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=~ Met Office to understand recent changes In the North Atlantic.
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L Jackson, C Dubois, D lovino and many, many others.

We are examining recent changes in the North Atlantic (during the satellite period — after 1993) with global
ocean reanalyses with the aim of answering the following questions:

. Where is there agreement/disagreement? Ocean reanalyses Reanalysis Ocean model |Resolution [Vertical coordina|Surface forcing Whatis assimilated and how?
. Can we learn what makes a reanalysis good at specific processes? These are forced ocean models that assimilate various C-GLORSV7 NEMO 3.6 0.25|75 depth levels |ERA Interim + CORE bulk Nudging: SST, SIC, Arctic SIT; 3DVAR: SLA,T,S
- Are there processes/time periods where we believe the reanalyses are adding information? observational data sets ORAS5 NEMO 3.4 0.25|75 depth levels |ERA Interim + NWP + CORE bulk in-situ T/S, SIC, SLA+MSLA, SST, 3DVAR-FGAT
« Advantages of reanalyses over observations alone GloSea5 NEMO 3.4 0.25(75 depth levels |ERA Interim + CORE bulk SST,SSH,T,S,SIC 3DVAR full field
Scientific themes: * Infill regions with sparse data UR025.4 NEMO 3.2 0.25|75 depth levels |ERAi + CORE Bulk fluxes SST, SSH, T, S, SIC, Optimal Interpolation
. Dynamics > G aemios (2 IEnegeis) e el elitLll e meeslie GLORYS2V4 NEMO3.1 0.25|75 depth levels |ERA-Interim + Core bulk fluxes SST (AVHRR)+Altimetry+InSitu(T/S),MDT
*  AMOC (incl RAPID and OSNAP sections) Rl e GLORYS12V1 |NEMO3.1 1{50 depth levels [ERA-Interim + Core bulk fluxes SST(AVHRR)+Altimetry+InSitu(T/S),MDT
+ Gyres | | B : [{'Saﬁg’ﬁgzgisare o o e beliove e GECCO2 MITgem 1/3to 1 NCEP SST,SLA, MTD,T,S, 4DVAR
. hea?;):(\j/?fet?hnvﬁj;ns (mixed layer depth, densities) . Assimilation/relaxation of teyrms can dominate budgets ECCO V4 R3 MITgem 1|50 depth levels [ERA Interim (initial guess) + CORE b{SSH/T/S, in situ T/S, SIC, GRACE OBP, MDT; 4DVA
. OHC and water mass properties - NorCPM-VO MICOM 1 Fully-coupled SST; EnKF anomaly
| Surace fnes e v it e s 0 ey s st s ro [NSITVVL__[MICOM 1 ST, 1.5 Enk 2nomaly
. Ocean transports modified instead of increments added to T and S. GONDOLA100A |MRI.COM v4.2 |[1x0.3-0.5 |60 levels + BBL [JRA55-do v1.3, CORE bulk in-situ T/S, SST, SSH, SIC; AU, 3DVAR
There are also two coupled reanalyses (NorCPM) ECDA MOM5 1x1/3to1 NCEP in-situ T/S, SST,Coupled Ensemble Kalman Filte

Analysis is ongoing ...

AMOC: The AMOC streamfunction in many reanalyses looks similar to that found in Thle r_(i[)analyseSRtgaétSCOér:pgre geétlto th; Zb%eg?t'oni of g“éggga\?jglgyéﬁaliuI?tfed by” OSNAP: For some models the overturning across the OSNAP Labrador Sea: Density anomalies in the central Labrador sea show (in most
free-running models, however there are occasional discontinuities by latitude. Glosea5b is \Jzeog' %/)SC?Ir\?EMO but’ EC%S?S ’verordyi?fe\;e’nt (-Fi o:r%st\; ;:m - 1nefirstioura section in density space has been calculated reanalyses) a decrease in deep density from the mid 90s (start of the run). The large
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At 26.5N about half get the magnitude of AMOC and there are signs of a temporary " 167 |
Weakening In winter 2009/10 and also the Weakening since 2005. There are suggestions Yok ¥ 2 all T | 10} \\ Fig 7: Density anomaly in the central Labrador Sea for each reanalysis by depth and month since 1993.
of a strengthening from 2001-2006 (see Fig 4) “
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Fig 2. Timeseries of AMOC strength (with 12 month running mean). Top panels: at 26.5N (solid black line is timeseries from Fig 4. Comparisons of AMOC changes across the ensemble. Each cross is a model, with large crosses assessed as significant years Fig 8: Maximum mixed layer depth (using a criteria of 0.03 kg/m3 with monthly mean T and S) over the Labrador Sea and as a
RAPID); Bottom panels: at 50N. Left panels: each individual timeseries; Right panels: ensemble mean (black) and 2 x standard changes compared to each model timeseries. Black crosses are the changes for the ensemble mean and black circles are from the _ _ N _ maximum each year. The reanalyses have been split into two groups with the reanalyses chosen for the upper panel being those with
deviation (grey) of timeseries minus their own climatological mean. Bottom right also shows the Ekman transport calculated from observations. Left panel: MOC 26N anomaly in 2009/10 compared to 2011-2015 climatology; MOC 26N in 2005-2007 minus 2000- Fig 6. Strengths of the subtropical gyre (positive values) and subpolar gyre (negative values) for some of the reanalyses more realistic mean and variability.
ERA Interim winds (blue) and the ensemble mean minus Ekman (red) 2002; MOC 26N in 2012-2014 minus 2005-2007. Right panel: trend in MOC at 26N (1993-2016); trend in MOC at 50N (1993-2009);

trend in MOC at 50N (1993-2016).
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