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Abstract Based on our prior research, this paper carries out the simulation of three typical short-wavelength radar
detections (X-band-9.5GHz-3cm, Ka-band-35GHz-8mm, and W-band-94GHz-3mm) for non-precipitation cloud
particles, particularly ice crystals. It further compares and analyzes the radar reflectivities stemming from variations
in the particles' physical attributes. Additionally, the study explores the feasibility of employing these three radar
wavelengths to discern the morphology of ice crystals. The results show that, despite the W-band's short wavelength
and heightened sensitivity, the backscattering characteristics of ice crystals exhibit a considerably more intricate
pattern than those observed in the X-band and Ka-band. Variations in incident angle, particle morphology, and
particle size elicit dramatic and complex alterations in backscattering, posing a formidable challenge to traditional
inversion methods that rely on statistical or empirical fitting approaches to extract cloud particle microphysical
properties. It has also been shown that utilizing the characteristics of the differences between multi-wavelength radar
observations can help to provide microphysical information about particles in clouds. For example, in the ice cloud,
a pronounced disparity in reflectivity factor between the W-band and either the Ka-band or X-band, particularly
when it dips below -3 dBZ, suggests the likelihood of prolate particle presence. This offers invaluable insights and
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practical experience for refining and enhancing the accuracy of algorithms designed to invert cloud microphysical
features based on triple-frequency radar data.

Keywords radar, microphysics, simulation, inversion, ice crystals
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[llustration of the relationship between the phase and scattering matrices, 6 is the zenith angle of incident beam, ¢ is the azimuth angle

of incident beam, and ® is the scattering angle.
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Fig. 2 Variation of Py; of two type particles (liquid and solid) with dimension at three wavelengths (X, Ka and W bands). Solid line -

liquid spherical particles, dashed line - solid spherical particles; red - X band, green - Ka band, blue - W band.
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Fig.3. Variation of P;; with radius for oblate (ratio of the horizontal to rotational axes is 2) ice crystal particles at different temperatures.

(a): X-band; (b): Ka-band; (c): W-band. The colors represent different temperatures (in K).
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Fig. 4. Variation of P;; with radius for cloud droplets under different temperature conditions. (a) : X-band, (b) : Ka-band, (c): W-band. The

colors represent different temperatures (in K).
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Fig. 5. Variation of Py, ratio with particle size between two temperatures (301K/237K) for three wavelengths.
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Fig.6. Variation of P;; with incident angle and particle size for three type particles and three wavelengths. The particles are all axially
rotationally symmetric, with the orientation angle at 30° and the incident angle 9 ranging from 0-90°. Spherical cloud droplets in the
upper row, oblate ice crystals (ratio of the horizontal to rotational axes is 2) in the middle row, and ChebyshevT4(0.15) ice crystal

particles in the lower row; X-band shown in the left column, Ka-band in the middle column, and W-band in the right column.
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Fig. 7. Ratio of Py for 26 ice crystal shapes (Table 1) to sphere ice crystal P;; at three wavelengths (a - X-band, b - Ka-band, and ¢ - W-

band) at a temperature of 257.0 K, orientation angle of 30°, and incident angle of 46°. Ri1 = P11_ghapei / P11_sphere
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Table 1 Parameters of 26 types of ice crystal particles
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Fig. 8. Variation of P values with particle size for particles of 26 ice crystal shapes (Table 1) at three wavelengths (a-X-band, b-Ka-band,

and c-W-band) at a temperature of 257.0 K, orientation angle of 30°, and incident angle of 60°.

4. ETEFERXHTENEEWNSEED 555

RICE =R T HERETRE, K5 TR R A EEZSH Py K Py, (EIRE. f
. EEEZATTHITRE T BNV BURIE DT, AP & RER SR, NEIES
D2 58 A A A, ASEADURI 43 AT A [ 3 A R 8 UL MBS0 R TR 25 W A 2 1) O R 7B VO
T 58 R R = b R 8 5 R IE S S 8 2 RIS R, R AR A =K
TSI R REE N SR B 228 FR Y « 76 T rg vt B, AR B UK kT 1 1% 2 A i X
N Gamma 7347 :

n(D) = NyD#e P (4)

b D ORI EAR, AN pm, No, p LA A R UEE Gamma 43 A i = AN S5
RAEAT N CA IR R, BHREME AR =R UK S A 2 E AR EBOAT 2,
BT 1~10%em! JEEA, HRGHEERIPEY N EHS 2 HZREFE - ERNHLXR
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Fig. 9. Reflectance of each of the three-wavelength radar observations of the ellipsoid at different Gamma distributions for the four type
particles with horizontal-to-vertical axis ratios of 0.2,1.0,2.0, and 5.0, respectively, observed vertically upward and at an elevation angle
of 46°: the solid line is in the Ka-band, dashed line is in the X-band, and the dotted solid line is in the W-band. "E" is elevation angle.
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Table 2 The No, u, A and IWC of 12 Gamma distributions

R
1 2 3 4 5 6 7 8 9 10 1 12
&
No 0.669 1.257 2.779 7.549 26.56 129.4 950.2 11690 275500 1.47E7 2.20E9 1.21E12
3 -0.795 -0.552 -0.259 | 0.093 0.517 1.026 1.638 2.373 3.258 4.321 5.6 7.137
A 31.62 39.81 50.12 63.10 79.43 100 125.89 158.49 199.53 251.19 316.23 398.11
e 1.335 0.744 0.381 0.178 0.076 0.029 0.010 0.003 8.717E-4 2.198E-4 5.089E-5 1.115E-5
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Fig. 10. Difference in radar two-by-two reflectivity factors at three wavelengths for ellipsoids with different Gamma distributions and
four horizontal-to-vertical axis ratios of 0.2, 1.0, 2.0, and 5.0, respectively, in vertical upward and at the 46° elevation angle: the solid
line is the difference in the reflectivity factor between the W-band and the X-band, the dashed line is the difference between the
reflectivity factor of the Ka-band and the X-band, and the dotted line is the difference in the reflectivity factor between the W-band and

the Ka-band. "E"is elevation angle.
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Fig. 11. LDRs at different Gamma distributions for four type particles with horizontal-to-vertical axis ratios of 0.2, 1.0, 2.0 and 5.0 for
three-wavelength radar in vertical upward direction and at an elevation angle of 46°: the solid line is for the Ka band, the dashed line is

for the X band, and the dotted solid line is for the W band. "E" is elevation angle.
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