Upgraded Capabilities of the Wyoming Cloud Radar and the Ka-band Probe Radar
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Next-Generation King Air N Wyoming Cloud Radar (WCR) WCR Specifications
- - - - - il " - - ] ] ] ] ] Wavelength | Frequency 3.16 mm | 94.940 GHz (w-band)
des to infrastruct d t bilities. At th f th ity g A - o to5 ports (antennas)
upgrades 1o Inirastructure and measurement capabliities. e core or the Zenith primarily installed on the UW King Air or the NCAR C-130. The airborne WCR can target through up to 5 ports (antennas)
upgrades Is the development of the Next Generation King Air (UWKA-2) research research-specific clouds and precipitation to measure the fine-scale structure of |PeakPower | Duty Cycle 1.8 KW /1%
aircraft, a si!lghtly larger more capable King Air 350. The new aircraft is expected Up-slant  reflectivity and radial velocity. With a typical range resolution of about 30 m and |Pulselength o8, AT, 250, B0 e
to come online and be available to the scientific community in 2024. - horizontal sampling of 4-7 m (depending on aircraft speed and dwell time), |PulseRepetition Frequency 1-20 KHz
“—__ Nose boom for wind Extended nose for additional b i | f h Kelvin-Helmhol i _ d (PRF)
X / instrument attachments (e.g. opservations revea eatures suc as elvin-Helmholtz waves, convective up- an Antenna Configuration
measurements i i i
Additional wing Nevzorov condensed water) e down-drafts, cloud-top generating cells, and other dynamics Important for |(currently supported): e Max of 4 antennas pointed near zenith (up);
canister mounts . — understanding cloud microphysics and precipitation. * UWKA near nadir (down), 30° forward of zenith (up-
™ (3on each wing) < fore), and 30° forward of nadir (down-fore)
I KPR > omst 6 Mar 2019 | 20:53:55-21:10:00 UTC | Wyoming Cloud Radar e NCAR C-130 e Max of 3 antennas pointed near zenith (up),
: qurade to WCR4 in 2023 = LR Reflectivity 20 E near nadir (down), 30° aft of nadir (down-
. i Nadir Down-slant N d i d t é; ;0 % d l/ =
. o ew and improved components : <10 = | Radar operational/acquisition
: [@] - Jq__%’ 20 E} modes: e 2 pulses per antenna, provides pp estimates
" WCR up-slant window WCR down/down- . [§] \ Forward nadir window 0.5-0.7° tha.t : |_ncrease the . _accuracy, - * Pulse-pair of reflectivity, Dop. velocity, spectrum width
slant window (e.g. LIDAR) beamwidths rellablllty, and useablllty of the Velocity e 16 —512 spectrum bins, provides Doppler
radar. E * < |* Dopplerspectrum (FFT) + spectra and pp estimates of reflectivity, Dop.
WCR up (zenith : i = ight-level vertical velogi 2 % pulse-pair velocity, spectrum width
High-visibility paint for window * A new real-time display and : B e 2 (H/V)
low-level operations control GUI will make it easier § R 4 ; e Receiver output 16-bit magnitude and phase
. . for investigators to observe the * Dynamicrange >65dB
Top view Bottom view : : : a 0 * Noise figure ~8dB
live data and quickly adjust ¢ : , _
measurement parameters or = e Min dwell time | along-track 45 ms | 4 —7 m (typical)
o N . T T |sampling
Modifications to th.e. r.]ew alrcrqft Include: i i research targetS If necessary. %’ ” ‘f%erra"‘_rnd?"e; o ~ | Min detectable signal For 200 ns pulse, 150 averaged pulses
« Enhanced capabilities of in situ and remote sensing observations by * 0 | (expected):
Incorporating a suite of current and new instrumentation, greater power | * One st. Dev. Above mean noise |-40 dBZ at 1 km
capacity, higher ceiling (35k ft), and longer endurance (3.5-4.0 hours) £ oes, | Dopplerradial velocity
i - i ] B S |processor: 15t & 2" moments
« Airframe modifications to the UWKA-2 to support a second upward-directed z "% |+ pulse pair 15 5 512 seeeil (s
WCR antenna, pointing 30 degrees forward of zenith, and allow for % * FFT spectrum
_ - - - g Jp—— Maximum unambiguous Doppler | £15.8 m/s maximum (@ 20 KHz prf)
plual Dopp_ler wmd synthesis above and below the aircraft. @]@ @@ 0 20 40 I 100 120 140 Unamblguous/useful range 590 sl
° 1M proved Investlgator dCCESS >can to visit .; * >can to visit 2054 206 208 2100 2102 2104 2106 2108 First usable radar range gate ~100 m
. . the King Air 35 Lo “EW SEE the WCR Time (UTO)
The operation of th_e UWKA and WCR s tfunded under the Webpage @ E] ¥ Webpage WCR data showing, from top to bottom: WCR reflectivity, WCR velocity, dual-Doppler The WCR upgrade is funded under MSRI award
Cooperative Agreement NSF-1917369 S el nE along track wind (below aircraft), and dual-Doppler vertical wind shear (below aircraft). NSFE-1935930
a . . - g- i IOP-14 | 18 Feb 2017 | 22:39:20-22:58:00
Processing & CfRadial v2 KPR Specifications Ka-band Probe Radar (KPR) - 45 P 20 _
Transmitter: Frequency | Wavelength 35.61-35.67 GHz | 8.4 mm _ _ S 35 . 2z ' 3
- - - solid state transmitter After several successful deployments of the KPR since its £ ' | 3
) c'jchirp' ;‘F o, Emnel DNECEE Fiigse acquisition in 2016 (e.g. SNOWIE, 2017), recent software and £ s
ode waveforms . i ' e
eRadar acquisition data is eRadar received power and phase eAveraging and thresholding is PeakV\I;:wer | Duty Cycle 10 W | 5% - 45% hardware upg rades were |mp|emented by ProsenS| ng | Nc. 1o T
transferred to NetCDF CfRadial2 measurements are processed into applied - - - _—_ - =
format Reflectivity and Velocity eData products are resampled into Chirp and RF Pulse length 2.5-6.2 ps and 250-620 ns Improve Its Capabllltles when deployed on the UWKA-2. 2 a
eSelect aircraft data (e.g. attitude e Aircraft motion contribution is the vertical plane transforming the PRF 1-20 kHz E D
and position) are resampled and removed from Doppler velocity vertical coordinate from range to Antennas (fixed pointing): aperture | beamwidth | polarization o Larger 27.9 cm (1 1”) antennas reduce the beamwidth to = .-Eh
added to the file *No signal thresholding altitude = Up (near zenith 0.279 m 2.1° single, lin : e o o
«Reflectivity mask variable IO | - veraging and thresholding i _ ng(m inear r'm}ir) 0570 : 1 : e o 2.1° to improve sensitivity and better match the sample = 8
\_ - \_ adial2 File applie . —r : ) ~
NetCDF-4 format| *A second merged up-down L2 file R?ds:I(::-epraait:onallacqulsmon modes -Usaagllec;ws combined pulse-pair & volume Of tge WER. : : : = )
Beginning with WCR4, radar v beame o s sty * Doppler spectrur * Quadratic Phase Coding (QPC, being tested) improves g :
data 1s stored and shared In o o Ve and velocity variables = Quadratic Phase Code (QPC) e single antenna or interleaving two sensitivity at all ranges by transmitting at up to 45% duty < )
: : . eL2 cont duced ber of o
CfRadial v2 format. Variables kbl Varf;";.:;”r;:dfyefg‘fg,r:c‘;“gsjf° — _antennas cycle. 2
. . File/Product Summary . - - - -
and attributes are stored in / . receiver outputs Digital (16-bit), magnitude andphase | © QP C allows for range gates closer to the aircraft (for in situ g o
groups with a hierarchical - receiver dynamic range 75 dB at 2 MHz bandwidth comparisons) and closer to the ground by having low range & 5
. . . Aircraft Data = noise figure ~7 dB : = 3
structure. We find 1t convenient Min. Dwell time | Along-track sampling | 200 ms | 20 m (typical) sidelobes. 2
- .-y . Sweep_up Sweep_down ACdata : . ReerCtIVIty :?:J
and Intuitive to use each sweep Min. detectable signal (expected): 250 ns pulse, 2000 averaged pulses W e . - Iau ; . . . . )
group to store the data fields | One Standard Deviation above mean| RF short pulse -.10 dBZ at 1km ? spp Qﬁp’ SPP QPC QPC : SPF' - - 53(e) 5
Data Product 1 Data Product 2 Data Product 1 Data Product 2 nobe EOTIHIESE BN ST 2L eLZ 5l LT - BT - . L 9 E 47 e 8
for each antenna, for example: Resolution: 1 SUNS 5 E 31 333
‘Sweep up1- Level 2 data OfferS Reflectivity Velocity Altitude True Air Speed " in range | minimum range sampling 30’ 60’ 75 m | 7.5m 3 1 . E -OQ QO?: :? — a
S - - - ‘ , - = volume@1 km, 5MHz IF filter ~37x37x30m (AZx EL x range) 41 % 0 | | | | 10
an additional file with a single antenna group, ‘sweep_up-down’ with data merged Doppler radial velocity processor: ;- 0% . 20 20 oo o0 100
from the up and down antennas into vertical proflles = pulse pair « 1t & 2" moments (lag 1 and lag 3 e . Distance (km)
N I ;Open NetcDF file * FFT spectrum 2" moment) g a0 feelmen ..+ | Top: Dual-wavelength analysis with KPR reflectivity
: fﬁﬁﬁpieﬁﬁﬁii ;':p;’;t Dataset 2 ncid = ncdf_open ("WCR_filePath) » 8to 256 spectral lines (typical) ~ | | '. | | = | Matosov,  MAE=0.247 ) L e ' (a), WCR reflectivity (b), the DWR (c), est.
cl: = SO S — Maximum unambiguous Doppler +42.1 m st (at 20 kHz PRF) 8, | - IOCIty - = el d e B median-volume diameter (D,) of the ice size
O | ¢  wcr_root = Dataset("WcR_filepath™) =l | 5 groupid = ncdf_ncidinq(ncid, "group choice") Maximum range +6.5 km (typical) C & B R c 100 distribution (d), and near-gate D, comparison with
E]gffggiézs;,;:ss::"@ f : Ql- Sl B e Pt o gn First radar range gate for RF pulse | QPC | 120m | 45 m ch 7 ~ flight-level (e) from IOP-14 in SNOWIE (Grasmick
T n>_. N 4ccP-Eroup =wcr._root.groups|“group_choice”] cl - ;ef"l;c’;iw;it;_i; — nole varid (gronpia) "retisetivity®) | 61 - Q et al. 2022; © Copyright 2022 AMS)
.; c |- | bles wanted fron (g |2 [NEERRE I R PRE A U, PRI ' Left: KPR, canister, and new 11” antennas. 5 - © _ . L
KRR o JIR *== 112 velocity = sweep_group.variables['velocity'] < |10 HiRe id = o0k Variaigmouplc, TLimet) = e Left: KPR reflectivity compared to precipitation rate
P TR R I L (ol EE reflectivity = sweep_group.variables[ 'reflectivity’] C]. range_id = ncdf_warid(groupid, "range") 4 = f h | . h
fa) i i W |1 Stitude - cmeen oroup.variablest altitude ] e & L Right: Interleaved Standard Pulse Pair 3 £ O 10 rom a hot plate during a snow-storm. The
[@) ¥ Sl p_group. E 3 pioad data into axrays (SPP) and Quadratic Phase Coding (QPC) | 22 .= . obSﬁrved povlv?_r—law fltf (black) is compared to a
Scan to View the q. 1; time = np.array(time[:]) U :: ncdf_varget:zrzuﬁid:izloiit;vid?;glézjtyec Y during a snow event. No threShOIding 1 e . theoretical Tit (red) rom Matrosov (2007)
CfRadial v2 5 19 altitude = np.array(altitude[:])/1e00. ge ; 16 ncdf_varget,groupid,time id,time applied. SPP is combined RF pulse and chirp I"4 al ]
documentation ; gi) C:-chl)ici:E;vit?:pft:262;222?2:?222;‘;2::3{&?2?f’;;\)flty[:])) 17 ncdf varget,groupid,range_id, range data. The KPR is pointed 38° above the 14:5;5:I}U 14:5:5::_“3 14:51;:[:":' 14:5'_;:30 14:5:'EI:I}U 14:5;3::_“3 14:5'9:[:":' 14:5'9:30 g : : : e The KPR Upg rade IS funded under
22 horizon and measuring a large component . _ MSRI award NSF-1935930
23 lose file . . : Reflectivity (mm?® m-3)
24 wer_root.close() 20 ncdf_close, ncid of horizontal wind. Tlme
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