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1. Motivation 4. Validation approach using RT simulations and observations

= Liquid water droplets in natural clouds
can exist down to -38°C.

= This so called super-cooled liquid water
(SLW) plays an essential role in cold
cloud microphysics.

= Even small amounts of SLW (<30g/m?) in

E onsestiy ] Long-term observations of passive and active MW radiometers and
: additional instruments as a ceilometer (Lohnert et al., 2011) from the
environmental research station Schneefernerhaus (UFS) at 2650m have
been used to select ideal cases (thin single layer clouds) for model -
observation comparison of the different SLW refractive index models.
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clouds dramatically change their radiative S S Concept:
effect (radiative forcing). Liquid Water Path [g/m?]

* Passive microwave (MW) retrievals of  sensitivity of the shortwave flux at the TB observations, not used for Best estimate of the
SLW depend on accurate models of the  surface (SFC) and top of atmosphere estimate of atmospheric state atmospheric state

(TOA) to cloud liquid water path (LWP)
(Turner et al., 2007).

SLW refractive index.

= Current models are mainly extrapolations NWP analysis
based on laboratory data with T, > 0°C. (COSMO-DE):
Vertical profiles:
Temperature,
Press., Humidity

2. How large are the model discrepancies?
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created using the Ellison, Liebe, and Stogryn models. Tt = = number of obs. 3 == number of obs.
: : : = L] : L]
= WP values can differ by 40 g/m? and more depending on the refractive o b ® T TR = L. U A s
. -
Index model used. TB Obs. 31.4 GHz [K] = TB Obs. 31.4 GHz [K]
»L_ lllllllllllllllllll —_ 10: | | | Lie.be—Stolgryn
-0 & N=1077 | = Elison-Lisbe,
3 . " ] o b - - -
S 20 48 = RT model — observation residuals 31.4 vs. 150 GHz
R e g o T '
E > I: jfi++ g’ &
S 40 ¢ ik Q 5S¢ — number of obs. X number of obs.
TJ 4 % 'N‘Mw'h ‘NW\“W “VM\WN‘ ‘*“i\!\MJw‘I | “'N\MMWWAHi E‘ I;I F
O s0; - .o = ol - T = . - -l T -
2 o Ellison . Liebe gl =
60 : i o - S =0 | -
00 05 10 15 20 _15[ . . . . . D - -
LWP [kg Imz] 3.00 Time [UTC] 4.50 - g o _
LWP retrieval differences (Ellison-Stogryn) as a Relative difference of LWP time series g = o
function of LWP (Ellison) for clouds with a for a super-cooled cloud case. | P e N T T | o ——— R A e - ————
mean temperature between 0°C and -20°C. 3 é o = -
5 i 10 =21 =0 E III 1-:'- - =0 ==
References: - TB Obs. 31.4 GHz [K] _ TB Obs. 31.4 GHz [K]
= : ber of obs.
Léhnert et al., 2011: A multi-sensor approach towards a better understanding of snowfall microphysics: The TOSCA X it <, : %
project, Bull. Amer. Meteor. Soc., 92(5). :E =0 :E =0 _
Turner et al., 2007: Thin liquid water clouds: Their importance and our challenge, Bull. Amer. Meteor. Soc., 88(2). O o 2 . StOg l'yn
Ellison, 2006: Dielectric properties of natural media, in Thermal Microwave Radiation: Application for remote sensing, § L —_ =
Editor C. Métzler, IET Publisher. T * :
Liebe et al., 1991: A model for the complex permittivity of water at frequencies below 1 THz, Int. J. Infrared Millimeter 8 8
Waves, 12(7).  of--—- |
Liebe et al., 1993: Propagation modeling of moist air and suspended water/ice particles at frequencies below 1000 GHz. ° '8
AGARD, Atmospheric propagation effects through natural and man-made obscurants for visible to mm-wave radiation. § ] :
Ray, 1972: Broadband complex refractive indices of ice and water, Appl. Opt., 11(8). Ic_n o 10 20 20 I‘-'_ﬂ a 10 ZD 30
Stogryn et al., 1995: The microwave permittivity of sea and fresh water, GenCorp Aerojet, Azusa, CA, Aerojet Rep. TB Obs. 31.4 GHz [K] TB Obs. 31.4 GHz [K]

International Radiation Symposium 2012, Berlin, Germany



