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Background

 Low cloud fractions have generally increased, especially over the Southern Ocean, however, 4 of the 
6 CMIP6 models studied are still underestimating this. 

 Cloud liquid water content has increased in the CMIP6 models studied, notably over the Southern 
Ocean but is still overestimated in general;

 3 of the 6 models have improved SW CRE biases and 5 of the 6 have improved LW CRE biases.
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Clouds over the Southern Ocean in the 
CMIP6 AMIP Model Outputs.

This study aims at evaluating the description of the cloud fraction, cloud liquid water content (and fraction) 
and radiation biases within six Coupled Model Intercomparison Project Phase 5 (CMIP5)[1] and 6 (CMIP6)[2] 

climate models, both globally and over the Southern Ocean using the GCM-Oriented CALIPSO Cloud Product 
CALIPSO-GOCCP [3],  as well as data from CERES [4] and the combined CERES–CloudSat–CALIPSO–MODIS 
(CCCM) dataset [5,6].

We compare the global means to those over the Southern Ocean - defined as the region confined between 
latitudes -70˚ and -50˚ and characterised by significant low cloud cover with ubiquitous supercooled liquid 
water. Many CMIP5 models had difficulty simulating these features of the Southern Ocean which resulted in 
significant radiation budget biases over this region compared with observations [7,8]. Previous studies [9,10]

showed two main biases in CMIP5 GCMs in general: too few low clouds (<3 km) and too infrequent high 
clouds. In general, the CMIP5 models do not produce enough clouds, and compensate by making clouds 
optically too thick, in order to get correct fluxes at the top of the atmosphere [11]. Cloud liquid water content 
has also previously shown to be overestimated in CMIP5 models [12].

We compared six CMIP5 models running in AMIP with their corresponding CMIP6 version (see references for 
model details). Due to the differences in availability between the different model and observation data-sets, 
climatological comparisons over a four-year period for cloud data, and 10 years for radiation data are 
made.

The results show that from CMIP5 to CMIP6: low cloud fractions have generally increased, however, 4 of the 6 
models are still underestimating this; cloud liquid water content has increased, especially over the Southern 
Ocean but this still seems to be overestimated in general; conversely, 4 of the 6 models are underestimating 
cloud liquid water fraction. The CESM2-CAM6 model overestimates all cloud properties studied and has a 
substantial shortwave cloud radiative effect (CRE) bias. Out of the models examined, GFDL seems to have 
the best fit with observations in terms of, liquid water content, cloud distribution and structure and the least 
change in cloud properties from CMIP5 to CMIP6 but is still underestimating cloud fraction and cloud liquid 
water fraction and has a significant longwave and shortwave CRE bias. 

Figure 1 (left): Spatial 
structure of cloud 
fraction with 
temperature 
gradients in the 
CALIPSO-GOCCP 
(left) and CCCM 
(right) observations. 
The temperature 
contour line bold 
represents zero 
degrees Celsius. 

Figure 2: Spatial structure of cloud fraction with temperature gradients in corresponding CMIP5 (left) and 
CMIP6 (right) models. NASA-GISS and MRI models are not shown due to limited space in the poster.

Figure 6: Spatial 
structure of mean 
cloud liquid water 
content with 
temperature 
gradients in 
corresponding 
CMIP5 (left) and 
CMIP6 (right) 
models. NASA-GISS 
and MRI models are 
not shown due to 
limited space in the 
poster.
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The cloud liquid water fraction is defined as:

𝑐𝑓 =  𝐶 [14,15]

Where C is cloud fraction (data from figures 1 and 2), 𝑞 and 𝑞 are the mixing ratios in air of cloud liquid and 
ice respectively.

Figure 3 (left): Spatial 
structure of cloud 
liquid water fraction 
with temperature 
gradients in the 
CALIPSO-GOCCP 
(left) and CCCM 
(right) observations. 

Figure 4: Spatial structure of cloud liquid water fraction with temperature gradients in corresponding CMIP5 
(left) and CMIP6 (right) models. , IPSL, MIROC, NASA-GISS and MRI models are not shown due to limited space 
in the poster.

Cloud Radiative Effect
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Shortwave (SW) CRE is calculated using the outgoing ↑ radiation as follows [13]:

𝑆𝑊 𝐶𝑅𝐸 = 𝑆𝑊 ↑  − 𝑆𝑊 ↑  

Longwave (LW) is similarly calculated. An average over 10 years of CERES data gives a Global 𝑆𝑊 𝐶𝑅𝐸 =

 −45.96 𝑊𝑚 and 𝐿𝑊 𝐶𝑅𝐸 = 28.91 𝑊𝑚 ; and Southern Ocean 𝑆𝑊 𝐶𝑅𝐸 =  −48.07 𝑊𝑚 and 𝐿𝑊 𝐶𝑅𝐸 =

29.17 𝑊𝑚 . Model biases (CERES - Model) are computed below with the % improvement from corresponding 
CMIP5 indicated in brackets. negative percentages indicate an increase in bias.

Table 1: CMIP6 models and associated energy biases and improvements from corresponding CMIP5 models

Figure 5: Spatial structure of mean cloud 
liquid water content with temperature 
gradients in the CCCM observations.
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Figure 7 (left): Relationship 
between mean cloud fraction 
and temperature globally (top) 
and over the Southern Ocean 
(bottom). The NOAA-GFDL and 
NCAR-CESM-CAM models are 
shown with the CCCM data.

Figure 8: Relationship between 
mean cloud liquid water 
content and temperature 
globally (top) and over the 
Southern Ocean (bottom). The 
NOAA-GFDL and NCAR-CESM-
CAM models are shown with the 
CCCM data.


