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Abstract. This paper focuses on the dynamic mechanismsl Introduction
that create favorable conditions for the occurrence of frosts

that affect large areas of Argentina and are denominated gempyring the past decades there have been great advances in
eralized frosts (GF). The hemispheric teleconnection patterngnderstanding the mechanisms associated to temperature de-
linked to extreme cold events affecting central and northeastgzrease in the extratropics of South America. Papers such
ern Argentina during winter are identified. The objective isto a5 Krishnamurti et al. (1999), Marengo et al. (1997), Gar-
determine whether the conditions found in previous studieSeayd (2000), Vera et al. (2002), Pezza and Ambrizzi (2005),
for the CompOSite of winters with extreme (maXimUm and Miuller and Berri (2007), among OtherS, show the Synoptic
minimum) frequency of GF occurrence respond to typical and dynamic characteristics of the cold outbreaks. The frosts
characteristics of the austral winter or they are inherent thh|0h occur during these air irruptions can cause great dam_
those particular winters. Taking the mean winter as basicages to the agriculture of the regions affected, with a high im-
state in the 1961-1990 period, a series of numerical experpact on regional and national economies, mainly when these
iments are run using a primitive equation model in which jrryptions are very intense and/or persistent and of great lat-
waves are excited with a thermal forcing. The positions ofjtydinal penetration. Therefore, it is important the diagnosis
the thermal forcing are chosen according to observed congnd forecasting of such events as well as to determine the pre-
vection anomalies in a basic state given by the austral winter@ursory mechanisms through atmospheric teleconnections.

with extreme frequency of GF occurrence. In relation to that, many papers have analyzed the linear
The wave trains excited by anomalous convection situatedesponse of a stratified atmosphere to a tropical thermal forc-
in specific regions may propagate across the Pacific Oceajhg, demonstrating the existence of a relationship between
and reach South America with the appropriate phase, creathe warm anomalies in the tropics and circulation patterns
ing the local favorable conditions for the occurrence of GF.in the extra-tropics. For example, Marengo et al. (2002)
However, the anomalous convection is, by itself, not suffi- showed that quasi stationary Rossby waves coming from
cient since the response also depends on the basic state cafie western tropical Pacific during the austral winter, rep-
figuration. This is proved by placing the forcing over the re- resent an important mechanism in the tropical-extratropical
gion of significant anomalous convection for maximum and jnteraction which affects weather and climate in southeast-
minimum frequency of GF occurrence and the response wagrn South America (SSA). In particular, the results afldr
very different in comparison to the mean winter. It is con- et al. (2008) suggest that stationary Rossby waves may be
cluded that the conditions for a greater GF frequency of oc-the main mechanism linking anomalous tropical convection
currence are inherent to these particular winters, so that suciy the western Pacific Ocean with the extreme cold events
conditions are not present in the average winter. in Argentina during the austral winter. The association of

Keywords. Meteorology and atmospheric dynamics (Cli- tropical convection and a specific basic state can generate
yw ' 9y P y the appropriate environment to guide towards South Amer-

irz:)tology; General circulation; Middle atmosphere dynam-ica the Rossby waves that have been triggered by the tropical

forcing. The basic state used for these experiments is a com-
posite of the austral winters with maximum and minimum
frequency of occurrence of generalized frosts (GF). These

Correspondence td5. V. Muller are composed, respectively, by the winters where the number
BY (gabrielamuller@cicyttp.org.ar) of GF is one standard deviation unit abover {+and below

Published by Copernicus Publications on behalf of the European Geosciences Union.



http://creativecommons.org/licenses/by/3.0/

2 G. V. Muller: Temperature decrease in the extratropics of South America

(—o) the mean value for the period 1961-1990. These GF afthose particular winters or they are found in the average win-
fect a large area in the central and eastern part of Argentinager. In order to answer this question, simulations equiva-
known as the Wet Pampa. GF is defined when the percentent to those of Miller and Ambrizzi (2007) and Mler et
age of meteorological stations with frost (days during which al. (2008) are performed with the forcing located in the In-
surface temperature is equal to or less tha@)ds equal to  dian and Pacific Oceans, respectively. The numeric experi-
or more than 75% (Nller et al., 2000). ments consider the mean winter (June, July and August) of
The result of the experiment in thertbasic state with the  the 1961-1990 period as the basic state, from which the +
heat source located in the position where a significant anomaand—o winters are obtained.
lous convection was observed (Pacific Ocean), showed nega-
tive temperature anomalies over the whole Wet Pampa region
(Mdller et al., 2008). The simulated atmospheric circulation
field favors a southerly anomalous wind component, which . . . o .
. R The numerical simulations utilize the same model as in the
is the synoptic situation that causes frosts due to the cold and,_ " . . N
. i ; . previous study by Nller et al. (2008) and Mller and Am-
dry air advection. The result of the experiment in the - .
basic state with the heat source located at the same positiotr)1rIZZI (2007) for the + and —o basic states. The Inter-
mediate Global Circulation Model (IGCM) used in the nu-

as in the previous experiment, shows a different COnﬂgura'merical experiment was developed by Hoskins and Simmons

tion. The surface temperature anomalies are negative to tgﬁQ?S) and has been extensively used in teleconnection stud-

northeast of the region and.are positive over the remainin es (see Ambrizzi and Hoskins, 1997, and references there).
area. The low level circulation does not create a favorablel_

i he IGCM is spectrally truncated with a total zonal wave
condition for the occurrence of frosts because part of the Wet . ; . :
. . : number T42, it has 12 vertical sigma levels, an also includes
Pampa is dominated by a south-southeasterly wind compo:

. o o . horizontal and vertical diffusion and Newtonian cooling. For
nent that brings maritime air into the region. The results S . . o
X : the initial condition the NCEP-NCAR Reanalysis Project is
suggest that stationary Rossby waves may be an importan

. S . . . used, available on a 2.5 2.5° resolution grid, and provided
mechanism linking anomalous tropical convection with the . .
. by NOAA-CIRES. The input variables that the model uses
extreme cold events in the Wet Pampa.

The numerical experiments in the-basic state (Niller are geopotential height, zonal and meridional wind and tem-

et al., 2008) indicate that the extension of the anticyclonicperature'

region and the cold advection over SSA when the heat forc- The utilized therma! forcmg.has an elliptical horizontal
e . - structure and the vertical heating profile that follows a co-
ing is placed over the western Pacific Ocean, are similar to

that observed by Miller et al. (2005) during theotwinters. sine function W'.th maximum amphtude at 400hPa. Thg ex
: . L eriments consider the forcing given by a heat source in the
However, the amplitudes seem to be insufficient to generat . : . o
i L : ; acific Ocean which simulates the observed convection in
the mass field and motion field anomalies observed bifevi

et al. (2005) from a composite of GF selected within the + the +o and—o composites obtained by ier et al. (2008).
. L They are calculated as outgoing longwave radiation (OLR)
winters. Instead, when the heat forcing is placed over the . .
. anomalies with respect to the 1974-1996 mean value, pro-
western South Indian Ocean, the expected wave pattern ob-

served during these events is achieved. The results obtain vided by NOAA-CIRES. Another experiment considers the

by Muller and Ambrizzi (2007) indicate the existence of a orcing Ipcated N th_e Inc_ilan Ocean, followingtier and
. . Ambrizzi (2007), which simulates the Rossby wave patterns
double train of Rossby waves which propagate along the sub-

. ; . . . previously observed ino-composite by Miller et al. (2005).
tropical and polar jets, respectively, whose phases coincid . o
. . : . Theory shows that the response to the tropical heating is
just before reaching South America. This pattern generates o7 S . .

: X aroclinic in the vicinity of the forcing and barotropic far
strong polar air advection over the southern cone of the con; v . X
. . : from the source (Ambrizzi and Hoskins, 1997). This can be
tinent with the consequent decrease in surface temperature

accompanied by larae areas with GE in the region. This in->¢cn through vertical cross-section analysis for a given lati-
P ylarg gon. tude. The numerical results obtained bylldr and Ambrizzi

teresting feat.ure of these wave tralns_ phase 00|_nC|dence JuZ§007) and Miller et al. (2008), indicated that the response
before reaching South America, besides of being observe . ; : .
of the heating source placed in the different latitudes and lon-

in the composite of winters with maximum frequency of GF . . )
occurrence (Mller et al., 2005), it was also observed in the gitudes shows an equivalent barotropic Rossby wave for the
? ’ +o0 and —o basic states and there was no baroclinic insta-

composite of the most persistent GF events (higher than tW%ility development during the days integration period. The

consecutive days of GF, dler and Berri, 2007). These au- results of the experiments are shown on the day the solution
thors grouped the GFs according to their persistence, which P Y

is defined as the number of consecutive days that follows th%cqg!res quaS|.stat|onary pattern. In the expe_rlments on the
. . . acific Ocean it takes 10 days and for the Indian Ocean ex-
first day of the event and comply with the GF condition.

The question which arises from the analyses of the ex-perlment it takes 14 days.

treme winter composite with respect to the frequency of GF
occurrence is whether the obtained features are inherent to

Data and methodology
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Fig. 1. Stream function anomalies ¥1L0~-8 m? s~1) at 250 hPga) and 850 hP4b), on day 10 of integration, corresponding to the mean
winter state basic experiment with a forcing at 1E-15 S (see dot in the figure).

3 Results 205

This section presents the results obtained in the different nu-
merical simulations in the mean winter basic state and aress
compared to those obtained by the simulations using the +
and —o basic states. With respect to these basic states, it is
necessary to mention that the -and—o experiments were
previously analyzed for the forcing in the Indian Ocean by
Miller and Ambrizzi (2007), and for the forcing in the Pa-
cific Ocean by Miller et al. (2008). However, the discussion
in the latter was focused mainly onr+basic state, reason
why in this paper the results for the simulations-isr basic
state are presented as a complement to the mean winter basic
state. 405

308

3.1 Experiment with Pacific Ocean forcing

The OLR anomaly field for the o+ winters composite ob-

tained by Miller et al. (2008) shows two main regions of Fig. 2. Surface temperature anomalié€j on day 10 of integration
anomalous tropical convection in the Southern Hemispheregorresponding to the mean winter basic state experiment with the
with significant values, which are situated in the Indian andforcing at 170 E-15 S.

western Pacific Oceans, respectively. On the other hand, in

the —o winters composite there are regions with negative

OLR anomalies in the Southern Pacific Ocean and the mait 9¢ W. This same anomaly is observed in the 850 hPa field
one is located at 12E-15 S (Milller et al., 2008). This (Fig. 1b) which extends its influence over the entire southern
section presents the experiments in the mean winter basigone. Consequently, negative surface temperature anoma-
state with the same forcing observed in the Pacific Ocearies are observed over eastern Argentina and positive anoma-
in the 4o and —o composites. These forcing corresponds lies to the west (Fig. 2). The circulation generated by this
to the anomalous convection observed attlZ015 Sinthe  configuration is clear in the 850 hPa wind anomalies pattern
+o winters and at 120E—15 S in the—o winters. Follow-  (Fig. 3b). The region with southerly advection is circum-
ing Mulller et al. (2008) the anomaly patterns to be shownscribed to eastern Argentina. In this figure is appreciated that
from the numerical results are obtained from the differencethe response to the tropical heating is baroclinic in the vicin-
between the day 10 of integration and day 0, which represernity of the forcing and barotropic far from the source, with was

the basic state before the heating forcing is initiated. previously mentioned (Sect. 2). In the left panel (Fig. 3a)
a positive meridional wind anomaly is observed at 250 hPa
3.1.1 Experiment with forcing in 170° E-15 S covering the same area of the country. It is part of a wave

train that propagates from the source region in the western
Figure 1a shows the anomalies of the stream function aloffPacific Ocean towards the South Atlantic Ocean, with an-
with large amplitude in the western part hemisphere and ather wave train identified at subtropical latitudes. They to-
phase opposition between the tropics and subtropics in thgether form a double wave train that propagates across the
South Pacific Ocean. To the extreme south-southwest of th@acific Ocean, in agreement with the results found by other
continent, an anticyclonic anomaly is located approximatelyauthors for the Southern Hemisphere winter (e.g. Ambrizzi
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Fig. 3. Meridional wind component anomalies (M at 250 hPga) and wind vector anomaly at 850 hfa), on day 10 of integration,
corresponding to the mean winter basic state experiment with the forcing QE+18 S (see dot in the figure).
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Fig. 4. Stream function anomalies ¥1.0~%m2s~1) at 250 hPga) and 850 hP4b), on day 10 of integration, corresponding-te basic
state experiment with the forcing at 7B-15 S (see dot in the figure).

et al., 1995), which demonstrate that the jets act as waveegion of the Wet Pampa will have favorable conditions for
guides. This pattern aloft does not resemble the one simuthe formation of radiative frosts, given that another anticy-
lated for the basic statest nor does with the low level cir- clonic anomaly is located in the central-northeastern region
culation (see Fig. 2 from Miler et al., 2008). The difference of Argentina (Fig. 4b). The proportion of the Wet Pampa
is given by the origin of the anomalous wind over the region covered by this effect is not enough to create a generalized
of interest. Although the meridional wind anomalies for both frost, and are reduced to partial or isolated frostgiisf,
experiments (& and mean winter) are from the south, in the 2007).

one observed for the mean winter basic state the polar air

crosses an extendgd maritime regi_on before reac_hing Fhe W%I_l_z Experiment with forcing in 120° E-15° S

Pampa (Fig. 3), while in thestexperiment the flow is mainly

continental and therefore drier (see Fig. 2 frorilMr et al., ) i ] ) _
2008). In this experiment, in the mean winter basic state, the mass

field shown in Fig. 5a—b presents a negative stream function

Itis interesting to compare the simulation of the mean win- anomaly which extends over most of South America, in par-
ter basic state with that of the equivalent experimentin ticular at the 850 hPa level (Fig. 5b). It is interesting to com-
The movement field aloft of the simulation in the mean win- pare with the configuration obtained with ther basic state
ter basic state shows a similar configuration to the equivalenof the same experiment (Fig. 6a—b). At first sight, both con-
experiment in—-o (see Fig. 4a and Fig. 1a). This similarity is figurations are similar (Figs. 5 and 6), but taking a closer
also observed at low levels particularly in the southernmostook at South America, interesting differences can be found.
part of the continent, where an anticyclonic anomaly is ob-Figure 6a, which corresponds to 250 hPa, highlights a pat-
served over Patagonia. However, the relative position of thigern clearly defined by the stream function anomalies in the
anomaly differs in both experiments; in the mean winter ba-Pacific Ocean along 3. However, upon reaching South
sic state itis localized west of the continent (Fig. 1b) while is America, the anomalies project northeastwards, while to the
over the continent in-o basic state (Fig. 4b). This anomaly south and over the continent, they are practically inexistent.
creates a circulation with a southeast component and advet high latitudes, in the same figure, a large area is dominated
tion of maritime air, and therefore, a more humid situation by negative anomalies. Centered at 1%{) this area extends
over the Wet Pampa region. They are not the most favorabléhroughout the troposphere (Fig. 6b) in coincidence with the
conditions for the occurrence of frost. However, the northernpersistent negative anomaly at 220 and 60 S observed

Ann. Geophys., 28, 18; 2010 www.ann-geophys.net/28/1/2010/
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Fig. 5. Stream function anomalies (le*e' m?s~1) at 250 hPga) and 850 hPgb), on day 10 of integration, corresponding to the mean
winter basic state experiment with the forcing at 1E6-15 S (see dot in the figure).
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Fig. 6. Stream function anomalies 1L0~® m?s—1) at 250 hP4a) and 850 hP4b), on day 10 of integration, corresponding-ta basic
state experiment with the forcing at 12B-15 S (see dot in the figure).
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Fig. 7. Surface temperature anomali@C] on day 10 of integra- Fig. 8. Surface temperature anomali€€} on day 10 of integra-

tions, corresponding tes basic estate experiment with the forcing tion, corresponding to the mean winter basic state experiment with
at 120 E-15 S. the forcing at 120E-15 S.

by other authors during the austral winter, e.g. Mo and Hig-simulation of the—o basic state, the temperature decrease
gins (1998). in the northeast of the Wet Pampa would eventually cause
Over the continent and at low levels (850 hPa), a negativerosts. However, given their spatial extension, they cannot
anomaly affects the northeast of the Wet Pampa, as can blee considered generalized frosts, but rather partial or iso-
seen in Fig. 6b. This is linked to the negative surface temperiated frosts as studied by Mer (2007). This is in contrary
ature anomalies over northeastern Argentina (Fig. 7). In thigo what it is observed in Fig. 8 for the mean winter basic

www.ann-geophys.net/28/1/2010/ Ann. Geophys., 28, 2010
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Fig. 9. Meridional wind component anomalies (M at 250 hPga) and wind vector anomaly at 850 hfa), on day 10 of integration,
corresponding to the mean winter basic state experiment with the forcing @E328 S (see dot in the figure).
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(2007), is presented. The first forcing coincides with one
of the South American teleconnection points{&9-20° S),

i.e. the region immediately upstream of the subtropical jet
stream principal maximum over the tropical Indian Ocean. It
must be pointed out that, since the forcing is located in the
tropical region, it would be simulating a heat source due to
; deep convection. Instead, the second forcing located in mid
ow T T latitudes (48 E-40 S), it is simply used in order to create a
perturbation of the basic state, known as a wave maker. This
forcing should not be considered as isolated sources at mid
Satitudes but rather as a thermal gradient, in other words the
purpose of the forcing is to increase the thermal gradient.
Following Muller and Abrizzi (2007) the anomaly patterns
to be shown from the numerical results are obtained from

state, with negative temperature anomalies over most of Wei€ difference between the day 14 of integration and day O,
Pampa. These anomalous temperature values are explainé\d"!Ch represent the basic state before the heating forcing is
by the west-southwesterly advection (Fig. 9b), which mainly initiated.
affects Atlantic Ocean coast of Argentina. In Fig. 9b is ap- The results in Fig. 10 show a double wave train which
preciated that the response to the tropical heating is baroPropagates independently along the subtropical and polar jet
clinic in the vicinity of the forcing and barotropic far from Streams with no phase coincidence. Waves propagating at
the source, such as in the Fig. 3b. The left panel in Fig. ghigh latitudes follow a purely zonal trajectory and further
shows the meridional wind anomalies with a wave train thatsouth than the analysis oftMer and Ambrizzi (2007) for the
propagates following the subtropical jet until the eastern Pa-o and—o basic states. However, the one corresponding to
cific Ocean, continuing then its trajectory towards the southsubtropical latitudes curves its trajectory approximately over
of South America. This pattern for the mean winter is sim- the central Pacific Ocean, entering South America at mid lat-
ilar to the one shown in Mller et al. (2008, Fig. 9a) for the itudes and continuing in the northeast direction.
same experiment in theo basic state, except that in the  The configuration found in the mean winter simulation is
mean winter experiment a positive meridional wind anomalysimilar to the one obtained for the composite of observed
covers the south of South America (Fig. 9a). events with 1 day persistence of GF, or less persistent GF
It is worth mentioning that the OLR anomaly field for the events (see Fig. 4 from ler and Berri, 2007). The main
+o winters composite shows in 128-15 S a region where  difference is the value of the anomalies which in the observed
convection is inhibited (see Fig. 1a,iMer et al., 2008). composite is twice than those simulated, as well as the lati-
Hence, the equivalent experiment in the basic state lacks tude of propagation. The observed wave train enters the con-
physical meaning since it will not create a perturbation in thetinent in southwestern South America, while in the simulated

Fig. 10. Meridional wind component anomalies (M at 250 hPa
on day 14 of integration, corresponding to the mean winter basi
state experiment with the forcing at4B-20° S and 43 E-40 S
(see dots in the figure).

forcing position. case it does further north (Fig.10). This indicates that, al-
though the result of the experiment coincides in the typical
3.2 Experiment with Indian Ocean forcing arc shaped trajectory that enters the South American conti-

nent causing the widely discussed cold outbreaks, it does not
The numeric experiment for the mean winter basic state, withseem to be sufficient to cause the GF. According to the obser-
the forcing in the same position as intiMer and Ambrizzi  vations, the GF generated under similar conditions to those

Ann. Geophys., 28, 18; 2010 www.ann-geophys.net/28/1/2010/
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Fig. 11. Surface temperature anomali€€j (a) and wind vector anomaly (m$) at 850 hP4b), on day 14 of integration, corresponding to
the mean winter basic state experiment with the forcing &&@0 S and 45 E-40° S.

simulated — at least with respect to the propagation pattern ~where OLR anomalies are observed in the composites of the
need to acquire an amplitude and intensity such that, besidesinters with maximum and minimum frequency of GF oc-
entering through the southwest of the continent, would becurrence (¢ and —o respectively). It is assumed that such
able to guarantee the duration of the system. The mentionedvents are not caused by local conditions but they are the
large scale features will facilitate a continuous southerly ad—response to larger scale processes. It is also analyzed the an-
vection, inducing extended advective frosts. swer to a forcing which generates a propagation pattern in

On the other hand, it is interesting to point out that the agreement with the observed patterns in the composite of the
characteristics of the propagation trajectories in the meanmost conspicuous (most frequent and more persistent) GF
winter (Fig. 10) are opposed to those obtained in theex-  events. The wave patterns and the atmospheric circulation
periment of Miller and Ambrizzi (2007). In that case, the fields resulting from these simulations in the mean winter ba-
purely zonal trajectory corresponds to the subtropical lati-Sic state are compared to other basic states which represent
tude wave train, while the waves which propagate in po-winters with the extreme frequency of GF occurrence, i.e.,
lar latitudes (see Fig. 5a from tfler and Ambrizzi, 2007) +o and—o.

acquire a certain meridional component near the continent. \When the forcing is in the Pacific Ocean, in particular at
In the present simulation the surface temperature anomalie$7(> E-15 S (which corresponds to the observed anomalous
are negative (Fig. 11a), as well as in the and —o ba-  convection in the & basic state), the experiment in the mean
sic states (see Figs. 7 and 9a fronulr and Ambrizzi,  winter basic state shows a Rossby wave propagation pattern
2007), although the anomalous wind circulation at 850hP&gifferent to those of thea and—o basic states. The exper-
over the Wet Pampa region is mainly from the eastern sectojment in the + basic state presents a Rossby wave pattern
(Fig. 11b). Therefore, the temperature decrease would nofith an arc shaped trajectory that initially moves polewards
trigger frosts because the advection is mainly of moist air.  and later deflects towards the equatorii{Mr et al., 2008).
This wave train reaches South America in its central part
and creates a southerly wind anomaly in the southern part
4 Discussion and conclusions of the continent. Instead, the propagation pattern of-the
basic state experiment does not agree with the preferential
This paper investigates the role that tropical anomalous conpaths that waves follow in the Southern Hemisphere during
vection over the western Pacific Ocean and South Indiarthe austral winter (Nlller et al., 2008). This is due to the
Ocean plays in the generation of extratropical wave patterngact that two wave trains are observed which split at the re-
that cause a temperature decrease in the Wet Pampa, duriggon of origin; the northern one reaches the South American
the winters of the period 1961-1990. A baroclinic global cir- continent at equatorial latitudes, while the other one moves
culation model is employed to study the response to an excitowards the South Atlantic. In the mean winter basic state
tation caused by the presence of heat sources in the regioria/o wave trains are observed, but they propagate along the

www.ann-geophys.net/28/1/2010/ Ann. Geophys., 28, 2010



8 G. V. Muller: Temperature decrease in the extratropics of South America

subtropical and polar jet streams, respectively. Despite thén the trajectories followed by the waves, but also in the phase
trajectories of these wave trains differ from those found inand amplitude that they reach when they are near the conti-
—ao, both basic states create the same anomaly configurasent. For example, in thestcase the amplitude of the merid-
tion over the continent. In both thes and the mean winter, ional wind anomalies aloft, which agree with observations,
in particular the waves propagating at high latitudes rapidlydoubles the value obtained for both the and mean winter
cross the southern part of the continent and therefore do nagxperiments. At low levels the motion field also presents dis-
generate favorable conditions for the formation of GF. Thiscrepancies between the basic states, in spite of the similarity
clearly indicates that thes+winters have typical character- in the negative surface temperature anomalies simulated in
istics which explain the maximum frequency of occurrence each case. However, the s the only case in which a tem-
of GF that distinguish them from the averaged winters. Itperature decrease can lead to frosts in the Wet Pampa, since
is important to point out that this result refers to a particu- the low level circulation is mainly from the south-southwest,
lar forcing position which can be associated with the “warm while the—o and mean winter basic states are dominated by
Pacific Ocean pool”, a region of frequent convective activity. wind anomalies from the eastern sector. In the first case, the
The second experiment in ther basic state with the forc- Wet Pampa region will have favorable conditions for advec-
ing 120 E-15 S, that corresponds to the observed anoma-ive frosts because of the arrival of cold and dry air over the
lous convection in the same basic state, shows surface tenregion. In the other two basic states the Wet Pampa region
perature anomalies that are negative to the north of the Weis under the influence of moist air advection which does not
Pampa and positive in its central and southern region. Thepropitiate the occurrence of frosts.
low level circulation is typical of radiative frosts, but without ~ Based on the comparative analysis between the <+
being generalized since the anticyclonic anomaly is circum-and mean winter basic states, it is concluded that the features
scribed to a smaller area inside the Wet Pampa. The motiomevealed by the extremer+and—o winters are characteris-
field aloft shows a wave train that follows the subtropical jet. tic of those particular winters and do not represent the mean
This result is also in agreement with the Rossby wave propwinter conditions. This answers the question whether the ob-
agation theory since, in particular for short waves, the prop-tained features are inherent to the extreme winters compos-
agation path follows a latitudinal circle at subtropical lati- ite with respect to the frequency of GF occurrence or they
tudes. A weakening of the wind anomalies is observed wherare found in the average winter, which motivated this work.
the wave train reaches South America. At this position, butHence, the previously obtained results far gMuller et al.,
at low levels, there is a northern wind anomaly that interferes2008), besides reproducing the patterns observed ijeM
with the cold air advection from the south, windward of the et al. (2005), explain the dynamic mechanism which leads to
Andes Mountains. These wind fields are shown ialler et the most frequent GF (Mler et al., 2005) and the most per-
al. (2008, Fig. 9). On the other hand, the result of the ex-sistent GF that Miler and Berri (2007) define as GF that last
periment with the same forcing but in the mean winter basicmore than three consecutive days. This conclusion is impor-
state presents a wave train similar to that of the basic  tant for the short and mid term forecast of GF, since knowing
state, except that it reaches the continent at mid to high latthe conditions of the basic state and the dominating forcing
itudes, with a southerly meridional wind anomaly. At low during winter it would be possible to determine the frequency
levels the air advection from the southwest, and the conseand/or persistence of the GF that could affect the Wet Pampa.
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