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The detection capability to ice clouds for space-borne terahertz
dual-frequency radar

WU Ju-Xiu', YANG Lei”, DOU Fang-Li’, AN Da-Wei’
(1. Ensuring Center of Atmospheric Sounding Technology , Weather Bureau of Shandong Province, Jinan 250031,
China;
2. Qingdao Meteorological Bureau, Qingdao 266003, China;
3. National Meteorological Satellite Center, Beijing 100081, China)

Abstract: Aiming at the requirement of feasibility analysis for ice cloud detection by space borne cloud radar, the sin-
gle scattering characteristics of non-spherical ice crystals to 340 GHz electromagnetic wave were analyzed, then the
echo characteristics of non-spherical ice crystal cloud and dual wavelength ratio (DWR) of 94\340 GHz cloud radars
were studied based on different volume scattering models, while the variation of DWR with altitude and the thickness of
ice clouds that can be penetrated were discussed assuming the vertical distribution of ice clouds. Compared with 94 GHz
and 220 GHz, the scattering ability of ice particles to 340 GHz electromagnetic wave is enhanced, but at the same time,
the attenuation by clouds is also greatly increased, and the attenuation coefficient of ice clouds to 340 GHz wave is
about 5~130 times that to 94 GHz wave. The 340 GHz cloud radar can detect the shallow ice clouds with low ice water
content (IWC), that is, ice cloud with thickness of 2 km and IWC of 0. 000 1~0. 2 g/m’ can be detected basically, and
the electromagnetic wave penetration ability is greatly reduced due to the attenuation of thick clouds with more water
content, when the maximum IWC reaches 1 g/m’ in the condition of the assumed vertical distribution of IWC, about
more than 40% of cloud thickness for ice clouds within 5 km will be detected. Attenuation also results in different DWR
for clouds with the same drop spectrum at different heights. The value and vertical distribution of IWC affect the value
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of DWR and the thickness of the clouds detected by electromagnetic wave. The attenuation increases with the increase

of IWC and the electromagnetic wave attenuation of high frequency cloud radars is larger, that make the DWR larger,

so the DWR is related to the number concentration of the spectrum. As a result, the attenuation correction is very impor-

tant when using DWR retrieval.

Key words: 94\340 GHz space-borne cloud radars, dual wavelength reflectivity ratio, attenuation coefficient, detected

cloud thickness
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Table 2 The relationships between detection range by DWR, the IWC and thickness of clouds

=R /km I WC/(g/m?®) AL 25 R (% Jem) DWR K AH/dB AL TWC fe K AE/ (g/m*)
2 0.000 1~0. 1 91% 1.82 17.5 0.1
2 0. 000 1~0. 2 90% 1.8 23 0.2
2 0. 001~0. 49 75% 1.5 35 0.49
2 0. 001~0. 856 60% 1.2 45 0. 856
2 0.001 7~1. 114 53% 1. 06 48 1.0233
5 0. 000 1~0. 1 80% 4.0 23.4 0.1
5 0. 000 1~0. 2 68% 3.4 35.6 0.2
5 0. 001~-0. 49 50% 2.5 45 0.49
5 0. 001~-0. 856 42% 2.1 43 0.6
5 0.0017~1. 114 40% 2 45 0.7
5 0.0015~1 41% 2.05 46 0. 69
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