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Motivation

Since its activation in May 2018
PAZ has collected 249,783
polarimetric RO

Soon after activation we
demonstrated the sensitivity to
heavy precipitation

Recently, we have demonstrated
that PRO is also sensitive to
horizontally oriented frozen
particles, way above the freezing
level
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Sensing Horizontally Oriented Frozen Particles with
Polarimetric Radio Occultations aboard PAZ.:
Validation Using GMI Coincident Observations and
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Motivation

Examples:
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Figure from Padullés et al, 2021, IEEE TGRS (accepted) doi: 10.1109/TGRS.2021.3065119
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Motivation

Examples:
' Cloudsat
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GPM retrievals
explain the lower
layers

Figure from Padullés et al, 2021, IEEE TGRS (accepted) doi: 10.1109/TGRS.2021.3065119
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Motivation

We know we are sensitive to ice, so
Can we attempt ice retrievals in the higher
layers?

(where there is little contamination from the

liquid, and the ray-paths within clouds are not
as long as in the lower layers)
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PAZ A¢ Climatology

Climatology approach
* Objective: To look for a relationship between PAZ A¢ and Ice Water Content, as
a function of height and region

* Challenge: No direct collocations with Cloudsat (or any other radar sensitive to
ice particles). How to build an empirical relationship? How to validate it?

* Approach: Empirical relationship between PAZ A¢ climatology and Cloudsat Ice
Water Content climatology
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PAZ A¢ Climatology

Relationship between A¢ and water content

PAZ A¢ Climatology
Tangent height =2 km Tangent height = 6 km Tangent height =10 km
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PAZ A¢ Climatology

We compare it with Cloudsat (radar):

* Taking into account the RO geometry
* 680,000 “events” (2009 — 2016)
* Integrated water content along RO ray

Cloudsat WC Climatology

10-km
+U-KM

----------------------------------------------------------
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PAZ A¢ Climatology

We compare it with GPM — DPR (radar):

* Taking into account the RO geometry
e 350,000 “events” (2015 — 2017)
* Integrated water content along RO ray

GPM WC Climatology
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PAZ A¢ Climatology

Relationship between A¢ and water content

Spatial correlation between A¢

and WC for the different satellites Height = 8km
. ; . paz vs csat paz vs gpm
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PAZ A¢ Climatology

Relationship between A¢ and water content

Spatial correlation between A¢
and WC for the different satellites

Using the same binning, we
compare the climatologies (at 8 km)

GPM WC
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PAZ A¢ Climatology

* Very high correlation over tropical ocean

* Correlation with Cloudsat water content
products is high up to 12 km

* With GPM the correlation starts to
decrease h > 9km

Since the correlation is very high, it
makes sense to attempt a retrieval of
IWC (at least, in the upper layers)
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csat ocean

0
0.8
0.6
0.4
—— tropics (305-30N)
0.2 south (705-30S)
—e— north (30N-70N)
0.0 — T T T T T
2 4 8 10 12 14
m ocean
1.0 gp
0.8
0.6
0.4
—e— tropics (30S-30N)
0.2 south (70S-30S)
—e— north (30N-70N)
0.0

2 4 6 8 10 12 14
height (km)

Ramon Padullés - 8" IROWG - April 9"

1.0

0.8

0.6 1

0.4 1

0.2 1

0.0 —

1.0

0.8 1

0.6

0.4 1

0.2 1

0.0

csat land

—e— tropics (305-30N) \l
south (705-30S)

—s— north (30N-70N)

2 4 6 8 10 12 14
gpm land

—e— tropics (305-30N)
south (70S-30S)
—e— north (30N-70N)

helght (km)




Ice water content retrieval based on Climatology comparisons

A¢ vs integrated water content relationship, per region, per height
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height (km)

Ice water content retrieval: application to individual cases

Case examples

PAZ1.2018.264.05.33.G11 PAZ1.2019.323.09.17.G22
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height (km)

Ice water content retrieval: application to individual cases

PAZ1.2019.075.09.34.G15

Case examples

PAZ1.2019.250.07.24.G12
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Top of A signal: Cloud Top Height

Algorithm to detect the A¢ top of the signal: cloud top height
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Top of A signal: Cloud Top Height
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Conclusions

* PAZ AP measurements are sensitive to frozen particles, in addition to heavy
precipitation

* In the higher layers, it seems feasible to attempt an ice product retrieval
» High correlation with Cloudsat climatology (specially over ocean and > 8 km)

* Validation remains a challenge
* Potential level 2 or 3 product

* PAZ A¢ provides an indication of the Cloud Top Height (potential product as
well)

* work in progress Towards a precipitation retrieval: Propagate A¢ induced by
frozen particles down and correct the A¢: the remaining part is linked to liquid

precipitation

rohp-PAZ Data and more info available at: paz.ice.csic.es
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Precipitation retrieval

Propagate down and correct the A¢ induced by frozen particles

166.0 GHz V-Pol (K) Corrected profile
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Inversion could be attempted using Look Up Tables built in Cardellach et al. 2018, doi: 10.1002/qj.3161
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Thank you!

rohp-PAZ

Data and more info available at:;

paz.ice.csic.es
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