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Figure (1): a) SST and b) SSS EC-Earth3- EN4 bias in NA, DJF 1991-2020. Red box, Labrador Sea (44— e Gulf stream strength and | ‘ o o = e & © © coT - %22
60 W, 52.5-65 N); black box (30—45W, 42-52N); green box Cape Hatteras (edges, (78 W, 34N), (61 W, i+ I ) _ o 0 31 Ok 14 e 30N 14D 31D 14 3T 14 Feb 28 Feb
41 N), (61 W, 46 N), (71W, 44N). In contours, EN4 values. position . . I Figure (10): NDJF daily average wave activity measured as the zonally-averaged ¢ ov v = v Jan Jan © ©
b LS Salinity EC-Earth3 & EN4 e Deep water formation in I 100hPa eddy heat flux [V*T*] over 45-75N. 1991-2020 SEASS5 (blue, ensemble
a) oLS Temperature EC-Earth3 & EN4 ) Labrador Sea SST EC-Earth3 & EN4_ — d) Labrador Sea I mean; dashed blue 25 members) and ERAS (black). Statistics included in the Figure (11): NDJF daily average QBO tele_connection composites on the PV,
oo < S ol . I inset boxes: root mean squared error (RMSE), Pearson correlation coefficient 1991-2020, SEAS5 & ERAS. PV strength defined as the ualOhPa [55-70N]. QBO
o 1 M\/\/J ~ NN e Mesoscale eddy activity I (Corr), mean absolute error (MAE), and winter average. phases: EQBO when ua10hPa [55-5N]< -5m/s; WQBO, when >5m/s.
- e, 500 NA EKE DJF [cm?/s?] I
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Figure (2): LS (red box in Fig.1) temperature and salinity fields for EC-Earth3 and EN4, DJF 1991-2020. a) and toe 331 497E|2i352 (CS?EZ/?;) 1159 13241490 I ! !
. . N . . . . . . 1 1 * .
d), vertlcal. p!’oflles w!th zoom in the subsurface (black dashed line); b? and c), §urface time series. In little Figure (3): EKE (eq. 3) derived from satellite I 80r s : : Processes Of interest:
boxes, statistical metrics: average, mean absolute error, Pearson correlation and bias. ) . [ ' )
altimetry data, from Copernicus. DIJF I 6oL — EKEERAS i i ® Eddy feedback (eq 2’ 3) Correlation Squared
1993-2020, daily data, preprocessed with a =~ EKEGERSS | . i | . I g . .
3. TROPICAL PACI FIC 10-30 day band-pass Butterworth filter. I 0 50 100 150 200 250 300 350 between zonal wind and the dlvergence of
Longitude (°) Eliassen-Palm flux, averaged over 500-300 hPa and
El Nifio 3.4 region SST EC-Earth3 & EN4 I Figure (12): DJF North Hemisphere midlatitude-averaged transient eddy activity, 25°-72°N
30°N —— Ssreceanns I 1991-2020, SEAS5 (blue, ensemble mean; dashed blue, 25 members) & ERA5 (black). o .
g I I Vertical red lines represent the NA sector. Statistical metrics included in upper-left box. ¢ Eddy Kinetic energy (eQ- 4, EKE); preproceSSEd with a
2-10 days band-pass Butterworth filter.

10°N{ ¥

\
AT | mamenas 1 o

h————————————————————————————————————m————

0° , I ERASaverarge=26.75 _* g By — /2 /2
¥ 19‘95 20‘00 20‘05 20‘10 20‘15 20‘20 I I momentum eq. : fv V.F € (2) EK‘:‘J - ~ (u + V ) (4)
10°S SEP SST EC-Earth3 & EN4 N I at a cos ¢ 2
2005‘:: Nifio 3.4 —— SST EC-Earth3 , , )
N =L | —— & R ! | II EP flux 1 aF(/) COS (/5 an S0°N. NA 300hPa EKE m?/s? SEAS5 ERA5
100°E 120°E 150°E 180°E 150°W  130°W 100°W P sl Z I divergenceeq. V-F = V¢F¢ + VPFP = -t (3) =
I acos¢  0¢ dp S
~2.500 -1.974 -1.447 -0.921 -0.395 0132 0658 1184 1711 2237 il B I . =M
e || Atmospheric eddy feedback SEAS5 & ERA5
Elgure I(4):Ir0|o;)cal Pacific 195951-2920 DcJ)F Sszob'as maF;d(EC'Eafth?_‘ 'bElN‘L)- Eed Figure (5): El Nifio 3.4 (a) and SEP (b) time series, 1991-2020 DJF I 0.7T {Eddy feedback ERAS = 0.47 | | — ERAS oon
ox, El Nino 3.4 region [55-5N; 170W-120W] (co ton.gue), ack ox, average; EC-Eearth3 (blue) and EN4 (black). I jEdely fecibacld SEASS = 0201 | —— SEASS
southeastern Pacific region [55-20S; 130W-80W] (warm bias). In contours, 0.6r ! ---- Eddy feedback
EN4. : I i
Teleconnections |! ost :
The Tropical Pacific is the core region Of E_ijgqs;%EéS/&';-ERAS SLP corr\n\p(\)sites I}l_iﬁoﬁa b) Bias SEAS5-ERA5 U300 composites Nifio-Nifia II 50.4- i
- N . ' o oo P : . :
El Nifio Southern Oscillation (ENSO), the T ’ o - | Tosf |
. . . o . ~ : ° 1
principal source of seasonal predictability P A B I N | o
. . 60°N e ki 0.2+
at global scales. Persistent model biases 115 218 II \ ,
affect its mean state due to the complex 03 e S I Gk R ! “ .
. @ - 013 @ N\ ! l : : : : :
local coupling between the ocean and e — _4 e I 0.0 e — P | | | oW ssW AW 25w 10w
'R LISl G s e 0 20 40 60 80 e
the atmosphere (O’Reilly 2025). . L L ™ |I Latltude (%) | | | | |
505 I —-24.48 -16.21 -7.93 0.34 8£E/SZ 16.90 25.17 33.45 41.72 50.00
Typlcal biases of interest: z:j oy I Figure (13): DJF North Hemisphere zonally-averaged atmospheric eddy feedbackf 1991-2920, Figure (14): Dirterence m. 30UhPa transient eddy act|V|ty.bet.ween
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e Doble ITCZ bias Figure (6): Sea level pressure (a) and U300hPa zonal wind (b) ENSO teleconnection difference computed.
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4. DOBLE ITCZ 1

Zonal mean precipitation SEAS5 & CMAP The double Intertroplical convergenc.e zone (ITCZ) bias is .a II
| — e common problem in current climate models. It is

180+ i —— SEAS5

Sk N characterized by an overestimation of the southern branch ||

------ DIl southern boundary

We focus on two main regions for their link with
the atmospheric and oceanic circulation in the NA
sector (Acosta-Navarro et al. 2020):

Figure (15): DJF Sea ice
concentration difference
(SEAS5 - ERA5) in the
North Pole. In Black and
red boxes, the Labrador
Sea and Barents-Kara
Sea regions. 1991-2020.
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of the ITCZ, most notably in the eastern Pacific (Dong et al. I
2025). This issue is often reduced in high-resolution I
models. ||

e Barents-Kara Sea: driver of North Atlantic
Oscillation (NAO) variability, mid latitude
tropospheric and stratospheric dynamics.

e Labrador Sea: modulator of deep water
formation in the North Atlantic. Sea ice biases
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Processes of interest: ||
e Double ITCZ index (Dll, eq 1); precipitation asymmetry II
between tropical north and south hemispheres.
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. L ! i - _ < I can hinder the representation of deep water
ISUBIREI e SST in southeastern Pacific I mixin
Figure (13): Zonally-average mean DJF precipitation/month, 1991-2020 e South America coastal cloud cover I g
for SEASS5 (blue) and CMAP (black). In black and red dashed lines, the I
thresholds for calculating the DIl (see Figs 7 and 8) . N 55 BK Sea SIC SEASS & ERAS
DIT — iN iS (1) II o Labrador Sea SIC SEAS5 & ERA5 Lo ———— —
DJF precipitation SEASS-CMAP P 4 Pr | By -] Cogmnes — sz s
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20%5 ERA5 average = 0.06 SEASS average = 0.26
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- - f\:/IOBrI; Z —008075 CMAP average = 0.486 } year year
' ' ' ' ' : i : i i - i i Figure (17): DJF Barents-Kara Sea sea ice concentration 1991-2020 time series, for
a0 =415 =581 =315 =162 28 708 3852 57 762 1990 1995 2000 2005 2010 2015 2020 I I Figure (16): DJF Labrador Sea sea ice concentration 1991-2020 time series, for g (17) ’

(mmy/month) : _ : SEASS (blue) and ERA5 (black). Statistical metrics included in the inset boxes. SEASS (blue) and ERAS5 (black). Statistical metrics included in the inset boxes.
Figure (7): Mean DJF precipitation/month difference (SEAS5-ERAS) in Figure (8): DIl for SEAS5 and CMAP, calculated using the red and black I ( ) ( )

Tropical Pacific, DJF 1991-2020. In red and black boxes, the regions used boxes regions in Fig. 13. 1991-2021, DJF. Statistical metrics in white — — — — — — —
I for calculating the DIl in Fig. 8. In contours, CMAP values. boxes. —
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Add new diagnostics for the Atlantic Nifio and the Southern Ocean.

> Combine all metrics in a scoreboard to characterise the global performance of the model in representing these key
processes.

Use this package to tune a seasonal forecast system based on IFS-NEMO-SI3 in the context of the PREDDYCT project.
Make this Python-based package freely available to the scientific community.
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