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——— Upper mid—ocean Gulf Stream Ekman MOC
MOC and components (10 day & 6 month low-pass)
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——— Upper mid—ocean Gulf Stream Ekman MOC
MOC and components (10 day & 6 month low-pass)
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0 318 " 7320 316 31 6 32p
/ . ! ’,L I\
L M N v,,,‘ ‘““HW 'n“ll ‘h ' ’ |l
solf " ‘ [ [\ ‘
| M i i
7.3 193 188 179 i|7.4
l n
20 . |4 lh‘ \‘“ ‘l l“"l
i R
R l” ’ 'lr'
%’ 10 1“ | l " : o |
£ 24 26 32 302 ‘ 30
E Ubh O B ok AL
AN Y M i '11” !;"l““|" Ik W ‘ "“H ’“‘n‘! H lll'
W
o 169 -15.3 -16.0 -16.8 -17.8
-20

Mean [Sv]
GS
31.843.1

MOC
18.1+4.3

Ekman
2.913.0
UMO
-16.6+3.4



Gulf Stream
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How we measure the AMOC at 26.5°N?



Depth (m)

Boundary Currents and the mid-ocean Dynamic
Height and Bottom Pressure Array
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Depth (m)

The AMOC Streamfunction

Transport Profiles (m2/s)
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Mass compensation

Western Boundary Sub-Array - 2012SPR

BPR transport (black, dashed) and Mass compensation (red)

Sverdrups
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Tflo (t» Z) + Tex (t; Z) + Twpw (t; Z) + Tine (t, Z) =

Text (t,z) = v(t)comp,ref- w(z),

* Mass compensation is highly correlated with BPR derived transport

(r > 0.8) at the western boundary

* Residual has seasonal signal indicating seasonal compensation at

the east

[n}
—-2000 - ]
’a I
o
- ©
£ 3000t B
-,
a
9
[a]
]
-4000 (- ]
5000} x  CTD
A BPR
o CM™m
ADCP
_6000 . . . . . . . . ) . . )
-769 -76.8 -76.7 -76.6 -765 -76.4 -76.3 -76.2 -76.1 -76 -74 -72 -70
Longitude (degrees)
Text(tr A )

Kanzow, T., et al. (2007),
Observed Flow
Compensation Associated
with the MOC at 26.5°N in
the Atlantic, Science



Basinwide transports in an eddying ocean

Western Boundary Sub-Array - 2012SPR

o
4,
-1000
[n]
—2000 ®m
: |
L2 3
= E 30001 B
=2 i
£ a
]
/ —4000 ]
|/
4% \WB2 — 11 (10/1992 — 01/2008)
y = = = 11 (04/2004 — 10/2006) P
= = = 1) (10/1995 — 06/1997) 000F L e
2r n low-pass (10/1992 - 01/2008) o cMm \.éa
X dyn. height (04/2004 — 10/2006) ADCP
X dyn. height (10/1995 - 06/1997) e 768 767 766 765 764 763 762 -76.1 76 74 72 70
*Zeow 74°W 72°W 70°W 68°W 66°W rongitude (degrees)

e SSH variability decreases towards

close to the western boundary Kanzow, T., H. Johnson, D. Marshall,

« \We measure a small variance of 4 Sv 5 A- Cunningham, J. 1.-M. Hirschi, A.
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Recent Changes

1. Impact of time varying AABW

AMOC with time-varying AABW (red)

2. MOVing from EOS-80 to TEOS-10 and non-varying AABW (black)

3. Improved extrapolation above shallowest o | ]
measurement TZWWWW
 Little impact using time-varying AABW i o o |
* Formerly, 2 Sv of AABW was included N Difference
* Now, 1 Sv more representative of both northward of

flowing AABW and southward flowing DWBC below =1
4820 dbar, west of 722W W |
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Recent Changes

1. Impact of time varying AABW
2. Moving from EOS-80 to TEOS-10
3. Improved extrapolation above shallowest measurement

Difference TEOS10 - Seawater of
Streamfunction
0

* Change of equation of state decreases ~500
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Recent Changes

Ben Moat
Poster Session 1

1. Impact of time varying AABW

2. Moving from EOS-80 to TEOS-10

3. Improved extrapolation above shallowest Old (blue) and new (red) methods
measurement =
> &
Haines et al., (2013). * Shallowest measurement often : 3
Atlantic meridional heat at 100 m depth § z
transports in two ocean * Linear extrapolation can miss 1 £ 2
reanalyses evaluated . a =
against the RAPID array, Sv in the summer %
GRL * Argo based monthly = 1 | | | |
extrapolation reduces to <0.2 Sv R 4 Sorth o

Summary: 0.2 Sv AABW change, -0.4 Sv TEOS-10 and improved seasonal extrapolation
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SEASONAL CYCLE



The Seasonal Cycle due to the East

Variability due to the west Variability due to the EAST Kanzow, T., et al. (2010), Seasonal
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Wind Stress Curl drives density anomalies at the Eastern
Boundary
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HEAT TRANSPORT

Net Heat Flux = 1.27 £ 0.30 PW (uncertainty 0.14 PW)

| Florida C. Mid-Ocean Ekman WB Abaco Eddy Total |
3k N : N R | TR ' o . .4+ Overall MHT of
‘ | | ' ' | | | 1.3 PW similar to
' Fl l' hydrographic
2r M . estimates
'L * Seasonal
1+ ¥

- variability is in
| the mid-ocean
heat transport

Heat Transports (PW)
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Johns, W. et al. (2011), Continuous, Array-
based Estimates of Atlantic Heat Transport
at 26.5°N, J. Clim., 24, pp. 2429-2449.
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Slowdown in winter 2009/10

Ekman shift associated with negative Arctic Oscillation/NAO
Only explains 3 month downturn
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Slowdown in winter 2009/10

Longer time scale changes: 18 month weakening of MOC

Anomalously southward UMO: shift from overturning to gyre circulation

2005 2006 2007 2008 2009 2010 2011 2012

*Seasonal cycle was removed, and data McCarthy, G., et al. (2012), Observed Interannual
smoothed with 180-day filter Variability of the Atlantic Meridional Overturning

Circulation at 26.5N, Geo. Res. Lett.



Implications for Heat Content
Expect for a balanced heat budget

the thick pink curve (total predicted heat content change)
would match the black curve (observed heat content change)

Heat budget for 26—41°N, above 4°C

10 - Cunningham talk
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Cunningham, Frajka-Williams, Roberts, Palmer et al., in prep
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Transport (Sv)

Double D
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ip: Winter 2010/11
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Second large dip in AMOC transport in winter 2010/11 following Arctic oscillation low

This is largely explained by Ekman contributions

Ocean re-emergence of SST links the two events

Taws SL, Marsh R, Wells NC, Hirschi
JJM (2011) Re-emerging ocean
temperature anomalies in late-2010
associated with a repeat negative
NAO. GRL



Historical Analogues

1960 1965 1970 1975 1980 1985 1990 1995 2000

In an ensemble of NEMO runs, double dips of MOC have occurred previously in 1969/70 and
1978/79
Blaker talk

Extreme negative Arctic Oscillation (AO) correspond with double dip analogues Today 14.50

Blaker et al. in prep, Historical analogues of the recent extreme minima
observed in the Atlantic meridional overturning circulation at 26°N. Clim.
Dyn.

Corresponds with Ekman lows



Double Dip: Winter 2010/11

* Reemerging SSTs are observed in 1969/70
as well asin 2010/11

* These were conducive to the
development of the negative NAO in
winter 2010

Buchan et al. submitted, North Atlantic SST anomalies and the
cold north European weather events of winter 2009/10 and
December 2010. submitted to Monthly Weather Review

* Evidence that this second negative is
predictable due to the ocean

Maidens et al. in prep, The Influence of Surface Forcings on
Prediction of the North Atlantic Oscillation Regime of Winter
2010-11. submitted to Monthly Weather Review

Correlation

Re-emerging SSTs
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Winters of 2010/11 (green), 1969/70 (blue) and
1978/79 (red). Black shows mean (1960-2011)
with 1, 2 std envelopes



Transport anomaly (Sv)

Evidence of a downturn
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IPCC predicts a
downturn of 0.5 Sv
per decade

We see a decline of
0.6 Sv per year

Even excluding the
extreme of 2009,
this is significant at
90% level



The 26°N array has revolutionised our understanding of the AMOC and its
variability

» The variability observed in the first year gave context to the 5 previous
hydrographic estimates and painted a picture of a noisy AMOC

» A 30% decline in a single year 2009/10 including the brief cessation of
northward flowing warm water

* Re-emergent patterns driving a double dip in 2010/11

IPCC projects a 0.5 Sv per decade decline this century, we are seeing a

decline of 0.6 Sv per year. Is this a long term decline? The only way to know
is to measure.

The array should not only be seen as a long-term monitoring tool e.g. the
potential to improve seasonal forecasts.
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