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Motivation

EUROPEAN SPACE AGENCY

* Precipitation in Antarctica plays a key role in global
water and energy budgets and in modelling the mass poster POSO for malg
balance of the Antarctic ice sheet AT :

« CPR surface snowfall retrievals need ground
measurements to constrain:
1. the microphysical variability
2. the physical processes occurring inside the CPR
. blind zone (~500 m), such as sublimation - el
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Mario Zucchelli Station Lat: -74.694, Lon: 164.115

Basic setup available at several Antarctic stations

Our MRR measures from 105 m to 1050 m a.g.l.

* In the upper part of the profile, we can validate
the retrievals (CPR overlap)

* In the lower part, we can add new information
inside the CPR blind zone

PNRA-APP project

EarthCARE
CPR products

OTT Parsivel

laser disdrometer

T

Frequency:
94.05 GHz (W-band)

- Height range:
500 m - 20 km ASL
RN Height resolution:
g/ ‘” | 100 m
g1 <A\ P s
= CPR cioud Profiling Radar

~ METEK MRR-
Doppler radar

OVERLAP FOR
THE VALIDATION

” o ADDITIONAL
S INFORMATION
: 32 size bins y
32 velocity bins —
? Frequency:

24.15 GHz (K-band)
Height range:

105 - 1050 m AGL
Height resolution:
35m
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Average profiles of CPR equivalent reflectivity

From EarthCARE: factor Ze (dBZ) in the selected windows (30 km)
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8 o = e == 555 e o o A. Bracci, K. Sato, L. Baldini, F. Porcti, H. Okamoto, Development of a methodology for evaluating
time WINEW spaceborne W-band Doppler radar by combined use of Micro Rain Radar and a disdrometer in
Antarctica, Remote Sensing of Environment (2023),
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Now a more complete dataset

EUROPEAN SPACE AGENCY

EarthCARE CPR overpasses — Mario Zucchelli Station MRR Ze — SNR > -20 dB
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Relaxing the minimum distance from 20 to 32 km, we added a new overpass during statistically extreme conditions
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Katabatic instrusion scheme at DDU from
Julien et al. (2020)

'S N 3
shag N

Figure 11, Concepeual scheme summarizing the sequence of the different phases of a typical wanm freat event and associated precipitation
over DDU station. The trajectorics in orange arrive in the layer where precipitation forms. In the bottom subplots, the south pole is towards
the 10p left comer direction,

Virga are associated with dry intrusions of katabatic flows,
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usually before and after the arrive of frontal systems.

All the profiles except the new overpass were affected by
complete or incomplete sublimation.
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Now a more robust framework
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What level of spatial and temporal representativeness can we achieve with our instruments?
Numerical data driven optimization (max R? and min RMSE) but physically consistent results:

CPR along track window length | Time window length at the ground Relative vertical delays

3.91 seconds (30 km) 65 minutes

Lagrangian co-sampling ratio

Sl F=feein Comparison with the
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Results

» Ze, Vd in L2A products (measured + corrections)

» Ze, Vd in L2B products (forward model reconstructions)
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EUROPEAN SPACE AGENCY

CFMRmBD vs mrr_W_mrr_K (_v7_11, f6_n32) — height-coded

Reflectivity corrected (Ze) comparison

mrr_W Ze (dBZ)

Doppler velocity best estimate (Vd) comparison

mrr_K Vd (m/s)

Vd has lower correlation (due to the lower dynamic),
but very good RMSE and 0 m/s bias ©

Ze high dynamic range produces good correlation,
RMSE and bias are inside the expected sensitivities
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Level 2A JAXA (CLP) baseline CB (RIAM)™ ‘  pa @esa

CCLPxCB vs mrr_ W_mrr_K (_v7_11, f6_n32) — height-coded

Cloud radar reflectivity 1km (Ze) comparison Cloud doppler velocity 1km (Vd) comparison
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Vd: same good bias, bigger uncertainty bars due

Ze: quite similar, slightly better correlation and bias to less averaging (cloud _doppler velocity 1km)
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Level 2B ESA (ACM-CAP) baseline BD (ECMWF) - 4 @esa
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ACAPeBD vs mrmr_W_mrr_K (_v7_11, f6_n32) — height-coded

CPR reflectivity factor forward (Ze) comparison CPR doppler velocity forward (Vd) comparison
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Ze is consistent with FMR Vd shows slightly more dynamic range than CD and a 1.5 trend
(some new points here, but they carry noisy measurements: can be a masking issue)
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CCLDmBB vs mrr W_mrr_K (_v7_11, f6_n32) — height-coded

Reflectivity factor forward (Ze) comparison Doppler velocity forward (Vd) comparison
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Ze also here is almost like the FMR product Vd here has less dynamic range than in CD

Discussion 1: two linear fits, with (red) and without (green) the points inside the blind zone of CPR (h < 500 m)
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Discussion 2: attenuation e Cesa

EUROPEAN SPACE AGENCY

CCLDmBB vs mrr_W_mrr_K (_v7_11, f6_n32) — height-coded

CCLD: forward vs hydrometeor-attenuation-corrected Ze (mean + 95% CI, pipeline block-bootstrap)

Reflectivity factor forward (Ze) comparison 42020 (827
,’ - 1200 . 1200
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Attenuation is negligible for all frames but the last one.
CCLD estimates around 2.5 dB of attenuation close to the ground
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Discussion 2: attenuation e Cesa
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CCLDmBBavs mrr W _mrmr_K (_v7_11, f6_n32) — height-coded

CCLD: forward vs hydrometeor-attenuation-corrected Ze (mean + 95% CI, pipeline block-bootstrap)

Reflectivity factor forward (Ze) comparison 042025 (27
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Attenuation correction can account for a substantial part of the bias for the strongest case.
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Work In progress: geophysical ground r_effé/'i'ehce

IWC Profiles - Frame 05239G
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Conclusions

EUROPEAN SPACE AGENCY

Take home messages
« Precipitation in coastal Antarctica is important, yet an observational gap remains
- EarthCARE has great potential to close this gap: excellent instruments and continental scale coverage

« Extending the estimates to ground level is not trivial

We now have a framework and pipeline ready to:
* help validate algorithms that extrapolate radar profiles to the ground, e.g. to produce surface snowfall estimates

« extend this validation to other MRR—-disdrometer Antarctic sites

Work in progress

We are also working towards providing a reference for geophysical variables such as ice water content and
effective radius, both at the ground and along the MRR column. Some further work and testing is needed on our
side — more on this in the future!
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Parameters optimization: selection windows widths

(min)
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r(Ze) r(Vd) — white dashed = 90% threshold

cpr_scale (km)
10 20 30 50

Optimal point selection algorithm: inside the 90%
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Optimal point selection algorithm: inside the 90%
of the maximum combined R2, go to the minimum

combined normalized RMSE
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Parameters optimization: block length = Lesa

o

Block-length variance-stabilisation curve — Ze [9 frames, median + IQR]
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Profiles: Reflectivity
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Profiles: Doppler Velocity
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  Vd   =   Vtz   +   Vair
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