
Title of Activity:  Atlantic Meridional Overturning Circulation

Goal: Climate
Theme:  National Climate Service Infrastructure
Program:  Climate Observations and Monitoring
Short Description:

Addresses a gap in deep ocean observations to monitor the net transports of mass, heat and freshwater in the Atlantic Ocean.

Why:

One theme for the Climate Program focuses NOAA’s effort to improve program infrastructure including ongoing effort to sustain the global ocean observing system (including the Arctic) and the needed enhancements for this system to address recently identified models requirements for deep ocean data.  NOAA is a partner in the only existing observing system in place that is designed to measure the net meridional overturning circulation (MOC), with the United Kingdom, Germany and NSF funded US investigators and there are numerous research papers on this topic published by NOAA, US and foreign authors.  Ongoing efforts to understand the Arctic circulation are currently missing one key component:  the influence of the impending Arctic fresh water storage on the global meridional overturning circulation.

The Meridional Overturning Circulation (MOC) is part of the global ocean circulation responsible for large interhemispheric and interocean exchanges of mass, heat and freshwater.  The MOC transports mass, heat and freshwater from the mid-depth and upper waters at the southern boundary of the South Atlantic into the northern North Atlantic and beyond into the Arctic Ocean:  cold, dense water is returned southward at depth.  A strong justification for studying the MOC and its variability arises from its potential impact on our natural environment and its subsequent impact on our society.  In response to the science communities growing interest in understanding the current state of the MOC and its roll in anthropogenic climate change forecasts, the Joint Subcommittee on Ocean Science and Technology (JSOST) identified as a near-term priority in the Ocean Research Priorities Plan the “improved understanding of the mechanisms behind fluctuations of the MOC, which will lead to new capabilities for monitoring and making predictions of the MOC changes.”  The Ocean Research Priority Plan identifies the goal of studying the AMOC as motivated by the need to “identify the impacts of MOC change on the ocean, climate, extreme weather events, regional sea-level change, ecosystems and carbon budgets.”   

Why now:
Potential manifestations and consequences of abrupt climate change include rapid sea level rise, a seasonally ice-free Arctic, persistent droughts, and an increase in the frequency or intensity of extreme weather events like hurricanes.  The Climate Change Science Program has listed as a national priority the assessment of current climate change in the context of Earth’s history and a determination of the likelihood of abrupt changes in this century.   Assessing the potential for future abrupt changes in a warming climate and implementing the capability to diagnose and predict their development will require interagency collaboration.  Key elements of a national program include: (1) now-casting (using models and observing system data), (2) decadal forecasting, (3) past climate-change reconstructions, and (4) climate change impact assessments.  

One of the causes for abrupt climate change is attributed to changes in the Atlantic Meridional Overturning Circulation (MOC).  Its heat transport makes a substantial contribution to the moderate climate in the northern hemisphere.   The IPCC reports that simulations with coupled ocean-atmosphere models suggest a weakening of the Atlantic MOC of up to 60% by the year 2100 in response to increases in greenhouse-gas concentrations.  The Arctic Observing system contains arguably the best fresh water observing system currently implemented, but much work needs to be done to develop a sustained monitoring system.  Global impacts of Arctic freshening is thought to be felt through its influence on deep water formation and the global meridional overturning circulation.  Currently, there is no observing system in place to measure the Arctic and more importantly Greenland’s fresh water fluxes into the open ocean where deep water is formed in order to monitor the impact of the impending fresh water flux on the global circulation.  As an example Figure 1 shows the sea-surface temperature changes forced by an increased freshwater transport from the Arctic.  Large scale, global effects are possible through a reduction in the deep ocean circulation (the MOC), including but not limited to surface air temperatures and the impact these can have on extreme weather events such as hurricanes, ocean ecosystems sensitive to temperature, salinity, stratification and nutrient supply, and the global carbon cycle including sequestration of carbon in the deep ocean.
NOAA should position itself to be able to identify if and when rapid climate change could take place by implementing an observing system to monitor the state of the ocean circulation most thought to control decadal climate change.  

What (Proposed Actions and Deliverables):
The immediate needs are to establish the observing and ocean state estimation systems required to routinely monitor the status of the MOC.  Implementation of an observing and now-casting capability for the meridional overturning circulation (MOC) is central to improving understanding of the physical mechanisms behind fluctuations in the MOC and the potential for prediction of MOC fluctuations, and the impacts of the fluctuations on regional and global climate and ecosystems.

[image: image1.wmf] 

Figure 1:  Surface air temperature changes 20

-

30 years after the MOC shutdown due to a large 

freshwater input from the Arctic (from Vellinga and Wood, 2002 using the HadCM3 coupled 

climate model, one of the models used for IPCC assessments).

 

Components of such a system will include diverse instrumentation including drifting Argo profilers, surface drifting buoys augmented with salinity sensors, deep ocean gliders, moored instrumentation, and increased global coverage of deep ocean observations.  For example, the deep ocean plays a crucial role in many aspects of the climate system on longer time-scales, including the global heat budget, sea level rise, variations in the Meridional Overturning Circulation, and long-term storage of climatically relevant compounds such as CO2 and our current observing system in largely confined to the upper 2000m of the ocean (missing more than half of the ocean).  This will require an increased commitment to the oceanographic research fleet as well as the development of robust funding for the design and implementation of technologies for collecting deep ocean data, robust salinity sensors and data transmission, archival and distribution in a cost effective manner.  Working towards understanding climate variations and their impact on society, it is imperative to maintain and strengthen the existing observing system as well as develop new technologies.  

Resources Needed:
The projected costs of expanded monitoring of existing technologies (conventional drifters, Argo floats, and moorings) and systematic improvement to those technologies (e.g. deep gliders to measure below Argo, drifters with stable surface salinity sensors).

	Budget:  $ in 1000's.
	
	
	
	
	

	
	FY12
	FY13
	FY14
	FY15
	FY16

	Subpolar North AtlanticObservations
	2500
	5000
	6000
	6500
	7000

	South Atlantic Observations
	2500
	5000
	6000
	6500
	7000

	Subtropical North Atlantic Observations
	
	
	6000
	6500
	6500

	Model/Data analysis and validation
	1000
	1000
	1000
	1000
	1000

	Model Assimilation Studies
	
	1000
	2000
	3000
	4000

	Model Predictability Studies
	1000
	2000
	2500
	3000
	3500

	Ecosystem Impact Studies
	1000
	1500
	2000
	2500
	3000

	Ship Time
	2000
	4000
	6000
	6500
	7000

	
	
	
	
	
	

	Total
	10000
	19500
	31500
	35500
	39000


The above costs include the physical instrumentation, analysis and program infrastructure.

Who and Where: 

Key partners likely in this endeavor will be NOAA’s laboratories involved in open ocean observational programs (e.g. AOML, PMEL and NDBC), modeling, data assimilation and prediction (e.g. GFDL, NCEP), remote sensing (e.g. NESDIS), data archival and delivery (e.g. NODC), and fisheries research centers (e.g. NEFSC, SEFSC).  A program of this scope must be implemented through a competitive grant program overseen by the Climate Program Office and would include a substantial university and private sector component (e.g. gliders, drifters, research laboratories actively involved in Labrador Sea studies).

When (Schedule and Milestones):
It is envisioned that a phased implementation of an observing system would begin in FY2012-FY2013 in both the Subpolar North Atlantic and South Atlantic.  The subtropical North Atlantic program is currently funded through the National Science Foundation (NSF), the United Kingdom’s National Environmental Research Council and by NOAA through 2013.  Funding from 2014 and beyond is unlikely due in part to NSFs research based focus.
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Figure 1:  Surface air temperature changes 20-30 years after the MOC shutdown due to a large freshwater input from the Arctic (from Vellinga and Wood, 2002 using the HadCM3 coupled climate model, one of the models used for IPCC assessments).












