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Large	  and	  Yeager	  (2004)	  describes	  the	  construc7on	  of	  a	  single	  year	  of	  forcing	  suitable	  for	  
ocean/sea-‐ice	  modelling	  that	  would	  serve	  to	  eliminate	  forced	  interannual	  variability.	  The	  
desired	  aBributes	  were:	  
	  
1.  Forcing	  infrastructure	  can	  remain	  unaltered	  
2.  The	  seasonal	  cycle	  of	  forcing	  is	  to	  be	  retained	  
3.  There	  should	  be	  realis7c	  propaga7on	  of	  high-‐frequency	  forcing	  (weather)	  over	  the	  

oceans	  	  
4.  The	  climatological	  fluxes	  obtained	  from	  coupling	  NYF	  to	  observed	  SST	  should	  be	  as	  

close	  as	  possible	  to	  the	  “observed”	  climatological	  fluxes	  
5.  There	  should	  be	  a	  smooth	  transi7on	  from	  end-‐of-‐year	  to	  beginning-‐of-‐year	  to	  avoid	  

ini7a7ng	  spurious	  transients	  when	  the	  forcing	  is	  repeated	  
6.  NYF	  should	  not	  be	  overly	  weighted	  to	  any	  individual	  year	  (and	  the	  anomalous	  

atmospheric	  state	  in	  that	  year)	  

What	  is	  NYF?	  
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•  LY04	  note	  that	  “repea7ng	  the	  forcing	  of	  any	  single	  year	  doesn’t	  sa7sfy	  (4)	  and	  (6)	  
above,	  even	  if	  there	  is	  some	  blending	  to	  sa7sfy	  (5).”	  

•  Therefore,	  a	  spectral	  averaging	  technique	  was	  used	  to	  generate	  NYF	  
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Newfoundland and Cape Hatteras, with fast coastal
wave processes dominant elsewhere, as discussed in
Zhang (2010), who analyzed AMOC in density space
from a coupled climate simulation. The conclusions
drawn from Fig. 6 are not much changed when AMOC
strength anomalies from CONTROL, M, and B are
computed in density coordinates, rather than depth co-
ordinates (Fig. 8). As Zhang (2010) explains, AMOC in
density space has a maximum north of 458N because the
strong (horizontal) subpolar gyre circulation, which
largely cancels in the zonal integral in depth coordinates,
is now tallied as part of the ‘‘overturning.’’ It follows that
the AMOC variance maximum shifts from subtropical
to subpolar latitudes, but we still find that buoyancy
forcing accounts for most of the decadal AMOC vari-
ability north of the equator (Fig. 8). To the extent that
AMOC in density space corresponds to horizontal gyre
circulation north of about 458N, it follows from Fig. 8
that low-frequency variations in the strength of the
subpolar gyre circulation are largely buoyancy driven,
rather than wind driven, with bottom pressure torque
playing a significant role in the barotropic vorticity
balance. A vorticity budget of the CONTROL simula-
tion shows that this is indeed the case (Yeager 2013).
The correspondences between the Hovm€oller plots of

Figs. 6 and 8 is quantified in Table 2, which lists the
correlation coefficients and rms differences of the
AMOC strength anomaly patterns fromM, B, andM1B
with that of CONTROL over the full Atlantic domain.
The metrics in Table 2 succinctly convey many of the
points highlighted above: there is a high degree of line-
arity of the model AMOC response to momentum and
buoyancy forcing perturbations; low-pass filtering re-
duces (enhances) the amount of AMOC variance ex-
plained by momentum (buoyancy) forcing, such that
buoyancy forcing explains most of the decadal AMOC
signal; and analyzing AMOC in sigma coordinates high-
lights the decadal, buoyancy-driven variability (experi-
mentB ismore highly correlatedwithCONTROL than is
M, even without any time filtering).
Changes in the large-scale horizontal gyre circulation of

CONTROL can likewise be reconstructed quite accurately
as the simple linear superposition of momentum- and
buoyancy-forced anomalies. The interannual variances
of CONTROL BSF, sea surface height (SSH), and
upper-ocean flow strength (as represented by 0–295-m
depth-averaged current speed) are shown in Fig. 9,
together with the covariances of those CONTROLfields
with corresponding anomalies from the M and B simu-
lations. The sum of the covariances is very nearly equal

FIG. 6. Hovm€oller diagrams of annual AMOC strength anomaly (Sv) as a function of latitude and time from (a) the
CONTROL simulation, (b) experiment M, (c) M1B (the sum of anomalies from these experiments), and (d) ex-
periment B. No smoothing has been applied, either in the processing or in the plotting. Black (gray) circles in
(d) indicate the approximate origins of positive (negative) AMOC anomalies referred to in the text.
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208N; this explains the relatively high correlation of
M.SO with CONTROL (Table 2), although the rms
difference with CONTROL is quite high. We return to
this point in the discussion. In line with Johnson and
Marshall (2002a), our experiments suggest that the re-
cent decadal variations in SO wind forcing were much
less important than NAO-related buoyancy forcing in
driving recent changes in the North Atlantic AMOC,
but that south of the equator (and certainly at 308S), SO
wind variations were at least as important as SPG
buoyancy forcing in driving decadal AMOC variability.

7. The origins of Labrador Sea flux variability

We have shown with experiment B.2 that most of the
decadal AMOC variability in the North Atlantic be-
tween 1958 and 2007 can be traced to turbulent fluxes of
heat and freshwater in the Labrador Sea. An examina-
tion of the fluxes in this region offers further clues about
the origin of the decadal time scale of AMOC in
CONTROL. We are interested in the relative impacts
on surface buoyancy of the various flux components, and
so we have converted monthly Qas and Fas terms to
surface buoyancy fluxes following Large and Nurser
(2001). Year-to-year variations in wintertime [January
through March (JFM) mean] air–sea buoyancy flux in
the Labrador Sea box region are clearly dominated by
changes in sensible heat loss, with changes in the latent

heat loss contributing significantly as well (Fig. 15b).
Changes in evaporation, which impact sea surface density
(SSD) by altering SSS, are the third most important
contributor to the interannual changes in the net sur-
face buoyancy flux (Fig. 15a), but it is important to bear
in mind that precipitation variability is lacking prior to
1979 and there is no representation of the potentially
significant Greenland glacier melt in the CORE-II
forcings. Nevertheless, the buoyancy forcing varia-
tions due to freshwater forcing are much smaller than
those due to heat forcing in this region (note the scale
change between Figs. 15a,b). In the vicinity of the sea ice
edge, however, ice–ocean fluxes (in particular, buoyancy

FIG. 13. As in Fig. 6, but for (a) experiment B.1, (b) experiment B.2, (c) experiment NYF, and (d) experiment M.SO.

FIG. 14. Anomalous annual-mean zonally averaged zonal wind
stress tx (Nm22) in the Southern Hemisphere from CONTROL.
The contour interval is 0.01Nm22 with positive (negative)
anomalies contoured in black (gray) with gray shading for positive
values.
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è	  We	  propose	  revisi7ng/revising	  requirements/expecta7ons	  of	  NYF	  
è	  A	  well-‐chosen	  repeat	  annual	  forcing	  (RAF)	  data	  set	  may	  serve	  for	  all	  key	  intents	  
and	  purposes:	  

–  Elimina7on	  of	  forced	  interannual	  variability	  
–  Quasi-‐climatological	  (non-‐anomalous)	  atmospheric	  state	  
–  Well-‐defined	  single-‐year	  forcing	  data	  for	  coordinated	  experiments	  



RAF for Mechanism Testing


•  Persistent NAO+/NAO- forcing in 
coupled ocean/sea-ice configuration


•  RAF (“Repeat Annual Forcing”) NAO+:

•  January-June 1989

•  July-December 1988


•  RAF NAO-:

•  January-June 1996

•  July-December 1995


Fig. 15. Atlantic circulation change associated with extremes in STG surface Ekman trans-
port. Identical to Figure 14 except that the index used for compositing is the regionally-
averaged meridional Ekman layer transport (βVek; see panel (d)). The composite is done for
negative-positive years, corresponding to anomalously weak northward Ekman transport in
the STG.
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