Hydrometeor Classification of Snow using a Fuzzy Logic Method
HOLLY ROBAK, MATTHEW GILMORE, MARK ASKELSON, CHRIS THEISEN, and DAVID DELENE _. ';"E‘i‘é.*g EEE*H“

University of North Dakota, Department of Atmospheric Sciences, Grand Forks, ND

Objective == W = W  ZDRvalues are near: Methodology m
B B - 0 3 " "
The objectives are to identify hydrometeor classification equation L swwem o comos *  zero within the Processing Radar Data Images of the hvdrometeors in and around the snow bands are
sets that work for specific radar wavelengths and to verify those f e & | band for the avaga ble from t%e 9DC probe. Smaller particles that would be
solutions using in situ measurements of snow particles during a CSWR radar (large * RSL library - converts radar files between UF format & sweep considered ice crystals gre found both poutside and inside the
regional snow event. Hydrometeor classification helps in identifying aggregates) format bands. However nilnside the bands there are some verv larde
heavy snow bands that can drastically affect road surface *  one outside the «  SOLOii - removes ground clutter and rotate radar orientation b Hiclos that are’notpresent outside the bands 'y 1arg
Introduction ?a"t‘#d C’;ﬁ’/;’?"s *  Reorder - interpolate spherical coordinate data to Cartesian '
Or e o _ g . .
radar (ice crystals) HCA - classifies the dominant hydrometeor type at each location 2DCIm ages of Ice Crystals and Dry Show
] Outside Bands Inside Band
The 20 _21 November 2010 snow event near Grand Forks, North UND ZDR plots are much Processing Aircraft Data o, Qutside Banc 01:59@_?9 _gz:oa;)ﬁsm
Dakota is studied using observations from two polarimetric radars noisier than CSWR rrocessing Alrcrarn atd FRUUO.. SRR [——
. . . . . Il CITT LR TR g Nl VHEI LT e LD 1T g 117 1% L1
and the University of North Dakota Citation Research Aircraft. The ! « CSWR rada_:r_ was . Used CPLOT software fo TR IR FIieF T arrive | AT m | Im
20-21 November 2010 observations were obtained during a field £ more sensitive e al i U T T TR T TR
. . . . igure 4. o § T = AT, Bt -
project called Students Nowcasting & Observations with the DOW at : then-the-UND P;s::a 12€ precip partic est Ll LTI i L L TR
UND: Education through Research (SNOwD UNDER). Bulk B3 l W KDP valub2%e near ol sizes versus concentratrge xmfmligﬁimt.rrjgljlrwlalﬁ:EJTWImw_i QDN TTANRTT
f . ifi . £ . KDP E—— ——E o Plot aircraft tracks ILFLERLTE IH‘H WL IFHRLILRTRIHLL III&IHHP i gmfﬁ;m
snowflake types were identified using a hydrometeor classification S )  .1inside bands n,_mrmnwnm P Arr L Lywrn |
algorithm (HCA) that uses polarimetric radar variables as input. The (CSWR) s v i R RGN ARl N
HCA results a.r e compared Wiﬂ.’ in Si.tu (“truth”) images ?f particles * (outside of bands S VATl i T chl th vT%iiIFTE’?faﬁ?ﬁ?ﬁ‘”’ﬁ??)a fﬂf“ﬁfff“r‘fi‘T°‘f'4ﬁ"i“f‘f’iif[“!“fw;?*f!fiif'f!fmf]!L!i;!!!’!!-}H!’!
collected US’_ng _ a Iwo Dlme_nsmnal Cloud . Imag”?g Pr O_be (CSWR) Figure 6:The descending flight track 21 Novemeber 2010 01:43:20- 02:11:15UTC. H'gfw:m"“i" Il T T L L 1
A . U d tl to !j_;!jiiiliimliil._"iiial_iI@l‘ _gll HIL‘i"i"I""iiIIHH H bll W= v IS
Aieelonystal (s tadio >ed Mosty AT U el e IR L b7
Evlonyssal fe fagio discriminate between rain|
. . JE LRIt Lo N TINEITTL P 4 P e (| 7 P [ 111, | P TR
Meteorological Definitions of Snow and Ice and ice hydrometers in the . . , ?i“ﬁ‘wﬁ'fﬁf‘ﬁg;:;;i:ﬁf‘ﬁ’“ﬁmi E“i“ﬁ’r?‘i"il??"i‘Ti""f”LT"ﬁ””if°"‘ﬁf§?iﬁTi‘i’?i“ﬁ T
Dendites (a type of al —— " 5 cm HCA[1] Comparison of UND and CSWR radar with 5cm algorithm i
° enarites (a type or ice crystal) are one singie snowriaKe . ) , anga"\?’mauf‘ﬂ_#ma SN iHnmr
UND K[;Z p"g‘; I?I;I: much « constant altitude cross sections of HCA output -
noisier tnan e T TSR s (TP e T i i LT
* Aggregates are multiple dendrites and other crystals clumped . T T R L T R AL L= o T m F!."mriimrlﬂ"l
together ] . CSWR rada_rr_ was * show the most I'kely hy drometeor type at each location LT fi“ﬁ”(Ti’Fsﬁ“"i‘fﬁ)ﬁfaW?|:|3"ITFT'°‘"”7@?’”@%'Tfﬂr**n I by ?nnnw IIH m.mmmm L
POM"L"’CRM‘ ; - 5 wp | : g more SenSltlve than ‘yimn|||HsﬁTi"fig_|g‘im|m rﬁ4|s|||a|d|rugg"°ggggg;g["gmm” IIIIIIIL.InllH-I“IW—ii ‘
* Polarimetric radars send out pulses in both horizontal and vertical L | ~ 1 SO RSTIREs the UND radar * Reflectivity and ZDR bands (Figs. 1 and 2) are seen in ggmgg;!rmﬁi iil"’ (Imdadl U 19 St RN
orientations rm—— TS Figure 3:KDP CSWR radar and so the HCA detects bands of dry SNOW el ugmmnmrn irIL-ILIIIiIII'"iiiLHiilnllﬂ“f’llilllllIIIIIHLIILIIHH it
o . 2 ? : » Figures 1-3 have been filtered with the following parameters: RhoHV <.60 filtered and Reflectivity>26 i”"w‘”'ﬂ.{”i”” |ii| |ii|| |i H@Hiil,i nnm'aﬂ:q'i LILFIT g _ ” LI
Can be us,ed to,determ'ne average prGCIpltatlon part'CIe Shape fltered aggregates I g AR T TP TR IR L e Pl S HT e gmm iIPIiIIILiiMiDII imunrmmlmil,&nn S
»  Two polarimetric wavelengths used (3 cm for DOW/CSWR; 5 cm zdrometeor Classification Algorithm (Marzano et al.) [1] Figura : 20C imaves fom tho 21 Novambor 2010 acraft it
for UND : : : Determines probability of particular hydrometeor species given . w ; Sze Distributions Versus Concentration
) Polarlmetrlc Varlables h | F;’ b ty blp hh 7d ykd y pt gt REfle(fthlty. bands.are Seefl for UND (Flg 1) but ZDR for The size distribution which '
Here is a table of the common polarimetric varia;bles.f Each one tsll_s somefthing d;’fferent ?zl;out the hydrometeors that are present. These € p olar lm etri C observabies (Z ] 74 r! p) an alr emp erature UND IS nOlsy, NOlsy ZDR IS pl’Obany Why HCA does nOt correspon ds to t he 2 D C 104__ . _
vaiues 1or Snow ana ice are rrom rererence H . . = D§ §
Polarimetric Variabl Definiti Values f di (T) profile pick up the snow bands in HCA output image given above show that = - |
olarimetric varianie erinition aiues 1or snow and ice c * i
. e * Qutside Band _
A Relate o thefscton o backscatiered 20 to 40 dBz - Three species relevant to this study: ice crystals, dry snow, & the greater concentration of ; 10 o Tnside Band
(horizontal reflectivity) power from hydrometeors graupe[ V4 — 2.5 km 7 — 1.5 km Iarge (225 and 30 mm) § S D D
(differentill)ﬁeﬂectivity) ver’:\,t?ct:;rl:j’;:;f\:;tz):ﬂzg;z:;é:ﬁ:ihe o1y aggregated snow: 0110 8,765 ‘ CSWR : 101121_013648 UTC ‘ | CSWR': 1‘0‘1 121_015345 UTC T " hy dr Ometer S are inSide the S 106? * y ]
ZDR>0 BER= 0 ZDR<0 Horizontally-oriented ice: 4 to 5 dB . I - - I 0 N s band The laraer i D 4
* There are three main stages- oo Snow - ) :
-‘ . .. T . . . DS i 107 ¢ .
fce:-2100dB 1. fuzzification-specific equation setting happens for each hydrometeors result in lower e
KDP The difference in differential phase For snow and ice: -2 to +7 deg/km hydrOmeteOl' = 50 o ZDR values ( on average, Gloud Droplet Diameter [um]
(specific differential phase) between two point at different ranges (usually zero) . . . . o i I HA . . Fi 9: Size distribution of hvd ¢ btained on the 21
2. inference-weighting occurs for each individual hydrometeor i spherical shape) Which are o et or samaios autade (01-48rdo o1:46 0
RhoHV Degree of self-similarity of Non-meteorological <.8 class :33) 0r s seen in Fiqure 2. UTC) and inside (01:59:59-02:01:23 UTC) the snow bands.
(Correlation Coefficient) hydrometeors size, shape, and phase Hail/Melting snow (mix) .810.97 E HR
Rain or snow (self-similar) ~>.97 3. defuzz:flcatlon-hydrometeor with the largest value (from 0 to g
2 Z Z Probability ofiSpecis Band 6b tProbablltlt f Species InS|de of Bands(de < 15) 5 .50 MR
Polarimetric Variables Plots e L | . The hvdrometeor alorithm desianed for 5 cm radars al s o work for a 3
o | “tramed” w:th 1000 dependent simulations for f € ’c” OTI? e;’ ago Irt' | esig _‘; t71 cm aba 3 4iS0 appears t;) work for a
0.8 R N e - cm radar. e ijarger particies Insiae tnhe Snow pandas are apparen on-average
ey (DD 0 D .class[1 A gar. 1R 1arger part © e sl pparenty g
25901510 5 0 5 10 15 20 25 g DT T o T — A spherical in sha;?e_ enabling detection of “snow aggregates” via near zero ZDR
* Reflectivity higher : s R c
inside than outside the ol ws
" P o« a o L K n
banded regions (both i | b 0s . .
radars) g : | L — .- * Look at the other three SNOWDUNDER case studies that occurred on different
) A e S e — L T e " T o s - days to check consistency between the aircraft observations and HCA output.
4 ° ’ - ; v T : 5 " *  Use the algorithm on a different UND radar case that has better ZDR output
° Re flec tiVi ty max ima i ﬁlglll)reb 4It f . Values of. Reflectivity(dBz) glgltl,reb5lt f alues o. eflectivity (dBz) g O R
robabilities o values are solid,CSWR values are dashed roba I I ies o UND values are solid, CSWR values are dashed 5)) L
Sli htl hi hel' in CS WR 1 tsid UND values: ZDR=.72, KDP= 0.06, Temp=-10*C jes insid UND values: ZDR=.88, KDP=0.05, Temp=-10*C z HR
g y g ::eetc)lae;dosuwfl;he CSWR values: ZDR=2.3, KDP=-0.01, Temp=-10*C :Ifeezlae:dlgjlllt: CSWR values: ZDR=.42, KDP=0.04, Temp=-10*C % AC k n OW I e d g e m e n ts
Reflectivity minima varying a5z varying d5z. S 50 " This research was funded by a ND EPSCOR (AURA) grant for Summer and Fall
* 5 LR
- @ About Figure 4 and 5
similar (both radars) E Outside bands: ! Inside Bands: 100 ey ]’ | | I Refe rences
«  Both radars similar results (ice crystals) -  Probabilities close for ice crystals and dry o e o e e e e e e e NA || [1] Marzano F.S.Univ of Rome “La Sapienza,Rome, D.Scaranari, and G.Vulpiani,2007:Supervised Fuzzy-Logic Classification
until  around 33 dBz snow between 8 dBz and 30 dBz Distance E-W of Radar (km) LDistance E-W of Radar (km) (HID) of Hydrometeors Using C- Band Weather Radars.IEEE Trans. on GeoScience and Remote Sensing.45,
o, ° ] 3784 - 3799
Figure 1:Reflectivity ’ This is ‘_’Vhy bands showed up on Figure 7: The boxes indicate where the aircraft was flying at the times and altitudes indicated (z=2.5 km left; z=1.5km right).
the horizontal plots HCA-identified ice crystals(red) and dry snow (yellow). [2] National Oceanic & Atmospheric Administration,cited 2012:Dual-Polarization Radar Training.

[http://www.wdtb.noaa.gov/courses/dualpol/]




