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Southern Ocean shortwave radiation bias in HadGEM3 and MERRA-2, compared to satellite 
measurements by CERES, is the most pronounced in January, at the peak of solar irradiance
(Fig. 1).  Cloud simulation is thought to be the dominant factor causing the bias. This can be due 
to misrepresentation of cloud fraction or cloud opacity. In HadGEM3, the bias over the Southern 
Ocean is negative (too little radiation is reflected back to space), while in MERRA-2 it is positive, 
but the magnitude and sign is dependent on latitude. The monthly mean bias peaks at -35 Wm-2 
in GA7.0, -20 Wm-2 in GA7.1 and +15 Wm-2 in MERRA-2.

We used a 10-year free-running and "nudged" global model simulations by the HadGEM3 GCM 
with GA7.0 and GA7.1 atmospheric components with resolution of about 100×140 km, and the 
MERRA-2 global reanalysis with resolution of about 50×50 km. We used the COSP lidar 
simulator to simulate backscatter measurements from the model output. This allowed us to 
perform a one-to-one comparison between the model and ceilometer cloud observations, which 
are strongly affected by attenuation in thick clouds.

We calculated cloud 
occurence based on cloud 
masking of the ceilometer 
backscatter data and 
corresponding model 
simulated backscatter, 
subsetted by month and 
latitude band (Fig. 4). In 
observations the Southern 
Ocean austral summer cloud 
fraction commonly peaked at 
100%. Models tended to 
underestimate the cloud 
fraction by about 20%.

We have analysed measurements from 5 Southern 

Ocean voyages on R/V Tangaroa (NIWA), Aurora 

Australis (Australian Antarctic Division), HMNZS 

Wellington (Royal New Zealand Navy) and 

Nathaniel B. Palmer (National Science Foundation) 

between 2015 and 2018 (Fig. 2). The 

measurements included ceilometers (Vaisala 

CL51, Lufft CHM 15k), radiosonde profiling of 

atmospheric temperature, pressure, humidity and 

wind, and ship automatic weather station data.

HadGEM3/GA7.0 generates much less liquid 
cloud and much more ice cloud than MERRA-2 at 
60°S (Fig. 3). Liquid clouds are more reflective 
than ice clouds, which explains why MERRA-2 
shows positive shortwave bias in the Southern 
Ocean and HadGEM3 shows negative bias, even 
though they both underestimate the total cloud 
cover. The difference does not appear to be 
related to the potential temperature or the 
relative humidity fields. Differences in the 
subgrid-scale parametrisation of cloud are likely 
responsible for this difference.
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We evaluated Southern Ocean clouds in two models, a general circulation model (GCM) 
HadGEM3/GA7.0 and GA7.1 and a reanalysis MERRA-2, with the aim of identifying the 
causes of the large shortwave radiation biases present in many contemporary climate 
models. These biases are considered to be a limiting factor of the accuracy of future climate
projections in the Southern Hemisphere.
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We found that HadGEM3 and MERRA-2 underestimate austral summer Southern Ocean cloud occurrence by 18–25% 
compared to ship observations, with predominanly low cloud (< 2 km) present in observations but not in the models. Lack 
of cloud fraction appears to be the main cause of the shortwave radiation bias, which reaches 20 Wm-2 in HadGEM3/
GA7.1 and 15 Wm-2 in MERRA-2 in January between 60 and 65°S. The models differ substantially in their representation 
of cloud phase. Boundary layer thermodynamics is highly correlated with cloud base in observations, but not in either of 
the models, suggesting that subgrid-scale parametrisation in relatively calm conditions rather than large scale 
dynamics is responsible for the lack of cloud cover in the models. Situations when sea surface temperature is higher than 
surface air temperature show the greatest bias, which should be the focus of futher studies.

Cloud base height and stability
Cloud base height (CBH) and metrics based on 
boundary layer stability show strong 
correspondence in radiosonde/ceilometer 
observations but not in the models (Fig. 5). 
Lifting condensation level (LCL) and sea 
surface temperature (SST) lifting level (SLL), 
defined as level to which an air parcel at SST 
would rise by buoyancy, are shown to be a very 
good predictor for CBH. Misrepresentation of 
the boundary layer cloud formation process 
dependent on stability conditions is likely the 
key contributor to the model cloud fraction 
bias.

Fig. 5


