Microphysical Retrievals from Simultaneous Measurements by
Airborne and Ground Radars during OLYMPEX

S. Joseph Munchak!™ lan S. Adams?, Robert S. Schrom?1:2
1: NASA Goddard Space Flight Center, Greenbelt, MD 2: NASA Postdoctoral Program *s.j.munchak@nasa.gov

et e o N1

ovember 25‘7{5' NP 1)

g During OLYMPEX) bOth Of the radar-eqUipped Hsate”ite 2.0 Retrieved Dm . Retrieved u Retrieved Rimed Fraction Retrieved Column Fraction o
. . . elev. (m I " . - - I . | oh _ |-
The Olympic Mountains Experiment (OLYMPEX) was | muwoums . 5||mulato(;. Ialzccraft (;c]he DC 8danddER ZLESVI\_/ fggf\\/’tllme; 20 s
. . . . . ® DOW 8 1 ) B 64 @
a ground validation field campaign held in late 2015 CIs0 xame along radials from the ground radars ’ , an = 152" ° 06
°N [ B MRR 1 ' L al
in  support of NASA’s Global Precipitation | oo 1400 D3R). These provide an opportunity to perform -2.0 5 L2, : g
. : § ionde ' ' ' ' Ir- ' |- 2 2 2
Measurement Mission. The goal of the campaign was P N ;etrlevals u5|(rj1g mfordmar;clon frorg naocluhr Igok}:ng multi 05 02
. .. . Snow camera b -
to collect detailed measurements of precipitation |_ @ rf?cquency Ira ars an .tfe srount 1d ar.h OL systems 5 15 e R S ! ' - e oo
. . . bucket network * E =
from Systems underg0|ng Orograph|c enhancement N "é::f;:lﬁi{@igrk | 400 orrer Comp ementa ry Information to each other: o E Retrieved Dm . Retrieved U Retrieved Rimed Fraction o Retrieved Column Fraction o
the Olympic Peninsula of Washington. i | | | | 0 T o ) o .
>4 150  Airborne radars have superior vertical resolution, < 4- .8 & . Ee- 3 - N
DC-8 . . : = : z 7 e £ - '
* ER2 providing an ability to resolve the melting layer and > : 054 : - ”
LoeMas | L CPL LAMPR | = @ININIZEX S, ’ other structures above it such as aggregation zones; 05 2, 02 2 02
e / TesA o it e * The dual_frequency rat|0(5) from airborne radars 2 - 0.5 25 50 75 100 125 25 50 75 100 12.5 25 50 75 100 125 25 50 75 100 125
[ s In addition to numerous prOVide information about particle Shape and Ka-W DFR (dB) Ka-W DFR (dB) Ka-W DFR (dB) Ka-W DFR (dB)
4 e < 2. AIrMSP ground sites equipped with density:
< ] )
~ gauges and  disdrometers, * Polarimetric variables from ground radars provide Z . . . . . . 0.0 The information content (averaging kernel; contours, where 0 is low
& ' ' . . . . . 0 2 4 G 8 10 12 . . . . . . . . .
e remote sensing assets included information about particle shape and orientation; <a-W DER (dB) information and 1 indicates high information) of nadir-looking Ku+Ka+W
ground radars (S-band NPOL, * Lower-frequency (S-band) ground radars provide a . , , band measurements only (top) can be compared to that when ground-
2 C-band DOW, and Ku/Ka band . Lookup tables of radar reflectivity (Z,,), differential based ibcluded (b 0 .
' reference for range-resolved attenuation . 1 , ased Z ., measurements are included (bottom). Small improvements in
SR D3R) augmenting the corrections reflectivity (Zpg), specific differential phase (KDP), anc D,, information (which is already quite high with the 3-frequency
A\l . . m N
—— ' attenuation (k...) were constructed for each of the . : . . .
NASADC.g - UND Citation [T operational ~ NEXRAD  and , (Kext) - , measurements) and rimed fraction information are noted. Little
+~80 flight hours 7 (CORINET" ol saanes Canadian networks. Airborne To take advantage of this complementary information, jchtree tpzrtlcle fam|l|es. ccd).nilc.isrid. Th,:;e were improvement in estimation of y, which is poorly contrained, and modest
P i i i . . . INtegrated over gamma Ssize aistributions wi d range . . . - . . .
instrument Measurement instrument  suites  included measurements must be combined in a retrieval & 5 _ , 5 improvements in the ability to distinguish plates from columns is noted
CSMIR HsV (Radiometer) — [20, 89, 1655, 1833+/1, instrument measwrement | radar freauencies at X- Ku- L . of mean mass-weighted diameter (D,) and shape . . .
Gross wradkiconicalscan- King Cloud liquid water 9 ‘ ' framework with internally consistent forward models. m when Z,, measurements are included in the retrieval.
Footprint (@10 km 0.7 km 2D-C / 2D-S Cloud and precipitation Ka_ and W_band along W|th pa rameter (,Ll) ShOWﬂ above
APR3 (Radar) 13.4 GHz,35.6 GHz, 95 GHz size spectra ’ ’
w/ dual-polarization . .
Transmit Peak Power 2oow(iu), 1o(;ow(|<a) HVPS-3 (2; one H Precipitation size spectra paSS|Ve MICrowave
Camwi 8° (Ku). 4.8° (Ka one V mounted) . . .
om0 o7 im (41 05 kK Pl cowpaicemages | radiometers and in-situ probes
Range Gate spacin 30m . . .
Swa?h Widtth : . +/- 25° (+ zenith Ka option) ! Total cloud water content tO ma ke dEtaI|Ed mICFOphySICal
Sensitivity (@ 10 km) 0 dBZ (Ku), -17 dBZ (Ka) CDP Cloud droplet size
Doppler pres 0ams spectra measurements of cloud and . m
MASC (Radiometer) 118 GHz, 183 GHz, cross- gi\;ze(;:g\l:nticing -g%ts;;’gig;g?’cgfgrt . . . . a S e u y e C e e r
AVAPS Dropsondes E?)ZIErZZ:]P,T,RH,Wind probe p recl p Itatlo n p ro pe rtles ) °
) ) . . APR3 Ku-band dBZ Retrieved Dm P R3 O n Iy A P R3 + N P O L
An optimal estimation retrieval ) 10000 = nenorarensom . g .
. was developed to estimate 5 oo 15§ s i
. . £ 4000 10 £ . 00
Scattering Models rofes of P properte from g
the APR3 data. This retrieval I e e °
minimizes the cost function ?‘ _ ool R T T e
— S— ; 6000:L 2. .2 "3 2 e __:-- " . %2 . - | - 0'6E : 50(; e +- .“‘: o i -d:- o . Eg g ° 7-' .2. r1--l1zl4::l 2'33- - .;i;.a — 71-2'34“ ; “‘12'3.2 :
In order to obtain scattering properties 309 =] (X-X,) %82 x(X=X, ) [#] (¥ - (X)) %87 x(Y - f(X))] g A m{m st Lot e i I S T
across a range of ice crystal geometries for 0l 55 % The additional information provided by NPOL can be quantified using the Averaging
and radar frequencies/polarizations, we where - Hydrometeor Type | . Kernel output of from the optimal estimation algorithm. In essence, the Averaging
: . : E e gooo{| © Mmed = | gl - | Kernel is a measure of the sensitivity of observations to a physical parameter relative
used two sources of scattering information: N 1 = 001 - coummike . o1 Y PRYSIEal b |
. . wr _ o e | to the prior uncertainty in that parameter. Values close to one indicate an estimate
1. ITM (Invariant Imbedded T-Matrix) X = E'Ted frzl:\;tlon, : ; . o : 2000_'““‘%&'-- : ' that is primarily informed by observations, whereas values close to zero indicate that
— 1549 1545 . . . .
calculations for axial symmetric fchtfc:g:/clzzed During the passage of an upper-level S e s s e e s the observation did not improve upon the prior knowledge of the state. Above, the
i . . ’ ‘ ' i ization i ion i Averaging Kernel is shown for N, the composition of particles (plate-like or column-
geometries (apprommatmg pIates and —liquid - Z:(P)\:r\:\z:aevrienthI):‘hpreigi)tr;%ionotc?]gera[ggIg Thedrr’lu'tl 1’;r('equedncy'dualtIOOIanzla?odntlmc’c(:rn%(’)c'n IIS like) ganc? riming fraction Whewn only thz APR3 obFs)ervation(spare used, there is
. _ _ . and , - used to retrieved parameters related to the particle ] imir on. | | ,
columns with variable axis ratlos) B N flew along an NPOL radial at 1553 UTC. size distribution (N, from which D_ and water relatively high information content regarding the N, especially at levels where the
2. ARTS (Atmospheric Radiative Transfer Ku-Ka DFR APR3 and NPOL reflectivity profiles are content can be inferred for an given observed Ku DFR becomes significantly different than zero. There is also some information about
Simulator) Single Scattering Database for Y = [Ka-W DFR shown above, and the corresponding dBZ), as well as the partitioning of ice hydrometeors the riming fraction where all 3 frequencies are present due to the separation of
t f t d | [ S-band ZDR DFR from APR3 and ZDR from NPOL are into plates and plate aggregates, columns and rimed and unrimed aggregates in triple frequency space.
aggregates ot piates ana coliumns, as we PIA shown below. column aggregates, and rimed particles, confirmed
as rimed pa rticles. — — e e ~ ; by in-situ particle probes on the Citation aircraft. The addition of ground-based polarimetric variables (in this case, S-band Z,; from
This method is similar to the one - : NPOL, although in principle others could be added) improves the N, and rimed
q e fraction information content marginally, but the most significant improvements
- : developed by Grecu et al. (2011; WY A ® g ’
The pristine (IITM) particles are assumed to P Y ( ’ ) %‘q-:‘! ;'\?'h-# ARG T AT come from the distinction of plate- or column-like particles from the Z, data. In this
be horizontally aligned and thus pl’Od uce JAMC) and extended to include : D - 1Y BETEL A AN it N ATRMF Y . G case, columns and their aggregates dominate although there are pockets of plate- or
oositive Z.. and K., when viewed from a a third frequency, multiple ice ; AR RSNV Ac ol WS A v At ] dendritic-shaped particles as well as rimed particles, all of which were observed by
9 DRd ADP 9 . 4 species, and cloud liquid water instruments on board the Citation aircraft during this case.
ground radar. Aggregates and rime ‘ ' i e S
. “ o 3 m*‘ﬁ‘ﬁ i JS A LL‘:‘:“*:J(: _‘;"\fj' ':‘;‘ Acknowledgements: This work was supported by the NASA Remote Sensing Theory for Earth Science Program
partICIES are assumed to be randOmly RN _’-‘\; Y3 ‘;\] O it e _ under Dr. Lucia Tsaoussi and Precipitation Measurement Missions Science Team under Dr. Gail Skofronick-
oriented. ’ © ’ © ’ : rhw"\“ ‘&*,‘ ?‘LJ e 2 \_’({‘ SIS wWa Jackson. Dr. Schrom was supported by NASA Headquarters through the NASA Postdoctoral Program
S E— - & — e administered by Universities Space Research Association.




