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2004/2005 EDDIES Cruises

Ten different eddies sampled, five more than once
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Adaptive sampling of eddy features in the Sargasso Sea
using real-time satellite altimetry
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BATS Chlorophyll a and “C Productivity
1988-2003
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Export flux 1n mode-water eddy A4

Particle export typical of BATS
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A4 Deep Oxygen Deficit

envelope
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A4 oxygen deficit: 1.6 X annual new production



Cyclone C1 oxygen profiles
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Outside, Survey 1
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Implied remineralization: 1-3 X ANP
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A 0.1° Resolution Model of the North Atlantic

Temperature (G) at 5 meters, 08 Jan 1933 Mew Froduction, Iugmimmul N/m~“/day), 06 Jan 1933
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New Production at BATS:

Three Models, Three Different Nutrient Transport Pathways

Simulated Nitrate Budgets at BATS (euphotic zone integral)
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Coarse (1.6°)  Eddy-resolving (0.1°)

1 8°CGM: Temperature (C) at 5 meters, 06 Jan 1983 0.1° Temperature (C) at 5 meters, 08 Jan 1993
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Are eddies
a sink of
nutrients

in the
subpolar

gyre?
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Time-series of terms in the blue spot
SIN, 28W: 105m

Negative vertical advection of nitrate associated with
post-convective adjustment

McG et al. 2003




An Eddy-driven Nutrient Sink:
Mesoscale Restratification After Deep Convection
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McG et al. 2003 Magnitude of the eddy-induced sink comparable to biological uptake term




Density

plan
view
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model
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Eddy-driven impacts on restratification
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Frontal stratification and subduction
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Eddy-Driven Stratification
Initiates North Atlantic Spring
Phytoplankton Blooms

Amala Mahadevan,® Eric D'Asaro,?* Craig Lee,” Mary Jane Perry®

e+ o+ o+ o+ o+ o+ o+t
LW DATA

50

Depth [m]

100+,

50

Depth [m]

100

_ 0 L 4N, -
) 60 0 20 40 60 80
Distance [km] East [km]



0 DATA MODEL
A | - §'13° 2007 Surface Heat FE:/‘;’___’__P——
l"‘l‘ /_-/.—_—:"—
i~
501 -?u\ 120 ; 0 Shartwave W _FI.V. Knorr
3 100 ?“ 110 200_ noc _
L o 11 - 4
= > Total D
;::} C : ]
8 1501 02 :
a - Wi .
. Wind Stress ™, North ]
200} o of < .
02 E East - E
250 1 1 1 1 1 1 1
a7 27.4 50 &0 70 80 90 100 110 120 130 140 150
Potential Density [kg m™]
20X 1G6° I 10°
Average N2 Average N2
B 5l G 300, DATA b s- O 100- 2
m 100m | 300m | MODEL Modei_!
C r— p—— wit
4 4p) /|22l Grad Gradient |
G |72 |NoGrad
, 3} 3 —
< 2 | 2
1 o e s i . 1 1 Model 1
N —— -’ T e P’ o Mo Gradient
Dpe—=Freed- -;;;1 o % B e ': . = e —=
50 60 70 80 90 100 110 120 130 140 150 50 60 70 80 90 100 110 120 130 140 150
. March April May . March April May
c Gliders Chlorophyll ok _ MODEL Chlorophyll G
[ | — Float 0-100m SeIN | —G”";"’“' 0-100m )
o a1 a5 Ll — Mo Gradient Gradien
E — MODIS DATA
= 7% X153
ET ) | = Combined
= = Combined
o 1} ot N ;
RAL 8 5w
[ : ¢ Silicate
0 i | ! | 1 limifation | 0 T i i i L | [ | |
50 60 70 80 80 100 110 120 130 140 150 50 60 70 80 an 100 110 120 130 140 150
Year Day 2008 Year Day 2008

Mahadevan et al. 2012



DENSITY

Yr Day 30
Surface

)
» @ ®
S o

dist. west (km
B
o

N
o

g 180 200 220 240 260 280 300

27.4 27.3 27

CHLOROPHYLL

-100

3

-200

//}
-300 | m—
S 180 200 220 240 260 280 300 N
wind stress (Pa)
02 ....... T e e 0
0 ...................................... _1 00
U0 s vunw e wonisd vuns wad wmen seifwusa vl -200

01

N 180 200 220 240 260 280 300
2 Vertical Sectlon

1 [

heat flux (w/m )

130
90
50
10

30 50 70 90 110 130

180 200 220 240 260 280 300 N

shortwave (w/m )

.....................................

........................................

Mahadevan et al. 2012



SCIENCE VOL 337 6 JULY 2012

Eddy-Driven Stratification
Initiates North Atlantic Spring
Phytoplankton Blooms

Amala Mahadevan,® Eric D'Asaro,’* Craig Lee,? Mary Jane Perry?

and shading the nutrient-rich waters below. Thus
although our simulations do not include nutrient
ctiects, we anticipate that enhanced nutrient fluxes
into surface waters due to ML eddies will lead
to an overall increase in carbon fixation.

Eddy restratification 1s effective in this area of
the Icelandic basin due to the existence of deep



Submesoscale
hotspots in
fluorescence and O,
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Submesoscale hotspots ubiquitous 1n a
survey of subtropical and tropical Atlantic
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Can we resolve 3-D structure of such features with
towed 1instrumentation?
An Observing System Simulation Experiment

Export
March 15 March 17 March 19 mmol N m d!

1/54° model output
Courtesy of M.Levy
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Large-scale impacts of submesoscale dynamics on phytoplankton: Local
and remote effects Ocean Modeling (2012)

M. Lévy **, D. lovino? L. Resplandy ?, P. Klein®, G. Madec?, A.-M. Tréguier®, S. Masson?, K. Takahashi©
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50 year equilibration followed by 5-year averages

New production
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Levy et al. (2012)
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Summary

Mesoscale & submesoscale processes
Drive variability
Impact mean biogeochemical fluxes
Subtropics: nutrient source
Subpolar: nutrient sink? source?

The enigma of export flux
Aphotic zone O, anomalies: The Smoking Gun?
Where /when does the export happen?

What processes determine ecosystem response to eddy-driven
perturbations of the physical and chemical environment?







