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Outline
• NorESM overview and differences to CESM
• Some dynamical and physical characteristics
• Scientific updates in NorESM2 compared to NorESM1
• CMIP6 status
• NorESM infrastructure
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Based on Community Earth 
System Model (CESM) of 
NCAR, Boulder, USA.
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• Based on a survey from February 
2021.

• In total 58 national users and 
developers of NorESM in 2020.

Users and developers of NorESM
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April	temperature	of	
NorESM2	along	87.5°EBLOM/CICE bipolar

P. H. Lauritzen et al.: NCAR topography software 3977
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Figure 3. A schematic showing the regridding procedure. Red fonts refer to the naming conventions for the grids: 3 is the “raw” data grid
(1 km regular latitude–longitude grid), A is the intermediate cubed-sphere grid, and � is the target grid which may be any unstructured or
structured grid. The variable naming convections in the boxes are explained in Sect. 2.3. Data for the variable-resolution MPAS (Model for
Prediction Across Scales; Skamarock et al., 2012) grid plot are courtesy of W. C. Skamarock (NCAR).

which case it can be represented by a convergent expansion
of spherical harmonic functions of the form

h(�,✓) =
1X

m=�1

1X

n=|m|
 m,nYm,n(�,✓), (1)

(e.g., Durran, 2010) where � and ✓ are longitude and lati-
tude, respectively, and  m,n are the spherical harmonic coef-
ficients. Each spherical harmonic function is given in terms
of the associated Legendre polynomial Pm,n(✓):

Ym,n = Pm,n(✓)e
im�, (2)

wherem is the zonal wave number andm� |n| is the number
of zeros between the poles and can therefore be interpreted
as meridional wave number.
For the separation of scales the spherical harmonic expan-

sion is truncated at wave numberM ,

h(M)(�,✓) =
MX

m=�M

MX

n=|m|
 (M)

m,n Ym,n(�,✓), (3)

where a triangular truncation, which provides a uniform spa-
tial resolution over the entire sphere, is used.
Let h(tgt)(�,✓) be a continuous representation of the eleva-

tion containing the spatial scales of the target grid. We do not

write h(tgt)(�,✓) explicitly in terms of spherical harmonics as
the target grid may be variable resolution and therefore con-
tain different spatial scales in different parts of the domain.
For each target grid cell �k , k = 1, . . .,Nt, where Nt is the

number of target grid cells, define the variances

Var(tms)�k
=

ZZ

�k

h
h(M)(�,✓) � h(�,✓)

i2
cos(✓)d�d✓, (4)

Var(gwd)�k
=
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�k

h
h(tgt)(�,✓) � h(M)(�,✓)

i2
cos(✓)d�d✓ . (5)

Thus Var(tms)�k
is the variance of elevation on scales below

wave numberM and Var(gwd)�k
is the variance of elevation on

scales larger than wave number M and below the target grid
scale.

2.2 Discrete: separation of scales

The separation of scales is done through the use of a quasi-
isotropic gnonomic cubed-sphere grid in a two-step regrid-
ding procedure: binning from source grid 3 to intermediate
grid A (separation of scales) and then rigorously remapping
variables to the target grid �.

www.geosci-model-dev.net/8/3975/2015/ Geosci. Model Dev., 8, 3975–3986, 2015
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Courtesy: Smagorinsky (1974).

Spatial and temporal scales of the atmosphere
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Spatial and temporal scales of the ocean
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CESM2/NorESM2 developments
• CAM: CLUBB for PBL, shallow convection and macrophysics; RRTMG 

radiative transfer model; MG2 replacing RK for microphysics; modified 
subgrid orographic drag; improved energy and angular momentum 
conservation; deep convection improvements; CAM-Oslo aligned with 
the new MAM; improved aerosol handling; new sea-salt emission 
parameterization; online emissions of mineral dust; improved 
heterogeneous ice nucleation treatment; coupling of DMS.

• CLM: Revised photosynthesis scheme; improved soil and plant hydrology; 
MOSART river module; prognostic wetland distribution; new lake model; 
improved snow parameterization; new crop model; new C-N coupling; new 
plant hydraulic stress routine; dynamic land units and updated PFT-
distribution; modified handling of freezing surface water.
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CESM2/NorESM2 developments
• CICE: Mushy-layer thermodynamics scheme; added prognostic salinity to 

the thermodynamic calculations; a level melt pond scheme accounting for 
ice surface roughness for melt pond fraction; wind drift of snow.

• BLOM: k-ε model for vertical mixing; improved tracer conservation; 
modified GM and eddy diffusivity parameterization; more options for 
SW absorption; higher ocean coupling frequency (1/day->1/hour); 
realistic channel widths; improved mixed layer physics; additional 
upper ocean mixing processes.

• HAMOCC: Coupling of DMS; improved nitrogen cycling; improved 
particle flux parameterization; carbon isotope tracers; riverine inputs; 
added preformed and natural tracers.

• CIME: Added COARE3 air-sea turbulent flux scheme.
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Annual zonal mean temperature bias
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Annual mean ocean mixed layer bias
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Atlantic meridional overturning circulation
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CESM2/NorESM2 developments
3634 J. T. Fasullo: Evaluating Simulated Climate Patterns from the CMIP Archives

Figure 4. As in Fig. 2 except for historical simulations submitted to the CMIP6 archive.

SWCF, LWCF, and RH500, consistent with the expert consen-
sus in highlighting these fields as being particularly impor-
tant (Burrows et al., 2018). An approximately equal corre-
lation exists across realms with the overall score, while for
timescales, ENSO exhibits the strongest overall correlation
as it contains the greatest intermodel variance and thus ex-
plains a greater portion of the overall score variance. Cor-
relations between timescales are weak generally, consistent
with the findings of Gleckler et al., (2008) where relation-
ships were also examined between the mean state and inter-
annual variability. Notable as well is that some variables for
which scores are high in the mean, such as SLP and PRW, ex-
hibit little correlation with the overall score as the uniformly
high scores across models impart relatively little variance to
the overall scores.

4 Derived bias patterns for selected variables

The observational estimate of SWCF from CERES is shown
in Fig. 6a along with mean bias patterns for CMIP3 (b)
and CMIP6 (c). A principal component (PC) analysis of the
bias across the broader CMIP archives is also conducted
(see Methods) with the leading principal components and

their tercile mean values within each CMIP version be-
ing shown (d) along with the two leading patterns of bias
(Fig. 6e and f). The mean observational field (Fig. 6a) is
characterized by negative values in nearly all locations (ex-
cept over ice) and the strongest cooling influence in the
deep tropics, subtropical stratocumulus regions, and mid-
latitude oceans. Mean bias patterns demonstrate consider-
able improvement across the CMIP generations, with major
reductions in negative biases in the subtropical and tropi-
cal oceans. Variance across models is characterized by the
degree of tropical–extratropical contrasts in SWCF (EOF1),
which explains 24 % of the intermodel variance, and land–
ocean contrasts (EOF2), which explain 16 % of the variance.
The expression of both patterns of biases is demonstrated to
diminish across CMIP generations and terciles in their PC
weights (Fig. 6d), ordered sequentially (1–3) with CMIP6
values (dark blue) lying generally closer to observations than
CMIP3/5. Improvements are not however necessarily mono-
tonic across the CMIP generations, with improvements and
degradations notable in some aspects of the PC1/2 transition
from CMIP3 to CMIP5 (i.e., instances in which tercile mean
PC values are closer to CERES for CMIP3 than CMIP5).

Geosci. Model Dev., 13, 3627–3642, 2020 https://doi.org/10.5194/gmd-13-3627-2020
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Figure 3. As in Fig. 2 except for historical simulations submitted to the CMIP5 archive.

mance. Mean overall scores (69±7, 1� ) are modest generally
in CMIP3 and generally uniform across realms. CMIP3 sim-
ulations score particularly poorly for ENSO, where scores
average to 47, are generally less than 60, and approach 0
in some coarse-grid models. Variable scores are highest for
PRW and OLR (which are strongly tied to surface temper-
ature) – and for SLP – and less for other variables, with
the lowest scores reported for RS and W500. Spread across
models for RS is particularly large relative to other variables.
Average variable scores are also poor for SWCF (68), LWCF
(71), and P (69), which are among the more important sim-
ulated fields according to expert consensus (Burrows et al.,
2018).

The color table summary of scores for CMIP5 (Fig. 3) re-
veals scores that are considerably higher than most CMIP3
simulations, with improvements in the average overall score
of (75 ± 5) and most notable improvements on the ENSO
timescale, with an average of 57, though with considerable
intermodel range (� = 10). A broad increase in scores in
the highest-performing models is apparent with numerous
variable scores exceeding 85 (orange/red) and several over-
all scores of 80 or better. As for CMIP3 the highest-scoring
variables are PRW, SLP, and OLR, while RHS and W500 are

among the lowest-scoring variables. Mean variable scores re-
main relatively low for SWCF (71), LWCF (75), and P (73).

The color table summary of scores for CMIP6 (Fig. 4) il-
lustrates scores that are considerably higher than both CMIP3
and CMIP5 simulations, with improvements in the average
overall score of (79 ± 4) and most continued improvements
on the ENSO timescale, though again with considerable in-
termodel range. A continued increase in scores in the highest-
performing models is again apparent, with scores reaching
the mid to upper 70s and numerous variable scores exceeding
90 (red). The highest-scoring variables again include PRW,
SLP, and OLR, though scores are also high for RH500, one of
the more important simulated fields according to expert con-
sensus (Burrows et al., 2018). Scores also increase for SWCF
(78), LWCF (80), and P (77).

To highlight connections between variables and aid in
identifying the main variables driving variance in aggre-
gate scores across the CMIP archives, correlations amongst
scores across all CMIP models are shown in Fig. 5. For over-
all scores, these include strong connections to P , E � P ,
and OLR, fields strongly connected to atmospheric heating,
dynamics, and deep convection and therefore broadly rele-
vant to model performance. Strong connections also exist for

https://doi.org/10.5194/gmd-13-3627-2020 Geosci. Model Dev., 13, 3627–3642, 2020
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degree of tropical–extratropical contrasts in SWCF (EOF1),
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Courtesy: Fasullo (2020).
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CMIP6 status
• Through ESGF there are currently 86 NorESM2-LM, 12 NorESM2-MM, 8

NorCPM1 and 4 NorESM1-F experiments available.
• The various NorESM configurations have contributed to the following MIPS:

§ NorESM2-LM: AerChemMIP, C4MIP, CDRMIP, CFMIP, CMIP, 
DAMIP, LUMIP, OMIP, PAMIP, PMIP, RFMIP, 
ScenarioMIP.

§ NorESM2-MM: AerChemMIP, CMIP, RFMIP, ScenarioMIP.
§ NorCPM1: CMIP, DCPP.
§ NorESM1-F: CMIP, PMIP.

• For development and production 200 million CPU hours have been used 
and 3 PB of data produced.
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NorESM2 DECK simulations
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NorESM2 historical simulations
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NorESM2 historical and scenario simulations
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NorESM2 historical and scenario simulations
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CMIP6 equilibrium climate sensitivity
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CMIP6 equilibrium climate sensitivity
• Very different transient climate 

sensitivity between NorESM2 
and CESM2.

• Caused by different depth 
distribution of heating in the
Southern Ocean, subsequently
impacting SST, clouds and
radiation.

Figure 2: Radiative feedbacks. Estimates of radiative feedbacks for NorESM2-LM (black),
NorESM2-MM (orange) and CESM2 (blue) calculated from abrupt-4⇥CO2 GHG-forcing sim-
ulations. The total feedback is broken down into Planck, lapse rate (LR), surface albedo, water
vapour (WV) and cloud feedbacks. The cloud feedback is further broken down in contributions
from SW and LW components (a). Evolution of SW cloud feedback (b) and near surface (2m)
temperature change (c) as a function of time, and evolution of SW cloud feedback as a function of
the near surface (2m) air temperature change (d).

6

Courtesy: Gjermundsen et al.,  (2021)
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NorESM infrastructure
• Repository hub for NorESM code, documentation and tools:

https://github.com/NorESMhub

• NorESM2 User’s Guide:                                                            
https://noresm-docs.readthedocs.io

• Time-invariant location of NorESM input data: 
https://www.noresm.org/inputdata

https://github.com/NorESMhub
https://noresm-docs.readthedocs.io/
https://www.noresm.org/inputdata
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Plans for further NorESM development
• Boundary layer processes, with particular emphasis on Arctic conditions.
• Conserving material-energy fluxes between model components.
• Ocean eddy parameterization.
• Realistic snow hydrology over sea ice.
• Interactive land ice.
• Understand and better constrain cloud phase.
• Improve interactive emissions in earth system components.
• Extend and improve representation of atmospheric aerosols and chemistry.
• Improve representation of high latitude terrestrial ecosystems and their 

climate interactions.
• Surface wave field coupling to atmosphere, sea ice and ocean.
• Increased horizontal and vertical resolution.
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NorESM2.X
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2021 (3rd) iNES NorESM User Workshop

Time: 10:00 15/Nov – 12:00 17/Nov.
Venue:  Scandic Solli, Oslo
Zoom Link:
https://uib.zoom.us/j/68752585635?pwd=UklVZDJid01iV1ZSMkhVcSt1dkRwZz09
Meeting ID: 687 5258 5635
Password: pH6VzUNZ

Agenda:
Day -1 (Monday, 15 November 2021)
10:00-10:30

● Mats Bentsen - Introduction to NorESM and recent developments
10:30-10:45

● Coffee break
10:45-11:30

● Dirk Olivé and Ada Gjermundsen - Presentations on NorESM e-resources
11:30-13:00

● Ada G/Tomas Torsvik - hands-on session: download code and get familiar
with NorESM; configuration and submit jobs

13:00-14:00:
● Lunch

14:00-17:00
● Ada G/Tomas Torsvik - hands-on session: advanced settings:- SourceMods,

namelist, Debug, branch and Hybrid run, pecount (coffee break: 15:30-16:00)
Day -2 (Tuesday, 16 November 2021)
9:00-12:00

● Jean Iaquinta - Running NorESM in a container (coffee break: 10:15-10:45)
12:00-13:00

● Talks on the features of BLOM /recent developments/future plan
13:00-14:00

● Lunch
14:00- 15:30

● Meeting with experts (without presentations) and discuss solutions to the
problems for your research (1.5 hours)

15:30- 16:00
● Coffee break

16:00- 17:00
● More hands-on/troubleshooting for running NorESM

Day -3 (Wednesday, 17 November 2021)
9:00-11:30

● Yanchun He - NorESM output and post-processing (coffee break:
10:15-10:45)

11:30-13:00
● Lunch

-----------------
13:00-15:30

● Joint session with the INES annual meeting
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