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LongtermLongterm Satellite ObservationsSatellite Observations

TOVS TOVS ver ticalver tical sounderssounders on polar satelliteson polar satellites:: sincesince 19791979

PathPath--BB (Scott et al., BAMS 1999, 1987-1995)

♦ every 6 hours, 20 km resolution, averaged over 1°

♦ good spectral resolution (HIRS:19 IR,1VIS, MSU: 4 µµµµw)

3I  Inversion    3I  Inversion    (Chédin, Scott 1985)

temperaturetemperature,, water vaporwater vapor profilesprofiles
++ cloud propertiescloud properties

based on:
radiosonde measurements

4A radiative4A radiative transfertransfer
Rclr, Rcld(λi,pk,θ) TTOVS IInitial GGuess RRetrieval dataset



3I  Cloud3I  Cloud detectiondetection
♦♦ atat HIRSHIRS resolutionresolution

MSU predicts clear sky TB

7/87/8 thresholdthreshold teststests
nadir θv=58°

1° 1°

1° 1°



3I  Cloud3I  Cloud proper ty retr ievalproper ty retr ieval

♦♦ over  averaged cloudyover  averaged cloudy pixelspixels
4 channels in 14µm CO2-band + 11 µm

max weights:      400-900 hPa surface

coherencecoherence of effectiveof effective cloud amountcloud amount
for i=4,8

minimize weightedminimize weighted χχww
22((ppkk)) => N=> Nεε,, ppcldcld

empirical weights <=> T profile uncertainty on Rcld - Rclr
(Stubenrauch et al., J. Climate 1999)
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TOVS Path-B high cloud frequency
Pcld < 440 hPa, 1987-1991

%



TimeTime ser iesser ies of TOVSof TOVS PathPath BB high cloud proper tieshigh cloud proper ties

Global CAhgh ~0.3



Study of high cloud amount evolution:
correlation with cosmic rays, volcanic eruptions?

12 month running means



♦Satellite observations:
unique possibility to survey cld properties over long period

ISCCP TOVS
1983-1995: <CA>~67%      <eff. CA>~53%

stable within 2% over globe
Svensmark’s ‘cosmic ray intensity - CA correlation’  analysis 
could not be confirmed! 

1991 Pinatubo eruption
aerosols -> slight overestimation of ISCCP τ

=> slight underestimation of ISCCP high CA
(4.5% in tropics)

TOVS high eff. CA stable (IR)



Systematic comparison in preparation
in collaboration with Laurent Sauvage, LMD



TOVS cir rusTOVS cir rus ice crystalice crystal sizesize retr ievalretr ieval
based on spectral difference of cirrus emissivities

♦ ice crystal single scattering properties Qabs, ω0, g
aggregates: hexagonal columns:
modified ADA (Mitchell 1996) FDTD (Fu 1998)

radiative transfer based on discrete ordinate method (Streamer, J. Key)
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Simulation of lookSimulation of look--up tablesup tables

♦ADA: Qabs= ,ω0 g from FDTD

♦De = 2re
VP

♦Bimodal-Γ size distribution N(D)=N0se
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♦De(ε11µm,ε8µm), for 8 surfaces and 4 θv’s
SARB surface emissivities

♦ for 0< ε11µm-ε8µm<0.01  -> De(εi)=De(εi-1)+2.5µm
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Sensitivity study on ice crystal size retr ieval
 

Homogeneous cloud,  zcld = 10 km,   z = 1 km,  Tsurf = 300 K,  
polycrystals,  bimodal-Γ size distribution 

 

  15µm   De   60µm  

crystal spheres + 15%        +30%  

shape hexagonal columns  + 15%        - 10%  

size distribution tropical -  20%         - 28%  

 midlatitude               + 5%        - 20%   

    

  thin clouds thick clouds 

  15µm   De   60µm 15µm   De   60µm 

zcld > 4km -   4%         -  2% -   6%           -  2% 

Tsurf < 15 K +  3%         +  2% +  5%          +  2% 

∆z > 1 km +  4%         +  6% +  8%         + 10% 

    

horizontal heterogeneity  90% cloud cover + 7%          +  2% + 27%        +12% 

vertical  IWC(2) = 1.5 IWC(1) + 0.5%      + 1.0% +1.2%       + 0.7% 

heterogeneity De(2) = 2 De(1) -15%          - 20% -15%          - 20% 

 + water cloud re=10µm, LWC=0.03g/m3 + 10%        + 15%  + 9%         +  9% 

 re=7µm, LWC=0.20g/m3 + 25%        + 25% + 15%        + 15% 

 



TOVS cir rusTOVS cir rus ice crystalice crystal sizesize retr ievalretr ieval
(Stubenrauch et al., JGR 1999, CIRAMOSA)

1°x1° overcast 3I high clouds (pcld<440 hPa)
TB

meas(8µm), TB
meas(11µm), Tcld, Tsurf

closest TIGR atmosph. H20/T profile, SARB surf. emissivities
3R radiative3R radiative transfertransfer

cirrus effective emissivities

ε(11µm)-ε(8µm)    < - > simulated 
look-up tables
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TOVS cir rusTOVS cir rus ice crystalice crystal sizesize retr ievalretr ieval

♦NOAA10 satellite observations: 1/1987 - 9/1991
(NOAA12: 8 µm channel problem at low temperatures!)

♦ 0.3 < ε(11µm) < 0.85, sensitivity: De ≤ 90µm
0.7  < τVIS < 3.2

♦θv<25°

♦De uncertainties increase with De :

- calculate median values of distributions



Systematic comparison in preparation
in collaboration with Laurent Sauvage, LMD



DDee asas functionfunction of latitudeof latitude



ConclusionsConclusions andand OutlookOutlook
♦ Retrieval of Cirrus mean effective ice crystal size feasable at a 

global scale using TOVS Path-B satellite data

♦ aggregate assumption: De between 35 and 65 µm

De(tropics)>De(midlatitude), 
De(summer)> De(winter) 

De=f(H2O,ε, dynamics)

♦ hex. column assumption: De about 8 to 11 µm smaller

♦ recent NOAA satellites: no 8 µm channel -> 4µm channel

♦ study other theoretical approaches (Yang, Mishchenko, Baran)

♦ check coherence with combined LW/SW fluxes (ScaRaB)



CICI rrusrrus microphysical proper tiesmicrophysical proper ties
and their  effectand their  effect onon RARAdiation:diation:

CIRAMOSACIRAMOSA

survey and integration into climatesurvey and integration into climate MOMOdelsdels
using combinedusing combined SASAtellite observationstellite observations

Coordinator : Claudia Stubenrauch (C.N.R.S.-LMD)
Web-site: http://www.lmd.polytechnique.fr /CIRAMOSA/Welcome.html

Kickoff: 9/2/2001



CIRAMOSA ObjectivesCIRAMOSA Objectives

♦ long-term survey of cirrus physical and 
microphysical properties   (1987-1995)

♦correlations between cirrus properties and the state 
of the atmosphere

♦study their effect on the reflection and absorption 
of solar and thermal radiation

♦ improvement of cirrus radiative transfer in GCMs



ObservationsObservations: TOVS, ATSR, POLDER, in-situ

state of atmosphere

Cir rusCir rus
macrophysics microphysics

correlations

GCM radiativeGCM radiative transfertransfer modelmodel

ScaRaB observed - simulated
TOA LW, SW fluxes


