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Ocean: Reconciling CFC-11 and float observations

E. Kvaleberg,'” T. W. N. Haine,' and D. W. Waugh'
Received 16 January 2007; revised 24 December 2007; accepted 10 March 2008; published 9 August 2008.

[1] Chlorofluorocarbons (CFCs) enter the middepth layers of the North Atlantic Ocean
from the atmosphere during the formation of dense mode water in the Labrador and
Irminger Seas of the subpolar gyre. The CFC-bearing waters then spread from the
convection regions through advection and diffusion of the water masses. Using recent
estimates of the circulation at 1500 m depth from subsurface profiling floats the spreading
of CFC-11 is simulated in the subpolar North Atlantic with an advective-diffusive model.
Several numerical experiments are performed with different stream functions, lateral
diffusivities and variations in the CFC-11 sources. The results are then compared to the
observed CFC-11 field during 1996—1998. Poor fits are found for diffusivities less than
about 500 m?* s~ . Better fits are found for diffusivities ranging from 500—12,000 m* s,
although unrealistically smooth model solutions are produced if the diffusivity exceeds
about 3000 m” s~'. Simulations that include both Labrador and Irminger Sea CFC-11
sources fit the data better than with Labrador sources alone. None of the model CFC
solutions fit the data within the CFC uncertainty over the whole domain; the model
performs well in the western part of the subpolar gyre, but CFC-11 concentrations are
consistently too low in the West European Basin. It is possible that uncertainty in the float-
based circulation can account for these misfits, and a more accurate circulation estimate
might be able to fit the observed CFC-11 field. Alternatively, time variations in the flow or

deep water formation processes, which clearly exist in the real ocean, may need to be

included.
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1. Introduction

[2] The subpolar North Atlantic Ocean is of critical
importance for regional and global climate. Vigorous air-
sea interaction cools and freshens warm, salty subtropical
waters as they flow northeast in the North Atlantic Current.
The net buoyancy loss causes deep-reaching convection and
formation of large volumes of nearly homogeneous water
that spread out at intermediate and deep levels throughout
the North Atlantic and beyond. These water masses are
collectively known as subpolar mode water [Talley and
McCartney, 1982]. The coldest mode water is formed in the
Labrador Sea (Labrador Seawater, LSW), although there is
also evidence that it is formed, intermittently, in the
Irminger Sea at the end of stormy winters with positive
values of the North Atlantic Oscillation (NAO) index
[Pickart et al., 2003].

[3] Spreading of LSW can be traced in three principal
paths at, nominally, 1000—2000 m depth (vertical current
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shear in the weakly-stratified LSW is small; Talley and
McCartney [1982]; Schmitz and McCartney [1993]). First,
there is relatively fast cyclonic recirculation in the Labrador,
Irminger, and Newfoundland basins. Second, there is
spreading into the eastern basin, probably steered through
deep gaps in the Mid-Atlantic Ridge such as the Charlie-
Gibbs Fracture Zone. Finally, LSW escapes south past the
Grand Banks into the southbound Deep Western Boundary
Current and hence into the upper layers of the North
Atlantic Deep Water, a principal component in the global
Meridional Overturning Circulation [Schmitz, 1995].

[4] This picture has been largely confirmed by recent
results on the time-averaged middepth circulation in the
subpolar North Atlantic Ocean from subsurface floats
released during 1996-2003 [see Lavender et al., 2000;
Fischer and Schott, 2002; Faure and Speer, 2005, and
references therein]. The large scale circulation is dominated
by the cyclonic boundary current, rounding Greenland and
proceeding south along the coast of Labrador. Interestingly,
previously unknown subbasin scale recirculations have been
identified in the Labrador and Irminger Seas. The most
recent work has synthesized all available float displacement
data to produce a coherent, basin-wide, gridded mean
velocity field at the nominal spreading depth of LSW
[Faure and Speer, 2005, Figure 7a]. The stream function
is shown in Figure la and represents, arguably, the most
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