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Overview 

The main goal of MONACO is to understand theThe main goal of MONACO is to understand the 
links between the MOC and the meridional heat 
transport (MHT) from the RAPID-WATCHtransport (MHT) from the RAPID WATCH 
observing system, and the subannual to 
interannual variability of oceanic heat content y
(HC) and sea surface temperatures (SSTs) in the 
North Atlantic inferred from Argo floats. The 
proposed work addresses question 1 (Qu.1) 
listed in the RAPID-WATCH announcement of 

t itopportunity. 



Why is MONACO important for RAPID 
WATCH ?WATCH ? 

W ill d t t th ti• We will demonstrate the connections 
between the MOC array at 26.5°N and ocean 
heat storage changes from 10°N to 70°Nheat storage changes from 10 N to 70 N 

• We will look for connections between ocean 
heat content and sea surface 
temperature/air sea fluxestemperature/air-sea fluxes 

• We will provide observational evidence for 
the above, which will be key for validation of 

d locean models.  



N th Atl ti h t d f h thNorth Atlantic heat and freshwather
content inferred from Argocontent inferred from Argo
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Statistical Analysis 

• Statistical model fitted to time series (trend & (
annual cycle) 

• Significant trend in heat content ( 55.4% 
variance explained)variance explained). 

• 50% Argo data removed  (53.9%) but trend 
still significant.

• Trend in salinity relatively weak (12 6%)• Trend  in salinity relatively weak (12.6%)  





Linking the Meridional overturning circulationLinking the Meridional overturning circulation 
(MOC) at 26.5°N to  heat content and sea 

f t t (SST )surface temperatures (SSTs)



Top: RAPID MOC timeseries from April 2004 to April 2008 (transport inTop: RAPID MOC timeseries from April 2004 to April 2008 (transport in 
the top 1000m filtered with a 10-day low pass filter.

B tt M thl d d MOC li th d b l iBottom: Monthly, de-seasoned MOC anomalies smoothed by applying 
a 2-month running mean. 



Lag correlations between MOC transport anomalies and heat        
content anomalies (0-2000m). MOC leads



Correlation between MOC and SSTs  
(MOC leads by 6 months)(MOC leads by 6 months) 

• SST from NOAA OI (Reynolds et. al.2004) 



Summary and next steps

North Atlantic heat and salt content timeseries have been
calculated from 1999 to 2009

First indications that MOC leads both the development of heatFirst indications that MOC leads both the development of heat
content and SST anomalies

f f fNorth Atlantic heat content fluctuations inferred from Argo and
air-sea heat fluxes have similar amplitudes and phase -
differences may allow us to infer the oceanic contribution todifferences may allow us to infer the oceanic contribution to
heat content changes

RAPID MOC ti i till h t (A il 2004 A il 2008)RAPID MOC timeseries still short (April 2004 – April 2008) -
more work needed to assess the robustness of the observed 
lag correlations (using longer timeseries in models) g ( g g )
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Any Questions ? 

Thank you !Thank you ! 
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Heat Content 10 deg zonal belts from 
10 d N (A) t 70 d N (F)10 deg N (A) to 70 deg N (F)



Research Plan Year 1Research Plan Year 1 
• Monthly Ocean Heat and Salt StorageMonthly Ocean Heat and Salt Storage 

anomalies 1999-2009 from 10N to 70N; 0-
2000m; 10 deg latitudinal bands W and2000m; 10 deg. latitudinal  bands. W and 
E Atlantic. Done

• Lead/lag relationships between MOC time 
series and heat and salt storageseries and heat and salt storage 
anomalies. In progress
P t t PEB b th 10 ?• Progress report to PEB by month 10 ? 



June 2010 to May 2012June 2010 to May 2012

L d/l l ti hi b t A li• Lead/lag relationships between Anomalies 
and MOC time series completed.
- heat transport and heat storage
- freshwater transport and salt storagefreshwater transport and salt storage

• Rapid Watch evaluation in 2011
• Neutral surfaces and diagnostics 

completed- internal ocean changes. 
• Links of Anomalies to air-sea exchange 

and sea surface temperatureand sea surface temperature 



Next 6 monthsNext 6 months 

• Is another report to PAG required in March 
2010 ? 

• Further  analysis of links of MOC to heat 
content and SSTcontent and SST. 

• Analysis of links of heat storage to heat 
transport; links of salinity storage to fresh 
water transport.water transport. 



RisksRisks

• Inverse calculations for heat/freshwater 
budgets have been published and are wellbudgets have been published and are well 
established.

• Ocean heat transports at other latitudes 
have only been tested in models.  y

• We are dependent on ocean state 
estimates from VALOR and THORestimates from VALOR and THOR.


