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Motivation
* Mixed-phase clouds are thermodynamically unstable, yet they have
extensive distributions over the Southern Ocean and Antarctica.
* Using satellite observations, the validation of global climate models (GCM)s
shows that the models often overlook supercooled liquid water over the
Southern Ocean.
* Two highlights of this study: (1) we developed a scale-aware comparison
between observations and simulations across scales from hundreds of meters o
to hundreds of kilometers; (2) evaluation of NCAR Community Atmosphere Py
Model (CAM) is conducted for three cloud phases separately.

NSF ORCAS campaign Research Flight 17 compared with National Center for Atmospheric
Center (NCAR) Community Atmosphere Model Version 5 (CAMS) simulation
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DOE/NSF AWARE Campaign March 2, 2016: Stratiform Clouds

Observed Temperature Sounding
DlscrepanC|eS I n the . : : : : Mchlﬂurdo lCIoulehasel [KAZF & H5|RL; 2?15]

and CAM6 Temper§ture Profile
locations of 90% ice cloud
phase ratio in climate model
and satellite observations
(Cesana et al. 2015, using
CALIPSO-GOCCP)

Date and Time (MM/DD HH:MM)

NSF SOCRATES Research Flight 09 and collocated CAM6 simulation

» liquid phase

Obs-200s:
CAM-colloc:
- | CAM-domain:

liquid phase
liquid phase

Liquid | mixed phase
Liquid | mixed phase

Ice | mixed phase
Ice | mixed phase

ice phase
ice phase

» mixed phase

= = =« liquid phase = = =+ Liquid | mixed phase - = = Ice | mixed phase - = = ice phase

satellite

T 10000
Obs Temp

———— CAM6 Temp

Liquid saturation assumption in GCMs

9000

Unknown
8000 -

-20°C=< T<-10°C
A B
-20°<T<-10°C H
LWCICWC>0.9
1sec: 512

LWC/CcWC=0.9

100 sec: 0

200 sec: 0
CAM-domain: 4845
CAM-colloc: 700

-30°C< T<-20°C -40°C< T< -30°C

-40° <T<-30°C
LWC/CWC >0.9

1sec: 67

10 sec: 24
25sec: 5

50 sec: 0

100 sec: 0

200 sec: 0
CAM-domain: 0
CAM-colloc: 0

-10°C<T<0°C

-10°<T<0°C
LWC/CWC >0.9

1 sec: 2907

10 sec: 2260

: 25 sec: 1204

50 sec: 653

100 sec: 187

200 sec: 0
CAM-domain: 55861
CAM-colloc: 2496

L4 LAl

7000

-30°<T=-20°C
LWC/CWC>0.9
1sec: 302

10 sec: 199
20 sect132

50 sec: 76

Model misses inversion at 3km

e

6000

5000

S)
(V]
—
=
e
©
-
(]
Q.
S
[t

Altitude (m AGL)
Altitude (m AGL)

Cloud Phase

«!‘?W

(1) ice 04:13:28.327, us-l'u .0, md m

v T - " sr |

04:13:28.335, !AS-IO 0 md.d- 0. m 'nrtu:les
) |

4000

CAMSG ice -
Obs ice

.TIIIII I

Cl.l 100 sec: 47
200 sec: 0
CAM-domain: 28

CAM-colloc: 0
[

3000

-—80 -60 -40 =20 O 20 40 60 80
Latitude (degree)

-80 -60 -40 =20 O 20 40 60 80
Latitude (degree)

2000 -

"! ' 3 l:',

No Cloud 1000 -

OBS 03052016 2200Z
0 . " ' : CAMG6 03052016 2200Z
-60 -50 -40 -30 -20 -10

Obs mixed

1. How do we conduct scare-aware comparisons between observations and GCM simulations?
2. What are the typical cloud characteristics that the NCAR CAM model misrepresent?
3. What are the lessons we learned for validating GCM cloud parameterization?

Three Field Campaigns and Instrumentations
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Comparisons of cloud phase frequency distribution in observations and simulations

Comparison “Scale-aware” Cloud phases:
set-up comparison ratio of LWC / (LWC+IWC)

0.1-0.25 km to <0.1 (ice)
20 - 50 km from 0.1 - 0.9 (mixed-phase)
near surface to > 0.9 (liquid)
UT/LS (similarto Korolev et al. 2003)
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For 0.1 < LWC/CWC < 0.9, 10 sec averaged obs show 98%, 90% and 64% of RHIig>90% from
0°C to -30°Cin 10°C bin. Consistent with previous obs (e.g., Korolev and Mazin 2003).

But for LWC/CWC £ 0.1, only 80%, 59% and 11% of RHIlig>90%, respectively.

Rotstayn et al. (2000) assumes RH = liquid saturation when ice and liquid coexist in mixed
phase clouds, regardless of the amount of liquid phase. Also used in CAM5 (Morrison and
Gettelman 2008; Gettelman et al. 2010; Gettelman and Morrison 2015), ECMWEF (Forbes
and Ahlgrimm 2014), GFDL CM2 and CM3 (Anderson et al. 2004; Donner et al. 2011).

More variability of RH may need to be allowed...

Vertical Cavity Surface Emitting Laser (VCSEL) hygrometer

— Near infrared; 25 Hz -> 1 Hz; Accuracy < 6%; Precision £ 1% (Zondlo et al. 2010)

— Combine with 0.3 K temperature uncertainties, RHice and RHIiq uncertainties are

7.5%-6.5% and 10.4%-6.4% for -69°-0°C, respectively.

Cloud probes

— Cloud droplet probe (CDP) (2-50 ym);

— Fast-Two dimensional cloud (Fast-2DC) probe (67.5-1600 um); N 2 . NN
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Conclusions

. We developed a scale-aware comparison between aircraft observations and
GCM simulations (D’Alessandro et al. 2019).

. Nudged, collocated and free-running simulations show mostly similar results for
cloud phase frequency, LWC, IWC, N,, Ny,

. Common mistakes in CAM5 and CAM6
CAMBG6 has small increase of mixed-phase cloud frequency comp. with CAM5
Southern Ocean: spatially heterogeneous mixed-phase clouds => ice clouds
Antarctica: cld frct high (low) bias > (<) 2 km; multi-layer clouds => one layer

4. Implications on validating and improving GCM cloud parameterizations

Validations are recommended for specific cloud phases.
Thermodynamic condition, especially relative humidity, may hold the key to
improve simulations of cloud phase and microphysical properties in NCAR CAM
model.
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1. The nudged and free-running simulations show much more similar to each other,
regardless of the samples size (i.e., collocated versus a larger domain). This indicates
that the differences between observations and simulations are robust.

2. CAMBG6 has slight improvements of increasing mixed-phase cloud frequency, but
still lower than observations. Adding snow produces too much ice and mixed-phase
clouds.
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Based on the analysis of an
entire year in 2016, the CAM®6
simulation nudged towards
reanalysis data overestimates
cloud fraction > 3 km, and
underestimate cloud fraction
< 3 km.
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Thermodynamic conditions in the model show warm and moist biases > 3 km, and cold and dry
biases < 3 km. This result indicates that the biases in water vapor and temperature may hold the
key to improve model simulations of ice and mixed-phase clouds at this region.
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All data are restricted to cloud water content (TWC) 2 0.01 g m-3




