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AIM: To analyze the tropospheric circulation in the Southern Hemisphere (SH) associated to anomalously cold summers (ACS) and anomalously warm summers (AWS) (Dec-Feb) 1n
the period 1981-2010, over Northernmost Antarctic Peninsula (NAP).

Data and Methodology Quasi-stationary wave propagation for ACS
Near surface temperature data (°C) from Servicio Meteoroldgico Na- igg - 3? j“l“;-’-_ff'.i’-ia-;;j R e === ._;:__-;
cional (the Argentine Weather Service) for 3 Argentine Antarctic stations N For ACS composite previous to 2010 geopotential heights (GPH) asymmetric anomalies s0s 45 0 g2 1D S x** - _-_..5;5; ¥ Ny
are considered: Jubany (62°S 58°W), Esperanza (63°S 56°W) and = |t @@ ©v o - 7 in the upper (300hPa) and lower (850hPa) troposphere shows a wave-train propagation 505 Jai s 2 ia%ﬁ—?ﬁ:gﬁ.y e
Marambio (64°S 56°W), located over northernmost Antarctic Peninsula over the South Pacific originating near New Zealand which, in turn, seems to be precon- 50S 42 : A:b‘éf,;}%fﬁ P P—
(NAP), as indicated in the figure (right). Since summer mean tempera- - ditioned by another wave-train propagating eastward from the Indian Ocean. The QSW 705 - :%:J,L_E £ “f“* ------ g g - 3&_&
tures are well correlated amongst the stations (significant at 99%), it 1s propagation over the Pacific reaches southern South America and the NAP region. There- BOS i . — . .
decided to device a summer temperature index (STI) as the average fore, stationary cyclonic anomalies zonally extended over NAP are generated, which 80 120W oW 0 60E
amongst them. Hence the STI timeseries well represents the areal near .: , | — : could be responsible for the occurrence of ACS over the area. Cyclonic anomalies are dy- 0.9
surface summer temperature variability over NAP. Anomalously cold L CLPd . namically favourable for enhanced cloudiness conditions. This 1s consistent with the di- 205 T~ ‘ : T 1 E‘J(‘J VARSI %
summers (ACS) and warm summers (AWS) are indentified using the e gl S rect relationship found between STI and insolation in the region. Hence ACS appear to be 305 5. 31 . _{ P A ra R“‘“‘f‘{« 7
quartile criterion for the detrended STI timeseries distribution in the pe- ' : ) | ULl Weddell associated with anomalous cyclonic circulation. ;Eg @ xe A ] '-'
riod 1981-2010. ' o 50°W / Likewise, this cyclonic anomaly generates an easterly wind component anomaly over the sas H i Ion P
NAP. In general, the mountainous spine along the NAP acts as a dividing barrier between 705 - L
the relatively warmer climate of the west coast and much colder climate of the east coast 80S = = _
A wave-activity flux for stationary quasi-geostrophic eddies on a zonally varying basic flow, derived by Takaya and Nakamura aisied by sold. coitinenizl o messes (Kng dng Turner., 221, Mneiteioits, Smainsl e .
(2001), 1s used as a diagnostic tool to study QSW propagation from the Pacific Ocean. According to Nishii and Nakamura (2005) sasiteily ot steinjpeinet eouliel e favoulr goldl gnoimlics @uer e Al . ' — . ?‘3
this flux is suited for representing the 3D propagation of Rossby wave packets imbedded in a zonally varying time-mean flow. A gfmiffﬂrgﬁ?fglgz{S"’:f?g%’g;o’a 0’;')”’; Zgagggggiaal(’si ttom), R el ﬁgfl‘;ég;‘irﬁﬁgpnglﬁoZ?etlfgrvj:;)f:igjjg‘gﬂg
Marshall SAM index is used to Stlldy the SH pattern related to AWS over NAP. (vectors). Dashed contours correspond to negative GPH zonal asymmetries. The contour interval is 5 m. Vector units are m? s?. Grey
scale shaded indicates 90-95% significance levels for negative (lighter grey) and positive (darker grey) asymmetries of GPH.
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Anomalously Cold and Warm Summers over NAP 405 | o |
505 - The phase coincidence between wave anomalies at lower and upper levels of the tropopshere reveals
60S a barotropic nature of the QSWs, which suggests a barotropic Rossby wave origin.
o The wave activity flux over the South Pacific seems to emanate from large Rossby Wave Source
‘o : : : (RWS) anomalies zonally extended to the south of New Zealand. The RWS anomalies are co-located
05 Anomalou§ ly .COld SIS (D) 8 WAL SHIHINELS (AWS).are 1nden.t el meshiyg e with significant negative OLR anomalies linked to anomalous deep convection near New Zealand.
5 quartile criterion for the detrended STI timeseries distribution in the period 1981-2010.
s T\ AV T AR"AAN e (- 0 : : . : ..
Sos V N, [V W S vElES o8l enr 109 il eariie (Us510) contespenes [ (s ACse 1563, 1Beh, 198.6’ Note the RWS anomalies are co-located over significant negative OLR anomalies in the western In-
2 i 1991, 1992, 2001, 2004 and 2010. The summer of 2010 appears to be the coldest one in : : : : :
£ the 30 o detrented ti s 1 h [vsis of this ACS i d dian Ocean, near Madagascar. This probably generates a wave-train over the Indian Ocean reaching
N | S[h th_ yifléé) CHOE €& tren o 1metser21(€):i.0 CHee e analysts ot Tis 15 compare New Zealand and, thus, generating a cyclonic circulation anomaly over there which, in turn, is related
— 1986 1991 1996 2001 2006 Wi c cOmpoOsi e. pI’GVlOll? O o, to anomalous convection activity over the area.
STI values above the third quartile (0.51°C) corresponds to the AWS: 1982,1993,1994, — - _ S
Detrended STI timeseries (°C) from 1981 to 2010 and - : : - = r ;
thresholds at -0.35 °C and 0.51°C according to the first 1996’ 1998’ 2000’ 2002’ 2006. 1208 120 120N = 2 S
(blue line) and third (red line) quartile, respectively. Summer Rossby Wave Source (RWS) anomalies due to planetary vorticity-divergence and the wind divergence compo-
nents of the vorticity anomaly budget at 200hPa (top) and 1000-100hPa summer OLR anomalies and 90-95% signifi-
25 cance (grey shaded) (bottom), for ACS composite previous to 2010. Dashed lines correspond to negative values.
”e . R® = 0.4154
The dispersion diagram between the summer mean daily insolation and sum- P o . /
c o o 1.5 N *
mer mean temperature from 1981 to 2010 1s shown for the Esperanza station. R . W
There 1s an overall linear-fit behaviour showing correlation of 0.65, signifi- g o5 //
cant at 95%. Thus colder (warmer) summers are associated with less (more) 2 DR
daily 11.1501at10.n which in turn can b; linked to higher (lower) cloudiness N SH circulation for AWS
anomalies at high-to-polar Antarctic latitudes (Dutton et al. 1991). insolation (hours)
Dispersion diagram for the Esperanza station between summer temperature (°C)
and summer daily average insolation (hours) from 1981 to 2010. Correlation co- t”
ent is 0.65, signi 95% dence.
efficient is significant at of confidence 152 ?’_U\\‘ : : ) .\? L o
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[ 1; v T ..—._b_-:{:::‘f :1 EY: _ 700 :‘\i.-' L A ] Streamfunction zonal asymmetri.es (streamfunction temporal anomalies m%’nus Stream- 300hPa Geopotential Height (left) and Temperature (right) anomaly
305 1= S e " : Junction zonal average) composite for AWS at 300hPa and associated horizontal com- corresponding to the AWS composite. SAM Regression upon 500hPa Mean Summer Geopotential Height (left) vs. Composite Dif-
4054/~ & NS, ponent of the wave-activity flux (vectors). Dashed contours correspond to negative ference between AWS and CWS (right).
| . . . GPH zonal asymmetries. The contour interval is 5 m. Vector units are m* s™.
508 St e For the 2010 ACS, GPH asymmetric anomalies show the typi- a
BOS 1770 ywararrs st cal zonally extended cyclonic anomaly to the north of the NAP,
gg: Pl == over the Drake Passage. Unlike previous ACS composite, the

cyclonic anomaly is not generated by a QSW propagating over
the South Pacific, but to a regionally located QSW crossing Summal‘y

208 T southernmost South America, from the southeast Pacific, and

30S (< 2 propagating towards the northeast over the southwestern South .. : : :

I Atlantic. The regionally localized QSW cannot be associated * The summer mean conditions over Northernmost Antarctic Peninsula (NAP) are driven by the SAM (Solomon and Thompson, 2002). Anomalouly cold
zgg . . with anomalous deep convection since relevant OLR anomalies summers (ACS) are related with SAM negative phase whereas anomalously warm summers (AWS) with SAM positive phase. The correlation between
ms_;-:-_...__ il D SEYSS are not observed there (not shown). STI and SAM index is 0.57 (0<0.05).

« ACS previous to 2010 over NAP are characterized by a QSW train propagation in the South Pacific from a region of anomalous convection near New

GPH zonal asymmetries (streamfunction temporal anomalies minus streamfunction zonal ave- Zealand, as evidenced by significant negative OLR anomalies over the region, generating a significant anomalous cyclonic circulation throughout the tro-
rage) for 2010 singularly-cold summer at 300hPa (top) and 850hPa (bottom), and associated
horizontal component of the wave-activity flux (vectors). Dashed contours correspond to nega- pOSphere and lower strato Sphere to the nOrthwe st Of the NAP

tive GPH zonal asymmetries. The contour interval is 10 m. Vector units are m* s™.
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The upper-level wave activity flux shows an eastward wave-energy  4os{/
emanation from a source region near 40°S-120°W. Extratropical tran- ]
sient eddies can interact with stationary wave activity through conver-  7os

gence/divergence of eddies vorticity fluxes (Plumb, 1985). Nonethe-

» This cyclonic anomalies generates anomalous easterly wind component and upper troposphere dynamic conditions favourable to positive cloudiness
anomalies, leading to near surface lower temperatures.

e The summer of 2010 shows the typical cyclonic anomaly to the north of the NAP that 1s responsible for lower temperatures, though slightly northward

Extended SST lies for 2010 ith t to extended SST li . . . . . . . . .
less the source region is located over positive 2010 summer SST’S  for previous ACS composite (°C). displaced. Unlike the ACS composite, this anomaly is not generated by QSWSs propagation over the South Pacific, but is related to a regionally located
anomalies, estimated with respect to previous ACS composite, as can | QSW crossing South America from the southeast South Pacific to the southwest South Atlantic. The regionally localized QSW cannot be associated with
' ' ' A ’ - g U i . . : : . :
b Gyidlenesel in e g o the gt (fep). Menconl SOIls gacdh - g \ 7 ' anomalous deep convection since relevant OLR anomalies are not observed over the source region in the southeast South Pacific. Instead, the source re-
ents due to positive SST’s anomalies could be involved in the genera- s v . .. located with ; e SST i ek S ted with i dt nt activity due to ch - the local b
fhom @ Tl fenensed mean Aoy brrodnicisy, whldh, @ dm, i [ : .5 e gion is co-located with an area of positive s anomalies which 1s associated with increased transient activity due to changes in the local mean baro-
duces positive wind shear anomalies over the area due to the thermal = 150 1200 oW 0 60 clinicity.
wind relationship. Therefore, the mean-flow potential energy gener- -0.1 -005 0 005 01 0.5
ated by the locally increased baroclinicity is available to be converted  Eady growth rate (EGR) maximum anomalies for 2010 summer with respect to EGR . . . . . ) . ) ) . .
Y : Y anomalies for previous ACS composite. Shading is labelled every 0.05 day™. A strong QSW propagation over the Pacific 1s observed in the previous spring of 2009. This previous spring QSW could be probably acting to precondi-

into kinetic energy for transient eddies. . . . . : . o B : O .
tionate summer SST’s anomalies over midlatitude South Pacific linked to the QSW propagation in the following summer. Further analysis is required.
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 AWS are characterized by an enhance 1n barotropic anomalies over Southern South America suggesting circulation anomalies - anticyclonic over the Drake
Passage and cyclonic over southern South America - favorable to a blocking of the mean flow. This 1s possible related to transient activity blocking and to inte-
raction with lower stratosphere.

The summer positive SSTs anomalies over southeastern South Pacific
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_ could be induced by low level circulation anomalies during the previous
?22 LG season (SON) of 2009. In the previous spring a prominent mid-latitude

05 A T A e T SR R e T e s South Pacific QSW propagation is observed extending from New Zea-
GPH zonal asymmetries (streamfunction temporal anomalies minus streamfunc- land to the cast, probably pI’GCOIldlthIllIlg the SSTs anomalies in the

Zlgg;oeizlalllgrvg;igtg fc));quooongerslltjrcl)ltl%l?; a)gileriaacftti(zfpizyarflliiS(Qgiio(r]:;tt[(;?s)ﬂeaél (:)(ill’sl area. Further analySIS IS requlred. Research Projects PICT 2007 ICES-IDAC 01888 and PICT-2007-00438 from ANPCyT (National Agency for Sciences and Technonloy), and PIP 112 200901 00439 from CONICET. These first findings are part of Alfredo J Costa’s PhD thesis to

tours correspond to negative GPH zonal asymmetries. Vector units are m> s, be disserted at the Department of Atmospheric and Oceanic Sciences at the National University of Buenos Aires. Also to Instituto Antartico Argentino - DNA, for the travel financial support and NCEP/NCAR reanalysis.
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