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Stratification Index

To compute Stratification Index, in situ density (p) has been calculated from each ESM’s potential temperature and practical
salinity (after conversion to absolute salinity and conservative temperature) following TEOS-10 standards (Feistel, 2008) and
using R “gsw” (https://cran.r-project.org/web/packages/ gsw/index.html). Three-dimensional p fields have been area-weighted
over the EP region. We use a Stratification Index (SI) based on Sgubin et al. (2017) to characterise the stratification of the water
column from surface to 500m:

25
SI= Z pZi — p%o
i=1

where Zj is the sea surface and Z; = Z; 1 +20and i € [1,---,25].
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Figure S 1. CMIP6 ensemble SST (in °C) average anomalies over the 1985-2014 contemporary period for the La Nifia, El Nifio and the
moderate regimes.
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Figure S 2. CMIP6 ensemble sea
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Figure S 3. Taylor diagramme of CMIP6 ensemble SST (in °C, fop) and sea-air CO» fluxes (in mol C m~2 yr’l, bottom) average anomalies
over the 1985-2014 contemporary period for the La Nifia and El Nifio regimes. Reference values (observed mean values in our case) corre-
spond to the red diamond on the abscissa. Radial distances from the origin are proportional to the standard deviation (blue dased lines) while
azimuthal positions give the correlation coefficient between the simulated and observed values. Finally the green circular lines correspond to
the ’centred’-RMSE.
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Figure S 4. CMIP6 ensemble vertical section of temperaturel:'g n(glgu'a%,flzonal (between £2°N) average over the 1985-2014 contemporary
period (middle). Average anomalies (differences) relative to contemporary mean are given for La Nifia (leff) and El Nifio (right) regimes.
Dottet lines indicate the average thermocline depth. In square brackets, the number of months in each regimes for each CMIP6 models.
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Figure S 5. CMIP6 ensemble vertical section of DIC (in umlfﬁnatfﬂi%] zonal (between £2°N) average over the 1985-2014 contemporary
period (middle). Average anomalies (differences) relative to contemporary mean are given for La Nifia (leff) and El Nifio (right) regimes.
Dottet lines indicate the average thermocline depth. In square brackets, the number of months in each regimes for each CMIP6 models.
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Figure S 6. Same as Figure 3 but for the 1985-2014 contemporary period.
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Figure S 7. El Nifio and La Nifia average of total (in red), thermal (in blue) and non-thermal (in green) pCO2 mean anomalies (in patm)
for the reversed (left) and preserved (right) ESMs over the early historical (1851-1880) in EP domain. The same components are estimed
by scaling the background pCO2 scaled to contemporary (1985-2014) and future (2071-2100 ) periods. The absolute ratio between the
non-thermal and thermal component is given (in %) for each periods, groups and ENSO phases.
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Figure S 8. El Nifio and La Nifia surface wind (fop in m s~ 1) and kx K¢ (bottom in mol C m~2 yr’2 atm™!) mean anomalies for the reversed
(left) and preserved (right) ESMs over the early historical (1851-1880), contemporary (1985-2014) and future (2071-2100) periods in the EP
domain. Vertical bars represents 4 one s.d. of the anomalies for the respective periods, groups of models and ENSO phases.
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Figure S 9. CMIP6 ensemble vertical section of ALK (in umLc‘)’ln geiér fﬁ;} zonal (between +2°N) average over the 1985-2014 contemporary
period (middle). Average anomalies (differences) relative to contemporary mean are given for La Nifia (leff) and El Nifio (right) regimes.
Dottet lines indicate the average thermocline depth. In square brackets, the number of months in each regimes for each CMIP6 models.
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Figure S 10. Mean SSS (in psu) versus mean ALKs (in umol eq L") over the early historical (1851-1880), contemporary (1985-2014) and
future (2071-2100) periods in the EP domain simulated by all reversed and preserved ESMs (fop panels, circle markers). The multi-model
mean values of SSS and ALK (asterisk markers) from each ESM group together with their respective mean values during La Nifia (square
markers) and El Nifio (diamond markers) are also depicted for the three periods. Isolevels of pCO2 for varying SSS and ALKSs are given in
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the background and are computed from period and group specific SST and DICs muti-model average.

Figure S 11.
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Figure S 12. Time-series of intPP (in mol C m~2 yr™") from 1850 to 2100. The blue and red colours indicates the occurrence of the La
Nifia and EI Nifio regimes. The decadal trend is given for each model. Models names are given in green for the selected models with shifting
correlation sign, in orange for selected ones maintaining the negative correlation and black the others. The intPP standard deviation (o) over
the early historical (1851-1880) and future (2071-2100 ) periods are given for each model.

11



| CanESM5 1576 [kg m™]

| IPSL-CMBA-LR ' 1.202 [kg m ]

187
157
= I |
/ | Iy
97 II ll Fl I;J" i ",l“'"'ll i “" l"l"' illlll‘}' "n m IJ, I lT'lllll.lM l"“ W H""'"' r
67m 2071-21000=8| 1851-18806=5.9

| GFDL-CM4 | 0.931 [kg m ™|

: NorESMZ MM 0.981 [kg m~]

187
157 " )
il ), el i) ,mmn

Wil |"|'”|H'“l. l J nqu |,| ‘ J
97 II tllI ”'.'-f'h'..“.'l‘ll]lini{l ol e i
67 e
187 }MRl—ESMz—o 107 [kg m™Y ‘UKESMl 0-LL 1.37[kg m™Y
157
Hl il IIHH {' . m’lJ sl 'ﬂ"l'"l

— Il L [l LRk i il

¢ o J' l'llllllllil-lrl'lllll( llﬂ '“ ' ljlu e

- 57m lﬁm

o 187 | ACCESS-ESM1-5 1.352 [kg m’a] | CanESM5-CanOE  1.576 [kg m™]

157 I '4 ‘ l

X 127 it | iy

‘ { ‘ NI
o7yttt i | 1{"”' ! gty ”ml,l,,‘,'-‘m'l"

187
157

Stratification Index [k

67

187

SR g ey

2071-21000=11| 1851-18800=4.6

'CESM2 1.779[kg m™]

CNRM-ESM2-1 0.938 [kg m™]

%.”.'.’1“."'.'&1 |

l
*‘Jldl'l ‘.-. i ""H"'”

MIROC ES2L 1.2[kg m™]

iy HI i ll/l ! il

Tt en,ulni-'n'lh ””'
m

71-2100 0 =14

2071-21000 =8

187 | CESM2-WACCM  1.772 [kg m™]
| I I : i I‘
y,,.','. ',',.“.',,,".", 3 "hl'lll o i ”,| ! m | ,“l’m[ ldh n l,ulnlnln I | ,“ |
67m | 2071-2100 5 =16 _ 51-1880 0= 8.8 | 2071-2100 6 =16 |

| GFDL-ESM4  0.931 [kg m™]

Ll |“h“1'|'| "
ml Hll"’"””

2071-2100 0 =12

h n|'u||)lg,|;||| x'l ,
‘1h- Wi ‘(" i ”Jn
NorESMZ LM 0.97 kg m™

..unhth'*

’”l
‘”“‘l‘ IIH|I' fl 'l“ ’ “'d hn \II

AP ||l\| ]

67 :
187 | MPI-ESM1-2-HR 0786 [kg m ] ' MPI-ESM1-2-LR 0.556 [kg m™]
157
127 ﬂ
il

Lu (RETI In'l' f"“ li .

”“‘)l‘-ullhf .hln’lu

97 ,..ml‘ .m:wll
R A '“"“ ' Pl m‘"n H'ﬂ" i
67
1850 1900 1950 2000 2050 21001850 1900 1950 2000 2050 2100

Figure S 13. Time-series of average SI (in kg m~2) from 1985 to 2100. The blue and red colours indicates the occurrence of the La Nifia
and El Nifio regimes. The decadal trend is given for each model. Models names are given in green for the selected models with shifting
correlation sign, in orange for selected ones maintaining the negative correlation and black the others. The SI standard deviation (o) over the
early historical (1851-1880) and future (2071-2100 ) periods are given for each model.
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Figure S 14. Time-series of average surface DIC (in umol C L™!
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) from 1985 to 2100. The blue and red colours indicates the occurrence of
the La Nifia and El Nifio regimes. The decadal trend is given for each model. Models names are given in green for the selected models with
shifting correlation sign, in orange for selected ones maintaining the negative correlation and black the others. The DIC standard deviation



