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ECMWF Special Project ”SPDEKJEL” progress

report 2020

Joakim Kjellsson

June 2020

1 Performed work

The project ”SPDEKJEL - Response of midlatitude weather extremes and mean
circulation to surface warming in the OpenIFS model” started in January 2019
and is now on its second and last year. So far we have performed fewer simu-
lations than expected. The main reason for this is that the lead investigator,
Joakim Kjellsson, took up a new position at the end of 2019 which left little
time to set up and carry out new simulations in late 2019 and early 2020. Addi-
tionally, the COVID-19 outbreak disrupted normal work which also lead to less
time being available for new simulations to be designed and made. However, we
are committed to carry out the remaining simulations before the end of this year.

Our proposal outlined a suite of simulations using various surface forcings,
e.g. remove Arctic sea-ice, uniform surface warming by various amounts etc.
The surface forcing for OpenIFS, i.e. SST and sea-ice fraction, is contained in a
grib file prepared by OpenIFS support team using prepIFS. We developed a set
of scripts that allows us to take any SST and sea-ice fields and replace the data
from prepIFS with our own data. In the end we decided to use the PAMIP (Po-
lar Amplification Model Intercomparision Project) forcing data (Fig. 1) which
uses surface forcing from year 2000 with some modifications (Smith et al., 2018).
This also allows us to compare our results with the outcomes of that project.

We were given preliminary access to OpenIFS cycle 43 release 3 in late 2019
and performed some test simulation at a local HPC in Göttingen, Germany.
The results showed some differences between 40r1 and 43r3, but the main bi-
ases largely remained the same. In particular, the precipitation biases when
compared to the GPCP data set remains more-or-less the same in 43r3 as in
40r1 (Fig. 2).

Together with the Alfred-Wegener Institute of Polar Research (AWI), we
have successfully integrated OpenIFS into the ESM-Tools workflow manager
(Barbi et al., 2020) which handles preparation of input data, execution of the
model, post processing of the data to regular grid and netCDF, etc. ESM-Tools
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Figure 5. Arctic sea ice forcing fields. Present-day Arctic sea ice concentration for (a) September and (d) March. Differences from present-
day fields are shown for (b, e) pre-industrial and (c, f) future conditions.

potentially amplifies the response and produces addi-
tional impacts in remote regions, including the tropics
(Deser et al., 2015, 2016; Tomas et al., 2016; Smith et
al., 2017; Oudar et al., 2017; Blackport and Kushner,
2017). Coupled model simulations are therefore needed
to assess the full response to sea ice. These experiments
impose the same SIC fields as used in the atmosphere-
only experiments (1.1, 1.5 to 1.8; see Appendix B for
further details), allowing an assessment of the role of
coupling. However, it is important to note that the back-
ground states are likely to be different between the cou-
pled model and atmosphere-only simulations, and ex-
periment set 4 is needed to isolate the effects of cou-
pling (Smith et al., 2017). Experiment set 2 focusses on
the short-term effects of the ocean, but the full effects
will likely take longer to become established and are in-
vestigated in experiment set 6.

3. Atmosphere-only time slice experiments to investigate
regional forcing. How and why does the atmospheric
response to Arctic sea ice depend on the regional pat-
tern of sea ice forcing? Previous studies have found that
the atmospheric response is potentially very sensitive to
the pattern of sea ice forcing (Sun et al., 2015; Screen,
2017). This sensitivity will be investigated by speci-
fying SIC changes in two different regions: the Bar-
ents/Kara seas and the Sea of Okhotsk. These regions
represent the Atlantic and Pacific sectors which poten-
tially produce opposite responses in the stratosphere
(Sun et al., 2015) and have been highlighted as impor-
tant regions by several studies (e.g. Honda et al., 1996;
Petoukhov and Semenov, 2010; Kim et al., 2014; Mori
et al., 2014; Kug et al., 2015; Screen, 2013, 2017).

4. Atmosphere-only time slice experiments to investigate
the role of the model background state. How and why
does the atmospheric response to Arctic sea ice depend
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Figure 6. Arctic SST forcing fields. Present-day Arctic SST for (a) September and (d) March. Differences from present-day fields are shown
for (b, e) pre-industrial and (c, f) future conditions.

on the model background state? The atmospheric re-
sponse to sea ice is potentially sensitive to the model
background state (Balmaseda et al., 2010; Smith et al.,
2017). This is investigated in experiment set 4 by re-
peating the atmosphere-only experiments (1.1 and 1.6)
but specifying the climatological average SST obtained
from the coupled model experiment (2.1) for the same
model (as detailed in Appendix B), thereby imposing
the coupled model biases. Analysis of the physical pro-
cesses giving rise to sensitivity to background state
could lead to an “emergent constraint” to determine the
real-world situation (Smith et al., 2017), as discussed
further below. Furthermore, experiment sets 1, 2 and 4
together enable the role of coupling to be isolated, as-
suming the influences of coupling and background state
are linear.

5. Atmosphere-only transient experiments. What have
been the relative roles of SST and SIC in observed polar

amplification over the recent period since 1979? These
experiments are atmosphere-only simulations of the pe-
riod starting in 1979. The control is a CMIP6 DECK
experiment (Eyring et al., 2016) driven by the observed
time series of monthly mean SST and SIC; if necessary,
the ensemble size should be increased to be the same as
the PAMIP experiments. Replacing the monthly mean
time series with the climatological averages for SST and
SIC separately enables the impacts of transient SST and
SIC to be diagnosed. Individual years of interest, and
the transient response to sea ice loss, may also be inves-
tigated. Note that to obtain robust results from a single
model it may be necessary to provide 30 or more en-
semble members (Sun et al., 2016).

6. Coupled ocean–atmosphere extended experiments. How
does the global climate response to sea ice evolve on
decadal and longer timescales? Previous studies sug-
gest that the response to Arctic sea ice could be mod-

www.geosci-model-dev.net/12/1139/2019/ Geosci. Model Dev., 12, 1139–1164, 2019
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Sea-ice changes
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Figure 1: Examples of SST (lower) and sea-ice (upper) fields from the PAMIP
forcing data set (Smith et al., 2018). Precipitation, 1982-1992

CY40 - GPCP CY43 - GPCP

Figure 2: Model precipitation in DJF in OpenIFS cycle 40 release 1 and cycle 43
release 3 (preliminary release). Both runs use data from prepIFS in 1982-1987
and a resolution of T159L91 (linear grid, N80).
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allows for easy porting of the model to other HPCs and will hopefully lower the
technical barrier for new OpenIFS users.

2 Future plans

We aim to conduct the remaining of our proposed simulations before the end
of this project in December 2020. Nearly all preparation work is done and the
bulk of the simulations will be done during the summer to late summer. We
will use OpenIFS cycle 43r3 for the remaining simulations since they show very
little difference to 40r1 in terms of biases etc, but 43r3 has been modified by
AWI to use the CMIP6 forcing for greenhouse gases etc.
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