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Key points:  

  

--Progression from CESM1.1 to CESM1.3 is documented with improved physics and better 

simulation of low clouds in CESM1.3 compared to CESM1.1 

 

--Southern Hemisphere storm tracks intensify in closer agreement with observations with 

higher resolution in the atmosphere except in the model version with older physics 

 

--Deficient physics in the atmospheric model can negate the gains attained by higher 

resolution in atmosphere and ocean. 

 

 

Plain language summary:  Southern Hemisphere storm tracks intensify in closer agreement 

with observations with higher resolution in the atmosphere except in the model version with 

older physics, such that deficient physics in the atmospheric model, which produce less low 

clouds, a reduced meridional SST gradient, and weaker storms in the Southern Hemisphere, 

can negate the gains attained by higher resolution in atmosphere and ocean. 

 

 

 

Two high-resolution versions of a coupled Earth system model (CESM1.3: 0.25˚-

atmosphere, 1˚-ocean; CESM1.1: 0.25˚-atmosphere, 0.1˚-ocean) are compared to the 

standard resolution CESM1.1 and CESM1.3 (1˚-atmosphere, 1˚-ocean).  The CESM1.3 

versions are documented, and the consequences of model resolution, air-sea coupling, 

and physics in the atmospheric models are studied with regards to storm tracks in the 

Southern Hemisphere as represented by 850 hPa eddy kinetic energy.  Increasing the 

resolution from 1˚ to 0.25˚ in the atmosphere (same physics) coupled to the 1˚-ocean 

intensifies the strength of the storm tracks closer to observations.  The 0.25˚-atmosphere 

with the older CESM1.1 physics coupled to the 0.1˚-ocean has fewer low clouds, warmer 
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Southern Ocean SSTs, a weaker meridional temperature gradient, and a degraded 

storm track simulation compared to the 0.25˚-atmosphere with CESM1.3 physics 

coupled to the 1˚-ocean.  Therefore, deficient physics in the atmospheric model can 

negate the gains attained by higher resolution in atmosphere and ocean. 

 

1.  Introduction 

There is extensive literature documenting the benefits of higher horizontal resolution in an 

atmospheric model for better simulating atmospheric dynamics (e.g. Shaffrey et al., 2009; 

Hertwig et al., 2015; Roberts et al., 2018).  In most cases, improvements in atmospheric 

model resolution are implemented in models with either the same physics or improved 

physics as successive generations of models typically evolve with joint advances in both 

resolution and physics.  Therefore, it is usually assumed that higher horizontal resolution will 

produce better simulations of midlatitude storm systems, and thus improved representations 

of storm tracks (Hertwig et al., 2015).  Other factors can contribute to improved simulations 

of storm tracks, such as warmer base-state midlatitude sea surface temperatures (SSTs) that 

have been shown to produce better-simulated storm tracks in different ocean model  

resolutions with the same atmospheric model resolution (Small et al., 2018). 

 

Here we study historical simulations with variants of the Community Earth System Model 

version 1 (CESM1) that evolved from CESM1.1 to CESM1.3, and provide documentation of 

these various model configurations that involve different atmospheric model resolutions, with 

different convection and cloud physics formulations, coupled to different ocean model 

resolutions.  Though some limited CESM1.3 results have appeared in the literature before 

(e.g. Baker et al., 2015), this paper represents the first detailed documentation of CESM1.3.  
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The goal is to identify the combination of model resolution and physics that can produce an 

improved simulation of Southern Hemisphere midlatitude storm tracks.   

 

The seasonal cycle of storm tracks in the Southern Hemisphere is weaker than their Northern 

Hemisphere counterparts, but not negligible (Trenberth 1991). The summer is marked by a 

single atmospheric jet stream and a narrowly confined storm track, whilst the winter exhibits 

a sub-tropical jet and polar-front jet with most of the near-surface storm track activity 

associated with the latter (Trenberth 1991, Nakamura and Shimpo 2004) but it is broader in 

latitudinal extent than summer. Here we focus on Southern Hemisphere winter.  

 

There is a marked zonal asymmetry with stronger storm tracks in the Atlantic and Indian 

Ocean than in the Pacific (Trenberth 1991, Hoskins and Hodges 2005) and previous work has 

shown that the zonal structure is sensitive to both tropical SST and teleconnections, as well as 

midlatitude SST gradients (Inatsu and Hoskins 2004). Furthermore, the atmospheric jet 

stream and low cloud cover are related (Grise and Polvani 2014, Bony et al. 2015, Ceppi and 

Hartmann 2015). For example, cloud shortwave forcing can produce changes in surface 

energy balance and meridional SST gradients that can affect baroclinicity and the consequent 

strength of the jet stream (Ceppi et al., 2012).  Thus, simulating Southern Hemisphere storm 

tracks is a strong test of a model in that it has to reasonably represent large-scale dynamics as 

well as low clouds and SST gradients. 

 

Here we hypothesize that the model with older physics, which produces less low clouds, will 

simulate a reduced meridional SST gradient across the Southern Ocean with reduced 

baroclinicity and a weaker storm track in spite of having higher resolution that could 

contribute to a stronger storm track. 
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2.  Documentation of model configurations 

Versions of the CESM1 (Hurrell et al. 2013) analyzed here use the CAM5 atmospheric model 

(Park et al., 2014) with finite volume (FV, used in the CESM1.1 large ensemble version, Kay 

et al., 2015) and spectral element (SE, in CESM1.3 versions) dynamical cores (Dennis et al. 

2012).   Other components are the Community Ice Code version 4 for sea ice (CICE4, Hunke 

and Lipscomb 2008), the Parallel Ocean Program version 2 for the ocean (POP2, Smith et al. 

2010, Danabasoglu et al. 2011), and the Community Land Model version 4 (CLM4, 

Lawrence et al. 2011) with the River Transport Model version 1 (RTM1). 

 

As summarized in Meehl et al. (2013 and references therein), CAM5 in these CESM1 

versions added a number of new advances from its predecessor CAM4, including a new 

boundary layer, shallow convection, radiation and microphysics schemes, as well as fully 

interactive aerosols. Amongst the features seen in CAM5 simulations are improved 

representations of cloud properties such as total cloud amount, optically thick cloud amount, 

and midlevel cloud (e.g. Kay et al. 2012, Medeiros et al. 2012), as well as reduced resolution 

dependence of certain fields such as short and long –wave cloud forcing (Bacmeister et al. 

2014).   

 

In the simulations analyzed here, CAM5 has a horizontal resolution of either 1.0 º or 0.25º 

and the standard 30 levels in the vertical, with a model top of 3hPa.  The POP2 model has a 

nominal grid spacing of either 1.0 º or 0.1º. The 1.0 resolution version has a displaced North 

Pole over Greenland and refinement at the equator of approximately 30km in latitude and 

125km in longitude.  The 0.1 version of POP2 uses a tripole grid with two poles in the 
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Northern Hemisphere over North America and Asia and horizontal resolution decreasing 

from 11km at the equator to 2.5km at high latitudes. The 0.1 ocean configuration is similar 

to that used in McClean et al. (2011) and Kirtman et al. (2012). The 0.1 ocean model uses 

partial cell topography (Adcroft et al, 1997) with a maximum depth of 6000m (62 levels), 

while the 1 ocean model uses full cell topography with a maximum depth of 5500m (60 

levels).  The land and sea ice models are run at the same resolution and grid as the 

atmosphere and ocean models respectively. 

 

The various coupled models are shown in Table 1 and are described here.  The fully-coupled 

CESM1.3 simulations using the 1 and 0.25 versions of CAM5 with the SE dynamical core 

coupled to the 1 ocean/sea-ice (hereafter ‘1x1_v1.3’ with three ensemble members; and 

‘0.25x1_v1.3’ with two ensemble members, respectively) were conducted with the CESM1.3 

beta 17 model version.  Experiments with this version were designed to perform higher 

resolution atmospheric simulations with improved model physics.  Note that a new version of 

the SE dycore in CESM2 (not used here) has several improvements for high resolution 

applications such as a dry-mass vertical coordinate, condensate loading, rigorous energy 

formulation that includes condensates and much improved viscosity (Lauritzen et al., 2019). 

 

CESM1.1 fully-coupled simulations with the FV dynamical core in CAM5 with ocean and 

sea ice at 1 (hereafter ‘1x1_v1.1’) were those produced for the CESM1 Large Ensemble 

(Kay et al. 2015). We analyze 42 members from this ensemble.  Subsampling this large 

ensemble with a smaller number of ensemble members closer to the ensemble size of the 

other simulations in the present paper produces similar results as shown the Supplementary 

Information.  All of these model experiments incorporate time varying natural and 

anthropogenic historical forcings (see Meehl et al. 2012, and Meehl et al 2013 for details) and 
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are analyzed for the years 1979-2005 to focus on the recent period for which reanalysis 

products are better constrained with satellite observations over the Southern Ocean. Note the 

ozone forcing differs in the 1x1_v1.1 run but has little impact in the winter season.  

Simulations with the CESM1.1 with the older physics use a 0.25 version of CAM5 with the 

SE dynamical core coupled to a 0.1 resolution ocean/sea-ice (hereafter ‘0.25x0.1_v1.1’, 

documented in Small et al., 2014).  This present-day control (constant year-2000 conditions) 

was run for 100 years.  As noted in Small et al (2014), "present-day” (year 2000) greenhouse 

gas condition (fixed CO2 concentration of 367 ppm) was chosen to facilitate direct 

comparisons with recent-era observations.  There were 10 years of daily data saved from that 

run and are analyzed here.  While internal decadal variability could play a factor in 

influencing the results if a greater number of years was available for analysis, and this is 

certainly a caveat that must accompany these results, the AMIP experiments for longer 

averaging periods (discussed below in Fig. 1) indicate similar results with the older physics in 

the amip_0.25d_v1.1 compared to the newer physics in the CESM1.3 version 

amip_0.25d_v1.3.  A subsequent extension of the original Small et al (2014) simulation for 

years 2001-2015 where daily data was saved (Fig. S3) shows very similar results to the 

constant year-2000 run in Fig. 1d.  Additionally, the processes and mechanisms invoked 

below indicate physical consistency across the different model resolutions and versions.  

 

We also conducted three atmosphere/land-only AMIP-style experiments with observed time-

evolving SSTs from 1979-2005 (where AMIP denotes Atmospheric Model Intercomparison 

Project, typically an atmospheric model run with observed SSTs).   The observed SSTs (also 

used in Fig. 2c) are 1 resolution from Hurrell et al (2008) and can be found at 

https://climatedataguide.ucar.edu/climate-data/merged-hadley-noaaoi-sea-surface-

temperature-sea-ice-concentration-hurrell-et-al-2008.  In the 0.25 atmosphere versions, the 
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surface fluxes are calculated on the atmospheric model grid (Zarzycki et al., 2016).  All of 

these were conducted with the SE-dycore. One used the CESM1.3 version at 1 resolution 

(‘amip_1d_v1.3’), another the CESM1.3 version at 0.25 resolution (‘amip_0.25d_v1.3’), 

and the third used the CESM1.1 at 0.25 resolution (‘amip_0.25d_v1.1’). As shown in Table 

1, the ‘amip_1d_v1.3’ is the AMIP version of 1x1_v1.3 for direct comparison with the 

coupled run and to test the influence of the air-sea coupling.  The ‘amip_0.25d_v1.3’ is the 

AMIP version of 0.25x1_v1.3 but uses an earlier version specifically called CESM1.3 beta 

02, and ‘amip_0.25d_v1.1’ is the AMIP version of 0.25x0.1_v1.1. 

The evolution from CESM1.1 to CESM1.3 included a CESM1.2 version (e.g. Tilmes et al., 

2015; Brady et al., 2019):  

http://www.cesm.ucar.edu/models/cesm1.2/tags/index.html#CESM1_2_2_1.  

 

From versions of CESM1.1 that had both the FV and SE dycores, the progression from 

CESM1.1 to CESM1.2 (and also in CESM1.3) involved a change from Eulerian to 

Lagrangian vertical advection within the SE-dycore that increased low clouds in better 

agreement with observations. Then progressing from CESM1.2 to the CESM1.3 development 

series (e.g. some results shown in Baker et al., 2015, with no model description), there are 

five notable changes. The first is a minor microphysics rearrangement changing the order of 

operations relating to cloud and atmospheric water content as well as a bug fix to the 

microphysics code. The second occurred within the radiation code (RRTMG) in which there 

was a fix in the calculation of radiation to reduce spikes in surface temperature that 

occasionally occurred at a few grid points. This was not a climate-changing effect unless very 

high temperatures occurred. Third and fourth were updates to the heterogeneous freezing 

code and a new gravity wave scheme, respectively. Finally, throughout the CESM1.3 

development series, there were changes to dust tuning and soil erodibility. Though a new land 

http://www.cesm.ucar.edu/models/cesm1.2/tags/index.html#CESM1_2_2_1
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model, CLM4.5, was an option in the CESM1.2 and CESM1.3 model versions, the CLM4 

land model is used in all of simulations considered here.  The CESM1.3 model code can be 

obtained at http://www.cesm.ucar.edu/experiments/ with permission from the CESM Chief 

Scientist. 

 

Using AMIP simulations simulating the present day period used within this study (1979-

2004) for each incremental model version, we find that the most impactful developments are 

the changes to vertical advection, the gravity wave scheme, dust parameterization, and 

changing from the FV to the SE dycore. The largest improvements in the model’s 

representation of clouds and the position of the Southern Hemisphere jet occur in the upgrade 

from FV to SE and with the changes in vertical advection (occurring between the CESM1.1 

and CESM1.2 versions). The change associated with the microphysics (occurring between 

CESM1.3 beta 02 and beta 17) appears to have degraded the representation of high clouds in 

the northern hemisphere midlatitudes as well as low clouds at all latitudes. Though degraded 

from the CESM1.3 beta 02 representation, the results are still a large improvement over the 

CESM1.1 code using the FV dycore. 

 

The major outcome of the physics changes in the CESM1.3 beta 17 version compared to the 

other versions of CESM1.1 and CESM1.2 is that the high and low cloud simulation is 

improved, with general increases in low cloud in CESM1.3 in better agreement with 

observations.  This change in low clouds will prove to be important in the analyses below. 

 

We represent storm tracks here as 850 hPa eddy kinetic energy (Maloney, 2009) as given by: 

 

EKE= (U’
2 
+ V’

2 
)/2 

http://www.cesm.ucar.edu/experiments/
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where the prime represents the 2.5-6 days bandpass filter.   

 

 

 3.  Results   

a. Storm tracks and meridional temperature gradient  

The storm tracks for JJA represented by the 850 hPa EKE in ERA-Interim reanalysis (Fig. 

1e) are strong in the midlatitude Atlantic Ocean and Indian Oceans, and weaker in the Pacific 

Ocean as noted above (e.g. Hoskins and Hodges 2005). The storm track EKE maxima in the 

southeast Pacific is centered near 45˚S, and in the southern Atlantic/Indian Oceans at about 

55˚S, indicating more influence of the subtropical jet in the former basin and subpolar jets in 

the latter (Nakamura and Shimpo 2004).  Looking in more detail, the strongest EKE is south 

and east of South Africa and there is a secondary maximum off Antarctica at around the 

dateline. The growth of storms in the Atlantic and Indian Ocean is generally attributed to 

cyclogenesis in the lee of the Andes, followed by some strengthening by meridional SST 

gradients (Hoskins and Hodges 2005, Nakamura and Shimpo 2004). The local maximum off 

Antartica (~180, near Cape Adare and Ross Sea) has been noted by, for example, Hoskins 

and Hodges (2005) as the termination area of storms that spiral in towards Antarctica from 

the southern Indian Ocean and south of Australia.   

 

The corresponding EKE values for the fully coupled versions of CESM1, 1x1_v1.1, 1x1_v1.3, 

0.25x1_v1.3, and 0.25x0.1_v1.1, are shown in Fig. 1a through d, respectively.  All model 

versions simulate midlatitude storm track EKE maxima in the southeast Pacific near 45˚S, 

and in the southern Atlantic/Indian Oceans near 55˚S in agreement with the observations as 

represented by the ERA-Interim reanalysis (Fig. 1e).  For the one degree CESM1 versions, 
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the improved physics in 1x1_v1.3 (Fig. 1b) compared to 1x1_v1.1 (Fig. 1a) show increases in 

storm track strength in the south Atlantic of about 15% (maxima greater than 17 m
2
 sec

-2 
in 

1x1_v1.3 compared to about 16 m
2
 sec

-2
 in 1x1_v1.1).  However, these simulated EKE values 

in the 1˚ versions are weaker than the reanalysis values of around 19 m
2
 sec

-2
 in that region in 

Fig. 1e by about 20%. 

 

With increased resolution in the atmosphere in 0.25x1_v1.3 (Fig. 1c), as could be expected 

from the discussion above, the storm track intensity increases by about 20% compared to the 

1˚ versions in Fig. 1a,b, in closer agreement to the reanalysis (Fig. 1e).  However, with that 

same resolution in the atmosphere but with the older physics, and in spite of increased 

resolution in the ocean to 0.1˚, in 0.25x0.1_v1.1 the storm tracks weaken by about 15% and 

shift southward (Fig. 1d) compared to the CESM1.3 with improved physics in 0.25x1_v1.3 

(Fig. 1c) and the reanalysis (Fig. 1e). A notable feature of the 0.25 coupled simulations and 

the 0.25 AMIP simulations is that they show the local maximum off Antarctica at around 

180 (Figs. 1c,d,g,h), consistent with ERA interim, but not seen in the 1 models (Fig. 1a,b,f).  

This is consistent with previous research that has shown higher resolution in the atmosphere 

can better resolve storm dynamics and thus produce better storm tracks (e.g. Roberts et al., 

2018).  Additionally, the more highly resolved topography of the Antarctic coastline 

contributes to better simulation of the storms as they near Antarctica (Uotila et al., 2009). 

 

Though we focus here on results for the Southern Hemisphere, these storm track responses as 

a function of model version can be generalized to the Northern Hemisphere (Fig. S1).  

Subsampling the large ensemble in Fig. 1a by randomly selecting three members produces 

similar results in Fig. S2b to that in Fig. 1a (and repeated in Fig. S2a) with maximum EKE 
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differences of only about 3% which are well below the differences of 10-20% shown for 

other model versions. 

 

It has been noted that the equator-to-pole midtropospheric temperature gradient is a measure 

of the broadscale baroclinicity of the atmosphere as it is required to move excess heat from 

the tropics poleward in part by midlatitude eddies (e.g. Harvey et al., 2014).  Thus, the 

equator-to-pole temperature gradient is related to changes in storm tracks, as represented by 

EKE in Fig. 1.  The meridional temperature gradient in Fig. 2a shows the differences of 

annual mean 500 hPa temperatures at 70-90˚S minus 0-20˚S.  Annual means are shown in Fig. 

2 since the manifestations of JJA storm tracks receive contributions from processes 

throughout the year that effect seasonal SSTs and corresponding mid-tropospheric 

temperature gradients (e.g. van Loon, 1967; seasonal values are qualitatively similar, not 

shown).  Average values of this difference are about 33˚C for the reanalysis.  Both the 

1x1_v1.1 and 1x1_v1.3 have mean values near 33.1˚C that is within the error bars of the 

reanalysis.  The small increases in storm track intensity in 1x1_v1.3 compared to 1x1_v1.1 in 

Fig. 1a are likely related to either sampling or the dynamical core (SE in the former, FV in 

the latter).  Either way, both are considerably weaker than the reanalysis in spite of having 

comparable meridional temperature gradients.  As noted above, the 0.25x1_v1.3 has larger 

values of EKE closer to observations than either of the 1˚ versions (1x1_v1.1 or 1x1_v1.3).  

This is likely due to either the increased atmospheric model resolution in the former, or to the 

increased meridional temperature gradient with a value in the former of about 33.9˚C 

compared to around 33.1˚C in the latter (Fig. 2a).  However, the weakened storm tracks in 

0.25x0.1_v1.1 compared to 0.25x1_v1.3 (Fig. 1c,d) are consistent with the weaker meridional 

temperature gradient in the former compared to the latter (32.1˚C vs 33.9˚C, respectively).  

The weakening of the storm tracks in 0.25x0.1_v1.1 appears to have a strong contribution 
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from changes in meridional temperature gradient that could relate to the different physics 

formulations.   Thus there are two things going on in these simulations.  First the meridional 

temperature gradient can contribute to storm track strength, all else being equal.  Second, the 

atmospheric model resolution is changing, and higher resolution better resolves storm 

dynamics and can produce increases in EKE.  Therefore, the 1x1 versions have a well-

simulated meridional temperature gradient but do not have high enough atmospheric 

resolution to produce a good simulation of EKE.  But the 0.25˚ versions have contrasting 

meridional temperature gradients (with 1.3 better than 1.1) such that those temperature 

gradients are making the major contribution to the changes in EKE.   

 

Another possibility is that explicit ocean eddies in in 0.25x0.1_v1.1 versus parameterized 

ocean eddies in 0.25x1_v1.3 could be playing a role.  However, Small et al., (2018) note that 

versions of CESM1 with a 0.1˚ ocean compared to a 1˚ ocean, both coupled to the same 0.25 

˚ atmosphere with the same physics, produces somewhat greater meridional SST gradients in 

the Southern Ocean and increased baroclinicity (their Figs. 4, 9, and 12).  Since the opposite 

is occurring here, something else is overwhelming the tendency that could be expected for a 

higher resolution ocean to contribute to increased baroclinicity and more intense atmospheric 

eddies over the Southern Ocean. 

 

b. The role of physics and coupling  

As noted above, the atmospheric model in 0.25x0.1_v1.1 has a previous version of the 

physics dating from CESM1.1.  There are lower SSTs in the midlatitude Southern Ocean 

where the SST differential between these two 0.25˚ versions over 40-50˚S is around 1˚C (Fig. 

2b), while the differential is negligible near 20˚S.  This can be traced to the improvements in 

physics in the CAM5 added in 0.25x1_v1.3 (CESM1.3 beta 17) that produce more low 
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clouds over the Southern Ocean (Fig. 2c).  For example at 50˚S, there are low cloud fractions 

of about 0.72 in 0.25x1_v1.3 and only 0.66 in 0.25x0.1_v1.1. This large low cloud contrast 

contributes to changes in the surface energy balance and an increased meridional SST 

gradient in 0.25x1_v1.3.   This can be attributed in part to the larger low cloud fraction in 

0.25x1_v1.3 over the Southern Ocean near 50˚S that results in less incoming solar (111.4 W 

m
-2

)  compared to 0.25x0.1_v1.1  (119.1 Wm-
-2

) in Table 1.  The net surface energy flux near 

50˚S is about 4 W m
-2

 less in 0.25x1_v1.3 compared to 0.25x0.1_v1.1.  Thus the 

improvement in physics in 0.25x1_v1.3 increases midlatitude low clouds, decreases incoming 

solar radiation at the surface, decreases midlatitude SSTs, and contributes to an increased 

meridional temperature gradient, and stronger storm tracks in 0.25x1_v1.3 compared to 

0.25x0.1_v1.1.  

 

This change in physics is also evident in comparing the 1x1_v1.1 with 1x1_v1.3. 

 In the former there are decreased low clouds, increased net solar at the surface, and increased 

midlatitude SSTs compared to the latter.  It is likely that linkages to cloud and SST changes 

are contributing to the slightly stronger storm track in 1x1_v1.3 (Fig. 1b) compared to 

1x1_v1.1 (Fig. 1a). The changes in SST gradient are not reflected in the midtropospheric 

temperature gradient and the storm track simulations, though both are weaker than reanalysis, 

and are more comparable than the 0.25˚ atmospheric model versions.  The exact reasons for 

these features in the vertical are beyond the scope of the present paper but likely involve 

differences in vertical mixing and boundary layer processes in the 1˚ versions compared to 

the 0.25˚ versions. 

 

Another interesting aspect of these differences in atmospheric model physics is that the 

changes in low clouds and altered storm tracks show up most strongly in the coupled model 
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versions.  In AMIP runs with the two 0.25˚ atmospheric model versions (amip_0.25d_v1.1 

and amip_0.25d_v1.3), the low cloud simulations are nearly the same in association with 

identical SST specifications in the AMIP configuration, with somewhat greater low cloud 

amounts in the midlatitudes in amip_1d_v1.3 (Fig. S5).  There is only a marginal increase in 

storm track strength in the AMIP versions of CESM1.3 going from 1˚ to 0.25˚ (Fig. 1f,g) 

with a slight weakening of midtropospheric meridional temperature gradient (Fig. S4).  This 

is in contrast with the nearly 20% increase in storm track strength in the coupled versions of 

those models (Fig. 1b,c) and the much stronger meridional temperature gradient at higher 

resolution (Fig. 2a).  Similarly, the AMIP version of 0.25x0.1_v1.1 shows a comparable 

storm track strength compared to the AMIP version of 0.25x1_v1.3 (Fig. 1g,h) with similar 

meridional temperature gradients (Fig. S4).  But there is a considerable weakening of storm 

tracks and meridional temperature gradients comparing the two 0.25˚ coupled versions (Fig. 

1c,d; and Fig. 2a, respectively).  This points to the importance of air-sea coupling in the 

physics changes that affect the simulation of low clouds and their impacts on surface energy 

balance, meridional temperature gradient, and storm tracks.  These connections between 

meridional SST gradient, low level winds, and baroclinicity over a large area of the Southern 

Ocean were demonstrated by Small et al. (2018, their Figs. 4, 6, and 12). 

 

Some previous studies (e.g. Sheldon et al., 2017; Small, et al., 2018) hypothesize that, in 

addition to the meridional SST gradient, the  base state SST  also can have a significant 

impact on the storm track simulation through latent heat flux from the surface.  Based on Fig. 

2b, it was noted earlier that 0.25x0.1_v1.1 with the older physics has warmer midlatitude 

SSTs by about 1˚C compared to 0.25x1_v1.3.  Yet the former has considerably weaker storm 

tracks than the latter, indicating that the effects of meridional temperature gradient (weaker in 
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the former compared to the latter, Fig. 2a) contribute more to storm track strength than 

background base state SSTs in these simulations. 

 

4.  Summary  

The previous physics in the CAM5 version in 0.25x0.1_v1.1 produce fewer low clouds, 

allowing sunlight to heat the surface more in the midlatitudes than the tropics, thus 

weakening the meridional temperature gradient, reducing baroclinicity, and producing lower 

values of EKE and a degraded storm track simulation compared to 0.25x1_v1.3 with 

improved physics.  These changes in atmospheric model physics outweigh base state values 

of SST and changes in ocean model resolution.  The implications of this result are that simply 

improving resolution in atmosphere or ocean does not guarantee a better simulation of 

climate system dynamics.  Instead, it is the combination of improved physics and improved 

resolution in the atmosphere that produce a better simulation of Southern Hemisphere storm 

tracks in 0.25x1_v1.3 represented by 850 hPa EKE. 
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Table 1 Summary of experiments and surface energy balance over the ocean at 50°S 

Coupled Model simulations 

No.       Experiments            Model Version           Air-Res      Ocean-Res            Period                   

members  

1            1x1_v1.1              CESM-LENS-1.1             1°                1°                 1979-2005                          

42 

2            1x1_v1.3              CESM1.3-beta17              1°                1°                 1979-2005                            

3 

3         0.25x1_v1.3            CESM1.3-beta17              0.25°           1°   1979-2005                            

2 

4        0.25x0.1_v1.1            CESM1.1-ASD               0.25°           0.1°        Present Day (monthly data        

1 

                                                                                                                      27 years, daily data 10 years)  

Atmosphere-only Model simulations (AMIP) 

5        amip_1d_v1.3           CESM1.3-beta17            1°                 —                 1979-2005                          1 

6       amip_0.25d_v1.3       CESM1.3-beta17            0.25°            —                 1979-2005                          1 

7       amip_0.25d_v1.1        CESM1.1-ASD              0.25°            —                 1979-2005                          

1 
 

Surface Energy Balance over the ocean at 50°S 

 Experiments          Solar flux        Longwave flux        Sensible Heat flux         Latent Heat flux        Net 

     1x1_v1.1              117.64                  40.87                         10.71                         54.05                  12.01↓ 

     1x1_v1.3              115.01                  38.49                         12.50                         53.51                  10.51↓ 

  0.25x1_v1.3            111.40                  36.58                           9.87                                          52.51                  12.44↓ 

0.25x0.1_v1.1           119.06                  39.96                           8.40                         54.29                   16.41↓ 
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Figure 1:  Climatological JJA 850hPa Southern Hemisphere eddy kinetic energy (EKE), m
2
 

sec
-2

, representing storm tracks for (a) CESM1.1 (1x1_v1.1), averaged over 1979-2005; (b) 

CESM1.3 (1x1_v1.3), averaged over 1979-2005; (c) CESM1.3 (0.25x1_v1.3), averaged over 

1979-2005; (d) CESM1.1 (0.25x0.1_v1.1), using year-2000 radiative forcings (27 years).; e) 

ERA-Interim averaged over 1979-2005; f) same as (b) except for the AMIP version 

(amip_1d_v1.3); g) same as (c) except for the AMIP version (amip_0.25d_v1.3); h) same as 

(d) except for the AMIP version (amip_0.25d_v1.1).  Dotted latitude lines are plotted every 

15˚, at 15˚S, 30˚S, 45˚S, 60˚S,  and 75˚S. 

 



 

 
©2019 American Geophysical Union. All rights reserved. 

 

Figure 2: Climatological annual zonal-mean a) 500 hPa meridional temperature difference, 

lower latitudes (0-20˚S) minus higher latitudes (70-90˚S), ˚C, ERA-Interim and CESM 

coupled simulations noted by bar colors at bottom of panel; for each simulation, the black 

reference line is the average, with the top and bottom of each bar the +/- one standard 

deviation values multiplied by 

√                                                                         

                                    across the different model versions with  

different numbers of ensemble members;  b) zonal mean SSTs from 60˚S to 10˚S, ˚C, model 

values computed in reference to the observations, model color key in upper right, shading 

indicates range across the ensemble; c) same as (b) except for low cloud fraction (shading 

across ensemble range is plotted but ensemble range is small).  


