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Estimation of liquid water content (LWC) from specific attenuation A
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* A-based estimates of LWC are more accurate than its
conventional estimates from Z

* A more sophisticated technique for computing specific
attenuation has been suggested recently
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Estimation of the mean volume diameter of raindrops D,
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Caveats: Z,; should be well calibrated, A is a function of radar wavelength and temperature
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Relations for polarimetric microphysical retrievals in ice

Ko A _
IWC(Kgp,Zpg) = 4.0x107° —22= p,=aD”
- 7 —10%Zor(dB)
IWC(K,,Z)=3.3x10°(K,1)*% 7% dr
/ Lop =Ly =2,
1/2
_ Lop A is the radar wavelength in mm
D (Kyp,Zpp)=—0.1+ 2.0[ j S e e
DP o
5\ Zpp is in mm®m?=3
D (Kyp,Z)= 0_67(—] Kpp is in deg/km
Kpp/ IWC is in g m3
_ B D, isin mm
log(N,) =3.39+2log(IWC) -0.1Z(dBZ2) NLis in L

Egs. (1) and (3) are utilized if Zy; > Zp:"™ and Eqgs (2) and (4) are used otherwise (Zy:" = 0.4 dB)
Estimates (1) and (3) are immune to the variability of the particles’ shapes and orientations
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Basic assumptions

Density is inversely proportional to the particle size
-1 _
IOS (D) — 0{0 fl’im D frim _
Unrimed ice (f,, = 1)

Size distribution is exponential (1 = 0)

Oblate spheroids with aspect ratio equal to 0.6

The width of the canting angle distribution o = 20°

FR=-1
M

- rime mass fraction



Overall performance of the existing microphysical retrievals

Basic retrieval equations yield quite reasonable results as occasional comparisons with in situ
aircraft measurements show

Preliminary climatologies of the vertical profiles of microphysical parameters have been created
for different types of weather systems in various geographical areas

It was found that tropical cyclones are characterized by higher concentrations of smaller size ice
particles compared to the continental MCSs

It was found that most of the NWP models overestimate the size of ice and underestimate their
concentration (likely due to inadequate treatment of secondary ice production)
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Parameterization of the vertical profiles of N, and D,

Dunnavan, E. and A. Ryzhkov, 2023: Simple analytical expressions for steady-state vapor growth and collision —
coalescence particle size distribution parameter profiles. J. Atmos. Sci, 80, 2531 - 2544

N, (h) = Nt’wp [1+ Coot Eagg A\op (htop - h)]_CNt S

C Dm / C:tot

Dm (h) — Dm,tOp [1+ Ctot Eagg A\op (htop o h)]

A\ = Nttop Dr121 top Ctot = CNt _2CDm

E,¢q iS the collision- coalescence efficiency

Cy: and Cp,,, are analytic functions of p and the exponents of the p(D) and V(D) power-law relations
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Estimation of the collision-coalescence efficiency E_,,

Optimized E,,, and E_, A, as
functions of the 1- km layer
temperature obtained via
matching of theoretical and
polarimetrically retrieved
vertical profiles of N, and D,
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Classical example of lake-effect snow. Eastern Lake Ontario. KTYX WSR-88D radar
2018/01/28, 22:00 UTC
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Lake-effect J. Hu, A. Ryzhkov, and E. Dunnavan, 2024: Vertical profile climatology of polarimetric radar
variables and retrieved microphysical parameters in synoptic and lake effect snowstorms. JGR,
show (LES) conditionally accepted.
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Modified retrieval formulas

IWC(N,,Z, 1) =0.0147 f (£)N’°Z°°

QOue et al. 2024

f,(u) =1+0.33—0.0434°

IWC(Kpp, Z, fi) =6.13x1072 2% (K ;5 4)*® 2%

rim

100.1[de +aD?’ ] 13
D, =0.67 DWR = oD/
100.1(dBZ +a Drﬁ) These relations explicitly include
N _ O 13 f —2 dependencies on p and f,;,, and can be
t M rim D4 applied at millimeter radar wavelengths

m
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Comparison of Z and K, at S and Ka bands
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Typical values of p and f,; . from the KASPR measurements
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Summary of the KASPR estimates of IWC using two methods
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Simultaneous measurements of Z,;, and LDR (linear depolarization ratio) with PAR
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Simultaneous measurements of Z; and LDR with PAR
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Using circular depolarization ratio (CDR) to estimate particle aspect ratio
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Matrosoy, S., 2020: Ice hydrometeor shape estimations using polarimetric operational and research
radar measurements. Atmosphere



Particle orientations from the LDR — CDR pair

L,

“e (L Z,7) (0" <a>)
Cdr

ForZ,, =0 dB
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Conclusions

Microphysical retrievals in liquid phase will benefit from the use of specific attenuation A

Variability of the shape factor of size distributions p, riming factor f.., shapes and

orientations of ice particles are the main causes of uncertainties in ice microphysical
retrievals

Such uncertainties can be reduced using independent measurements of size distributions and
degree of riming and utilization of polarimetric relations immune to the variability of shapes
and orientations (whenever is possible) as well as results of in situ verification using
microphysical probes

Polarimetric microphysical retrievals at millimeter radar wavelengths might be beneficial
because of high K., and its relative insensitivity to the effects of resonance scattering on
larger size hydrometeors

Phased array radars (PAR) provide unique opportunity to simultaneously estimate
conventional polarimetric radar variables (Z, Zy,,Kyp) and depolarization ratios (LDR, CDR)
which will allow retrievals of particle shapes and orientations



