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ane Catarina over the western South Atlanti
O
ean in Mar
h 2004 marks the �rst time that the existen
e of a hurri
anehas been 
on�rmed by satellite imagery in the South Atlanti
 basin. Thestorm undergoes a 
omplex life
y
le, beginning as the extratropi
al pre
ur-sor moves east-southeastward o� the Brazilian 
oast and towards the mid-latitudes. Its eastward progress is halted and the system is steered ba
kwestward towards the Brazilian 
oast as it en
ounters a strengthening dipole1



(Rex 1950) blo
king stru
ture east of the South Ameri
an 
ontinent. Figure 1shows a 
on
eptual s
hemati
 of the intera
tion between the blo
k and theevolving vortex. The strengthening of the anti
y
loni
 blo
king 
omponent(Fig. 2) results in the reorientation of the steering 
ow and a redu
tion in theverti
al shear over a large area above the storm. Entering this weak shearregion, Catarina begins a tropi
al transition pro
ess (Davis and Bosart 2004)over anomalously 
ool 25ÆC o
ean waters (Fig. 3). As the 
onve
tive out
owfrom the developing tropi
al system reinfor
es the ridge 
omponent of thedipole blo
k (Fig. 2 as expe
ted from the 
on
eptual model shown in Fig. 1),the storm is a

elerated westward towards the Santa Catarina provin
e ofBrazil and makes landfall there as a nominal Category 1 hurri
ane.The 
omplex evolution of the system is analyzed using a suite of diag-nosti
 tools and a 
on
eptual model (Fig. 1) of the tropi
al transition andsteering pro
esses in the presen
e of a dipole blo
k is developed. On
e theessential properties of the upper-level 
ow are established, an analog studyis undertaken to investigate lower-atmospheri
 responses to similar blo
kingregimes. Persistent dipole blo
king stru
tures are found to be rare east ofSouth Ameri
a; however, the evolution of systems o

urring during theseperiods is shown to be 
omplex and to possess varying degrees of subtropi
aldevelopment modes.Referen
esDavis, C. A., and L. F. Bosart, 2004: The TT problem. Bull. Amer. Meteor.So
., 85, 1657{1662.Rex, D. F., 1950: Blo
king a
tion in the middle troposphere and its e�e
tupon regional 
limate. I. An aerologi
al study of blo
king a
tion. Tellus,2, 196{211.
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Figure 1: Con
eptual model of a TT in a dipole blo
king environment. Theblo
king 
omponent PV anomalies are signed as indi
ated, with relative mag-nitudes proportional to the number of 
on
entri
 rings surrounding the fea-ture. The dire
tion of the upper-level 
ow is represented by the dash-dotve
tors in all panels and labeled in (a). The tra
k of the pre
ursor and hur-ri
ane vortex is indi
ated by the heavy dotted line and open arrow. Thelower-level 
ir
ulation itself is represented by an \L" and is surrounded by anumber 
on
entri
 
ir
les that in
reases with in
reasing storm intensity. Theout
ow from the system as it undergoes TT is indi
ated by a thin dashedline and open arrows in (b) and (
).



Figure 2: Steering 
ow diagnosis for Hurri
ane Catarina's full life
y
le. Cata-rina's tra
k is shown in the bottom half of the plot, with instantaneous stormlo
ations indi
ated by the date stamps. The ve
tors in the top half of theplot are 
olor 
oded as indi
ated in the legend and represent the analyzedstorm motion ve
tor (bla
k), the full steering 
ow (green), the steering 
ow
ontribution from the ridge 
omponent of the dipole blo
k (red) and thesteering 
ow 
ontribution from the trough 
omponent of the blo
k (blue).Steering and motion ve
tors are plotted at 6 h intervals as indi
ated by theirasso
iated date stamps and represent both the magnitude (s
aled against thereferen
e ve
tor in the lower-right 
orner of the panel) and the dire
tion ofthe 
omponent for
ing.
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Figure 3: Near storm time series of sea surfa
e temperature (dashed line),deep layer shear (dynami
 tropopause to 850 hPa, dash-dotted line) and BestTra
k wind speed (
ompiled by Roger Edson). The approximate thresholdshear value of 20 kt is shown with a grey dash-dotted line. The 4Æ � 4Æ boxfollows the storm 
enter at 6 h intervals.


