Prospective Methods for Retrieving Cloud Parameters Using Radar Measurements
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NOAA Environmental Technology Laboratory (ETL) was among the pioneering organizations
which about a decade ago began extensive quantitative studies of non-precipitating clouds using
ground-based millimeter wavelength radar. In addition to radar, a suite of ground-based radiometers
(IR and microwave) and lidars are used now for ETL cloud research. A number of the remote sensing
methods has been developed for retrieving radiatively important cloud parameters such as
characteristic particle size, liquid/ice (depending on cloud phase) water content and cloud particle
number concentration. The simpler methods that use limited observational input provide layer-
average values of these parameters while more sophisticated ones allow the retrievals of vertical
profiles. Figure 1 shows a example of layer average ice cloud median size and ice water path (squares)
of a cirrus cloud retrieved using the method described by Matrosov et al. (1992). The results of this
retrieval are compared with a later technique (Mace et al. 1998) which is based on the same principals
but uses interferometer instead of IR radiometer measurements. Figure 2 shows an example of the
retrievals of liquid water content profiles in a marine stratocumulus cloud using the technique
described by Frisch et al. (1995). The method for retrieving vertical profiles of ice cloud microphysical
parameters uses measurements of radar reflectivity, Doppler velocity and IR and microwave brightness
temperatures (Matrosov 1997). Figure 3 depicts an example of the time-height cross sections of cloud
parameters obtained using this method for the observational case which was used for the layer
averages estimates in Figure 1. The results of these retrievals were verified by in situ measurements
from aircraft passing over the ground-based instruments. The agreements for cloud particle median
size and ice water content retrievals were about 30% and 50%, respectively. Such agreements should
be considered good given very high natural variability of these cloud parameters (over several orders
of magnitude).

References

1. Frisch, A.S., C.W. Fairall, and J.B. Snider, 1995: Measurement of stratus cloud and drizzle
parameters in ASTEX with a Ka-band Dopler radar and a microwave radiometer. J. Afmos. Sci., 52,
2788-2799.

2. Mace, G.G,, K. Sassen, S. Kinne, and T.P. Ackerman, 1998: An examination of cirrus cloud
characteristics using data from millimeter wavelength radar and lidar. The 24 April SUCCESS case
study. Geophys. Res. Letters, in press.

3. Matrosov, S.Y., T. Uttal, J.B. Snider, and R.A. Kropfli, 1992: Estimation of ice cloud
parameters from ground-based infrared radiometer and radar measurements. J. Geophys. Res., 97,
20675-20683.

4. Matrosov, S.Y., 1997: Variability of microphysical parameters in high-altitude ice clouds:
Results of the remote sensing methods. J. Appl. Meteor., 36, 633-648.



ARM SGP site, Aprl 18, 1997

layer-averaged median-mass particle size, D |

400¢
350 i ETL radar-radiometer method (Matrosov et al. 1992)
— * ®__IARM radar-interferometer method (Mace et al. 1998)
E 300}
E -
A 250 ; .
© 200 F 5 @
B Fe  FLS
- 150¢F o 3 e \
5 100} /TN W g
L & o R }
3 t PP %&(ﬁg SR
= 50OF A Rt V-
P § ®00
t L . N
th:00 2030 51:00 71:30
Time (UTC)
300 Cloud ice water path (IWP)
! . ETL radar-radiometer method (Matrosov et al. 1992)
250 F—2—ARM radar-interferometer method (Mace et al. 1998)
£ 200}
= .
O [
S 150 F ! re
= j . 351? Ll
100} it
[ 28 8 o B3 ¢ g
50} §% % ’1 .
- 2,89 L&
L g < S _3&%&
) 2030 2100 - 2130
Time (UTC) ‘
4layer-averalged values of particle concentration, C
107 ¢
ETL radar-radiometer method (Matrosov et al. 1992)
[ L®__ARM radar-interferometer method (Mace et al. 1998)
- 10° XY > ";% e
5 law W T P ]
= - ® ° ?*i%»"“" &7
P f'é" &
o )| ?fg ‘b
10%F g ﬂ(‘%{&? [RY ¢
E Lo R \\]
@g%s SR |
10555° 20730 “21:00 1:30
Time (UTC)

Figure 1. Comparisons of the ice cloud layer average parameter retrievals
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Figure 2. Time-height cross-section of liquid water content (in g/m>) retrieval



Equivalent Median Mass Diameters of Particles in the Ice Cloud Observed on 18-APR-1997
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Figure 3. Time-height cross-sections of ice cloud parameter retrievals



