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Assessing the cloud representation of two global atmospheric models
using multiple overpasses of CloudSat-CALIPSO
over an Arctic cyclone
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Study Case:

Arctic Cyclone in May 2019

* Born: 2019-05-09 in Russia
e End: 2019-05-16 near Svalbard
* Characteristics:

Long life

Small deepening (near 998hPa)

Brings humidity in Arctic Area

20 overpasses of CloudSat and CALIPSO

Availability of DARDAR products and model
simulation

ERAS

F AT
[ " 7 . tl 1007.5
) Py e
; N e g 1007.0
rd 3 58 =
70°N ;{v & N wks 1006.5
e £ s il e
i ) ok [ 1006.0 7
- 4 FlE L% o £
5 A ke = <A ub 1005.5<5
67.5°N :.%,);::_,;?.--— 4 Y L 1005.0 £
e 10045 E
oy A T =
B5°N 1 Tt 1004.0F
10035 ¢
62.5°N 3
1003.0 2
60°N { 1002.5&
1002.0 %
51.5°N 1001 5:
55°N Y 1001.0
- 1000.5 E
325°N -~ 1000,0=
50°N - 1 L 999.5
. 1 . ) 999.0
47.5°N 7 908 5
£ . I S P | 2 - N
45°N - - T - 998.0
10°wW 0° 10°E 20°E 30°E 40°E

Minimum of MSLP during the Arctic cyclone trajectory (ERA5 data)

£\

0.0020
x QZ 0.0016 / \ -
(@]
=K | L
S 3
3 © 7
: m @ 0.0012 — -
S £ X
SR | |
2 s
L ~ 4 -
Q 0.0008
E +~ d!
c S R L
ss&
E E 0.0004 - -
kS i I
0.0000

T T T
123 45 67 8 91011121314151617 1819 20 21 22 23 24 25 26 27 28 29 30 31
MAY

Mean meridional flux of latent heating at 70°N (ERAS5 data)



Atmospheric models

LMDz
Resolution: Zoom configuration with
50km in Svalbard, 95 levels
Initialisation: ERAS

(2019-05-12 at OOUTC)
Type of simulation: nudging to ERA5
outside the zoom with COSP simulator

ARPEGE

Resolution: 5-24km, 105 levels

Initialisation: 4DVar analysis
(2019-05-12 at OOUTC)

Type of simulation: “Free” Forecast

, e
Simulations:
* Operational liquid/ice partition function * CMIP7.1b vers!on

* liquid/ice partition function tested in *  CMIP7.1b version ratqs = vAx

Ricaud et al. (2020) * CMIP7.1b version ratqs = VAx;
liquid/ice partition function accordingto T and D

Simulations:
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Observations: DARDAR products

The A-Train

Radar:
* Sensitive to diameter of particules

* Detects ice cristals

e Use to determine IWC

Lidar:

* Sensitive to concentration of small particules

* Detects small cristals and liquid droplets

. IWC, LWC
. Hydrometeores categorization - Use to determine LWC and IWC

Delanoé and Hogan (2008, 2010), Clémantyne AUBRY’s PhD



Example of one satellites overpass:
#2019133004652_ 69455 crossing warm and cold front

DARDAR Products : 20190513 02UTC
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Comparison of IWC

Shading: IWC (g.m3) ; black contours: Cloud Fraction at 2019-05-13 QUTC

IWC : DARDAR at model
resolution

DARDAR obs

IWC : model resolution
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Are the DARDAR observations representative of the grid box ?

MODIS Cloud Fraction MODIS Cloud Fraction

at ARPEGE resolution at LMDZ resolutlon
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Pressure (hPa)

Pressure (hPa)

Comparison of hydrometeors categorization

DARDAR’s categorization: simplification

2019133004652_69455
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Model categorization (ex : LMDZ)
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Over-representation of ice in
mid-troposphere in observation

Observations :
Keep data only where there are signals from radar and lidar
simultaneously, namely :

DARDAR
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Over-representation of ice in
mid-troposphere in observation

Observations :

Keep data only where there are signals from radar and lidar

simultaneously, namely :

DARDAR
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No mask
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Distance to cloud top (m)

Ice/liquid partition function on occurrence:
according to temperature and distance to cloud top
Statistics on all satellite overpasses

Mask on backscatter/reflectivity
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LWC,
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LWC

DARDAR at model
resolution
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LwcC

Comparison of LWC
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Conclusion and outlooks

Conclusion:
*  Higher IWC with LMDZ, but IWC,, too high ? ARPEGE better in shape
*  Higher LWC with LMDZ CTRL, LMDZ better in shape (due to mask ?)
. Liquid water occurrences:

— Over-estimation at moderate negative temperature (-20° - 0°)

— Under-estimation at very negative temperature (-40°C)

— Models do not consider a dependence on distance to cloud top
—  Better with function depending on temperature and distance to cloud top

*  Changing the ice/liquid partition function in ARPEGE:
— Decreases IWC
— Allows supercooled liquid water at higher altitude
*  Changing the ice/liquid partition function in LMDZ:
— Increases IWC
— Too small LWC but well placed

Outlooks:

*  Better estimate IWC and LWC threshold for mask on water content

* Lookat ice/liquid partition function according to content and not only occurrences -> Clémantyne ?
*  Validate the percent use for model categorization
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