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Clouds over the AntarcticaMotivation
• 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 
to hundreds of kilometers; (2) evaluation of NCAR Community Atmosphere 
Model (CAM) is conducted for three cloud phases separately.
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Clouds over the Southern Ocean 

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.

It is challenging to represent
complex topography around
the McMurdo Station, which
often produce katabatic wind.

Based on the analysis of an
entire year in 2016, the CAM6
simulation nudged towards
reanalysis data overestimates
cloud fraction > 3 km, and
underestimate cloud fraction
< 3 km.

Cloud microphysical properties in 
three cloud phases

AT -20°C≤T<0°C: CAM5 has twice as many 
liquid phase clouds as observations and 
much fewer mixed phase clouds
At -40°C≤T<-20°C: CAM5 underestimates 
liquid and mixed phase clouds

It is possible that satellite observations 
have biases towards observing cloud top, 
which is often liquid phase dominated. 
Thus it is important to use in-situ and 
ground-based observations as alternative 
observations approach to validate GCM 
simulations, which will complement 
spaceborne remote sensing observations 
for their limitation.

- For 0.1 ≤ LWC/CWC < 0.9, 10 sec averaged obs show 98%, 90% and 64% of RHliq>90% from 
0°C to -30°C in 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 RHliq>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), ECMWF (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…

Conclusions
1. We developed a scale-aware comparison between aircraft observations and 

GCM simulations (D’Alessandro et al. 2019).
2. Nudged, collocated and free-running simulations show mostly similar results for 

cloud phase frequency, LWC, IWC, Nice, Nliq.
3. Common mistakes in CAM5 and CAM6  

CAM6 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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