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Introduction GEOMAR SFB 754

The oxygen minimum zone (OMZ)
in the eastern tropical North Atlantic (ETNA)
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Introduction GEOMAR SFB 754

Ventilation of the ETNA OMZ by
latitudinally alternating zonal jets (LAZJs)

23°W ,Oxygen anomalies in the Iower OMZ
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< =P | AZJs are suspected to matter
= for long term variability of OMZ
S oo L] . ventilation
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Brandt et al. (2015), BG

=P turn to non-linear shallow water model to study the LAZJ
variability and its effect on the ETNA OMZ ventilation

HELMHOLTZ
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Model set-up GEOMAR SFB 754

Non-linear shallow water model

» ' 0.0
e .
——————————————————————————————————————————————————————— z=0 40°N Q :
~ ——S | [-0.5
30°N| . -
20°N i —10
P = Po h layer 1 H ‘, w T
10°Nps N0 H— ~1.5
ol B
10°8 [ |
c) Forcing amplitude in m day~? -2.5
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= coupled to an advection-diffusion model with tracer (C) set-up to mimic oxygen

O(Ch
(875 )iy (Chu) =V - (khVC) — JCh — hy(C — Cy) + CF, y = 1/8 day”
—— Y b A ¥ Y~ J=1/49year’
1

1) tendency 2) advective terms  3) diffusion  4) consumption 5) source (western boundary) 6) forcing
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Results GEOMAR SFB 754
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Statistical mean state features LAZJs and ETNA OMZ

80 year

averages  tracer concentration

zonal velocit

— s 0.05 1.0
40°N
0.03
Thl_ckness 50°N 0.01
weighted
average: —0.01
. ah 0°
o= 7 — Y p— —003
O ~0.05

60°W 40°W 20°W  0° 60°W 40°W 20°W  0°

== meridional scale of LAZJs is wider than Rossby radius
and Rhines scale

= | AZJs mainly driven by eddies whose size is set by non-linear
triad instability process (cf. Qiu et al. 2013, JPO)
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Connection between tracer variability and zonal velocity
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= multi-decadal tracer variability is accompanied by (multi-)decadal jet variability
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Summary & Outlook GEOMAR SFB 754
sy [y [ 003
Summary & Outlook —
20°N | e
=P the annually forced shallow water model " ot
features LAZJs, rectified by eddies and 045§
Rossby waves, that ventilate a more or less E
realistic ETNA OMZ 000
=P inter-annual to multi-decadal variability of . SIS WRE R :
the tracer concentration is generated -itis "L WE S 1. L W | | ¢
accompanied by (multi-)decadal jet 10°N-F S e,MIJ.% A A d e
variability £q. ILC"/C at 23 i o TR sk

200 250 300 350 400
Years

= obtain better understanding by turning to a more realistic model set-up
(multi-layer model or GCM) and/or increasing the forcing complexity

Martin Claus | 23.10.2018 | Ventilation of the ETNA OMZ in a shallow water model | 9/ 16 HELMHOLTZ &inciios

GRAND CHALLENGES



Appendix GEOMAR SFB 754

Appendix
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Introduction GEOMAR SFB 754

Latitudinally alternating zonal jets (LAZJs)

Zonal velocity at ~1000m depth
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Modelling the ETNA OMZ
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important role in the ventilation of
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Model set-up GEOMAR — 5754
Non-linear shallow water model
£
* Dynamical equations:
1 AE
= qhv — - My + Py
P=po h layer 1 H ,ajnf. " *"f;i.m { {
-ﬂ.! —ghu — - ag + M. + by
dp 1 (-ﬂ{.‘m} _ffl[u';:-i-.lmﬁﬂ:l) F
3t~ rewt\ 8 | @
* 1.5 layers - infinitely deep lower * set to represent the first baroclinic mode

layer with vanishing velocities with ¢ = 2.7 ms™ (H=500 m, g’ = 1.5*10

ms)
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Model set-up SFB 754
Non-linear shallow water model
0.0
o -os  * rectangular and Atlantic basin (20°S-50°N,
0 s 65°W-15°E)
207N ’
o 17« 0.1° resolution
o I | -0 - viscosity set to 100 m?2s*
%S Tith Forcing ampiitute In m day 1| §-25 * run with no-slip boundary conditions

BO°W  40™W  20°W o=
* annual period forcing

0.0
0.5 '3_1; = ghu - ¥ culsﬂ% My +%
=1.0 i:; ——.:;-hu—:g;r+_-'ld, +%
s (O o)
=a.0
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Model set-up SFB 754

Advection-diffusion model

aic i . :
E,ﬂ,: L v (Chu) = V- [kxhVO) = JOh — hy[C - G+ CF,
—— e - - N
o ; 3 4 5 G
1.tendency 0.12
2.advective terms A 10 \
3.diffusion - "Il
4 tracer sink (consumption, o I;
J = 1/49 year™) o 0.06 ‘1[

5.tracer source C 0,04
(relaxation at western boundary,
Yo = 1/8 day")

6.forcing

F
Pr
(,--""""‘"'-'_

E5°W  G0°W  55°W  S0°W  45°W  40°W

’ Tracer set-up to mimic oxygen Longitude

RESEARCH FOR
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Spin-up

40°N

20°N
Interface
displacement -

a) & months
GO*W  40°W 205N a* GO*wW 40"W 20%W o* BO*W  40%W El:'.ilﬁr a*
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i1 1R m

Spin-up =130 =140 =90 =60 =30 0 30 Lo

40N

Interface
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Spin-up - Tracer content

et f —— Atl.: OMZ (monthly data + 10yr convolution)
o011 —— Atl.: entire basin (monthly data + 10yr convolution)
—— Rect.: entire basin (monthly data + 10yr convolution)

0 50 100 150 200 250 300 350 400
Years of integration

0.7% std. dev.
0.51% std.dev.

2.88% std. dev.

RESEARCH FOR
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Statistical mean state

80 year
averages

tracer conc.

zonal velocity

0.05 1.0
40°N
0.03 0.8
. 0.01 0.6
Rectangular **™
basin - 0.4
uﬂ
-0.03 0.2
Thickness -0.05 0.0
) 60°W 40°W 20°W 0° 60°W 40°W 20°W 0°
weighted
1.0
average: 0.05
. ah 0.03 0.8
T
. 0.01 0.6
Atlantic
basin =0.01 0.4
=0.03 0.2
~0.05 0.0
GOPW 40°W 20°W 0° BO°W 40°W 20°W 0° :
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Meridional width of zonal jets
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Meridional width of zonal jets

) * eddies rectify the zonal jets
aluinmsT! at 23°W

s 0,05

- * hence, the eddy formation
o 20°N ' process plays a large role in
E .ol setting the meridional width
L 10°N =0.01 of the jets

-0.03

Eq. -0.0% * Resonant triad instability
10° 10’ 107 has been suggested to lead

Averaging penod in yr
e P ! to break up of Rossby wave

fronts (Qiu et al., 2013)

RESEARCH FOR
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Zonal jet width - Non-linear triad instability

* Rossby wave ray theory (Schopf, 1981)
* equatorial B-plane
* purely meridional eastern boundary
* initially vanishing meridional
wavenumber
— 3k
« dispersion relation: (k% « {7 — fre- 1)

Latrtuce

* the B-dispersion leads to the formation of
the caustic

Longitwde

* along the ray paths, the triad instability
mechanism can be analysed following
Pedlosky (1987) and Qiu et al. (2013)
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Zonal jet width - Non-linear triad instability

* for a resonant triad, three Rossby waves

are required that fulfil the following
condition: k1t k2 +k3 =0

lh +lo+13=0

w1 + w2 +wsz =0

Latituge

* assuming ko, I>, w2 etc. to be associated
with the primary wave, the nec%sar

Ko < K
instability criterion is given by ? °

L

wavenumber | in 107" m~?!
|.I-.l [ =] [=:] =]
C\ )
[
Bl = Fa i i
=
Growth Rate f/a; (x10°%)

* the growth rate for the sEecond?B\( wav S |T/2

given by: X = @2 (K2 + f2c2)( K2—|—f2 ~2)

2 =1 0 1 2
BiK . Ka) = (K5 — KD (hele — k) wavenumber k in 107* m™!

\Al;"‘l‘\
vvitrl
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Zonal jet width - Non-linear triad instability
a) Growth time scale in yr
50~ b
*“”E;j 4 :
N = c) Growth > Local Prop. time scale
=3 a,=75m 3
520 2 404 | X - .
10 1
ol
; = 301
V60 -a0 -20 © v B
Longitude - 204
5 b) Local propagation time scale in yr =l
+1.0 - 0
4 0.8
4 30 0.6 0
5201 0.4 Longitude
101 0.2
0 0.0 Physically one can expect the . on
LOMpR breakdown to occur where * ~ Kaq,
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Zonal jet width - Non-linear triad instability

a) Growth time scale in yr

501~ As
401 | " _ . .
50 d) Zonal velocity snapshots in ms~
.é 30 3 0.2
E 20 . 40
10 1 X 0.1
Q i
3 : : ; <5 30
-60 -40 =20 O 2 0.0
Longitude e
Qi . E 20
n b) Local propagation time scale in yr -
1.0 g -0.1
1 L
il | {T" | 0.8 10 -
" 20 .
- 04 Longitude
10 0.2
0”80 —40 —30 b 0.0 Projection onto the modelled
g field in spherical coordinates
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Zonal jet width - Non-linear triad instability

A0} _
2500
EL AL
15040 1
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4
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)

B(K,, K3)B(K1,K5) 1'?

X = az — —
(KT + f2c72)(K3 + f?c2)
b
Aty !
iy for &y = TSm S—
Afl
|Jr:| for &; = im _
lf..l"l for a; = T5m % E ]
iy E;‘ﬂ |
P s
P s ':.__
- e e 104
i ._r ﬂ
3 ! | ! O s ! 3 !
10 20 0 40 5 =K —40 =20 il
LDt ude LI'.'II"II;|IEI.I-|1I!'

* inter-annual modulation of primary Rossby wave strength

could lead to variability in zonal jet strength, width and position
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Zonal jets - origin

0.05

0.05
40*N
0.03 0.03
20°N 0.01 0.01
=0.01 =0.01
0" — —
-0.03 - -0.03
_c!l uin ms™ = ~0.05 c)uin ms = _0.05
60*W 40°W 20°W 0° e0*wW 40*wW 20°W Q°
* zonal jets rectify through * coastline has some effect on
eddies after non-linear the jet generation - jets
triad instability reach into ETNA OMZ
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Thickness
weighted
average:
. ah
o= —

h

Tot. &Y. fux c.- 7 - (Fr, 0T )|
S
S'W  40TW 20w 00

B0 40%W  JO%W a

ms-1
-1.0%-0% -5.0e-07 0.0 =00 =007 1.04-055
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Analysis of advective
flux convergence

Wer, mean flus ¢ =8, Ui
S0'W 40w 20'W o

“eddy
mixing”

with
= & — e

and bolus velocity ;77,7
sk A [—

u =u—u=— — —

h 1005 5, -0 0,00 +.00 5. Oe-06 1.0e-0%
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Analysis of advective =
flux convergence | _

£) Tot. mean fux ¢~V lidc)
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Nature of the “eddy mixing” term

r:]I Dul‘l‘u:-w&pa-rt I'rE"E 'li'::.n"i-'{:
o I

40°N

d) Advective part: ha'C" - 7*CI[VC
B i o

A0 | ——

20°N | I8

o* 0o

B0°W  40°W  20°W 0° B0°W

40°W zn‘w 0*
* mostly down the tracer gradient * along lines of equal
- i.e. a genuine diffusive flux tracer concentrations
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Budget of the ETNAOMZ at 23°W =

SR T A (AR TR i ey SiEDE
— RGN PR = MSidunl = JAVOTINE + 2ONG SOdy Saoply
— tBmEsnnGy

121 m T T T T

aodm

T & &+ = o 2 & & & 0 az
o
0, change [urmal kg™ yr ]

Hahn et al. (2014)

al AR — 'G'J_ﬂ_l.-. -T- 'EIE o —_ Rf__l.. = E.E‘a

BT 40"W AOTW iy
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Connection between zonal jet and tracer variability

30°N 2 b) zonal velocn anomalles
; 0.02
o 0.90
40°N _ 20°N 001
0.752 0.00 =
o .
20°N 0 60% 10°N 1 =0.01
o u o .
0.45 o Eq it L L 1 | —0.02
et =0.05% 0.00 {HIIE 200 250 300 350 400
o ()] . . . .
0 030¢ 30°N S 9 meridional velocity anomali 003
0.157 ‘- ; e, -
. 0.01
0.00 L 20°MN
60°W  40°W 20°W  0° ' 2 0.00 w
210°N - T : _0.01
v at 23°W """n 003
: : % 0.010.00 0.01 30 400
* interannual jet o
. ‘e A0°N
variability and 1. s £
, , €
interdecadal tracer 20°N | . .E.:
variability are hard - 7 . “ N -1§
i 5 LR L —3 El'
to link ¢ C/C at 23°W | o 8
Eq. ' — ==
04 06 200 250 300 350 400

Years

Martin Claus | 23.10.2018 | Ventilation of the ETNA OMZ in a shallow water model | 333 16 HELMHOLTZ &5 6 i fces



Results GEOMAR SFB 754
[ ] o [ ]
Comparison of modelled decadal trends at 23°W with
observations
L . I’a:|
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Compare trends for entire OMZ (9-15°N, 26-20°W)
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Zonal eddy propagation
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Different consumption scheme
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Different consumption scheme
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Compare trends for entire OMZ (9-15°N, 26-20°W)

Oxygen anomalies in lower OMZ
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