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o increase model resolution

o assimilate new observations
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» What can we do to improve thunderstorm forecast ?
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—— Observations to enhance thunderstorm
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Context — Polarimetric signatures and Zy; columns

e
» Polarimetric radar observations provide very useful information about storms microphysics (Ryzhkov et al., 2020)
» Specific polarimetric signatures are observed in severe thunderstorms (Kumjian and Ryzhkov, 2008; Kumjian et al.,
2014; Johnson et al., 2016; Snyder et al., 2017a, b)
—
» Zpg columns : °
: : L Zdr column ;
e columns of enhanced differential reflectivity
(Zpr > 2 dB) above the iso 0°C g . '
* typical horizontal extension of 4 — 8 km 5 2
* proxy of storm’s updrafts (Snyder et al., 2015) “ : .
* linked to storms severity (hail, strong winds) zh ' T Zdr 0
(Kuster et al., 2019; Wilson et al., 2022) o 105k 4
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» Pre-requisite before assimilating these observations : needs good polarimetric signatures reproduction



Context — Preliminary results

(see ERAD 2022 presentation : https://www.erad2022.ch + paper in prep.)
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ICE3 microphysics (1 moment) : ICE4 microphysics (1 moment) :

rain, snow, ice crystals, graupel rain, snow, ice crystals, graupel + hail

* Meso-NH = research model (same physic as convective fine scale model AROME)


https://www.erad2022.ch/
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Objectives :
O Automated detection of Zpg columns following Snyder et al. (2015) and Starzec et al. (2017)
 AROME simulations with different microphysics options + application of Augros et al. (2016) polarimetric
radar forward operator
d Comparisons of observed and simulated columns characteristics (height, area)

In this presentation :

v Zpr column depth computation method
v Qualitative comparisons

v" First statistics on column height and area



Method — Z,; columns depth computation
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Method — Z,; columns depth computation

radar observations models
1 : L AROME?* raw variables
q radar polar datas AROME iso0 and iso-20 (is00, hydrometeors content, T, P, etc)

1.3 km * 1.3 km * 90 vertical levels l@
radar forward operator
Augros et al. (2016)

cartesian 3D grid
1km™*1km*0.5 km

cartesian 3D grid
1.3 km * 1.3 km * 0.5 km

®
Thresholds :
v Zy > 25 dBZ
@ 5D column mask Zpr>2 0B @ 3D colurvnn mask
+ continuity criterion

\ 4 A4
@ 2D field of Zor column depth @ 2D field of Zpr column depth

(calculated from the top to the iso0 level) (calculated from the top to the iso0 level)

— Object detection algorithm : https://gitlab.com/tropics/objects <+—

*French convective scale model 10
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Zor columns tracks in observations

44.25°N [

43.75°N

43.5°N

43.25°N

43°N

42.75°N

Observed horizontal reflectivity + 500 m column

contours (solid black) at 19:15 UTC — 16-08-2022

70.00 7.00
»/,\ - ] ';
B & § 65.00 . - =P > ( - 6.50
_- 60.00 44 .25°N [ .- - s .; S 6.00
~ 0, ’ . |
r L BERL 55.00 g 550 E
Lo 44°N | o o " » =
50.00 ¢ 4 500 o
’, - 2
L 45.00 o ) .
§43.75°N T 450 g
[wa] ~/ ]
[40.00 T 4.00 ¢
2 3
F35.00 E 43.5°N 3.50 ©
L] — B &
; - 30.00 % 500 2
& 43.25°N <
25.00 o550 E
— >
20.00 . @: -2.00 §
[ZDR column contours 15.00 oo o corresponding - 1.50
1 at 19:15 UTC 1
10.00 o column depth 100
5.00 - Value at 19:15 UTC
L 0.50
0.00 Vv
2°E 2.5°E 3°E 3.5°E 4°E 4.5°E 2°E 2.5°E 3°E 3.5°E 4°E 4.5°E

Legend :

Accumulated 500 m column contours (solid black) from

/\ Hail locations from ESWD website : https://eswd.eu

# Column contour at the corresponding timestep if filled

14:00 to 19:15 UTC + column depth value at 19:15 UTC
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2022-08-16 18:40 Signature reproductibility

Interpolated radar observations
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Simulated polarimetric variables with ICE3 microphysics
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First statistics — area and column depth »-
S

Number of Zpg columns detected

Maximum Zpg column depth for each detected object and each timestep Zpr column area for each detected object and each timestep
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250 4 239

200 Total
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ICE3 : 162
150 -
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100 A

Number of Zpgr columns detected

50 ~

3
Intervals of maximum column depth (km)

100 150
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First statistics — area and column depth

Number of Zpg columns detected

Maximum Zpg column depth for each detected object and each timestep
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Conclusion and perspectives

Conclusion

Zpr column tracks are consistent with hail locations
AROME operational model succeed in representing polarimetric signatures (especially Zyz columns)

ICE4 (1 moment scheme with hail) is better at representing large Zy,z columns but a lot of (too)
small objects = need to adjust the radar forward operator

Perspectives

Improve object detection algorithm criteria for a better time tracking
Go deeper into the radar forward operator’s settings

Further investigations with our 2-moment microphysics scheme LIMA (Vié et al., 2016) and the role
of hail as a distinct category of hydrometeor

Application over more cases

17
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