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OBJECTIVE
Study the processes, dynamic and microphysical interactions involved in the formation
and the evolution of cirrus clouds, and to characterize their relationship with the water
vapor content and temperature in the upper troposphere.
Local scale

Global scale

Devices :
 Cloud Aerosol Lidar and Infrared Pathfinder Satellite Observations (CALIPSO)
 Weather Research Forecasting (WRF) Model
 Ground-based Rayleigh-Mie-Raman (RMR) Lidar
Fine spatial and temporal resolution permit a better
understanding of the cirrus clouds formation and evolution

LOCAL SCALE
Analyze and evaluate water vapor content distribution in relation with
cirrus clouds from ground-based RMR lidar observations and compare
results to WRF simulations
Area of interest :

Reunion Island (20.9°S – 55.5°E)

This ground based RMR lidar has provided continuous observations of tropospheric water vapor
profiles and cirrus clouds (simultaneously) above La Reunion during the period 2002-2005.


Study case focused on 15-16-17 March 2005

 Good quality of water vapor profiles
 Robust calibration used

Water vapor mixing ratio profiles calibration
 CFH (Cryogenic Frost point Hygrometer) sonde permit to validate the calibration of
water vapor lidar profiles which provide a useful reference for this study.

=> As no change have been occurred on the instrument of these dates, calibration
coefficient can be considered stable.

Relative error associated to water vapor mixing ratio profiles – 16/03/2005

Cirrus

Acquisition time : 18:12 – 20:10 UTC
Pre-accumulated signal : 2min

 Relative error is inferior
to 20% up to 12km

Saturation from Raman lidar observations – 16/03/2005

Retrieval of saturation threshold
 Constant saturation threshold is used (CFH)
 Saturation over ice (Sonntag, 1990) :
 To be sure to consider only ice phase,
supersaturation is observed for T < 243K

Preliminary results
 Supersaturation principally occurs inside
cloud and reachs ~140%
 Saturation close to 100% is generally
found in the vicinity of the cloud

Sensitivity study on physics parametrization with WRF-ARW model of cirrus
clouds and water vapor
=> With a focus on the ability of the WRF model to reproduce the water vapor
supersaturation levels and ice clouds
 Two-way nesting is used
 At the boundary of the coarse domain, the WRF model is forced by the ERA-Interim reanalysis provided every 6h with a 0.75° grid resolution.
 With and without nudging (All variables are left free to evolve)
 Several microphysic schemes have been evaluated (WSM-6, WDM-6, Lin, Thompson…)
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WRF model output – 16/03/2005
=> Example of ice formation following three different microphysic schemes

WSM-6 (Nudging)

WDM-6 (No Nudging)

Thompson (No Nudging)

 Among the different configurations which have been tested, the microphysic scheme
WDM-6 class showed better results

Comparison between WRF simulations and lidar observations – 16/03/2005
 Larger difference are observed in the altitude range 5-8km
 Temporal variations of WV content are quite similar
Log10(WV) - OBSERVATIONS

Log10(WV) - SIMULATIONS

 Temperature difference between WRF and
CFH sonde is ~2K at overall altitude where
cirrus cloud is observed

=> ~15-20% relative difference regarding
the saturation threshold (ref. CFH)

Saturation from WRF model – 16/03/2005

 Ice appears in the same altitude range (10-12km) and during the same period compared to observations
 No supersaturation have been observed (max saturation ~95%)
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FUTURE WORK

•

In order to realize a more adequate comparison between model and
observations, we decided to use ACTSIM (ACTive remote sensing SIMulator)
that allows the simulation of lidar signals from modeling variables.

•

Although the WDM6 scheme used for microphysic seems to be better for
cirrus clouds simulations, more tests are need.

 Extrapolate findings to all CALIOP detection
•

(GLOBAL SCALE)

The configuration with the best observation-to-simulations score will permit
us to extrapolate our findings on supersaturation based on case studies to all
CALIOP detections, by applying the relationship between supersaturation and
synoptic conditions found using case studies to all CALIOP cloud detections.

Inter-comparison of optical thickness and brightness temperature
measurements from 15 March (00:00 UTC) through 18 March 2005 (00:00 UTC)

It will permit to further analyze and compare the model output overall these dates.
Comparison with model could be also perform around the observation site, on a more
extended domain.

