar signal can be simply built up with the classical lidar
equation in using the optical properties and the number of particles in each size bin
at each level of altitude as given by the model.
This approach allows the number of assumptions to be minimized, as the simulation
of the lidar signal does not require adding new hypothesis to the ones already used
in the model parametrizations. Also, the observed and simulated lidar profiles can be
compared quantitatively and not only qualitatively.
Figure 5.7 shows preliminary results of the comparison obtained during the episode
of March 26, 2003 at he SIRTA. The measurements shown correspond to clear-sky
conditions. The observed diurnal evolution of the lidar profiles is correctly simulated
by the model: the top of the aerosol layer rises from 1 km in the morning to a
maximum height of 3 km at 15 UTC, and starts to fall after 16 UTC. However, the
hourly-mean back-scattering profile shown in Figure 5.8 reveals that the model tends
to underestimate the aerosol load and does not simulate the aerosol layer observed
at 2.5 km. This underestimation may result from missing sources in the aerosol
inventory or mixing conditions in the boundary layer.
This comparison also shows the complementarities of experimental data provided by
lidar and model simulations near ground level (from 0 et 700m), where the lidar
signal is reduced due to the uncompleted overlapping between the laser beam and
the telescope field of view.

Figure 5.7 : Daily evolution of the lidar profiles observed (left) and simulated by the
CHIMERE model (right) at 532 nm, at Palaiseau, France.



Figure 5.8 : Lidar profile observed (blue curve) and simulated by the CHIMERE
model (red crosses) on 26 March 2003 at 13 UTC at Palaiseau.

Our future work will consist in comparing systematically the lidar observations at the
SIRTA with model outputs in order to get statistically representative results about the
model behavior. Moreover, the link between the chemical composition of the aerosol
and its optical properties through the refractive index will be studied using
complementary measurement. This will help to interpret disagreements between
model and lidar-observations, and possibly make the distinction between cases
where the aerosol load is not correctly predicted by the model and cases where the
aerosol type is not correctly predicted.

Photochemistry and clouds

Prediction of air quality, for the near or for the far future, requires the development of
complex chemistry-transport models (CTMs). In order to be useful, they must be able
to accurately simulate the actual spatial patterns formed by the concentration fields
and the response to various emission reduction scenarios. In an attempt to
understand the many sources of uncertainties underlying air quality modeling, the
CHIMERE three-dimensional CTM, developed at IPSL, is run every day in forecast
mode for ozone and aerosols and the simulated concentrations are verified against
available air-quality observations. The local-scale MM5 weather prediction (see
Section on meso-scale models) is used to force the CTM and verified at the SIRTA
site using SIRTA measurements. Figure 5.9 shows an example of 24h-ozone
forecast with the corresponding monitoring network (AIRPARIF) observations.



Figure 5.9: Surface ozone daily maximum forecast issued on 29/05/2003 for the next
day using the 3-dimensional CHIMERE chemistry-transport model (Schmidt et al.,
2001; Vautard et al, 2003). Maximal observed values are also reported at the
locations of monitoring sites.

Despite the relatively good skill of the model for the simulation of ozone in clear-sky
conditions, one of the major sources of model errors remains the representation of
clouds and their impact on photolysis in CTMs. The poor representation of photolysis
in cloudy conditions is due to the combination of several factors. First clouds have
significant subgrid scale variability when considering resolutions of a few kilometers.
The representation of subgrid clouds such as cumulus with complex reflections in
mesoscale meteorological models and subsequent radiation/photolysis models
remains a challenge for the modeler. Second, it is very difficult to simulate resolved
clouds at the right place and time (See Figure 5.10). Finally radiation models often
make crude assumptions about clouds in order to simplify the complex calculation of
photolysis rates.
Our intentions are to use continuous measurements of J(NO2) at the SIRTA site in
order to

• evaluate the performances of the modelling suite MM5 and TUV (Madronich)
in the presence of clouds. This evaluation will be performed on a statistical
basis using at least one year of measurements

• determine what types of clouds lead to most problematic determination of
photolysis rates, and whether the main modelling problems come from the
meteorological model (MM5) or the radiation/photolysis model (TUV).
Measurements of short-wave radiation will be used in parallel to this study in
order to help discriminate between these sources of errors.



Figure 5.10: Evolution of the J(NO2) contribution from the upper radiometer (black
curve, one point per minute), together with its model (MM5+TUV) counterpart, for two
particular days.

Figure 5.10 shows two examples of comparisons between the upper J(NO2)
radiometer measurements and its model equivalent, using MM5 (with a 5km
resolution) forced by the NCEP AVN-model analysis, and TUV, calculating J(NO2)
from the air column simulated by MM5 above the SIRTA. In the first case (16 July
2003, left panel), taken during a convective day, clouds are not predicted at the right
time but their impact on photolysis is simulated with the right amplitude. In the
second case (08 July 2003, right panel), thick cirrus clouds are present. They
attenuate the photolysis rate significantly. The model does not simulate this effect
correctly. Modeling the optical properties of thin ice clouds like cirrus is particularly
difficult.



PREPARATION AND VALIDATION OF SATELLITE OBSERVATIONS

Space-borne observations based on active remote sensing by cloud radars and
lidars will be able to document the cloud microphysical, radiative, and dynamic
properties and their vertical variability at global scale. The first mission consists of
small satellite platforms making up the “Afternoon Train” that includes a cloud radar
(NASA CloudSat mission) and a lidar (NASA/CNES CALIPSO mission). It is
scheduled for launch at the end of 2004. The following radar-lidar mission could be
the ESA EarthCARE mission (2009-2010 that will include of a cloud Doppler radar
and a high spectral resolution lidar on the same platform. Active remote sensing
instruments such as cloud radar and lidar have been operating at ground sites for
several years now. Data collected with ground-based instruments is used to develop
cloud property retrieval algorithms that make use of new remote sensing methods
(sensor synergy) to be applied to future satellite data. Ground-based data is also
used to validate retrievals from current satellite missions based passive remote
sensing techniques.

Ice particle shape and size retrieval from lidar – IR radiometer synergy (application to
Calipso)

The cirrus cloud radiative properties are strongly governed by their microphysical
properties, i.e. their particle size, shape and orientation in space. To improve our
knowledge of ice cloud microphysical properties at a global scale, several techniques
using passive remote sensors on board satellite plate-forms have been developed.
The infrared wavelengths are commonly used to retrieve particle size as those
wavelengths are highly sensitive to the quantity of ice present in the cloud. The
classical split-window technique (Inoue, 1985) as well the recent advanced
techniques (Minnis et al., 1998, Baum et al., 2000) are based on differences of
absorption in various infrared channels sometimes completed by visible channels.
The goal of this study (Chiriaco et al. submitted) is to document particle size in ice
clouds with a split window technique improved by the use of complementary
constraints from active remote sensing observations like the Nd-yag lidar. The
proposed split window technique is improved by (i) a scene identification from a 532-
nm lidar and (ii) a shape constrain from 532-nm lidar depolarization. The lidar back-
scattered observations are used to detect the presence of a cirrus cloud, and to
determine its altitude (giving its temperature when combined with temperature profile)
and vertical structure. First, the IR radiances combined with the lidar backscatter
information lead to several values of effective radius depending on the particle shape
hypothesis. Then, the lidar depolarization observation is used as a constraint in
selecting the best guess for the particle shape ratio and hence the more reliable
effective size.
The retrieval of the effective size by combination of infrared radiances and lidar
(backscatter and depolarization) has been tested against 9 cases of ice clouds
observed with the SIRTA 532-nm lidar and the MODIS/TERRA infrared space-borne
radiometer. The results are summarized in Table 6.1. Semi-transparent clouds
(columns 4) can be analyzed because of the knowledge of their altitude from the
lidar. The use of lidar data allows us to retrieve particle size for semi-transparent
clouds and to extend the possible scope of application of the split-window technique
to a wider number of cloud cases. Furthermore, the improvement on the size interval
retrieval due to the depolarization constraint is shown in the last column of Table 6.1.



The shape constraint due to lidar depolarization reduces the uncertainty on particle
size by more than 20% for 70% of the cases, and by more than 65% for 40% of the
cases.
To evaluate the capability of this new method, future work will consist in comparing
the results with in-situ observations using intensive field experiment data like
CRYSTAL-FACE. Moreover, the current method will be compared to a more classical
passive remote sensing technique based on the use of more different channels
(Minnis et al 1998) on a systematic basis during MODIS overpass on the SIRTA.
Despite some limitations discussed in Chiriaco et al. (submitted), the proposed
method will be applied to future CALIPSO lidar and infrared radiometer observations,
and so lead to a global study of the particle size in semi-transparent cirrus clouds.

date
Tbase

(K)
Ttop

(K)
TB,MODIS

(K)
Cloud type

3-wavelength
constraint

Shape
constraint

05 March
2002

234 214 260
semi-

transparent
19µm<r<152µm

19µm<r<54µm
0.7<Q<2

02 Apr
2002

242 225 239 opaque no solution
0.05<Q<•

no solution

01 Oct
2002

236 219
240
280

semi-
transparent

6µm<r<19µm
0.15<Q<0.9

6µm<r<13µm
0.7<Q<0.9

08 Oct
2002

251 214 245 opaque 17µm<r<19µm
0.15<Q<0.5

no improvement

14 Oct
2002

259 241 245 opaque 23µm<r<57µm
0.15<Q<0.9

23µm<r<28µm
0.7<Q<0.9

06 Nov
2002

247 217 252
semi-

transparent
17µm<r<57µm

0.15<Q<0.9
20µm<r<46µm

0.7<Q<0.9

230
(a)

202 260
semi-

transparent

8µm<r<19µm
0.15<Q<1

sph.ice.12µm
no improvement

19 Dec
2002

216
(b) 202 270

semi-
transparent

0.57µm<r<21µm
0.15<Q<1

sph.ice/wat 6µm
sph.ice/wat12µm

0.57µm<r<18µm
0.70<Q<1

sph.ice/wat 6µm

19 Feb
2003

223 211
265
270

Semi-
transparent

8µm<r<27µm
0.15<Q<1

sph.ice 12µm
sph.wat.12µm

  9µm<r<18µm
0.7<Q<1

sph.ice 12µm
sph.wat.12µm

Table 6.1 (adapted from Chiriaco et al., 2003) Particle sizes and shapes of clouds
over SIRTA retrieved from LNA lidar back-scattering and depolarization information
combined with MODIS IR-channel observations. The table presents results for each
of 9 situations: cloud top and base thermodynamic temperature, cloud brightness
temperature, cloud opacity, microphysical properties based on 3-wavelength split-
window technique, and micro-physical properties when shape constraint is applied.



Cloud particle shape and water content from combined radar/lidar retrievals
(application to Cloudsat/Calipso, EarthCARE)

After validating the concept of the radar-lidar synergy to document cloud properties,
the scientific exploitation of space-borne radar-lidar synergy is presently undertaken
at SIRTA, through the development of radar-lidar algorithms. As shown in previous
studies (e. g., Intrieri et  al. 1993), cloud radar and lidar observations carry
complementary information on cloud properties, in particular, ice water content and
effective radius. Direct methods that link the ratio of radar reflectivity to lidar
extinction to the effective radius work well for optical depths less than 0.3, but
assumptions are not satisfied for thicker clouds. New algorithms use the radar
reflectivity to better constrain the lidar extinction retrieval (e.g., Tinel et al. 2000;
Donovan et al. 2001). The algorithm developed by the CETP radar team uses a
statistical relationship between lidar extinction and radar attenuation derived from a
large set of in-situ microphysical observations. It is well known that the cloud-to-cloud
variability of the particle size distribution (PSD) is high. However, Testud et al. (2001)
showed that for precipitating events the shape of the PSD is roughly invariant when
normalizing the diameter axis by the mean diameter of the distribution (that is,
N(D)=N0* F(D/Dm)) . If the shape of the distribution is fixed, all the variability of the
PSD is contained in the intercept parameter of the PSD, N0*. This normalization
concept has been applied to non-precipitating ice clouds by processing very large in-
situ microphysical datasets both in the tropical and mid-latitude regions, in the
northern and southern hemispheres (CLARE98, CARL2000, CARL2001, EUCREX,
INCA, and CEPEX). The shape of the normalized PSD is found to be roughly
invariant for non-precipitating ice clouds. As a result, statistical relationships between
moments of the normalized PSD (the nth moment of the PSD is defined as

dDDnDNnM Ú= )()( ) are also found to be invariant. Since lidar extinction and radar

attenuation are proportional to the second and first moments of the PSD, it implies
that a “universal” statistical relationship parameterized by N0* can be derived (a = a
N0* 

1-b Kb, Testud et al. 2001). N0*  becomes an unknown to be retrieved by the radar-
lidar algorithm. This algorithm has been validated through dedicated airborne
campaigns during the CARL European program, using an airborne radar-lidar system
(the French RALI instrument) flying above the clouds, and airborne in-situ
microphysical measurements within the cloud. An illustration of the first results
obtained from the ground with this algorithm is given in Fig. 6.1, for a mid-level cloud
sampled by the RASTA cloud radar and the LNA lidar over SIRTA on 13 November
2002. The vertical cross-sections of radar reflectivity (Fig. 6.1a) and lidar backscatter
(Fig. 6.1b) show clearly that the same cloud base height is obtained by both
instruments. The lidar does not penetrate the whole cloud depth, as seen by the
upper cloud top height detected by the cloud radar. The radar-lidar algorithm has
been applied to the cloud depth seen by the two instruments. Figs. 6.1c,d,e,f show
the lidar extinction, ice water content, effective radius, and N0*, respectively. The
vertical distribution of the cloud properties is interesting in this case, with ice water
content increasing, effective radius decreasing, and N0* increasing with height. The
increase in effective radius when approaching the cloud base likely reflects the
importance of the aggregation/coalescence processes when cloud particles sediment
within the cloud. This is consistent with the retrieved decrease of N 0* when
approaching the cloud base, that can be interpreted as a decrease in number of the
smaller cloud particles and then as an occurrence of aggregation. The smaller ice



water contents at cloud base are likely associated with strong evaporation occurring
there. Presently, this algorithm is being implemented as a routine algorithm, in order
to run continuously on the CloudNet dataset and prepare its integration for the
automated processing of the future spaceborne observations from
CALIPSO/CloudSat).

       (a) (b)

       (c) (d)

       (e) (f)

Figure 6.1 Mid-level cloud observed at SIRTA on 13 November 2002. Vertical cross-
ections of (a) radar reflectivity, (b) lidar back-scattered power, (c) lidar extinction
coefficient, (d) ice water content, (e) particle effective radius, (f) intercept of particle
size distribution No

*.



Validation of POLDER-1and POLDER-2 cloud products

 The main purpose of the this study ( Chepfer et al. 2000) was to conduct a validation
of cirrus cloud parameters inferred from polarized POLDER-1/ADEOS-1 data
collected from 1 November 1996 to 30 June 1997. The validation makes use of four
ground-based lidar systems geographically distributed in latitude: the SIRTA site, the
Buenos Aires site, and two ARM sites (Great plaines and Manaus island). The
validation is based on comparisons between POLDER-1 retrievals and
measurements collected with ground-based Nd-yag lidars. The scale differences
between POLDER measurements (pixel size: 6x6 km) and ground-based lidar data
are treated by selecting cloud layers homogeneous and stable in space and time.
The validation effort focuses on two parameters retrieved with POLDER-1 (Goloub et
al. 1994): the cloud thermodynamic phase and the cloud height obtained with the so-
called Rayleigh method.
The validation of the cloud thermodynamic phase calls for cloud altitude as measured
by lidar and temperature profile by the radiosonde. The cloud phase has been
assessed using a temperature criteria where presence of ice is asserted as certain
for T < -40°C. Comparisons of lidar and POLDER data have been done for 150
observed cloud cases. Results of these comparisons are presented in Table 6.2. The
second column of Table 6.2 shows that the cloud thermodynamic phase (ice/liquid)
retrievals from POLDER-1 are consistent with lidar retrievals, as 30 ice cloud cases
out of 32 have been identified as ice.

Cloud temperature T< - 40°C - 40°C<T< - 20°C  T > -20°C Total

Ice 30 22 28 80

Mixed phase 2 8 15 25

Liquid water 0 3 43 45

Total 32 32 86 150

Table 6.2: Cloud thermodynamical phase derived from POLDER-1 as a function of
cloud temperature obtained from radiosonde data and collocated lidar height
assignment. The cloud temperature is divided in 3 bins for temperature ranging from
below -40°C, between -40°C and -20°C, and above -20°C, the cloud
thermodynamical phase is divided in 3 categories as: ice only, mixed phase or ice
and liquid water, liquid water only. A total of 150 cirrus cloud cases have been
selected and analyzed.

The validation of cloud height inferred from POLDER-1 using the Rayleigh method
has been conducted for 34 cirrus cloud cases. It simply consists in comparing
POLDER-1 and lidar cloud heights. It is shown that POLDER underestimates the
cloud height for low values of cloud optical depth. A simulation confirms this result: it
has been shown that a fair agreement is obtained when the optical depth is larger
than 3, depending on crystal shape and experimental condition (i.e. solar angle).
Finally, comparisons between POLDER-1 and lidar measurements, and simulations
allow us to conclude that the Rayleigh pressure method is satisfactory for cloud with
hemispherical reflectances greater than 30%. Based on this result, the Rayleigh
pressure method has been improved for thin cirrus clouds using an empirical



correction based on radiative transfer calculations, accounting for actual solar angle
and hemispherical reflectance measured directly by POLDER.
The SIRTA is currently involved in the validation of cloud properties deduced from
POLDER-2/ADEOS-2 that has been successfully launched in 2002. The main efforts
will concern: (i) the validation of cloud altitudes deduced from POLDER-2 in
comparisons with collocated Nd-Yag lidar / 94 GHz-radar observations (ii) the
validation of the cloud thermodynamic phase deduced from POLDER-2 using the
lidar linear depolarization rate observed at the SIRTA as these measurements allow
to document the vertical variability of the cloud phase within semi-transparent ice and
mixed phase clouds.

Validation of MISR/MODIS cloud top heights

Onboard the experimental polar orbiter NASA TERRA, launched in December 1999,
two very different instruments are operationally retrieving cloud properties: the Multi-
angle Imaging SpectroRadiometer (MISR) and the MODerate resolution Imaging
Spectrometer (MODIS). MISR is composed of 9 push-broom cameras observing the
Earth in 3 visible and one near infrared chanels, from 9 different view angles. Cloud
top heights (CTHs) are retrieved using a purely geometrical stereo-matching
technique initially developed at UCL (Moroney et al., 2002; Muller et al., 2002).
MODIS is a whiskbroom imager with 36 channels from the visible to the CO2

absorption band at 15mm and retrieves cloud top pressures (further transformed into
heights using ECMWF profiles) using the CO2-slicing technique (Menzel and
Strabala, 1997). Thanks to the spatial and temporal coincidence of the two sets of
measurements, the CTH products can be validated through inter-comparison and
through comparison with ground-based remotely sensed measurements. The SIRTA
cloud lidar (LNA) offers a unique opportunity to assess the accuracy of MISR and
MODIS CTHs for thin cloud detection and CTH retrieval. Up until the present time, 5
dates have offered the right atmospheric and technical conditions to perform a
comparison between MISR, MODIS and LNA CTHs on 5 October 2001, 17 May, 22
July, 1 and 8 October 2002.
For the inter-comparisons, the MISR and MODIS CTHs were obtained by calculating
the median CTH within a latitude-longitude box of varying size centered on SIRTA.
Due to the different resolutions of the MISR and MODIS CTHs, the optimum box size
was ± 0.02° for MISR (1.1km) and ± 0.05° for MODIS (5km). LNA CTHs were
obtained by calculating the median CTH over a given time period centered on the
MODIS acquisition start-time. We found that ±5 minutes was necessary to take into
account the variations observed from space. However, we sometimes had to extend
this time period when data were missing over a significant period of time. The
comparison between MISR, MODIS and LNA CTHs is shown in Figure 6.2. These 5
cases can be divided into 2 categories: single layer high or mid level clouds and
multiple layer clouds. In the case of single level clouds, both MISR and MODIS CTHs
were found below LNA CTH but within the LNA cloud boundaries, and MISR CTH
was closest to the LNA CTH. In the multilayer cloud cases, MISR CTH systematically
referred to the lowest layer, due to the higher contrast from the brighter lower cloud
layer (Naud et al., 2002). MODIS CTH was within the LNA cloud boundary for the
highest cloud on one occasion but no cloud was detected in the other case, probably
due to both clouds being too thin. The error-bars represented on the figure
correspond to one standard deviation within the latitude-longitude boxes for MISR
and MODIS and for the time period chosen for the lidar. They are large for two cases,



possibly due to the high variability at cloud top on these occasions, and the broken
nature of these clouds.

Figure 6.2: MODIS (x) and MISR (*) CTHs against LNA CTH. Red shows the thin
single cloud cases, and green shows the two layer cases. The error bars are given
for MISR, MODIS and LNA CTH and correspond to median CTH ± 1 standard
deviation. The vertical dashed lines show the vertical extent of the clouds, as
detected by LNA, dotted-dashed shows where the lowest cloud is detected when
there are more than one cloud layer present.

More cases are being collected to quantify the performance of both MODIS and
MISR CTH, especially their ability to detect thin clouds and their CTH accuracy as a
function of optical depth. In addition to the LNA measurements, the 94GHz radar
cloud boundary retrievals will also be used as an additional source of information.



CONCLUSIONS

SIRTA is an established atmospheric observatory based on a growing ensemble of
state-of-the-art active and passive remote sensing instruments. SIRTA has been
developed following a new concept in atmospheric sciences of highly instrument
facilities that gather and collaboratively manage remote sensing capabilities from a
large number of institutes, research laboratories and private industry. SIRTA is
focused on advancing our understanding of atmospheric processes, covering a broad
range of themes such as near-surface dynamic processes, forecasting air quality in
the boundary layer, aerosol transport in the free troposphere, and microscopic
processes through the life cycle of clouds. The objectives of these research activities
are themselves very diverse. Ground-based remote sensing data are particularly
suited to study fine scale processes that involve complex interactions between
clouds, aerosols, and radiative and dynamic processes. As researchers explore more
and more complex processes, such as the effect of aerosols on the formation of
clouds and on occurrence of precipitation, the necessity of operating highly
instrumented observatories, sometimes called super-sites, becomes more and more
evident. Routine and detailed monitoring of clouds, aerosols and water vapor
throughout the atmospheric column provide unique datasets to evaluate the
performance of atmospheric models and to develop parametric representations that
more reliably simulate unresolved processes. Ground-based remote-sensing data
point out processes that are not taken into accounts in current-day models. State-of-
the-art remote sensing instruments operating in a coordinated fashion on ground
sites open the path to develop future space-borne missions. The performance of
cutting-edge technology can be tested against well established standards and
promising instrument synergies can be evaluated before a satellite mission reaches
even phase A.
SIRTA is an observatory of IPSL, a large research institute in environmental
sciences. As such, SIRTA develops amongst a large community of instrument
specialists, atmospheric process researchers, atmospheric modelers, and satellite
experts. SIRTA has been successful at bringing individuals from each group to the
discussion table to advance our capability to exploit observational data as a tool to
solve key scientific questions. SIRTA has successfully transitioned to coordinated
routine operation of a suite of remote sensing instruments. While still in development,
the SIRTA database now provide over one year of formatted lidar, radar and
radiometric data accessible to scientific users. Today, a significant number of
researchers are conducting studies that rely heavily on SIRTA data.
SIRTA is involved in several research and observation infrastructure networks. At the
European level, SIRTA is a key partner in CLOUDNET and EARLINET, two
programs of the fifth European research framework (FP5) programs dedicated to
clouds and aerosols, respectively. SIRTA plays a leading role in the proposal for a
European Atmospheric Observatory gathering 6 core sites and 10 associated sites.
At the global scale SIRTA is a predominant member of the GEWEX working group on
atmospheric profiling that aims at providing harmonized data from a network of
super-sites around the world. SIRTA is also a permanent station of the global
PHOTONS/AERONET sun-photometer network, and a candidate station of the
WCRP global surface radiation network (BSRN).
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Notes des Activités Instrumentales

Contact :Jean Jouzel, Directeur de l’IPSL

Présentation de l’IPSL : IPSL overview :
• L’Institut Pierre-Simon Laplace (IPSL) est une fédéra-
tion de recherche qui regroupe six laboratoires en région
francilienne (CETP, LBCM, LSCE, LMD, LODYC, SA).

• The Institut Pierre-Simon Laplace (IPSL) is a federa-
tive research institute that gathers six laboratories in the
Paris area (CETP, LBCM, LSCE, LMD, LODYC, SA).

• L’IPSL est sous la tutelle conjointe du Centre Natio-
nal de la Recherche Scientifique, des Universités Pierre
et Marie Curie et Versailles Saint-Quentin, du Commis-
sariat à l’Energie Atomique, de l’Institut de Recherche
pour le Développement, de l’Ecole Normale Supérieure
et de l’Ecole Polytechnique.

• IPSL is under the joint tutorship of CNRS (France’s
major basic-research organization), CEA (France’s ato-
mic energy research center), IRD (France’s cooperative
research and development agency) and France’s four lea-
ding institutions of higher learning in the sciences : Uni-
versity Pierre et Marie Curie, University Versailles Saint-
Quentin, Ecole Normale Supérieure and Ecole Polytech-
nique.

• L’IPSL remplit une triple mission de recherche, d’en-
seignement et de service d’observation. L’étude des diffé-
rentes composantes de l’environnement terrestre (océan,
atmosphère, biosphère, cryosphère, surfaces continen-
tales) constitue l’objectif central de recherche de l’IPSL.
Cette étude va de l’échelle locale à l’échelle globale, elle
concerne l’évolution passée et future de la planète Terre,
l’étude de l’environnement ionisé de la Terre et celle des
environnements planétaires. Elle se fonde sur une ap-
proche incluant développements expérimentaux, obser-
vation et modélisation.

• The missions of IPSL include research, teaching and
scientific monitoring. The research programmes conduc-
ted within the Institute include the study of the main com-
ponents of the Earth’s environment from the local to the
global scale (ocean, atmosphere, biosphere, cryosphere,
continental surfaces). These research concern the past
and future evolution of the planet Earth, the study of
the ionised environment of the Earth and of planetary
atmospheres in the solar system. These scientific activi-
ties are based on experimental developments, observation
and modelling.

• L’IPSL et ses laboratoires sont rattachés aux Ecoles
Doctorales "̆aSciences de l’Environnement" et "Astro-
physique" d’Ile-de-France.

• The Institut Pierre-Simon Laplace and its laborato-
ries are part of the Graduate Schools "ăEnvironmental
Sciences" and "Astrophysics" of Ile-de-France.
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