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Abstract Study case May 12, 2023: zenith viewing with stratocumulus clouds

Flight Track: 12 May 2023

b color coded flight track iankinshtein et al.
This paper presents a method for retrieving the Liquid Water Path (LWP) of stratocumulus clouds Stratocumulus cloud deck >3°C ! - T (K) B i i »
based on coincident radiometric measurements and radar reflectivity from NRC's NAW-REWARDS 7000
Instrument. The effectiveness of this methodology is determined using observations from the / 5000 SN P o
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WIVERNex-CAN PhA campaign, conducted over Lake Ontario and Georgian Bay, Ontario, Canada, | : ;
during 2023-2024. Liquid water content (LWC) profiles were retrieved at each vertical level using 000 e Swmy 1
Levenberg—Marquardt optimization. The LWP was subsequently obtained by vertically integrating the £ 4000 S
LWC. The cloud modal radius was estimated via a linear search method, as the singly polarized 2
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'4.,\._..__7.,_,_.,> =
« ,’f:;:?w_,.- ﬁ" . B
Data — = 9 sk \'\""““""'A“'v::
NAWX cabin A""f | : . i *
sub-system [FEEEN T i 75 km

INationaI Research C il of C da (NRC) | Conseil i | de Recherches C. d. (CNRC)I
13 1% S

« Atmospherics state profile data
Aircraft measurements, ERAD-5 re-
analysis data, and GEM model with high-
resolution subdomain - the pan-Canadian
High Resolution Deterministic Prediction
System (HRDPS) from Environment and
Climate Change Canada (ECCC)

 |In situ data
Cloud scattering and optical array probes:
The PSD is composed of separate In clouds, compare  “| .
datasets from three probes: the CDP-2 LWC (Nevz) with o0 ol o oo o o 0 0 o o 0 0 6 & & o oo oS
(scattering probe, 2-50 um), the 2DS (10- | | | retrieved LWC at 250 Pate 0511212023, UTC time
1280 um), and HVPS3 (150-19200 um) or Figure 1: The NRC Convair-580 research aircraft and its sensors m from the aircraft
PIP (100-6400 um) if the data quality from |
HVPS3 is poor.

Bulk measurements: Nevzorov hot wire A
probe provides TWC and LWC H

« W-band radar and radiometer data
NAW-REWARDS (Radar Enhanced W-
band Airborne Radiometer Detection
System) is a dual-functioning W-band
radar-radiometer by equipping one
channel of NRC's W-band dual-pol
airborne radar (NAW) with a radiometer
RF front end and modifying the radar P o |
electronics and software. = | Georgian Bay, ON, Canada
o 20 MHz bandwidth, ~ 7dB NF, NeAt Figure 2. The W-band radiometer RF front end and transmission mode

~1.3K (at sampling time 1s, including
AG), beamwidth 3.5°

Figure 3: May 12, 2023 case overview
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Figure 4: Top panel:

sl T measurec 1O measured reflectivity.
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42° installation

Study case Oct 23, 2024: downward 42° with stratocumulus clouds
over water surface

Flight Track: 23 Oct. 2024

O Cahbratlc_)n with noise diode o The radiometer operates in vertical polarization to
O Interlea\_/lng mode with _radar. | minimize the baseline brightness temperature of the
o Can be installed at zenith, nadir, and water surface Sampled a fast evolving system with multiplayers clouds and warm process

over the Georgian Bay, ON, Canada.

6 legs:

Leg 1: horizontal transect above clouds at 5km

Leg 2: horizontal transect above clouds/warm rain at 2.7 km
Leg 3: porpoising through the clouds for in situ profiles

Leg 4: horizontal transect above clouds

Leg 5: porpoising through the clouds for in situ profiles

Leg 6: spiral down clear air for atmospherics profiles

downward 42° (H or V pol)

Brightness temperature measurements and model comparisons

- Ingest cloud properties (PSD, LWC) data, and set up appropriate
viewing geometry, and boundary conditions for the RTM

Input atmos. - Perform radiative closure analysis under cloudy-sky conditions
variables (T, P,

Figure 5: Oct 23, 2024 case overview

W-band Z at 42° projected altitude axis dEiZ33
| | | | T | T | T | T T | T

RH), boundary

conditions, LWC Table 1: Model inputs el egt " [——Convairtrack
_ Resolution Measurements IEEEE
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Microwave Atmospheric state 1s T,0,p, 2
rad'at%’g(};?”s‘ter W-band radar 1s, 75m Z, Vd
1s. 35MHz o Figure 6: Top panel: vertical cross section
W-band radiometer ’ i t Tb e, W-band reflectivity. Bottom panel:
sampling rate observed W-band brightness temperature

Simulated

Al v e
Nevzorov 1s TWC and LWC
Observed ERAS 1h, ~25km vertical profiles of T, g, p,
brightness GEM 30min, 2.5km z, LWC, IWC

temperature

LWC/LWP retrieval methodology

* Levenberg-Marquadt optimization was adopted for the prototype due to its simplicity and greater 280 | | Figure 7: Top panel: W-band reflectivity
computational efficiency: e —remeved To vertical cross section for the 16:10-16:20
> Kievels) 2 gz:z UTC segment. Middle panel: retrieved LWC
5 . F{radiometer}(Lwc, RC)—Tp obs. F{mda,ﬂ, JYLWC, RC) — Zops, j 0 and_ LWP. Bottom pa_nel: observed and
XtOtal o Z + z Z 16:1|1:00 16:1|2:00 16:1‘3:00 16:1|4:00 16:1|5:00 16:_1|6:00 16:1|?:00 16:1|8:00 16:1‘9:00 16:2|0:00 retrleved W-band brlghtness temperature
Tb Z Date 10/23/2024, UTC time
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Summary

« The brightness temperatures (Tb) for stratocumulus clouds show excellent agreement between
measurements and model predictions.

« W-band brightness temperatures are sensitive to the liquid clouds at 42° incidence angle.

* Preliminary results for cloud LWC/LWP retrieval using collocated, coincident Z and Tb is promising,
suggesting that cloud LWC/LWP retrieval will be both effective and beneficial for WIVERN.

* Keversy: the total number of layers for LWC and Z.

- X2, and X2: proportional to the variance of the brightness temperature and radar
reflectivity measurements.
* Frradiometery @Nd Fuqqqr3: Microwave-radiative transfer and radar forward model.

 Transformation of variable LWC:
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