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Current state of radar snow estimates

Z(8) relation
Source for dry snow
Gunn and Marshall (1958) 7 = 44857
Sekhon and Srivastava (1970) 7 = 3995221

Ohtake and Henmi (1970)

Puhakka (1975)

Koistinen et al. (2003)

Huang et al. (2010)

Szyrmer and Zawadzki (2010)

Wolfe and Snmider (2012)

WSR-88D, Northeast

WSR-88D, north plains-upper
Midwest

WSR-88D, high plains

WSR-88D, Intermountain West

WSR-88D, Sierra Nevada
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The multiplier in the power-law
relations varies by an order of
magnitude, no clear path how to
chose optimal S(2)
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Multitude of S(Z) relations (Bukovcic et al. 2018)
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Snow rate
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Radar reflectivity

KPP p2 (D)
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The multiplier in the S(Z) relation changes more than
an order of magnitude because NOs varies by 4
orders of magnitude

Basic formulas

Snow size distribution |
N (D) =N, D" exp(—-A.,D)

Snow density
Ps (D) =, T, D™
(frim is the degree of riming)

Snow fall velocity
V(S) — DY

Analysis of snow dlsdrometer data

-1 e 2DVD data
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Bukovcic et al. (2018)
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Specific differential phase
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Z is proportional to the 4" moment of snow SD whereas KDP is °'1§ E
proportional to its 15t moment 0.0 bl
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Polarimetric relations for snow estimation

S(Kdp, Z)-based

S(Kpp,Z) =1.48K >z Bukov&ié et al. (2018), V1
-3
S(Kgp,Z) =209 X%SB Po/ P)~ (KppA)oore 2033 Bukovéié et al. (2020), V2
(F,F)

S(KDP’ Z)=f (frim’ Fo’ Fs’ L, P, A, KDP, Z) Current + future res, V3

S(Z)-based
S (Z) = f (frim » LL, |\|t ’ Z) Current + future research, V4

f.m — riming degree, F, & F, — particle orientation & shape parameters, y — PSD shape parameter,
N, — number concentration, p — atmospheric pressure, A — radar wavelength
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extinction coefficient o, needed!

S a
S, 0, — ASOS 1:rimA (SASOS » Oeasos> Z, M) = const x fl(H) ASOSZ c
Ceasos
Z9(K )"
Z, Kdp — radar FoF = Fooa (Kpp, Z, 6 as0s> Trima>H) =coOnst =< 1, () (Kpp2) ;

i
frimAGeASOS

D, =f(fm: M, 0., Z) — mean volume diameter

Nt = 2f3(“)0e/(TrDm2)

We can use ASOS measurements to directly evaluate “goodness” of our
relations — how much the best possible radar estimate deviates from the
ASOS measurements of S
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Example of f,,,, and F_*F, retrieval

rim
KENX, date: 20201217 KENX, date: 20201217
3.5! ' ' ' ' T T 1 T T T T I T
: 5 5 | 7 retrieved frim retrieved Fo*Fs
3 | ' osld constant Fo*Fs (ar = 0.6, o = 20 deg) ||
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Constant F_*F factor deviates significantly from the retrieved F_*F, potentially introducing large biases.
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Evaluation of frim, Fo Fs, p, and Nt effects on radar 42
polarimetric snow rate (S, mm hr-1) relations §

KRLX, date: 2016-01-22

KRLX, date: 2016-01-22
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Underestimation due to low Addition of dynamically estimated N, f..,, F.,
and erratic Kdp in aggregated and F introduces large improvement
snow
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Evaluation of frim, FoFs, y, and Nt effects on radar /|«
polarimetric snow rate (S, mm hr?t) relations |

KLWX, date: 2016-01-23

KLWX, date: 2016-01-23
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Addition of dynamically estimated N, .., F,, and F introduces large improvement. Adjusting p
from 0 to -0.6 in Sopt.(Kdp, Z) provides even better results for this event.
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Evaluation of frim, FoFs, y, and Nt effects on radar /|«
polarimetric snow rate (S, mm hr?t) relations |

KBGM, date: 2017-03-14 KBGM. date: 2017-03-14
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Addition of dynamically estimated N,, f,;,, F,, and F, introduces large improvement. Adjusting p
from O to -0.4 in Sopt.(Kdp, Z) provides even better results for this event.
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Evaluation of frim, FoFs, y, and Nt effects on radar /|«
polarimetric snow rate (S, mm hr-1) relations §

KENX, date: 2020-12-17 KENX, date: 2020-12-17
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Addition of dynamically estimated N, f.., F,, and F, introduces large improvement.
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Evaluation of frim, FoFs, y, and Nt effects on radar /|«
polarimetric snow rate (S, mm hr?t) relations |

KBOX, date: 2022-01-29
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Addition of dynamically estimated N, .., F,, and F introduces large improvement. Adjusting p
from O to -1 in Sopt.(Kdp, Z) provides even better results for this event.
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Evaluation of frim, FoFs, W, and Nt effects on radar /%«
polarimetric snow rate (S, mm hr?) relations (&
\EA

KENX, date: 2022-02-25 KENX, date: 2022-02-25
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Addition of dynamically estimated N, f.. F,, and F, introduces large improvement.
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Moving forward

3 paths

Projection of polarimetric S estimates from DGL (-20°C to -10°C), where we
have more reliable radar measurements of Kdp and estimates of N, to the
ground, using particle trajectories

Using ASOS estimates of f;, F ,Fs, and N, from S and extinction to learn
how to optimally adjust the multipliers of proposed relations, and expand
iInformation spatially

To use optimal S(Z) relation according to polarimetric classification

(physically-based) instead of current regional dependence

14


https://www.commerce.gov/
http://www.noaa.gov/

References

Bukovci¢, P., A. Ryzhkov, D. Zmi¢, and G. Zhang, 2018: Polarimetric Radar Relations for Quantification of Snow Based
on Disdrometer Data. J. Appl. Meteor. Climatol., 57, 103-120, https://doi.org/10.1175/JAMC-D-17-0090.1

Bukovci¢, P., A. Ryzhkov, and D. Zrni¢, 2020: Polarimetric relations for snow estimation — radar verification. J. Appl.
Meteor. Climatol., 59, 991-1009, https://doi.org/10.1175/JAMC-D-19-0140.1



https://www.commerce.gov/
http://www.noaa.gov/

