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he climate in the Atlantic region is essentially influenced by the Atlantic meridional

overturning circulation (AMOC) which carries warm waters into northern latitudes and

returns cold deep water southward across the equator. An important aspect in driving t
AMOC is the deep-water mass formation at northern latitudes, but climate scenarios for t
future indicate that deep-water formation rate in the North Atlantic could weaken during t
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21st century due to global warming. Geological records already indicate that the ocean
circulation had almost ceased several times in the geological past due to abrupt changes in the
climate. We aim to determine the processes that are responsible for the fluctuations in the
deep-water mass formation rates, on interannual to decadal timescales, by using a coupled
finite-element sea-ice ocean model. We use this model with a special focus on the sensitive
regions of the deep-water mass formation in the Atlantic Ocean (e.g., Greenland Sea and

Labrador Sea), Southern Ocean (e.g., Weddell Sea and Ross Sea) as well as other importa

upwelling regions (e.g., Equator, coastal regions).

Global Model Setup

Methodology: Mesh: Forcing Data:

Use Finite Element Sea| » Unstructured triangular surface mesh | » CORE v2.0
Ice-Ocean Model (FE- (53.382 surface nodes, 101.827 tri- » SODA (sea surface
SOM, developed at Al- angular surface elements) salinity, 1958-2004)
fred Wegener Institute) | » 41 vertical levels » Random CORE
Solve primitive equa- | » 3D tetrahedral elements (~1 Mio. 3D v2.0/SODA

tion under Boussinesq nodes, ~6 Mio 3D elements) » ECHOG T106
approximation
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» Identify a linear system with
limited degree of freedom that
fit best to the data.

dx(t) _
it =A x(t)+r(t)

» Normal modes of linear system
characterized by eigenvectors p,
of the system matrix A:

A p =M\ Dy

» Re(A,) -» damping time T,

Im(A,)- oscillation period T.
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96.8% of the total variance.

» 3D POP analysis of S TIyr] tyr] coh ¢
temperature between 0 1 98| 87 857 1.0 903
m-3600 m in the North 2 80 6.7 541 1.0 86.5
Atlantic Ocean. 3 27 11.1 303 1.0 893

> Data are detrended, 4123 141 329 08 901
normalized, monthly 5 0.7 237 17.0] 03 | 97.1
Cycle is removed, a 3 6 0.6 305 180 0.1 813
year-running mean filter
is applied. » Stability parameter : S=T/T

» To reduce the DOF 12 EOFs are used which explain
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Ocean Model (FESOM) set-up to study the interannual to decadal variability in the

deep-water formation rates, 2013, Ocean Dynamics, doi:10.1007/s10236-012-0590-0

» P. Scholz, G. Lohmann, M. Ionita, D. Kieke, M. Rhein, Validation of Labrador Sea
Water formation in a global Finite-Element Sea-Ice Ocean Model setup, based on a
comparison with observational data, 2013, in preparation

» P. Scholz, G. Lohmann, M. Ionita, M. Dima, Interannual to Decadal variability in
Finite-Element Sea-Ice Ocean Model (FESOM) setup, 2013, in preparation
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/(Labrador Sea deep-water masses

> A

evolution of the Labrador
Sea hydrography as well
as of the upper and deepers,
Labrador Sea Water
(uLSW, dLSW).
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» Define an index in the Labrador Sea (dashed
contour line) where the bottom depth >2700m,
that includes main deep convection area.

» Winter (DJF) mean mixed layer depth for the
period 1988-2007 and bottom topography in the
northeast Atlantic ocean-

N

1300
1200
1100

=k
o
o
o
]

Mixed Layer Depth [m

S00
800
700
600
500
400
300
200

—60

—55

~ =T T 100
-45 —-40 -35
longitude [deq]

-50

/(Labrador Sea Hydrography 1958- 2007 ) O\
500 - - . 78m§D 500 4:4 )
1000 - - < 1000 A 2

E 1500 - ' Z :6%‘ g e :6 %

é“ 2000 é; § 2000 - 3:2 g
25004 —— . = :q:‘ﬁ 2500 2.8 a
- ~(_Potential Density ) .. | 27.685 3000 ~Temperature 2.4

1960 1965 1970 1975 1980 1985 1990 1995 2000 2005  26:60 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005
Time [year] Time [year]
0 » Define branch of uLSW and dLSW via the
200k isopycnals (0,-=27.68, 27.74, 27.80 kg/m3, white
1000 - - .

E ol Z lines).

£ > uLSW: = 27.68-27.74 kg/m?, dLSW: 0,= 27.74-
2500 27.80 kg/m3 (Kieke et. al. 2006).

3000 ** % Different phases of increased and reduced deep
\ 1960 1965 1970 1975 19T§i?n N ;ezziz]s 1990 1995 2000 2005 5412 convection in the I, abrador Sea. /
/(Temporal evolution of uLSW & dLSW layer thickness ) ~
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» High and Low composite maps
of the winter dLSW index with
the thermal and haline contribu-
tions of the surface density flux.

» During high dLSW formation

model is dominated by {
» Contribution of fj,;,. in the

model are limited to the position
East/West Greenland current and
Labrador current.

» Central Labrador Sea mostly
shielded from haline contribu-
tions, only minor interaction.

f — (1 Qnet + ﬁ p S Fwnet
T, 1—-5/1000
) f th;mal i [ hatine

latitude [deg]

entral Labrador Sea in the

thermal*

latitude [deg]

-14 -12

I

-1.5

-1

-55

-0.5

y NAO (+) NAO (-)
E » Monthly modeled (—), 3 year-running-
2 mean filtered (=) and observed
o] T bk LT (OrKieke etal. 2006, Rheln et. al
_ L e | 2011) ulLSW and dLSW layer thickness
g% " » Winter seasonal NAO(+) and 1TAO(-)
é 1500-\«\;“ r index.
= o0de B Btl > Several phases of increased (decreased)
R KON T dLSW (uLSW) layer thickness.
- | »Maximum (minimum) dLSW (uLSW )
s I 5 S O o O Y layer thickness in the early 1990s.
\\\> 1960 1965 1970 1975 i?ﬁge[yeiigS 1990 1995 2000 2005 A///
/(Composite Map Analysis of dLSW index and surface density flux) ™

1000

500

I Above 0.75 x Std I Below 0.75 x Std

dLSW Index [m]

—500

1958

-50 -45  -40
longitude I[deg|]

1962

-35

1966

0 0.5 1

1.5

2

Thermal Surface Density Flux (+) [1 0°® kgl(mzs)]

-60

-55

-10 -8 -6

-50 -45 -40
longitude [deqg]

-35

-30

1970 1974 1978 1982 2006

Time [years]

1986 1990 1994 1998 2002

latitude [deg]

- —50
Icl)nqnludel[deqll L
[
-1.5 -1 -0.5 0 0.5 1 1.5 2
Thermal Surface Density Flux L(+) [1 0°® kgl(mzs)]

_45 40

70

65

60

latitude [deg]

55

50

45

-25 -20 -70 -50

longitude [deq]

-45  -40

— = e T

-4 -2 0

2

4

Haline Surface Density Flux {{+) [1 o® kgl(mzs)]

6 8 10 -14 -12 -10 -8 -6 -4 -2 0 2 4 6 8
Haline Surface Density Flux L(+) [1 o® kgl(mzs)]

"

/(Varlablllty NADW mdex -

(ﬁ<—10yr

C Frequency Spectra )

1 1.25
Freq [1/year]

1965 1970 1975 1980 1985 2000 0

Time [years]

1980 1995

50
127 Fz 404"
—_— NI
= =5
] ]
111 -iao-
3 5 ]
= 5
D -
§ 104 F = 20" :
z g ]
0%- ]
9 5 B 104l
—3 yr—run. mean ]
8 L) L) A A A L L 'I ; 0
1960 1965 1970 1975 1980 1985 1990 1995 2000 0
Time [years]
13 ; ; 50
o1 (Random COREVZ/Soda) ol
pd
_ N;
= =5
2} < ]
w 114 > 307
3 5 ]
= f ] . . [ i | 5
i ] [ ] i [ 1 i 0 1
§ 1097+ | f : ! i : - d w201
z g
: : : : : : : &
—'3 yr—run. mean ]
8 l L) L) L) L) L] L 'I ; 0-
1960

T<—1Dyr

( Free]uency Spectra )

0.75

1 1.25
Freq. [1/year]

1.5

1.75

p | i § i i
1] .
lch | = : .
ween b ol | SSAanaIyS|s
| : - - - - -
E f . f . : 5 '
E 11 li"'r SR SRREEAN AR
[ : N ; :
S 1] ' [ : !“ Ii_
- 8 1R T ]
et . . |‘ A ‘ [
S SO
% : :
- T :
:@_2- : : : : :
O - original : reconstructed (£, = 28.67 %)
-3 T r y ' ' ' Y y Y
2 1960 1965 1970 1975 1980 1985 1990 1995 2000
Time [years]
: 3 ? . !
—FFT g il ; ;
Welch | = \ :
& ;
E ;
[ 8 ' |
2
L4
:
°
3
SISO | RS TORPUURUOS UROUUUN: SOUUROTIE SUUTSRN SNSTRIO | BSOS ST
2 ; : : E ; E
O T original: reconstructed (Evar =23.61 %)
_3 . : : ; ; .

1980 1985 1990 1995

Time [years]

2 1960 1965 1970 1975

2(]{]{}/

/C Conclusions
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» The NADW index of the original forcing run has a strong periodicity of about 14.1 yr (accounts for
28.7% of variance), whereas the random forcing shows a strong periodicity ~7.1 yr (accounts for 23.6%
of variance).
The random forcing run could prove that the 14.1 yr periodicity is related to the atmospheric forcing,
while 7.1 yr periodicity is related to internal modes of the ocean.

We are able to simulate several phases of increased deep convection in the central Labrador Sea. The
comparison of modeled and observational dLSW/uL.SW layer thickness is in good agreement.

POP analysis revealed two exceptional stable interdecadal modes that can be attributed to propagating
Rossby wave structures.
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