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Abstract. The University of Victoria Earth system climate model of intermediate complexity has been a useful tool in recent 

assessments of long-term climate changes including paleo-climate modelling. Since the last official release of the UVic ESCM 

2.9, and the two official updates during the last decade, a lot of model development has taken place in multiple groups. The 

new version 2.10 of the University of Victoria Earth System Climate Model (UVic ESCM), to be used in the 6th phase of the 

coupled model intercomparison project (CMIP6), presented here combines and brings together multiple model developments 

and new components that have taken place since the last official release of the model. To set the foundation of its use, we here 

describe the UVic ESCM 2.10 and evaluate results from transient historical simulations against observational data. We find 

that the UVic ESCM 2.10 is capable of reproducing well changes in historical temperature and carbon fluxes, as well as the 

spatial distribution of many ocean tracers, like temperature, salinity, phosphate and nitrate. This is connected to a good 

representation of ocean physical properties. For the moment, there remain biases in ocean alkalinity and dissolved inorganic 

carbon, which will be addressed in the next updates to the model. 

 

 

 



 
Figure S1: Clear-sky effective radiative forcing (ERF) from sulphate aerosols in the UVic ESCM 2.10. The global mean ERF 

amounts to 0.99 W m-2, for comparison Stevens et al., 2017 have a global mean clear sky ERF of 0.67 W m-2. 
 
 
 

 
Figure S2: Comparison of radiative forcing used for the UVic ESCM for the Coupled Model Intercomparison Projects 5 and 6 
(CMIP5 and CMIP6, respectively) and the data for the historical period as given by IMAGE model (Meinshausen et al., 2011). 

Detailed description see section 2.2 of the main article. 



 
Figure S3: Vertical profiles of diffusivity in units of m2 s-1 for the model version UVic ESCM 2.9 as published by Eby et al., 2013 
with the Bryan-Lewis vertical mixing scheme and no increased mixing in the Southern Ocean (noSOmixing BL), the UVic ESCM 
2.9 as published by Keller et al., 2013 with a tidal mixing scheme increased Southern Ocean mixing and a background diffusivity 

of 0.15 (kappah=0.15 Tidal), and finally the UVic ESCM 2.10 with the same mixing scheme as Keller et al., 2013 but increased 
background diffusivity of 0.25 (kappah=0.15 Tidal). 

 
 

 
Figure S4: Ocean section of meridional overturning in units of Sv for the Atlantic Ocean including the Arctic Ocean (left column), 
the Indo-Pacific Ocean (middle column), and the global average (left column). From top to bottom are shown the published UVic 

ESCM version 2.9 by (Eby et al., 2013) spun-up and forced with CMIP6 forcing, and the UVic ESCM version 2.10, both as a mean 
of the 1980-2010 period. 

 
 
 
 
 



 

Figure S5: Schematic diagram of the global mean energy balance of the UVic ESCM 2.10. Magnitudes of the globally averaged 
energy balance components, black numbers indicate estimates directly taken from the model output, grey numbers have been 
derived by calculations given albedo values from the model, and the latent heat was calculated using the evaporation estimates 

from the model assuming a conversion factor of 2,260 kJ/kg. Uncertainty ranges are taken from (Wild et al., 2013), representing 
present day climate conditions at the beginning of the 21th century. Units Wm-2. 

 

 

Figure S6: Zonal means of temperature change of the HadCRUT median near surface temperature anomaly (grey line) (Morice et 
al., 2012) in comparison to the model version UVic ESCM 2.9 as published by Eby et al., 2013 (2.9-02 CMIP5), the UVic ESCM 2.9 
as published by Keller et al., 2013 (2.9-CE CMIP5), these models spun-up and forced with CMIP6 protocol, and the UVic ESCM 

2.10. All temperature changes are for a 30-years mean around 1995 with respect to the 1961-1990 period in K. 

 



 

Figure S7: Map of predominant plant functional types in the UVic ESCM 2.10 for the period of 1980-2010, color indicate 
broadleaf tree (green), needleleaf tree (blue), C3 and C4 grasses (yellow), crops (red) and shrubs (grey).  

 

 

Figure S8: Map showing the partitioning of the UVic ESCM into different ocean basins. 

 

 



Figure S9: Ocean section of temperature in units of °C for the Atlantic Ocean including the Arctic Ocean (left column), the Pacific 
Ocean (middle left column), the Indian Ocean (middle right column) and the global average (left column) compared to World 
Ocean Atlas 2018 (Locarnini et al., 2019). From top to bottom are shown the published UVic ESCM version 2.9 by (Eby et al., 
2013) spun-up and forced with CMIP6 forcing, the UVic ESCM version 2.10, both as a mean of the periods 1980-2010 and the 

observed ocean sections. 

 

 

Figure S10: Maps of sea surface temperature in units of °C for the published UVic ESCM version 2.9 (Eby et al., 2013) spun-up 
and forced with CMIP6 forcing, for the UVic ESCM 2.10, and for the World Ocean Atlas 2018 (Locarnini et al., 2019). 

 



 
Figure S11: Ocean section of salinity in units of psu for the Atlantic Ocean including the Arctic Ocean (left column), the Pacific 
Ocean (middle left column), the Indian Ocean (middle right column) and the global average (left column) compared to World 
Ocean Atlas 2018 (Locarnini et al., 2019). From top to bottom are shown the published UVic ESCM version 2.9 by (Eby et al., 
2013) spun-up and forced with CMIP6 forcing, the UVic ESCM version 2.10, both as a mean of the periods 1980-2010 and the 

observed ocean sections. 

 

 

Figure S12: Ocean section of PO4 in units of µmol kg-1 for the Atlantic Ocean including the Arctic Ocean (left column), the Pacific 
Ocean (middle left column), the Indian Ocean (middle right column) and the global average (left column) compared to World 

Ocean Atlas 2018 (Garcia et al., 2019). From top to bottom are shown the published UVic ESCM version 2.9 by (Eby et al., 2013) 
spun-up and forced with CMIP6 forcing, the UVic ESCM version 2.10, both as a mean of the periods 1980-2010 and the observed 

ocean sections. 
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Figure S13: Maps of sea surface PO4 in units of µmol kg-1 for the published UVic ESCM version 2.9-02 (Eby et al., 2013) spun-up 
and forced with CMIP6 forcing, for the UVic ESCM 2.10, and for the World Ocean Atlas 2018 (Garcia et al., 2019). 

 
 

 
Figure S14: Maps of sea surface NO3 in units of µmol kg-1 for the published UVic ESCM version 2.9-02 (Eby et al., 2013) spun-up 

and forced with CMIP6 forcing, for the UVic ESCM 2.10, and for the World Ocean Atlas 2018 (Garcia et al., 2019). 
 
 

 
Figure S15: Ocean section of dissolved inorganic carbon in units of µmol kg-1 for the Atlantic Ocean including the Arctic Ocean 

(left column), the Pacific Ocean (middle left column), the Indian Ocean (middle right column) and the global average (left column) 
compared to Global Ocean Data Analysis Project (GLODAP) mapped climatologies version 2 (Lauvset et al., 2016). From top to 
bottom are shown the published UVic ESCM version 2.9 by (Eby et al., 2013) spun-up and forced with CMIP6 forcing, the UVic 

ESCM version 2.10, both as a mean of the periods 1980-2010 and the observed ocean sections. 
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Figure S16: Maps of sea surface dissolved inorganic carbon in units of µmol kg-1 for the published UVic ESCM version 2.9-02 
(Eby et al., 2013) spun-up and forced with CMIP6 forcing, for the UVic ESCM 2.10, and for the Global Ocean Data Analysis 

Project (GLODAP) mapped climatologies version 2 (Lauvset et al., 2016). 
 

 
Figure S17: Ocean section of alkalinity in units of µmol kg-1 for the Atlantic Ocean including the Arctic Ocean (left column), the 
Pacific Ocean (middle left column), the Indian Ocean (middle right column) and the global average (left column) compared to 
Global Ocean Data Analysis Project (GLODAP) mapped climatologies version 2 (Lauvset et al., 2016). From top to bottom are 

shown the published UVic ESCM version 2.9 by (Eby et al., 2013) spun-up and forced with CMIP6 forcing, the UVic ESCM 
version 2.10, both as a mean of the periods 1980-2010 and the observed ocean sections. 

 
 

 
Figure S18: Maps of sea surface alkalinity in units of µmol kg-1 for the published UVic ESCM version 2.9-02 (Eby et al., 2013) 

spun-up and forced with CMIP6 forcing, for the UVic ESCM 2.10, and for the Global Ocean Data Analysis Project (GLODAP) 
mapped climatologies version 2 (Lauvset et al., 2016). 
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Figure S19: Time series of ocean heat content (OHC) anomalies with respect to the 1955 to 2006 period of the UVic ESCM 2.10 
(red line) in comparison with observations from (Levitus et al., 2012). 
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