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Abstract 

The confluence of the Brazil/Malvinas Currents maintains strong sea surface 

temperature (SST) fronts in the mid-latitude southwestern Atlantic year around. SST 

effects on near-surface stability and surface wind variations are examined in this region 

using satellite and in-situ datasets. Satellite observations show strong (weak) surface wind 

speeds over the warm Brazil (cold Malvinas) Current. A novel feature of this study is the 

construction of a high-resolution surface meteorological dataset based on historical ship 

observations. Analysis of this new in-situ dataset reveals increased (reduced) sea-air 

temperature difference over the Brazil (Malvinas) Current, indicating destabilization 

(stabilization) in the atmospheric boundary layer. These results are consistent with the 

SST-induced vertical mixing mechanism for wind adjustment. The SST effect on the 

near-surface atmosphere is observed both in the climatology and on interannual timescales 

in the Brazil/Malvinas Confluence. Along a zonal SST front at 49
o
S northeast of the 

Malvinas/Falkland Islands, there is a collocated line of surface wind divergence, with 

moderate convergence to the north. Vertical mixing does not explain this divergence 

pattern since the prevailing surface winds are westerly blowing in parallel with the front. 

An additional mechanism is proposed for boundary-layer wind adjustment.  
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1. Introduction 

Over extratropical oceans, basin-scale sea surface temperature anomalies (SSTAs) tend 

to display negative correlations with surface wind speed. Large-scale acceleration of 

surface westerlies in the wintertime extratropics often leads to an anomalous evaporative 

cooling of the ocean mixed layer (e.g., Wallace et al. 1990; Cayan 1992), a process that to 

first order, is attributable to chaotic atmospheric forcing of the surface ocean. In the central 

North Pacific, a horseshoe-like pattern of negative (positive) SST anomalies (Tanimoto et 

al. 1997; Mantua et al. 1997) is associated with enhanced (reduced) westerlies spatially 

organized in intrinsic atmospheric modes of variability such as the Pacific North American 

(PNA) pattern (Wallace and Gutzlar 1981). A similar relationship is found between the 

North Atlantic Oscillation (NAO) and tri-pole SSTA pattern in the North Atlantic (Wallace 

et al. 1990; Cayan 1992).  

Near SST fronts of a width less than 1000 km, by contrast, a different pattern of air-sea 

interaction emerges characterized by positive correlations between anomalies of SST and 

surface wind speed (Xie 2004). For example, the prevailing southeasterly winds strengthen 

(weaken) over the warmer (colder) flank of the sharp SST front in the eastern equatorial 

Pacific (Wallace et al. 1989), a relationship most visible in tropical instability waves 

(TIWs) that cause the front to meander (Hayes et al. 1989; Xie et al. 1998; Liu et al. 2000; 

Chelton et al. 2001; Hashizume et al. 2001).  Wallace et al. (1989) propose a vertical 

mixing mechanism for such an in-phase relationship between SST and surface wind: warm 

SST destabilizes the atmospheric planetary boundary layer (PBL) and mixes air with fast 

momentum from aloft to the surface, causing surface wind acceleration. On the other hand, 

cold SST stabilizes the PBL and weakens the vertical mixing, resulting in deceleration in 

surface wind. Direct atmospheric soundings render some support for this vertical mixing 

mechanism (Hashizume et al. 2002), but recent modeling results suggest an alternative 

mechanism: sea level pressure (SLP) anomalies developed downwind drive anomalous 
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winds in phase with SSTAs (Small et al. 2003), a mechanism consistent with limited buoy 

observations (Cronin et al. 2003).  

Sweet et al. (1981) suggested the importance of vertical mixing in atmospheric wind 

adjustment based on aircraft observations across the SST front of the Gulf Stream. Their 

data show calm (strong) surface winds over the colder (warmer) flank of the SST front as a 

result of the stabilizing (destabilizing) of the atmospheric PBL. Similar ocean-atmospheric 

covariability has been detected over the other extratropical oceans in recent satellite 

observations. Xie et al. (2002) detect a winter air-sea pattern triggered by bathymetry on 

the continental shelf of the Yellow and East China Sea. Their analysis shows that 

bathymetric-induced warm (cold) SST is associated with strong (weak) surface winds and 

an increase (decrease) in local cloudiness. In their study of the meanders of the Kuroshio 

and its extension, Nonaka and Xie (2003) report increased (decreased) wind speed over 

anomalously warm (cold) SSTs. In their analysis of mesoscale variability over the 

Southern Ocean, O’Neill et al. (2003) obtain a SST-wind relationship in support of the 

vertical-mixing mechanism. 

While rapid changes in wind and thermal structures of the PBL have been observed by 

limited atmospheric soundings across SST fronts of the Gulf Stream (Sweet et al. 1981) 

and the Agulhas Current (Jury and Walker 1988; Jury 1994), it is new satellite 

observations that allow a global survey for the first time revealing a robust and ubiquitous 

pattern of air-sea interaction around ocean fronts (Xie 2004; Chelton et al. 2004) that is 

unambiguously indicative of ocean influence on the atmosphere—in fact its characteristic 

positive correlation between SST and wind acts to dampen rather than create SST 

anomalies. From historical surface meteorological observations, Tanimoto et al. (2003) 

detect this damping effect of surface turbulent heat flux on SST over the Kuroshio-Oyashio 

extension, suggesting an oceanic origin for SST variations in this region where current 

advection is very important (Qiu 2000; Tomita et al. 2002), as opposed to the dominance of 
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atmospheric forcing via surface heat flux over the central North Pacific south of the 

Aleutian low.  

While the remarkably consistent in-phase relationship between mesoscale SST and 

wind speed variability revealed from a recent global analysis of satellite data (Small et al. 

2005) supports the vertical-mixing mechanism, space-borne remote sensing does not 

measure variables such as atmospheric stability, which is key to vertical mixing. 

Near-surface atmospheric stability is often measured by the SST-surface air temperature 

(SAT) difference, both variables routinely recorded in surface meteorological observations. 

Over most of the open ocean, shipboard observations are too sparse to resolve adequately 

ocean fronts, but in several regions ship activity is high enough to allow the construction of 

high-resolution datasets based on historical surface measurements. In those regions, 

surface meteorological variables including the stability parameter (SST-SAT) can be 

mapped in detail to study their adjustment to narrow ocean fronts and test the 

vertical-mixing mechanism.  

The present study demonstrates this methodology of combined analysis of 

high-resolution satellite and surface observations with an example over the Brazil/Malvinas 

Confluence in the southwestern Atlantic. We choose to study this region because there are 

well-defined sharp fronts in the SST field and ship observations are abundant enough to 

map out surface meteorological variables in high resolution in the region. While O’Neill et 

al. (2003) study statistical SST-wind relation over the entire Southern Ocean from satellite, 

we aim at attaining a detailed regional analysis that complements space-borne remote 

sensing with surface measurements. 

Briefly we discuss the regional oceanography using a new dataset for mean surface 

geostrophic current velocity based on drifter and satellite altimeter observations (Niiler et 

al. 2003).  The Brazil Current is a western boundary current of the South Atlantic 

subtropical gyre, flowing south along the continental margin of South America and 
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advecting warm-saline water from the subtropics (Fig. 1). Against this warm current, the 

Malvinas Current, an offshoot of the Antarctic Circumpolar Current (ACC), transports 

cold-fresh water from the polar region along the east edge of the South American 

continental shelf.  The confluence of the Brazil and Malvinas Currents generates 

remarkable SST fronts that are oriented meridionally west of 52
o
W and then zonally to the 

east (Legeckis and Gordon 1982; Garzoli 1993). In addition, a strong eastward jet 

associated with ACC forms a zonal SST front along 49
o
S northeast of the 

Malvinas/Falkland Islands. Although these currents and fronts have been studied rather 

extensively, to our knowledge, their influence on the atmosphere has not been discussed in 

the literature. South of 40
o
S, westerly winds prevail, blowing across and along the 

confluence fronts west and east of 52
o
W, respectively. Wind orientation relative to SST 

fronts is an important parameter for wind adjustment, because wind divergence (curl) is 

formed over the downwind (crosswind) SST gradient if the vertical mixing mechanism 

dominates (Chelton et al. 2001; O’Neill et al. 2003). Therefore, the wide range of wind 

orientation in the region makes it particularly interesting to study SST-wind interaction. 

The rest of this paper is organized as follows. Section 2 introduces the satellite and 

in-situ datasets. Sections 3 and 4 investigate SST influence on surface wind and 

atmospheric stability in the climatological mean and interannual variability, respectively. 

Section 5 is a summary. 

 

2. Data 

a. Satellite measurements 

We use the QuikSCAT vector wind product of Remote Sensing Systems (RSS) from 

July 1999 to June 2004, available daily on a 0.25
o
 grid. For the period from January 1992 

to December 1999 prior to QuikSCAT, we use the monthly F11 Special Sensor 

Microwave/Imager (SSM/I) product of RSS for scalar wind speed, available on a 0.25
o
 grid 



 6 

(Wentz 1997).  

The Advanced Very High Resolution Radiometer (AVHRR) Pathfinder SST product 

(Vazquez et al., 1998) is obtained from the National Aeronautics and Space 

Administration/Jet Propulsion Laboratory Physical Oceanography Distributed Active 

Archive Center (NASA/JPL PO.DAAC), at monthly and 0.5
o
 resolution for January 1992 to 

December 1999. This period coincides with the F11-SSM/I wind measurements, permitting 

a study of interannual variability.  

Finally, we use a sea surface height (SSH) product merging TOPEX/Poseidon (T/P) 

and European Remote Sensing (ERS) satellite altimeter observations, distributed by 

Archiving, Validation and Interpretation of Satellite Oceanographic data (AVISO) (Ducet 

et al. 2000). It is available from January 1993 to December 1999 on a 0.3
o
 grid and at 5-day 

intervals.   

 

b. In-situ observations (HiRAC) 

The Comprehensive Ocean-Atmosphere Data Set (COADS) (Woodruff et al. 1987) 

contains individual ship reports of surface meteorological measurements. Existing gridded 

COADS products apply the same gridding procedures over the globe and do not have the 

necessary resolution to represent narrow ocean fronts. Because of its proximity to South 

America, COADS ship reports are dense enough for a high-resolution climatology over the 

Brazil-Malvinas Confluence region. Following the gridding procedure of Iwasaka and 

Hanawa (1990) and Tanimoto et al. (1997), we construct a monthly dataset on a 0.5
o
 grid 

for a 38-year period of January 1960 to December 1997, a significant improvement over 

existing gridded COADS products with resolutions of 2
o
 or coarser. At a given grid point, 

we use only the ship reports that depart from the monthly climatological mean by less than 

3 standard deviations in the 1
o
 x 1

o
 box. The final monthly climatology is obtained by 

averaging data for the 38-year period.  
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Figure 2 compares in scatter plot the mean SST and wind speed derived from satellite 

observations and our new High-resolution, Regionally Analyzed COADS (HiRAC) for the 

southwestern Atlantic (40
o
W–70

o
W, 30

o
S–58

o
S). Annual mean climatologies on 0.5

 o
 grid 

are used in Fig. 2. For SST, the correlation coefficient between the AVHRR and HiRAC 

products is 0.997, significant at the 99% level. The systematic bias between HiRAC and 

AVHRR is negligibly small (+0.01
o
C), and the root-mean-squared (rms) difference is 

0.47
o
C. For wind speed, the correlation coefficient is 0.86 between SSM/I and HiRAC. The 

bias between HiRAC and SSM/I is -0.23 m s
-1

, and the rms difference is 0.57 m s
-1

, much 

smaller than the spatial variations to be discussed in the present study. Besides those 

variables that satellites now routinely measure, most importantly, the HiRAC includes SAT 

and SLP, variables important for studying atmospheric adjustment to SST variations. In 

addition, surface latent and sensible heat fluxes (Qe, Qh) are calculated from individual 

ship reports by aerodynamic bulk formula (Kondo 1975). 

 

3. Climatology 

a. SST and wind  

 Figure 3 shows annual-mean climatology of AVHRR SST and QuikSCAT surface 

wind velocity over the southwestern Atlantic. The westerly wind prevails south of 40
o
S, 

whose curls drive ocean gyre circulations. Scalar wind speed is visibly modulated by ocean 

fronts (Fig. 3a). In particular, wind speed minimum is roughly collocated with the cold 

tongue of the Malvinas Current, with increased wind speed on both flanks. The zonal 

difference in scalar wind speed between the Brazil and Malvinas Currents corresponds to 2 

– 2.5 m s
-1

, which is consistent with that observed across the Kuroshio front (Xie et al. 

2002; Nonaka and Xie 2003). Further offshore, wind speed reaches a meridional maximum 

on the warmer and a minimum on the colder flank of the zonal SST front centered at 49
o
S. 

Cross-frontal variations in wind speed are unclear along the SST front to the north, by 
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contrast, presumably partially masked by the rapid southward increase in background wind 

speed. As will be shown shortly, atmospheric stability displays large cross-frontal changes 

in HiRAC observations.  

QuikSCAT observes surface wind stress that arises from the relative air motion to 

ocean current (Kelly et al. 2001; Chelton et al. 2004). For the following reasons, the 

SST-frontal modulation of QuikSCAT wind does not seem to be dominated in this region 

by the ocean current effect. First, ocean currents do not generally exceed 0.5 m s
-1

 in the 

climatological map of Figure 1, too small to account for the observed cross-frontal changes 

in wind, up to 2 m s
-1

 in magnitude. Second, both the Brazil and Malvinas Currents are 

roughly perpendicular to the prevailing westerlies that are much faster, rendering ocean 

currents not effective in modulating wind speed. Third, the maximum eastward current 

along 49
o
S in 40

o
W – 50

o
W would produce an apparent minimum in QuikSCAT “wind” 

speed, but this current effect is both too small in magnitude and inconsistent in spatial 

distribution with the observed wind speed minimum that is located slightly to the south. 

Finally, there are strong divergence and convergence patterns over these currents. As 

discussed by Chelton et al (2004), this is a good indication that ocean currents are not 

affecting the stress since surface ocean currents are essentially nondivergent.  

SST fronts also leave a clear signature in QuikSCAT wind divergence (Fig. 3b). The 

westerly winds blow roughly perpendicular across the cold tongue of the Malvinas Current, 

convergent on the windward side of the cold tongue and divergent on the leeward side. This 

pattern of convergence and divergence is associated with the wind deceleration over the 

cold tongue. O’Neill et al. (2003) detect a robust relationship between downwind gradient 

and wind divergence over the Southern Ocean and suggest that it supports the vertical 

mixing mechanism: a downwind increase in SST causes surface wind to accelerate, 

inducing wind divergence, and vice versa.  

While the downwind SST gradient explains the wind divergence pattern along 



 9 

meridionally oriented SST fronts, conspicuous wind divergence is found on the zonally 

oriented SST front along 49
o
S in 40

o
W – 50

o
W year around, flanked by convergence on the 

sides (Figs. 3b and 4a). Meridional-wind divergence in the same region (Fig. 4b) accounts 

for nearly all the total divergence throughout the year (Fig. 4a) despite the fact that zonal 

winds are 3 times larger in speed than meridional ones on the 49
o
S front (Figs. 4c and 4d). 

The surface meridional winds over this region are southerlies (northerlies) from April 

(October) to September (March) with increasing over the warmer (colder) flank of the 49
o
S 

front (Fig. 4d). These wind directions depend on large-scale SLP gradient. If only the 

vertical-mixing mechanism is at work over the warm-to-cold SST front as shown by 

O’Neill et al. (2003), the northerlies should lead to convergence rather than divergence 

from October to the following March. However, surface wind divergence remains positive 

and strong on the SST front year around (Figs. 4a and 4b). Therefore, some other processes 

are involved in this divergence generation.  

 We propose the following mechanism for wind divergence when winds blow in 

parallel with the SST front. As an initial state, we assume that the background westerly 

winds are in geostrophic balance with broad-scale pressure gradients, and then add a zonal 

SST front (Fig. 5). Since the scale of atmospheric adjustment (~1000 km) is much greater 

than that of SST fronts (~100 km), air temperature will take a smoother distribution across 

the front than SST. This leaves the atmosphere unstably and stably stratified north and 

south of the front, respectively (Xie 2004)—a stability distribution confirmed by HiRAC 

observations along the 49
o
S front (Fig. 6b). As a result, vertical mixing and westerlies 

intensify (weaken) on the warmer (colder) flank of the front. Acting upon these zonal wind 

perturbations induced by the SST front (small solid arrows in Fig. 5), the Coriolis force 

induces southerly (northerly) wind anomalies (open arrows in Fig. 5), thereby causing 

surface divergence along the SST front and convergence on either side. Supporting this 

hypothesis, Figure 4d shows a localized maximum in southerly wind velocity north of the 
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49
o
S front, which explains the zonal divergence along the front. Indeed, consistent with 

this hypothesis, the southerly wind speed reaches a local maximum over the southern half 

of the SST, inducing divergence and convergence to the south and north, respectively. For 

reasons unclear at this time, the sub-geostrophic adjustment south of the front is not 

obvious in the observed divergence field.   

 

b. Static stability 

The SST and wind speed distributions and their relationship based on historical ship 

observations (HiRAC) closely resemble those observed by satellite (Fig. 6a). For example, 

the wind speed minima along the cold Malvinas Current and south of the 49
o
S SST front 

are just two examples. This close similarity between the two independent sets of 

observations gives us confidence in both.  

Most unique to HiRAC is the stability parameter (SST-SAT) that it offers (Fig. 6b). 

SST-frontal effect on this stability parameter is very clear, being positive—the atmosphere 

is unstably stratified—in the warm tongue of the Brazil Current and negative in the cold 

tongue of the Malvinas Current near the South American coast. Figure 7 shows the 

meridional cross-frontal structure of HiRAC SST, SAT, SST-SAT, wind speed, and net 

turbulent heat flux (Qe+Qh) averaged in 35
o
W – 47

o
W. Consistent with Xie’s (2004) 

hypothesis for atmospheric adjustment to a narrow SST front, the atmospheric stratification 

changes from stable to unstable as one moves from the cold to warm flank of the 49
o
S front. 

The cross-frontal changes in (SST-SAT) and net surface heat flux (Qe+Qh) are typically 

about 1
o
C and 80 W m

-2
, respectively (Fig. 7b). A similar change in stability is observed 

across the 42
o
S front while its effect on annual-mean scalar wind speed is unclear. This is 

because the gradient of southward-increasing background wind speed presumably masks 

the SST-frontal effect. The cross-front transition of atmospheric stability revealed by 

HiRAC is consistent with the vertical-mixing hypothesis, in which stability modulates the 
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vertical profile of wind and surface wind velocity. Indeed, both QuikSCAT and HiRAC 

observations generally show increased (decreased) wind speed over regions of negative 

(positive) stability parameter. While meridional spatial change in those variables is 

depicted here, the stability-wind correlation on interannual time scales will be discussed 

for the meridional SST front along 53.25
 o

W in Section 4. 

Figure 8 offers a close look into the ocean-atmospheric structure along 42
o
S near the 

confluence point of the Brazil-Malvinas Currents. SAT is indeed smoother than the SST 

profile with reduced zonal variations, resulting in stable stratification within the cold 

tongue and unstable one on its eastern edge. Wind speed increases by 2 m s
-1

 over the same 

zonal distance. A product of wind speed and sea-air differences, Qe+Qh varies even more, 

from 10 W m
-2 

at the center of the cold tongue to near 140 W m
-2 

on its eastern edge. 

Figure 9 shows the annual cycle in the HiRAC SST, SST-SAT, and wind speed along 

42
o
S. At this latitude, the Brazil and Malvinas Currents are centered at 52

o
W and 56

o
W, 

respectively, with an SST front in between (Fig. 9a). While the SST’s annual range reaches 

more than -6
 o

C, the SST difference across this front remains near constant at about 5
 o

C 

throughout the year. On the warmer (colder) flank of the SST front, the SST-SAT 

difference is positive (negative) throughout the year (Fig. 9b). While atmospheric stability 

and wind speed remain remarkably constant over the cold Malvinas Current (at –0.5
o
C and 

7 m s
-1

, respectively), large seasonal variations are observed over the warm Brazil Current. 

During the local cold seasons from March to October, the SST-SAT difference exceeds +2
 

o
C over the Brazil Current, with a well-defined maximum on the eastern edge of the SST 

front. Associated with this eastward increase in SST-SAT, wind speed accelerates rapidly 

from 7 m s
-1

 to more than 10 m s
-1

 across the front (Fig. 9c).  

 

c. Sea level pressure 

Lindzen and Nigam (1987) propose that in the tropics, SST variations affect surface 
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winds through their effects on air temperature and SLP in the PBL (Small et al. 2003). 

Figure 10 displays SLP based on our HiRAC. While there is a weak indication of a SLP 

maximum over the Malvinas Current cold tongue, the SLP contours are generally zonally 

oriented to be in geostrophic balance with the prevailing westerly winds. Because of strong 

meridional gradients in the background and noises due to insufficient sampling, we are 

unable to determine from this HiRAC SLP distribution whether the local SST effect on 

SLP is an important mechanism for frontal-scale wind variations over the region.  

 

4. Interannual variability 

Air-sea co-variations in space described above indicate a considerable influence of SST 

fronts on surface stability and wind. This section extends the analysis to temporal 

correlation to corroborate this finding. In the extratropics on the basin scale, the 

atmospheric forcing is the dominant mechanism for SST variability, resulting in negative 

correlation between SST and surface wind speed. Near SST fronts, by contrast, 

stability-induced vertical mixing becomes important leading to positive correlation 

between SST and wind speed (Xie 2004). Therefore, we need to remove the basin-scale 

atmospheric forcing from interannual variations in order to study surface wind response to 

shifts in SST fronts.  We use surface wind speed anomaly averaged in 35
o
S – 50

o
S, 40

o
W 

– 70
o
W, a region of largest variance of surface wind speed (not shown), to represent 

large-scale atmospheric forcing. Then variability linearly correlated with this reference 

time series is removed from monthly anomalies of ocean and atmospheric variables of 

interest. Finally, a 7-month running mean is applied to the residual anomalies. The 

resultant “short-scale” variability retains roughly half of standard deviations of the 

unfiltered anomalies over much of the region (Fig. 11). SST variance is high along the 

mean SST fronts for both unfiltered and filtered anomalies, with typical standard deviation 

of 1.0
o
C and 0.5

o
C, respectively. This collocation of high SST variance and SST fronts 
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indicates an important role played by ocean currents. In fact, the confluence point of the 

Brazil and Malvinas Currents, where they separate from the western boundary, displays 

large interannual variations (Legeckis and Gordon 1982; Olson et al. 1988), which are 

apparently responsible for the maximum SST variance there (Fig. 11).  

Figure 12 shows time-latitude sections of filtered anomalies of SST, surface wind 

speed, and SSH along the meridional SST front (53.25
o
W) on the eastern flank of the 

Malvinas Current cold tongue. SST and wind speed are visibly correlated, with correlation 

coefficients exceeding +0.72 north of 41
o
S (Fig. 13). The maximum correlation of +0.83 is 

reached at 38
o
S, the point of the largest SST variance. This in-phase relationship between 

SST and wind speed again supports the vertical mixing mechanism. SSH is apparently 

correlated with both SST and wind speed. In particular, all three fields show a southward 

(northward) propagating tendency south (north) of 44
o
S. By analogy to previous studies 

(e.g., Nonaka and Xie 2003; Vecchi et al. 2004; Small et al. 2005), this co-variability 

presumably reflects ocean mesoscale variability causing SST and then surface wind to 

change. 

Figure 14 shows the time series of a few key surface variables from in-situ HiRAC 

observations, averaged in the region of maximum SST variance (53.25
o
W, 36

o
S – 39

o
S).  

Unlike Fig. 12, unfiltered monthly anomalies are used here (the spatial filter is not 

necessary because the high SST variance is mostly due to shifts in the sharp SST front). Air 

temperature is correlated with SST at +0.52, a correlation coefficient that exceeds the 95% 

significance level (Fig. 14a).  Sea-air temperature difference (Fig. 14b) is even more 

highly correlated with SST at +0.67 while its correlation with air temperature is only -0.18. 

This suggests that SST controls the near-surface stability over the Brazil/Malvinas 

Confluence. 

The correlation coefficient between wind speed and atmospheric stability is +0.37, 

which is above the 90 % significance level (Fig. 14b). This correlation coefficient becomes 
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+0.52 if data in 1995 are excluded.  This correlation in time is consistent with the vertical 

mixing mechanism for surface wind modulation by SST fronts. 

 

5. Summary 

We have studied the influence of the Brazil/Malvinas Confluence on local winds by 

using high-resolution satellite observations and constructing a high-resolution, regionally 

analyzed surface-meteorological dataset based on historical ship reports. The Brazil and 

Malvinas Currents and their eastward extension maintain robust SST fronts year round in 

the region. Our HiRAC observations reveal a clear transition in sea-air temperature 

difference across all these fronts, with the surface atmosphere reducing its stability from 

the cold to warm flank. Wind speed generally increases on the unstable warm flank because 

of enhanced vertical mixing while decreasing on the stable cold flank of the fronts. This 

cross-frontal transition in stability is consistent with Xie’s (2004) hypothesis that it results 

from the disparity in atmospheric and ocean frontal scales, providing supporting evidence 

for the vertical mixing mechanism of the cross-frontal adjustment of wind. Our results add 

to a growing literature showing an unambiguous ocean-to-atmospheric feedback that is 

characterized by positive correlation between SST and surface wind speed, a correlation 

opposite to what is observed in coarse-resolution datasets without sharp SST fronts (Xie 

2004). This positive SST-wind correlation is observed in both spatial and interannual 

variability. A unique contribution of this study is its demonstration of the utility of 

high-resolution analysis of historical ship observations: while the SST front’s influence on 

local winds has been well documented, the in-situ observations allow a mapping of the 

climatological cross-frontal structure of atmospheric stability for the first time, a parameter 

key to determining the mechanism for satellite-observed wind variations. 

The zonal SST front along 49
o
S is roughly in parallel with the prevailing westerlies. 

Figure 1 suggests that the axis of the eastward current is collocated with this front, the 
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strong wind stress curl induced by the front (Fig. 15) will induce a Sverdrup circulation 

with a western boundary current that may help the Malvinas Current to overshoot. This 

possible feedback from the front-induced wind variations remains to be investigated. 

Besides the wind curl response, conspicuous wind divergence is observed on this zonal 

front and is flanked by convergence on either side. We have proposed a mechanism for this 

wind divergence that involves the Coriolis effect acting on the SST-induced 

acceleration/deceleration of wind. 

SST gradients may affect extratropical storm tracks through the effect on PBL 

temperature and baroclinicity (e.g., Inatsu et al., 2002; Tanimoto et al., 2003). In a regional 

atmospheric model, for example, Xie et al. (2002) show that the Kuroshio front affects the 

growth and path of an extratropical cyclone. The mid-latitude western South Atlantic is a 

region of cyclogenesis (Sinclair 1994). Nakamura and Shimpo (2004) present observational 

evidence for a dominant role of SST fronts in shaping the South Hemisphere storm tracks, 

one that partially supported by recent general circulation model experiments of Inatsu and 

Hoskins (2004). The interaction of SST fronts and atmospheric storm tracks is a subject of 

our ongoing research.    
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Figure captions 

Fig. 1. Mean geostrophic ocean current velocity (arrows in cm s
-1

) and speed (color in cm 

s
-1

) based on drifter and satellite altimeter observations. Annual mean climatology of 

AVHRR SST is superimposed in contours at 1
o
C intervals. 

Fig. 2. Scatter plots for comparison of annual mean climatologies of SST and surface wind 

speed over the southwestern Atlantic (40
o
W – 70

o
W, 30

o
S – 58

o
S): (a) AVHRR and 

HiRAC SST, and (b) SSM/I and HiRAC wind speed.  

Fig. 3. Annual mean climatologies of (a) scalar wind speed (color in m s
-1

) and (b) surface 

wind divergence (color in 10
-6

 s
-1

) observed by QuikSCAT, superimposed on mean 

SST (contours in 
o
C) and surface wind velocity (arrows in m s

-1
). 

Fig. 4. Climatological annual cycle averaged in 40
o
W – 50

o
W. (a) Total surface-wind 

divergence (10
-6

 s
-1

), (b) divergence due to the meridional velocity only (10
-6

 s
-1

), (c) 

surface zonal and (d) meridional velocities (m s
-1

). SST contours are superimposed at 

1
o
C intervals.  

Fig. 5. Schematic for surface wind divergence generated by winds blowing in parallel to 

the SST front (shaded box). Block arrow on the left: background westerly wind; solid 

arrows: wind perturbations induced by the SST front; open arrows: meridional winds 

induced by the Coriolis force acting on the zonal wind perturbations. 

Fig. 6. (a) Same as Fig. 3a but for HiRAC. (b) Sea-air temperature difference (SST-SAT; 

color in 
o
C) calculated from HiRAC, superimposed on mean HiRAC SST. 

Fig. 7. Cross-frontal structure. (a) SST (solid in 
o
C) and surface air temperature (dashed in 

o
C) averaged in 35

o
W – 47

o
W as a function of latitude. (b) SST-SAT (thick solid in 

o
C), scalar wind speed (dashed in m s

-1
), and surface latent and sensible heat fluxes 

(thin solid in W m
-2

). All from HiRAC annual-mean climatology. 

Fig. 8. Same as Fig. 7 but for HiRAC annual-mean climatologies along 42
o
S as a function 

of longitude. 
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Fig. 9. Annual cycle along 42
o
S of (a) SST (contour intervals of 1

 o
C), (b) SST-SAT 

(contour intervals of 0.5
 o

C; shading > 0 
o
C), and (c) surface wind speed (contour 

intervals of 0.5 m s
-1

; shade > 6.5 m s
-1

) as a function of longitude and calendar month. 

All from HiRAC climatology. 

Fig. 10. Same as Fig. 6a but for HiRAC sea level pressure (solid contours and gray shade 

in hPa), superimposed on mean HiRAC SST (dashed contours at 2
o
C intervals). 

Fig. 11. Standard deviations (color in 
o
C) for (a) unfiltered and (b) filtered monthly 

AVHRR SST anomalies, superimposed on mean AVHRR SST white contours at 1 
o
C 

intervals. 

Fig. 12. Latitude-time sections of filtered anomalies of (a) AVHRR SST (
o
C), (b) SSM/I 

scalar wind speed (m s
-1

), and (c) satellite altimeter SSH (cm) along the meridional 

SST front at 53.25
o
W.  

Fig. 13. Correlation coefficient between AVHRR SST and SSM/I surface wind anomalies 

along 53.25
o
W.  

Fig. 14. Time series of anomalies of (a) SST (solid) and SAT (dashed), and (b) SST-SAT 

(solid) and scalar wind speed, averaged in a region of maximum SST variance 

(53.25
o
W, 36

o
S – 39

o
S). All from HiRAC and normalized with their respective 

standard deviations. 

Fig. 15. Same as Fig. 3a but for annual mean climatologies of wind stress curl (color in N 

m
-3

) computed from QuikSCAT wind, superimposed on mean SST (contours in 
o
C) 

and mean geostrophic ocean current velocity (arrows in cm s
-1

). 
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Fig. 1. Mean geostrophic ocean current velocity (arrows in cm s-1) and speed (color in cm 

s-1) based on drifter and satellite altimeter observations. Annual mean climatology of 

AVHRR SST is superimposed in contours at 1oC intervals. 



 24

0

5

10

15

20

25

C
O

A
D

S
 S

S
T

 [
d
eg

. 
C

]

0 5 10 15 20 25

AVHRR SST [deg. C]

2

4

6

8

10

12

14

C
O

A
D

S
 W

in
d
 S

p
ee

d
 [

m
/s

]

2 4 6 8 10 12 14

SSM/I Wind Speed [m/s]

(a) (b)

 

 

Fig. 2. Scatter plots for comparison of annual mean climatologies of SST and surface wind 

speed over the southwestern Atlantic (40oW – 70oW, 30oS – 58oS): (a) AVHRR and 

HiRAC SST, and (b) SSM/I and HiRAC wind speed.  
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Fig. 3. Annual mean climatologies of (a) scalar wind speed (color in m s-1) and (b) surface 

wind divergence (color in 10-6 s-1) observed by QuikSCAT, superimposed on mean 

SST (contours in oC) and surface wind velocity (arrows in m s-1). 
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Fig. 4. Climatological annual cycle averaged in 40o
W – 50oW. (a) Total surface-wind 

divergence (10-6 s-1), (b) divergence due to the meridional velocity only (10-6 s-1), (c) 

surface zonal and (d) meridional velocities (m s-1). SST contours are superimposed at 

1oC intervals.  
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Fig. 5. Schematic for surface wind divergence generated by winds blowing in parallel to 

the SST front (shaded box). Block arrow on the left: background westerly wind; solid 

arrows: wind perturbations induced by the SST front; open arrows: meridional winds 

induced by the Coriolis force acting on the zonal wind perturbations. 
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Fig. 6. (a) Same as Fig. 3a but for HiRAC. (b) Sea-air temperature difference (SST-SAT; 

color in oC) calculated from HiRAC, superimposed on mean HiRAC SST. 
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Fig. 7. Cross-frontal structure. (a) SST (solid in oC) and surface air temperature (dashed in 

oC) averaged in 35oW – 47oW as a function of latitude. (b) SST-SAT (thick solid in oC), 

scalar wind speed (dashed in m s-1), and surface latent and sensible heat fluxes (thin 

solid in W m-2). All from HiRAC annual-mean climatology. 
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Fig. 8. Same as Fig. 7 but for HiRAC annual-mean climatologies along 42oS as a function 

of longitude. 
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Fig. 9. Annual cycle along 42oS of (a) SST (contour intervals of 1 oC), (b) SST-SAT 

(contour intervals of 0.5 oC; shading > 0 oC), and (c) surface wind speed (contour 

intervals of 0.5 m s-1; shade > 6.5 m s-1) as a function of longitude and calendar month. 

All from HiRAC climatology. 
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Fig. 10. Same as Fig. 6a but for HiRAC sea level pressure (solid contours and gray shade 

in hPa), superimposed on mean HiRAC SST (dashed contours at 2oC intervals). 
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Fig. 11. Standard deviations (color in oC) for (a) unfiltered and (b) filtered monthly 

AVHRR SST anomalies, superimposed on mean AVHRR SST white contours at 1 oC 

intervals. 
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Fig. 12. Latitude-time sections of filtered anomalies of (a) AVHRR SST (oC), (b) SSM/I 

scalar wind speed (m s-1), and (c) satellite altimeter SSH (cm) along the meridional 

SST front at 53.25oW.  
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Fig. 13. Correlation coefficient between AVHRR SST and SSM/I surface wind anomalies 

along 53.25oW.  
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Fig. 14. Time series of anomalies of (a) SST (solid) and SAT (dashed), and (b) SST-SAT 

(solid) and scalar wind speed, averaged in a region of maximum SST variance 

(53.25oW, 36oS – 39oS). All from HiRAC and normalized with their respective 

standard deviations. 
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