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Introduction

Cirrus formation :

in situ formation (uplift in altitude) or convection




In situ cirrus:
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Presentation of the case study
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Eastern Pacific in late January 2009
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Is the mesoscale WRF model in a “default configuration” able to

reproduce a realistic cirrus event? How does it compare to
CALIPSO observations?

Why does the cloud form?

To what choices in the parametrizations/initial conditions is the
simulated cirrus sensitive ?

What are the impacts of this cirrus event on the TTL?



Outline

* Model setup and model evaluation

e Cloud formation

» Sensitivity of cloud modelling

* Cloud impact
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Presentation of the case study
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* Mesoscale modeling with the NCAR Weather Research and
Forecast model v3, in January 27-29, 2009

* Thompson scheme (2 moments for ice), (and different
sensitivities)

* 10 km horizontal resolution (tests with 4 km), about 250-300 m
vertical resolution

* Initial and boundary conditions taken from ECMWF
operational analyses (including water vapor)



Presentation of the simulation

— 30 m/s
thompson Temperature (K), at =360 K

N NN N ‘\ -~ —— —— — time=27/01 ﬂﬂ.ﬂ?.ﬂ? /

10 Csamecsrrrr | W
R . f" P o
~ P4t

3 A 4 e

¢ 4 1900 2
S P ) @
=]
g 0 o :
195
=

—10 190

—15 )
185

L L l —
—145 —140 —135 —130 —125 —120 —115
longitude

Black contours = cirrus



Model Evaluation
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Comparison to CALIOP Lidar observations :

1) Interpolation along the satellite track




Model Evaluation
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2) Use of a "Lidar simulator" to compare the simulated and observed clouds
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2) Use of a "Lidar simulator" to compare the simulated and observed clouds




Model Evaluation

CALIOP observations WRF simulation
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Points to be compared :

* Amplitude of the returned signal ("optical depth") ; can be misleading for those thin clouds
(because of instrumental noise, etc.)

* Spatial characteristics : location (altitude), extension, thickness, optical thickness
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Dynamics of cloud formation

Temperature

thompson: emperature (K), at =360 K
/

15 > ‘time=28/01 20:00:00
[ 1T

—_—

LA A SR GV ar A @ aainl
A AT A A AT
I I

A 7T T e

N
N
AN
LN
'
AN
AN
AN

latitude
o

.

—10

—15

—145 —140 —135 —130 —125 —-120 —115
longitude

— 30 m/s

210

205

1
DO
o
o

Temperature (K)

—_
Nej
ot

190

185

Cirrus limits

Correlation of the cirrus with low temperature



Vertical displacement at 36 h

(since the start of the simulation)
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The temperature decrease causes a relative humidity increase along air parcel trajectory,

which in turn causes the cloud to form.

In a Lagrangian perpective, the decrease in temperature is due to adiabatic cooling forced

by a large-scale vertical uplift. Cause of the uplift ?




Temperature

thompson: Temperature (K), at #=360 K
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ERAI : Antisymmetric
temperature and V
Tas (color) and Vs (contour), at pressure 125.0 hPa
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Sensitivity of the simulated cirrus (36 hours)
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Sensitivity of the simulated cirrus (36 hours)
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Sensitivity of the simulated cirrus (36 hours)
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Amplitude Horizontal Vertical position Structure

(IWC) position
Microphysics ++ no + no
Initial and boundary ++ ++ ++ ++
conditions
Radiation no no no no

Differences in the large-scale dynamics and water vapor (as can be found in different
analysis systems) are as important as the microphysics. They play more role to determine
the geographic structure and evolution of the cloud field, when the microphysics and the
initial water vapor essentially act on the amplitude.
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rehydrating different
layers



Default WREF able to reproduce the main cirrus characteristics

Cirrus formation due to large-scale dynamics : equatorial wave response excited by
interaction with the midlatitudes (PV intrusion)

Strong sensitivity of the modelled cloud to the initial dynamics (U, T). Initial and
boundary conditions in dynamics and in water vapor, and choices for the
microphysics parametrization affect different characteristics of the cloud field.

Cirrus impact : 0.1 K/day in radiative heating, water vertical redistribution with de
and re-hydration (- 0.5 ppm / + 0.5 ppm) (emphasized with a single column model
by Ueyama et al., 2014 or idealized simulations by Dinh et al. 2014))
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