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Energy moisture balance model -
(Fanning and Weaver, 1996; UVIC ESCM
Weaver et al., 2001, Eby et al., 2013) (Weaver et al., 2001)
- -2dmensional - Earth system model of
- prescribed cloud map and wind fields intermediate complexity (EMIC)
with thermodynamic feedback - horizontal resolution:
3.6° longitude x 1.8° latitude Dynamic vegetation model
Sea ice model - spun-up following CMIP6 protocol (Meissner et al., 2003 & 2012)
(Bitz et al., 2001; Hunke and Dukowicz, 1997) .
- 5 plant functional types

- thermodynamic-dynamic scheme

- elastic visco-plastic rheology
Land surface model

Ocean general circulation model (Avis et al., 2011; MacDougall et al., 2012)

(Pacanowski, 1995) - 14 subsurface levels
- top 8 layers are hydrologically active

- Modular Ocean Model Version 2 ! _ _
- multi-layer representation of soil carbon

- tidal mixing scheme
- Updated air-sea gas exchange

Ocean biogeochemistry Permafrost carbon model
(Keller et al., 2012) (MacDougall & Knutti 2016)
- organic and inorganic carbon - diffusion based scheme ‘@ @ |

Based on the publication: Mengis, N., Keller, D. P, MacDougall, A., Eby, M., Wright, N., Meissner, K. J., Oschlies, A., Schmittner, A., Matthews, H. D., and Zickfeld, K.:
Evaluation of the University of Victoria Earth System Climate Model version 2.10 (UVic ESCM 2.10), Geosci. Model Dev. Discuss., https://doi.org/10.5194/gmd-2019-373,

Marine sediment mOdeI (ArCher, 1996) in review, 2020. contact- nmengis@geomar de
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Figure 6: Vegetation carbon density for the 1960-2000 period in units of kg C m™ from the revised CDIAC NDP-017 dataset

(Olson et al., 2001) (left, and grey line) and the UVic ESCM 2.10 (middle, and red line), and zonally averaged values as a function
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Schematic diagram of the global mean energy balance of the UVic ESCM 2.10 adapted from Wild et al.,
2013. 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 - -
q e n ® Oak CDIAC NDP-017 revised UVic ESCM 2.10
from the model, and the latent heat was calculated using the evaporation estimates from the model ® Odc 13 80
assuming a conversion factor of 2,260 kJ/kg. Uncertainty ranges are taken from (Wild et al., 2013), of ® Ono3
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Figure 9: Taylor diagram (Taylor, 2001) of multiple global UVic ESCM 2.10 fields (dots) and the UVic ESCM 2.9 fields (x) with
20 respect to re-gridded observations from the World Ocean Atlas 2018 (Locarnini et al., 2019; Zweng et al., 2019; Garcia et al.,
10 2018a; Garcia et al., 2018b), GLODAP and GLODAP Mapped climatologies v2 2016b (Key et al., 2004; Lauvset et al., 2016),
NASA-GSFC precipitation (Adler et al., 2003), air-sea gas fluxes from Takahashi et al. (2009) and vegetation carbon data from
0 CDIAC NDP-017 dataset (Olson et al., 2001). All d are normalized by the standard deviation of the observations. A perfect
Figure 3: September (top row) and February (bottom row) sea ice concentration from passive microwave observations (Meier et model with zero rmsd, correlation coefficient of 1, and normalized standard deviation of 1 would plot at (1,0).
al., 2013) and the UVic ESCM 2.10 for the northern and southern hemisphere for the period of 2003-2013 in %.
Hugelius et al., 2013 soil organic content / kgC m2 UVic ESCM 2.10 soil organic content / kgC m™ a0 o
UVic ESCM 2.10 OMZ observed OMZ 06 06 180 80 —mflé‘;scen‘nazl;gma 7
300 04- 0.4 N b 75
& " E 0’ r .'.n.sa’ 140 =z
250 0.2 i—-’f Y 0.2 4 '-,: . 1 120 g 70
0- i; =" : £ o ol 1 100 § 65
-02 3 4 g 0.2 5 80 fﬂ 60
200 ‘f ¢ @ © w
-04 A -0.4 w0
50
150 0.6 0.6 20
25
0 0 20 40 60 80
100 06 -04 02 0 02 04 06 06 -04 02 0 02 04 06 soil organic content / kaG 2
Figure 7: Soil organic carbon content in permafrost affected soils for the 1980-2000 period in the top 3m of soil in units of kg C m? ®
50 from the dataset by Hugelius et al. (2014) and for the UVic ESCM 2.10, and zonally averaged values as a function of latitude
(right).
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Based on the publication: Mengis, N., Keller, D. P., MacDougall, A., Eby, M., Wright, N., Meissner, K. J., Oschlies, A., Schmittner, A., Matthews, H. D., and Zickfeld, K.:
Figure 15: Maps of apparent oxygen utilization in approx. 300 m depth (i.e. the depth of oxygen minimum zones, Evaluation of the University of Victoria Earth System Climate Model version 2.10 (UVic ESCM 2.10), Geosci. Model Dev. Discuss., https: i.org/10.5194/gmd-2019-37
OMZ) in units of pmol kg-1 for the UVic ESCM 2.10, and for the World Ocean Atlas 2018 (Garcia et al., 2019). in review, 2020.
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Figure 1: (a) Global mean temperature change for the UVic ESCM 2.10 relative to carbon Cyc|e
1850-1900 (red line) in comparison with the average observed warming using the dyn amics well
Global Warming Index dataset from (Haustein et al., 2017) (grey line) and the
IPCC'’s special report on 1.5C GSAT temperature change for 2006-2015 (light grey
cross) (b) The global carbon budget for the UVic ESCM 2.10 partitioned into fossil
fuel carbon and land-use carbon emissions and atmosphere, land and ocean sinks,
compared to cumulative carbon fluxes between 1850 and 2005 and 1850 and 2015
from the Global Carbon Project 2018 (grey lines) (LeQuéré et al., 2018). '@ ® |
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Schematic diagram of the global mean energy balance of the UVic ESCM 2.10 adapted from Wild et al., 2013. 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.
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Figure 9: Taylor diagram (Taylor, 2001) of multiple global UVic ESCM 2.10 fields (dots) and the UVic ESCM 2.9 fields (x) with
respect to re-gridded observations from the World Ocean Atlas 2018 (Locarnini et al., 2019; Zweng et al., 2019; Garcia et al.,
2018a; Garcia et al., 2018b), GLODAP and GLODAP Mapped climatologies v2 2016b (Key et al., 2004; Lauvset et al., 2016),
NASA-GSFC precipitation (Adler et al., 2003), air-sea gas fluxes from Takahashi et al. (2009) and vegetation carbon data from
CDIAC NDP-017 dataset (Olson et al., 2001). All datasets are normalized by the standard deviation of the observations. A perfect
model with zero rmsd, correlation coefficient of 1, and normalized standard deviation of 1 would plot at (1,0). ' @ @ |
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Figure 6: Vegetation carbon density for the 1960-2000 period in units of kg C m™ from the revised CDIAC NDP-017 dataset
(Olson et al., 2001) (left, and grey line) and the UVic ESCM 2.10 (middle, and red line), and zonally averaged values as a function
of latitude (right).

= tropical vegetation carbon
density values experience a
positive bias
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Figure 3: September (top row) and February (bottom row) sea ice concentration from passive microwave observations (Meier et
al., 2013) and the UVic ESCM 2.10 for the northern and southern hemisphere for the period of 2003-2013 in %.
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Figure 7: Soil organic carbon content in permafrost affected soils for the 1980-2000 period in the top 3m of soil in units of kg C m™
from the dataset by Hugelius et al. (2014) and for the UVic ESCM 2.10, and zonally averaged values as a function of latitude
(right).

= the model is able to reproduce the
order of magnitude of soil organic
carbon content in permafrost
affected soils

= regional biases remain high 0]
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Figure 15: Maps of apparent oxygen utilization in approx. 300 m depth (i.e. the depth of oxygen minimum zones,
OMZ) in units of umol kg-1 for the UVic ESCM 2.10, and for the World Ocean Atlas 2018 (Garcia et al., 2019).

= the overall representation of oxygen minimum
zones (OMZs) in the model has been improved

= Hut now there is a bias in the Southern Ocean |@ ® |
Oxyg e n CO n Ce nt rat i O n S Based on the publication: Mengis, N., Keller, D. P, MacDougall, A., Eby M Wright, N., Mei r, K. J., O chlies, A., Schmittner, A., M tth ews., H D., and Zickfeld, K.:
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.| The UVic ESCM 2.10 performs well in in many respects. The biggest )

.| biases are found for tropical vegetation carbon and the Southern Ocean [ i
oxygen concentration.

Continuous efforts from the UVic ESCM community will hopefully

provide a solution for some of these biases.

For more details please have a look at the corresponding publication: s oA o

https://www.geosci-model-dev-discuss.net/gmd-2019-373/

Figure 3: September (top row) and Februar
al., 2013) and the UVic ESCM 2.10

Figure 7: Soil organic carbon content in permafrost affected soils for the 1980-2000 period in the top 3m of soil in units of kg C m> @
from the dataset by Hugelius et al. (2014) and for the UVic ESCM 2.10, and zonally averaged values as a function of latitude
(right).

Figure 15: Maps of apparent oxygen utilization in approx. 300 m depth (i.e. the depth of oxygen minimum zones,
OMZ) in units of pmel kg-1 for the UVie ESCM 2.10, and for the World Ocean Atlas 2018 (Garcia et al., 2019).
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