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Summary of project objectives

The objective of this special project is to investigate the impact of model resolution (both atmosphere
and ocean resolution) on the ocean dynamics in the tropical Pacific and North Atlantic Oceans, which
are two essential regions affecting the global climate. To this aim we performed both high (T511L91
ORCAO025L75) and standard (T255L91 ORCA1L75) resolution coupled simulations with the EC-
Earth coupled climate model (Hazeleger et al. 2010) following the HighResMIP protocol (Haarsma
et al. 2016).

Summary of problems encountered

Following new agreements inside the EC-Earth consortium at the end of 2018, the initially
proposed simulations covering the historical future period (1950-2014 TRANSIENT and 2015-
2050-FUTURE) have been ran by other consortium partners so that they have been no longer
needed. We thus decided to focus on a set of high resolution (T511L91-ORCA025L75) simulations
part of the Decadal Climate Prediction Project component C1 (DCPP-C) which are based on the
methodology by Boer et al. (2016). They investigate the effect of the Atlantic Multidecadal
Variability (AMV), relaxing the North Atlantic oceanic upper levels towards a specified AMV
state, while the rest of the coupled system is left free to drift. Two series of 10-year experiments in
which the North Atlantic SSTs are forced with the signal associated with twice the positive and
twice the negative phase of the AMV respectively have been performed. Seven members have been
run and then compared with low resolution members run by other members of the EC-Earth
consortium.

Experience with the Special Project framework

Project reporting requirements was clear and smooth, as well as administrative tasks and
communication with special project office. Very good assistance by HPC staff was also provided,
for instance allowing us to double the scratch storage space available when the project reached its
uppermost productivity.

Summary of results
Simulation setup

IROD project has been based on the EC-Earth3P model, a EC-Earth configuration that has been
frozen in early 2018 — using the EC-Earth 3.2.3 version - in order to be part of the HighResMIP
protocol. Indeed, it has not been possible to take advantage of the CMIP6 version of the EC-Earth
Global Climate Model since a definite version has been only released in late June 2019. This
version present mainly some differences in terms of tuning and has therefore named EC-Earth3P
(the TL255L91-ORCA1L75 configuration) and EC-Earth3P-HR (the TL511L91-ORCA025L75
configuration). External forcing used in the IROD project follows indeed the HighResMIP protocol
which slightly differs from the CMIP6 protocol (see Haarsma et al. 2016).

A correct scaling of the EC-Earth3P and EC-Earth3P-HR allowed the best ratio for cores for both
the ocean and atmosphere. A supplementary optimization has been possible due to the recent update
of the EC-Earth model which now includes ELPiN (Tinto et al, 2017), a basic tool that allows for
the correct reparation of the cores in the parallelization procedure of the NEMO oceanic model.
This has the power of excluding the cores targeting the land allowing for a significant reduction of
number of cores needed to achieve the same walltime: this increased considerably (by about 20%)
the number of years that has been possible to run.
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All the output has been postprocessed following the cmor requirement taking advantage of the
ecec2cmor package that has been developed for CMIP6

(https://zenodo.org/record/1051094#. XRSQqIMzb1l). Finally, the data have been transferred to the
BADC Jasmin server from where they have been published on the ESGF portal being part of
CMIPe.

a. 1950-CONST
The first set of simulation ran in IROD project regards a couple of control runs carried out in
both configurations, the standard resolution EC-Earth3P and the high resolution EC-
Earth3P-HR. These two consist of a 100-year simulation from 1950 up to 2049 with
constant forcing from year 1950, which is known as control-1950 within the HighResMIP
protocol.
Due to the large computational cost of running a long spinup at high resolution, it has not
been possible to achieve a full equilibrium during the 52-year spinup (which have been
provided by another member of the EC-Earth Consortium). Therefore these control runs are
used as a reference to investigate the changes in the associated historical simulations (see
Haarsma et al. 2020).
Following further agreements inside the EC-Earth consortium, only the high resolution run
has been finally used as a reference for EC-Earth-3P-HR and has been published on the
Earth System Gateway Federation (ESGF) node.

b. DCPP-C
As a consequence of changes mentioned above, the projected future scenarios (1950-2014-
TRANSIENT and 2015-2050-FUTURE) has been run by other members of the EC-Earth
Consortium so that IROD project changed its goal, always pursuing the analysis of the
impact of high resolution on the oceanic dynamics. To this aim, the attention was shifted to
a group of Atlantic Multidecadal Variability (AMV) sensitivity experiments part of the
DCPP-C project (Boer et al. 2016). In these runs the oceanic mixed layer is relaxed toward
a specific state of the AMV applying a heat and freshwater flux corrector (i.e. nudging a
subdomain of the ocean model). In such way it is possible to run an experiment where the
whole ocean but the North Atlantic is free to drift, and where a AMYV positive phase or
negative phase are obtained. These simulations are run with the same radiative forcing as
the 1950-CONST: this simulation is indeed taken as initial conditions for all the ensemble
members, spanning 10 years each. The integrations only last 10 years and, given the
elevated cost of the high resolution, it was decided to apply a forcing that is twice the AMV
signal in order to strengthen the significance of the results. A total of seven ensemble
members with positive forcing and seven members with negative forcing has been run,
resulting in 140 years of simulations. Other 4 ensemble members have been run by other
members of the EC-Earth Consortium.

Results

Considering the multiple contributions to HighResMIP, the simulation resulting from IROD has
been shared among the consortium producing several publications which have been analyzing EC-
Earth simulations under a multi-model view: a few details on the simulations is here reported but
the most of the details can be found in the referenced publications.

a. 1950-CONST
The results from the EC-Earth3P and EC-Earth3P-HR simulation are detailed in Haarsma et
al. (2020): here a synthesis of the findings is shown, the reader is referred to their Figure 11,
13, 14, 15, 16 and 17 for a completed discussion on EC-Earth-3P-HR 1950-CONST.
EC-Earth3P-HR control run show a weak trend in surface temperature (which is smaller
than its low resolution counterpart, not shown), suggesting that the model is close to the
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equilibrium, although the global ocean temperature is still rising and positive heat fluxes
entering into the ocean are still observed. This can be seen in Figure 1, where the evolution
of globally averaged SST and of the Atlantic Meridional Overturning circulation is shown.
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Figure 1: (left) evolution of SST in the 100-year HR control simulation (right) evolution the Atlantic
Meridional Overturning Circulation (AMOC) at 40N in the HR 1950-CONST control simulation.
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Although negligible differences between EC-Earth3P and EC-Earth3P-HR are observed in
several atmospheric circulation features, as the North Atlantic Oscillation representation
and the frequency and properties of Sudden Stratospheric Warmings, interesting
improvements are found when the characteristics of the ocean circulation are analyzed.
Indeed — on top of a better representation of the climatological SST field — the variability of
the mid-latitude SST in EC-Earth3P-HR is better represented (Figure 2). Indeed, the small-
scale features and meanderings along the western boundary currents as well as along the
sea-ice edge over the Labrador Sea show a larger variability than in its low resolution
counterpart (Figure 2). In these three areas there is a substantial increase in SST variability,
here expressed as monthly standard deviation. Such feature, following Haarsma et al.
(2019) conclusions, is likely due to increasing ocean resolution rather than atmosphere
resolution and have important consequences on the atmospheric variability too.
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Figure 2: DJF SST interannual standard deviation from 1950-CONST in EC-Earth3P, EC-Earth3P-HR and
their difference. From Haarsma et al. (2020).

The El Nino Southern Oscillation (ENSO) simulation is one of the other key feature
affected by the increase in resolution, and this is shown in Figure 3. Both EC-Earth3P and
EC-Earth3P-HR show a constant underestimation of the ENSO intensity from late-autumn
to mid-winter. They show the minimum in July, 2 months later than what seen in HadISST.
Increasing model resolution reduces the late spring bias but increases the mid-summer one.
Overall, EC-Earth3P-HR shows lower ENSO variability than EC-Earth3P.
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Figure 3: Monthly standard deviation of the Nino3.4 SST index (5S-5N/170W-120W) for from 1950-CONST
in EC-Earth3P (red), EC-Earth3P-HR (blue) and detrended HadISST over the 1900-2010 period (black).
From Haarsma et al. (2020).

b. DCPP-C
Results of those simulations are part of several works that are currently under review, with
the most of the results included in Ruprich-Robert et al. (2020). Given the larger focus on
multi model ensemble of these manuscripts, we provide here an outlook of the comparison
between the EC-Earth3P and the EC-Earth-3P-HR AMV+ and AMV- experiments.
The results for these experiments are shown always as the difference between the positive
phase of the AMV run minus the negative phase of the AMV (i.e. AMV+ - AMV-). In such
way it is possible to highlight the AMV signal, which has been shown to be often quasi-
linear (e.g. Peings and Magnusdottir, 2015): further details can be inferred making use of
the 1950-CONST simulation which can be used as a reference.
Figure 3 shows the expected impact of the surface restoring over the North Atlantic basin,
where a warmer temperature is imposed in AMV+ experiments and a colder one in AMV-.
Stronger impacts are obtained in winter along the sea-ice edge, as a consequence of the
larger sea-ice cover in AMV- experiments. As expected, the signal spreads over the whole
Northern Hemisphere, especially in the downstream side of the Atlantic over Africa and
Asia. It is interesting to notice that in winter larger impacts are observed in the high
resolution configuration, with a considerable warming also over the Arctic region.
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Figure 4: Surface temperature ensemble mean for AMV+ minus AMV- experiments climatology for EC-
Earth3P (left) and EC-Earth3P-HR (right) in boreal winter (top) and summer (bottom,).

To better investigate the atmospheric circulation changes associated with this forcing, the
geopotential height at 500hPa is shown in Figure 5. Here it is possible to see that in some
unexpected way the larger impact of the AMV anomalies is produced over the Pacific
ocean rather than over the Atlantic one. Both the models show a consistent weakening of
the Aleutian low in winter time, suggesting a clear connection between the two basins. On
the contrary, the signal over the Atlantic is different between the two models, projecting on
the negative phase of the North Atlantic Oscillation but with the shape of a wave train in
the high resolution configuration. Indeed, zonal wind too is highlighting different changes
over the Atlantic in the two configurations (not shown): in EC-Earth3P the jet is shifted
poleward following the more common NAO-like responses (Peings and Magnusdottir,
2015, Ruprich-Robert et al. 2016) while in EC-Earth3P-HR the jet is mainly weakened.
This opens to two different alternatives: 1) the model is characterized by an extremely large
interannual variability which covers the impact of the AMV forcing over the Atlantic basin
2) there exists a considerably strong dependence on the mean state of the AMV response
over the Atlantic region. Further work in this direction is ongoing.
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Figure 5: Same as Figure 4, but for geopotential height at 500hPa.

Finally, Figure 6 investigates the connection between the AMV and the Pacific, which was
evident in Figure 5. This is done looking at the vertical velocity: indeed, changes in the
Walker circulation guided by the tropical Atlantic can affect the tropical Pacific convection,
and from there, as it happens during ENSO events, Rossby waves are triggered influencing
extratropical Pacific. This is confirmed by Figure 6, where in both models a strong
redistribution of tropical convection is observed, with increased convection over the
Western Atlantic and the Indonesia regions, associated with a marked subsidence over the
Central Pacific. The sensitivity of convection to the AMV changes is actually what drives
the multi model spread of the AMV response over the Pacific (Ruprich-Robert et al. 2020).
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Figure 6: Same as Figure 4, but for vertical velocity at 500hPa.

June 2020

This template is available at:
http://www.ecmwf.int/en/computing/access-computing-facilities/forms



References

e Boer, G. J., Smith, D. M., Cassou, C., Doblas-Reyes, F., Danabasoglu, G., Kirtman, B.,
Kushnir, Y., Kimoto, M., Meehl, G. A., Msadek, R., Mueller, W. A., Taylor, K., and
Zwiers, F.: The Decadal Climate Prediction Project, Geosci. Model Dev. Discuss.,
doi:10.5194/gmd-2016-78, in review, 2016 (http://www.geosci-model-dev-
discuss.net/gmd-2016-78/ )

e Haarsma, R. J., Roberts, M. J., Vidale, P. L., Senior, C. A., Bellucci, A., Bao, Q., Chang, P.,
Corti, S., Fuckar, N. S., Guemas, V., von Hardenberg, J., Hazeleger, W., Kodama, C.,
Koenigk, T., Leung, L. R., Lu, J., Luo, J.- J., Mao, J., Mizielinski, M. S., Mizuta, R., Nobre,
P., Satoh, M., Scoccimarro, E., Semmler, T., Small, J., and von Storch, J.-S.: High
Resolution Model Intercomparison Project (HighResMIP v1.0) for CMIP6, Geosci. Model
Dev., 9, 4185-4208, doi:10.5194/gmd-9-4185-2016, 2016.

e Haarsma, R. J., Garcia-Serrano, J., Prodhomme, C., Bellprat, O., Davini, P., and Drijthout,
S.: Sensitivity of winter North Atlantic-European climate to resolved atmosphere and ocean
dynamics. Scientific Reports, 9, 13358, 2019.

e Hazeleger, W., Severijns, C., Semmler, T., S tefaatescu, S., Yang, S., Wang, X., Wyser,
K., Dutra, E., Baldasano, J. M., Bintanja, R., Bougeault, P., Caballero, R., Ekman, A.,
Christensen, J., van den Hurk, B., Jimenez, P., Jones, C., Kallberg, P., Koenigk, T.,
McGrath, R., Miranda, P., Van Noije, T., Palmer, T., Parodi, J., Schmith, T., Selten, F.,
Storelvmo, T., Sterl, A., Tapamo, H., Vancoppenolle, M., Viterbo, P., and Willén, U.: EC-
Earth: A Seamless Earth-System Prediction Approach in Action, B. Am. Meteorol. Soc.,
(2010) 91, 1357-1363, doi:10.1175/2010BAMS2877.1.

e Ruprich-Robert, Y., Msadek, R., Castruccio, F., Yeager, S., Delworth, T., and Danabasoglu,
G. (2016):m Assessing the climate impacts of the observed Atlantic multidecadal variability
using the GFDL CM2.1 and NCAR CESM1 global coupled models, J. Climate

e Tintd, O., Acosta., M. C., Castrillo, M., Cortes, A., Sanchez, A., Serradell, K., and Doblas-
Reyes, F. J.: Optimizing domain decomposition in an ocean model: the case of NEMO. ,
2017.

e Yang, C., Christensen, H.M., Corti, S., von Hardenberg, J., and Davini, P.: The impact of
stochastic physics on the El Nifio Southern Oscillation in the EC-Earth coupled model.
Climate Dynamics, 53, 2843-2859, 2019.

List of publications/reports from the project with complete references

e Haarsma, R., Acosta, M., Bakhshi, R., Bretonniére, P.-A. B., Caron, L.-P., Castrillo, M., Corti,
S., Davini, P., Exarchou, E., Fabiano, F., Fladrich, U., Fuentes Franco, R., Garcia-Serrano, J.,
von Hardenberg, J., Koenigk, T., Levine, X., Meccia, V., van Noije, T., van den Oord, G.,
Palmeiro, F. M., Rodrigo, M., Ruprich-Robert, Y., Le Sager, P., Tourigny, E., Wang, S., van
Weele, M., and Wyser, K.: HighResMIP versions of EC-Earth: EC-Earth3P and EC-Earth3P-
HR. Description, model performance, data handling and validation, Geosci. Model Dev.
Discuss., https://doi.org/10.5194/gmd-2019-350, under review, 2020.

e Ruprich-Robert Y., E. Moreno-Chamarro, X. Levine, A. Belucci, C. Cassou, F. Castruccio, P.
Davini, R. Eade, G. Gastineau, L. Hermanson, D. Hodson, K. Lohmann, J. Lopez-Parages, P.
Monerie, D. Nicoli, S. Qasmi, C. Roberts, E. Sanchez-Gomez, G. Danabasoglu, N. Dunstone,
M. Martin del Rey, R. Msadek, J. Robson, D. Smith, E. Tourigny: Impact of the Atlantic
Multidecadal Variability on Tropical Pacific: a multimodel study, to be submitted (2020)

Future plans
No further activity is planned at the moment with high resolution EC-Earth
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