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) Oxygen Changes in the Ocean
GEOMAR— (1960-2010)

4 Global deoxygenation with 2%
reduction since 1960s

4 Different pattern in upper and
deep ocean

4 Models have still difficulties to
reproduce observed pattern
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\gD Oxygen Change in the Ocean
GEOMAR — (1960-2010)

4 Deoxygenation particularly in tropical oxygen minimum
DO change [ pmol dcade"I in 100-700m ]
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< 4 Since 2006 focus on 23°W section




GEOMA,SD 23°W Observations

£ SFB754: Climate-
Biogeochemistry Interaction
program (2008-2019)

» Shipboard, moored, glider
observations; two tracer
release experiments

» Ventilation processes and BOOm :
oxygen budget (6°N-14°N)
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Y ) Mean 23°W Section

GEOMAR
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&) Oxygen Change along 23°W
cEomAR— (2006-2018)

2 Dipole pattern in upper 400m: oxygen increase/decrease south/north of
9°N likely associated with wind-driven circulation changes

4 Oxygen changes most
likely associated with
circulation changes

2006-2018 trend from
15 oxygen sections
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&) Oxygen Change along 23°W
cEOMAR—(2006-2018)

2 Dipole pattern in upper 400m: oxygen increase/decrease south/north of
9°N likely associated with wind-driven circulation changes
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&) Oxygen Change along 23°W

(2006-2018)

2 Dipole pattern in upper 400m: oxygen increase/decrease south/north of
5°N likely associated with wind-driven circulation changes

4 Oxygen changes most
likely associated with
circulation changes

2006-2018 trend from
15 oxygen sections

Period 1 (2006-2010)
10 velocity sections
Period 2 (2011-2018)
8 velocity sections
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D Trans-Atlantic Equatorial Cruise 1
GEOMAR — (Sep./Oct. 2019)

2 Oxygen (a) and velocity (c) along the equator
» Enhanced oxygen levels in 2019 relative to 2000 climatology (b)
» Current meter mooring service at 23°W
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o ) Equator, 23°W Mooring

4 Long-term current-meter mooring since 2001 in
cooperation with PIRATA-France

4 Equatorial Undercurrent, Equatorial Deep Jets,

intra-seas~#~"

waves,
TIWs,
seasonal
cycle
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\gD Observations of EUC and
cEomAR — Ekman Divergence

4 10-year strengthening (2008-2018) of equatorial zonal
velocity in the depth range from 100-200 m
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\gj EUC Transport and Ekman
cEOMAR— Divergence

4 10-year strengthening (2008-2018) of equatorial zonal
velocity in the depth range from 100-200 m

4 Transport of the Equatorial Undercurrent (calculated
following Brandt et al. 2014) increases by more than 20%
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\“j EUC Transport and Ekman
cEOMAR— Divergence

4 10-year strengthening (2008-2018) of equatorial zonal
velocity in the depth range from 100-200 m

4 Transport of the Equatorial Undercurrent (calculated
following Brandt et al. 2014) increases by more than 20%
4 Mainly driven by an

Trend of poleward Ekman transport (Sy m™ de cade'1)
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\9 EUC Transport and Ekman
cEOMAR— Divergence

4 Different wind products

Table 1| Ten-year trend in Ekman divergence and transport for

ShOW trend in Ekman different wind products
. Wind Ekman divergence  Northward Southward
dNergence product 10° N-10°S§ Ekman transport Ekmar‘:vtransport
. .y (Svdec™) at10°N at10°S
4 Large variability between (Svdec) (Svdec™)
different pI’OdUCtSZ ASCAT 20412 1.5+1.2 04+06
. CCMP 11+1.2 1.0+11 01+0.6
trends are uncertaln JRA55-do  15+10 1.3+1.0 0.2+0.7
4 O bse rvat i O n S Of Ranges are the 95% confidence intervals. JRA55-do refers to Japanese 55-year atmospheric
reanalysis.
wind-driven circula* o
m|gh t help — EUC QUIkSCAT === ASCAT CCMP === JRA55-d0
constraining wind- =17\
forced ocean Q
simulation =
Brandt et al. 2021 =
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GEOMAR\“D Habitat of Tropical Pelagic Fish

N . l . 4 Electronic tagging data reveal habitat
g = of blue marlin
4 Habitat defined by surface
- T oxygenated layer decrease
B .. (1960-2009) due to expansion of
. low-oxygen regions particularly at
sl the equator
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\gj Multi-decadal Variability of Surface
GEOMAR — OQxygenated Layer Thickness

500
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\“j Summary/Discussion

GEOMAR

4 Realism of equatorial circulation is critical for mean oxygen but also for
long-term variability (Duteil et al., 2014a; Busecke et al., 2019)

4 AMV likely play an important role via northern hemisphere forcing (e.g.
Frajka-Williams et al., 2017); southern hemisphere forcing important
during other periods (Tuchen et al., 2020)

4 Large uncertainties of wind forcing on interannual to decadal timescales
(Ramon et al. 2019); circulation variability could help to evaluate wind
products used in forced ocean model simulations

4 Duteil et al. (2014b): STC variability, role of enhanced productivity
4 Roch et al. (2021, in preparation) decadal trend of primary productivity

17



) Net Primary Productivity
seomAR—2006-2019

(b) Decadal trend of NPP
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\“j Summary/Discussion

GEOMAR

4 Realism of equatorial circulation is critical for mean oxygen but also for
long-term variability (Duteil et al., 2014a; Busecke et al., 2019)

4 AMV likely play an important role via northern hemisphere forcing (e.g.
Frajka-Williams et al., 2017); southern hemisphere forcing important
during other periods (Tuchen et al., 2020)

4 Large uncertainties of wind forcing on interannual to decadal timescales
(Ramon et al. 2019); circulation variability could help to evaluate wind
products used in forced ocean model simulations

4 Duteil et al. (2014b): STC variability, role of enhanced productivity
4 Roch et al. (2021, in preparation) decadal trend of primary productivity

4 Mislan et al. (2017) Tuna habitat development under climate warming
(also Hollowed et al., 2013); altered predator-prey relationships,
assessment of overfishing, changing fishing effort

4 Upwelling regions crucial for air-sea oxygen flux (Eddebar et al., 2017)
due to anomalous ocean oxygen outgassing under increased

subsurface oxygen levels (Oschlies et al. 2018) "
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\gD Mechanisms of Thermocline Oxygen
GEOMAR

Changes
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\gD Mechanisms of Thermocline Oxygen

GEOMAR — Changes
Trade winds Westerlies
Outcropping Base of the |Ekman Ekman
density surfaces B-D mixed layer |transport |pumping
with P.>p, 1=1..4 - !

Ventilated layer Diapycnal mixing
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\gD Mechanisms of Thermocline Oxygen

GEOMAR Changes
Trade winds Anomalous Westerlies
O2 flux
Outcropping Base of the |Ekman Ekman
density surfaces B-D mixed layer |transport |pumping
with P.>p, 1=1..4 - !

Ventilated layer Diapycnal mixing
blue: | | red: under deeper | | shallower enhanced | | reduced
historical | | ocean warming & thicker | | & thinner
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D Mechanisms of Thermocline Oxygen
GEOMAR Changes
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