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A. Supporting text
N>O parameterization in PISCESv2

As described by Aumont et al. (2015), PISCESv2 models five limiting nutrients for phytoplankton growth: nitrate and ammonium, phosphate, silicate
and iron. The phosphate, nitrate-ammonium nutrient pools are not really independent in PISCESv2, as they are linked by a constant Redfield ratio
across all modelled organic compartments. Redfield ratios are set to 122:16:1 for C:N:P following Takahashi et al. (1985) and the -O:C ratio is set
to 1.34 (Kortzinger et al., 2001).

For our study the marine N,O cycle described below was added to PISCESv2. In the ocean, N2O production and consumption are driven by marine
bacteria in slightly oxygenated waters. N2O can occur as a by-product during microbial nitrification and as an intermediate product during
denitrification (Freing et al.,, 2012). The oxic-anoxic interface above oxygen minimum zones provides appropriate conditions to enable N,O
production (Ji et al., 2018). In the absence of oxygen, nitrate (NO37) is the next preferred electron acceptor for respiration after oxygen according
to the electrochemical series (Lam and Kuypers, 2011). Denitrification has been shown to be the dominant process for N,O production in the



southern (Ji et al., 2015, 2018) and northern (Ji et al., 2018) part of the Pacific oxygen minimum zone. While nitrification is typically assumed to be
an aerobic process, substantial suboxic nitrification has also been reported in many of the world ocean’s major suboxic zones.

The bacterial pool is not yet explicitly modelled in PISCESv2. Processes of N,O production like nitrification or denitrification are not formally
expressed, and PISCESv2 diagnoses their effects from specific environmental conditions. A modelling approach relying on the indirect
representation of the N,O yield is rather common in present Earth system models due to the complexity of processes involved (Battaglia and Joos,
2018). For example, in MPI-ESM 1-2-LR (llyina et al., 2013) and MIROC-ES2L (Hajima et al., 2020), two of the few other Earth system models
simulating marine N,O emissions in CMIP6 (Séférian et al., 2020), the production of N,O is mainly linked to the consumption of oxygen (O2) during
remineralization of organic matter.

In PISCESV2 it is assumed that the distribution of nitrifying bacteria in the model is ubiquitous in the ocean interior, that is wherever there is export
of organic matter to depth the model simulates nitrification, consuming ammonium and producing nitrate (Martinez-Rey et al., 2015). Nitrification
is particularly enhanced in the absence of light, whereas oxygen levels should be above the suboxic threshold of 1 umol L. Denitrification is
computed in the model where dissolved oxygen concentration falls below 5 pmol L}, which defines suboxic waters (Cocco et al., 2013; Bopp et al.,
2013).

At each grid point below 100 m depth (as N2O production is inhibited by light), a unitless function f(O,) depending on the oxygen concentration
[02] (in umol L) is computed following:

f([02] < 1 pmol Lt) = [03]
f(1 pmol L1 < [02] <5 umol L) =1 (1)
f([02] > 5 pmol L'Y) =0.7*exp(-0.1*([02] - 5)) + 0.3*exp(-0.01*([02] - 5))

f(O2) allows to evaluate the suboxic production of N,O based on Martinez-Rey et al. (2015):

[Nzo]suboxic =a+ ﬁ * f(Oz) (2)

with a, being the nitrification coefficient for N,O background production equal to 10* mol N,O per mol O, consummed. B, is the denitrification
coefficient which scales the oxygen-dependent function. It is equal to 30 10 mol N,O per mol O, consummed.



The local trend of nitrous oxide concentration [N,O] is finally evaluated by Eqg. (3) at each time step as:

d[N20]/dt = [N2O]suboxic * zolimit * o2ut (3.1) remineralization
- sinkn2o * [N20] (3.2) sink term
+ [N2O]suboxic * zonitr * o2nit (3.3) nitrification
+ [N20]suboxic * zgrazing * o2ut (3.4) grazing

where in the first term (3.1) zolimit accounts for ammonification in oxic waters through oxygen consumption during the remineralization of the
organic matter at the o2ut ratio of 133/122. In the second term (3.2) sinknzo is the N,O sink term coefficient corresponding to the N,O consumed
under anoxic conditions by denitrification at a rate of 7.12 10* dX. The third term (3.3) represents the part of N2O concentration produced as an
intermediate product of nitrification at a 02nit ratio of 32/122. The last term (3.4) produces N2O by grazing of the remnant organic matter.

The N,O partial pressure difference across the air-sea interface (sea-to-air Dpn2o0; in atm) is then computed based on

Dpn20 = [N20]surface / SOlUbN20 - pn20 (4)

with pn2o, the atmospheric partial pressure of N2O in ppb, and solubnao the N2O solubility in mol/m? which depends on in-situ temperature and
practical salinity following the formulation of Weiss and Price (1980).

Finally sea-to-air N,O fluxes (mol/m?/s) are inferred based on Wanninkhof (1992; 2014):
NzO_ﬂUX = Dpn20 * SO|Uszo * KgNzo (5)

with Kgn2o being the piston velocity for N2O (m/s), which depends on wind speed, ice fraction and temperature.
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B. Supporting figures
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Figure S1: Schematic diagram of the numerical set. The phytoplankton-light feedback (PLF) encompasses the interaction between the incoming
solar radiation (identical among the 3 simulations) and the CHL concentration used to filter its penetration through the water column. Different
representations of the PLF are distinguished in function of the CHL used to filter the incoming radiation: it is either computed from PISCESv2 model
(REF) or externally prescribed from an observed climatology (climZCST and climZVAR). We show that the nature of the CHL chosen to interact with
light determines different states of ocean physics (e.g. OHC, temperature, dynamics, stratification) that drive different states of marine
biogeochemistry (e.g. N2O, CHL, 02).
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a) REF
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Figure S3: Time-depth diagram of temperature averaged over an extended tropical domain (35°S-35°N) for a) the control experiment REF, and its
differences with b) climZCST and c) climZVAR.
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Figure S4: Annual density vertically integrated from 0 to 300 meter depths (kg/m?) as a function of the annual OHC300 (ZJ) and annually
averaged over an extended tropical domain (35°S-35°N). All points reflect anomalies compared to year 1999.
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