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Coupled Reanalysis of the Arctic Climate
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Anomalous amplitude of the Atlantic meridional overturning circulation, measured at 26°N in the three reanalysis provided:
two versions from the UiB (in black and in grey) and one version from the IPSL, defined as an aeraged of three ensemble
member. Here, the annual mean maximum extracted from each reanalysis has been low pass-filtered with a cutoff frequency
of 5 years. Credits: J. Mignot
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Means of verification of attainment of the milestone:

Two novel climate reanalyses made available to the project for evaluation (WP2), process
analysis (WP3) and predictability studies (WP4).

Reanalysis data published on Zenodo in open access:

e UiB: https://zenodo.org/record/2686864 Contact person: Tor Eldevik
tor.eldevik@gfi.uib.no

® CNRS-IPSL: https://zenodo.org/record/2673209 Contact person: Juliette Mignot,
Juliette.mignot@locean-ipsl.upmec.fr

The links to the reanalysis and the present report have been circulated to WP2, WP3 and WP4
on 15 Sept. 2019.
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Milestone achievement report

The UiB reanalysis are produced by assimilating monthly data using the Ensemble Kalman Filter
(Evensen 2003) into a 30 member ensemble of the NorESM model version used in CMIP5
(NorESM1-ME, Bentsen et al. 2013). Observations are assimilated with an anomaly framework.

® The v0 system uses SST assimilation from 1955 to 2010 based on Counillon et al., 2016
® The vl system uses SST and hydrographic profiles assimilation from 1985 to 2010 based
on Wang et al. 2017

Both reanalyses are able to provide a reliable reconstruction of the Subpolar Gyre strength and
controls well the variability of hydrography in the North Atlantic. Both reanalyses captures well
- although they slightly underestimate its amplitude - the strong decrease of AMOC at 26N
observed in the RAPID array data from 2005. The v1 system contributes to the ocean reanalysis
intercomparison (Jackson et al. sub) and will be used in CMIP6 DCPP with updated forcing.

The IPSL reanalysis is based on the IPSL-CM6 climate model, developed in 2018 by the IPSL
climate modeling group for the CMIP6 international project of climate models’
intercomparison. To construct the reanalysis, sea surface temperature and salinity observation-
based reconstructions over the historical era were nudged (Newtonian relaxation) within the
climate model. The protocol was developed in a perfect model framework based on the IPSL
climate model (Estella-Perez et al., in prep.). We used a recent compilation of SSS observations,
covering the period 1896 to 2016, for the North and tropical Atlantic (Friedman et al., 2017).
This record has very coarse spatial and temporal resolutions but it has the advantage of being
relatively long and based on direct observations only. In the perfect model framework, using a
pseudo-data approach mimicking the characteristics of the SSS dataset, we eventually
reconstruct the AMOC with a correlation coefficient of 0.76 and Root Square Mean Error
(RSME) of 0.99 Sv (Estella-Perez et al. in prep.). These values can be compared to the AMOC
reconstruction using global SSS and SST covering the whole ocean model grid at the same
resolution where a correlation coefficient of 0.84 and RSME of 1 Sv are obtained. These results
thus give confidence in the possibility of using the observed SSS and SST data to try to
reconstruct the AMOC using the IPSL model over the historical era. Application of the
procedure to the historical era has implied minor adjustments of the procedure. In the current
version of the reconstruction, an offset of -0.5 to +0.5 psu can have been introduced in specific
grid points. The consequences of this offset are not yet fully understood. This first reanalysis do
show a lower variability of the AMOC than the historical simulations, which may be related with
the fact that SSS observations have lower variability than what the model simulates. It is also
showing lower variability than UiB reanalysis.
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