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Do fine-scale physical processes matter

for marine biogeochemistry responses to Climate Change ?

Marina Lévy
LOCEAN-IPSL, Sorbonne Université, Paris, France




Surface Chla (Modis)

Lateral scales 1-50 km



Not explicitly accounted for in Earth System Models (ESM)
Sub-grid processes, parametrized



Fine resolution model simulation
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Emerge with increasing model resolution
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Local (sub-)mesoscales impact on biogeochemical budgets

Strong vertical circulation over fronts:

= Transport of nutrients
= Subduction of oxygen

= (Carbon export

Warm, fresh

Geostrophic jet
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— Mesoscale strain

Cross-frontal
ageostrophic circulation

I Isopycnal sGrfaces

Cold, salty

Levy et al, 2018



Local (sub-)mesoscales impact on biogeochemical budgets

Strong vertical circulation over fronts:

= Transport of nutrients

= Subduction of oxygen

= (Carbon export
Warm, fresh

Geostrophic jet

\ .

‘ Parametrization:

= GM: tlatten large-scale 1sopycnals
= Redi: isopycnal diffusion

— Mesoscale strain

Cross-frontal
ageostrophic circulation

I Isopycnal sGrfaces

Cold, salty

Levy et al, 2018



Local (sub-)mesoscales impact on biogeochemical budgets
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A

ocal (sub-)mesoscales impact on biogeochemical budgets

VPR9: Fluorescence (rfu) i VPR9: Oxygen (uM) =

Pressure (dbar)
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Lateral scales 1-50 km
Vertical scales 0-200 m

Towed VPR, Subtropical North Atlantic
Stanley et al. (2017)
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Remote (sub-)mesoscales impact on biogeochemical budgets
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Biogeochemical climate projections

Major threats

Deoxygenation Decrease of PP (nitrate deficit)
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Are biogeochemical climate projections sensitive to these hidden features ?

Due to computational constrains

2° to 1/60°: 500,000 X motre CPU time




Outline

1. Reduction of primary production

2. Deoxygenation and volume of OMZ



Decrease of primary production

d. Integrated net primary productivity change
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Attributed to increased stratification in response to warming of surface waters



a) CTL1 bar. cir.

Tool model

b) Wind stress [N/m?]
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Couespel et al. (work in progress)



3 horizontal resolutions
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Northward km

Historical simulation

Vert. int. NPP [mmol-N/m?/d]
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Levy et al. (2010, 2012)



Historical simulation

Vert. int. NPP [mmol-N/m?/d]
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PP decline |

» Strong PP decline at 1° in the northern gyre

Latitude

Longitude

|mmoIN4m2‘d] .
415 0 1% Couespel et al. (work in progress)



PP decline

2 » Strong PP decline at 1° in the northern gyre
; » Weakly sensitive to Aredi coefficient
e) 1°, kgm=100(‘i k/=20002
mmolN m2 d] -——._
¥ Couespel et al. (work in progress)
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PP decline

» Weakly sensitive to Aredi coefficient
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PP decline

) 1°, kgm=k/=1000

= » Strong PP decline at 1° in the northern gyre
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PP decline

1/9°
Finer res. bt
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Finer res.
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PP decline

h) Domain mean NPP change
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Decline in NOj; supplies
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Decline in NO; supplies
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Decline in NOj; supplies
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Decline in NO; supplies
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Decline in NO; supplies
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Decline in NO; supplies
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NO; stream intensity linked to AMOC strength

Annual new production as a function of
winter mixed layer depth (DW), and meridional circulation (¥ __ )
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Relative stability of the AMOC
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Impact of resolution on projected PP decline

» Attenuated PP decline at fine resolution with our tool model
» Tool model results suggest overestimated PP decline in ESMs
» Small local eddy effect small, remote eddy compensation effects

» Calls for better understanding of the role of eddies in the transport response to CC

Couespel et al. (work in progress)



Impact of resolution on Oxygen Minimum Zone
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Will OMZ. expand or shrink ?

Change in O2 between 400-1000m by 2100

" 50% of global deoxygenation due decreased
25 O, solubility
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" O, trend 1s largely uncertain in tropical
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Equilibrium State

OMZ at equilibrium

» Shadow zones, below major upwelling systems

" Balance between respiration and ventilation

" Ventilation largely due to eddies:
90% in the Arabian Sea OMZ (Resplandy et al.; 2012)



Arabian sea OMZ at equilibrium
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Climate Change

< a3 Less ventilation : less O2
Less productivity: more O2

Outcome depends on respective

Equilibrium State

decrease of each

(b)

Reduced mixing causing OMZ contraction
Reduced mixing causing OMZ expansion

Levy et al., accepted



Arabian Sea downscalling experiments

" Regional model of the North Indian Ocean (ROMS-NPZD)
" Torced by atmospheric reanalyses + climate change anomaly from CMIP5

= 1/3°-1/6°-1/12°

Parvathi et al., work in progress



Arabian Sea downscalling experiments

Control Experiments

ROMS_AS 1/3 CTL: O2 at N-S_65E

1/3°

5N 10N 15N 20N 25N

ROMS_AS 1_12 CTL: O2 at N-S5_65E

1/12°

5N 10N 15N 20N 25N

0.00 20.00 40.00 60.00 80.00 100.00 120.00 140.00 160.00 180.00  200.00

= Smaller OMZ at 1/12°

Parvathi et al., work in progress



1/3°

1/12°

Arabian Sea downscalling experiments

Control Experiments

ROMS_AS 1/3 CTL: O2 at N-S_65E

5N 10N 15N 20N 25N

ROMS_AS 1_12 CTL: O2 at N-S5_65E

5N 10N 15N 20N 25N

Climate Change Experiments

ROMS_CC:MPI-ESM-LR 02 at N-S_65E
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ROMS_CC:MPI-ESM-LR O2 section at N-S_65E
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Shrinking of the OMZ with CC

Decrease in PP > decrease in
ventilation

Similar decrease of the suboxic

volume (-50%) for both

simulations

Parvathi et al., work in progress



Key Messages

1. Possible stabilizing effect of (sub-)mesoscales on biogeochemical responses to climate change
deserve further investigation by the community

2. Calls for improved parametrizations validated against quantities important for biogeochemistry




Widespread impact

% of Total Chla variance represented by sub-seasonal events of spatial scale < 100 km
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Iateral scales 1-50 km
Vertical scales 0-200 m

Temporal scales < 100 days Keerthi et al. — Work in progress



Outline

1. Biogeochemical climate projections: sensitivity to mixing
2. Reduction of primary production: sensitivity to model resolution

3. Deoxygenation and volume of OMZ.: sensitivity to model resolution



Evaluation of uncertainties

1. Inter-model comparison: CMIP spread
2. Sensitivity to parametrizations of (sub-)mesoscale dynamics

3. Sensitivity to explicit inclusion of (sub-)mesoscale dynamics



Parametrization of lateral mixing

Deoxygenation: CM2Mc model, varying eddy diffusivity Deoxygenation : CMIP5 model ensemble
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Bahl et al. (2019)

» CMIP model spread is partly related to uncertainties in eddy parametrization



Parametrization of lateral mixing

Deoxygenation
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CM2Mc model, sensitivity to eddy diffusivity Aredi



Depth in m

ESM with parametrized eddy mixing

Deoxygenation
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» OMZ. may expand or shrink depending on mixing coefficient

. (2019)



