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Abstract. Characteristics of quasi-stationary (QS) waves1 Introduction
in the Southern Hemisphere are discussed using 49 years

(1950-1998) of NCEP/NCAR reanalysis data. A compari- Any meteorological variablep (for example, geopotential

son between the stationary wave amplitudes and phases bfigight) can be divided into a time mean and a time deviation:
tween the recent data (1979-1998) and the entire 49 Yeaig(i, ¢, z, t)=¢o(r, ¢, 2)+¢' (7, ¢, z, ), wherex, ¢, z ands

data showed that the differences are not large and the 49 yeagge, respectively, longitude, latitude, height and tingé.s

data can be used for the study. Using the 49 years of data fermed as the transient circulation (eddies) and is responsible
is found that the amplitude of QS wave 1 has two maxima infor weather.¢o can be divided further into a zonal mean and
the upper atmosphere, one at 3and the other at 83%5. QS 3 zonal deviationigo(%, ¢, 2)=oo(¢, 2)+¢* (. @, 2). Poo
waves 2 and 3 have much less amplitude. Monthly variationrepresents the stationary symmetric circulation and is popu-
of the amplitude of QS wave 1 shows that it is h|ghest in OC"ar'y known as the Had'ey type Circu'atiomoo also repre-
tober, particularly in the upper troposphere and stratospheresents a zonal flowg* is the asymmetric stationary circula-
To examine the QS wave propagation Plumb’s methodol+jon and is popularly known as stationary waves. Since the
ogy is used. A comparison of Eliassen-Palm fluxes for Elstationary waves can change a little (in time) in position and
Nifio and La Nita events showed that during Eliievents  ntensity, these are called quasi-stationary (QS) waves. This
there is a stronger upward and equatorward propagation of the subject of the present paper.
QS waves, particularly in the austral spring. Higher upward QS waves are forced by inhomogenities in the Earth’s sur-

propagation indicates higher energy transport. A clear wavg, .o orography (Charney and Eliassen, 1949), land-sea con-

train can be identified at 300 hPa in all the seasons exceqf (Smagorinsky, 1953), etc. and are observed through-
in summer. The horizontal component of wave activity flux j o globe over7 a Widé raﬁge of length scales. Also
in the El Niflo composite seems to be a Rossby wave prop- ' '

) . . ~T'the transient pap’ interacts with the QS waves and might
agating along a Rossby wave guide, at first poleward until torce them (Holopainen, 1978; Holopainen et al., 1982).

Iregcf;es |tshturn|ng latitude dlr" thﬁ Sqqthern fHSemip:ere .m'dT\/Iost of the research on QS waves emphasized the North-
atitudes, then equatorward in the vicinity of South America. o, Hemisphere (NH). A few studies have been made dis-

The position of the center of positive anomalies in the aUs-¢1ssing QS waves in the Southern Hemisphere (SH). van

tral spring in the El Nilo years over the southeast Pacific, Loon and Jenne (1972), Hartmann (1977), Trenberth (1980)

near South America, favors the occurrence of blocking highsand Karoly (1989) discussed QS waves during winter and

in this. region. This agrees with a recent numerical study bysummer. Randel (1988) studied QS waves in the SH in the
Renwick and Revell (1999). other seasons as well. He noted that the QS waves’ vari-
Key words. Meteorology and atmospheric dynamics (cli- ance has maxima at 3840 S and 50-6C° S, in the upper
matology; general circulation; ocean-atmosphere interactroposphere during the late winter or early spring. He also
tions) noted that the maxima in the stratosphere occurred in the lati-
tude band 58-6C° S. QS wave number 1 dominated the field,
and the momentum and heat transports. Quintanar and Me-
choso (1995) used the NMC (National Meteorological Cen-
ter) analysis for the period January 1979 through December
1990 to discuss the QS waves in the SH. They found that
the QS wave 1 in winter is by far the most dominant part
Correspondence tov. Brahmananda Rao of the geopotential height field in both the troposphere and
(vbrao@cptec.inpe.br) stratosphere.
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Table 1. El Nifio and La Niia years.

Summer (DJF)  Autumn (MAM)  Winter (JJA)  Spring (SON)

El Nifio 1958, 1959, 1953, 1957, 1953, 1957, 1951, 1957,
1966, 1969, 1958, 1966, 1958, 1963, 1958, 1963,
1970, 1973, 1969, 1972, 1965, 1966, 1965, 1968,
1978, 1980, 1982, 1983, 1969, 1972, 1969, 1972,
1983, 1987, 1987, 1991, 1982, 1986, 1976, 1977,
1988, 1991, 1992, 1993, 1987,1990, 1982, 1986,
1992, 1993, 1997, 1998 1991, 1992, 1987, 1990,
1995, 1998 1993, 1994, 1991, 1992,
1997 1993, 1994,
1997
La Nifla 1950, 1951, 1950, 1955, 1950, 1954, 1950, 1954,
1955, 1956, 1956, 1971, 1955, 1956, 1955, 1956,
1965, 1971, 1974, 1975, 1964, 1971, 1964, 1970,
1974, 1975, 1984, 1985, 1973, 1974, 1971, 1973,
1976, 1984, 1989 1975, 1988 1974, 1975,
1985, 1989, 1998 1983, 1984,
1996 1988, 1995
1998

observationally. We use Plumb’s (1985) approach to exam-

; M(t)_re refcetn'ily, Hurrell et al_. (tlr?QE;)Hdlsc%sie_zld (;he Ch;ﬁc'ine the three-dimensional propagation of QS waves in the
enstics ot stationary waves in the SH, and ®iladis an OSH, giving emphasis for the El No and La Niia events.

(1998) discussed their interannual variability. As in Randel

(1988), Hurrell et al. (1998) found that at 500 hPa wave 1

reaches its peak between°&and 60 S in both winter and 2 Data source and methodology

summer. They noted that wave 1 over the southern oceans

closely follows the pattern of the latitude anomalies of tem-In the present study we use monthly mean values of the

perature, suggesting the importance of surface thermal forcgeopotential height for the period 1950-1998. These

ing. Hurrell et al. (1998) also found that the interannual vari- data were obtained from NCEP (National Centers for En-

ability is largest in the Pacific, where the influence of the vironmental Predictions)/NCAR (National Center for Atmo-

southern oscillation is highest. spheric Research) reanalysis and are available at 1000, 925,
Kiladis and Mo (1998) studied the interannual variability 850, 700, 600, 500, 400, 300, 250, ?OO! 150, 190! 70,.50, 30,

of QS waves in the SH using empirical orthogonal function 20 and 10hPalevels, at 2.5 2.5 (latitude x longitude) in-

(EOF) analysis. The wave train-like nature of these EO,:terv_aIs_. I_:or a detailed description of the NCEP/NCAR data

modes (see Fig. 8.3c of Kiladis and Mo, 1998) suggests théssimilation method, see Kalnay et al. (1996).

propagation of Rossby wave energy with a source region in N our case time mean is taken over a period of three

the subtropics. Seasonal composite of 500 hPa height anom&0nths. We can write the zonal wave componentsgfor

lies for warm (El Nfio) events (see Fig. 8.4 of Kiladis and aS:

Mo, 1998) also strongly suggests the Rossby wave propa- « _

gation. A ridge in the southeast Pacific associated with thed) k(. 9. p) = Ar(g, p) COL(kA + i@, P))J. @

wave train during the warm events is favorable for blocking where k is the wave numbet,, the amplitude andy is the

in this region and the reverse happens during cold eventgphase. In our casé=1, 20.

Rutllant and Fuenzalida (1991) and Marques and Rao (2000) The values of temperaturg, zonal («) and meridional

showed the connection between blocking over the southeas) wind component for the same period are obtained using

Pacific and ENSO (El Nio-Southern Oscillation). Using the method given by Randel (1987, 1988). In this method,

a barotropic numerical model, Renwick and Revell (1999)the geopotential heights are harmomically analysed based on

showed that the tropical convective heating associated withthe zonal wave number. Fluxes of heat and momentum are

the OLR (outgoing longwave radiation) anomaly, presum-evaluated using winds derived via the linearized zonal and

ably generated during ENSO events, forces a Rossby wavemeridional momentum equations. Eliassen-Palm (EP) flux

train which is responsible for higher blocking over the south-divergences are calculated from the primitive equation ex-

east Pacific during EIl Nio events. In the present study we pressions, neglecting terms involving the vertical velocity.

propose to test the hypothesis of Renwick and Revell (1999EP flux vectors are scaled with the inverse square root of
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Fig. 1. Amplitudes of QS wave 1 (m) in the data set for the period 1950-19984pbDJF,(b) MAM, (c) JJA and(c) SON. Contour interval
is 20 m.

density, in order to make them visible throughout the strato-3 Characteristics of QS waves
sphere. The differences are small if the wind and temperature
from NCEP/NCAR reanalysis data are directly used. In the present study we used data from 1950 through 1998.
The list of El Nifio and La Niia episodes was Before the advent of meteorological satellites the data were
obtained from NCEP (http://www.cpc.noaa.gov/products/sparse in the SH. Thus, it would be necessary to verify the
analysismonitoring/ensostuff/). For compiling this list it differences in characteristics of QS waves in the data for
was attempted to classify the intensity of each event by fo-1950-1998 and in recent data. Figure 1 shows the am-
cusing on a key region of the tropical Pacific (along the equa-litude of QS wave 1 for different seasons for the periods
tor from 150 W to the date line). The process of classifica- 1950 through 1998. The corresponding amplitude values for
tion was primarily subjective using reanalyzed sea surfacghe period 1979 through 1998 are shown in the Appendix
temperature (SST) analyses produced at the NCEP/Climatérig. Al). The magnitude and distribution of the amplitudes
Prediction Center (CPC) and at the United Kingdom Meteo-of wave 1 in DJF and MAM are very similar in both data sets.
rological Office. In the period considered (1950-1998) thereAlthough the distribution in JJA and SON is very similar, the
are 16 El Niio summers (December, January and February)magnitude is slightly higher in spring in the recent data. The
and 13 La Nfia summers. There are 14 EIfdi autumns  differences in amplitudes of wave 1 between the two periods
(March, April and May) and 9 La Nia autumns. There are are not entirely due to the improvement of data coverage in
17 El Nifio winters (June, July and August) and 11 L&&li recent years. Part of the differences could be due to natural
winters. Finally, there are 19 El No springs (September, interannual variability.
October and November) and 15 Lafidisprings. The list of Figure 2 shows the phase of wave 1 in the period 1950
these years is given in Table 1. through 1998. The phase of wave 1 in the recent data set
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Fig. 2. Same as Fig 1, but for the phase (degrees).

is shown in the Appendix (Fig. A2). The phase distribution 30° S and another at 535. The value in the higher latitudes

is also very similar, except for a small difference in sum- is much larger than that in the subtropics. A comparison
mer, when the amplitude of wave 1 is weakest. Amplitudeswith the values in other seasons shows that the QS wave 1
of waves 2 and 3 (figures not shown) are also very similaris trapped in the lower atmosphere in summer, while in other
in magnitude and distribution. The amplitude of wave 2 is seasons it propagates into the stratosphere. In spring the am-
slightly less and that of wave 3 is slightly more in the re- plitude values in the lower stratosphere are highest.

cent data set. The distribution and magnitude of wave 3 is The amplitudes of QS waves 2 and 3 (figures not shown)
very similar in both data sets. The phases of waves 2 and,re mych less than that of wave 1. It is known that these
3 are similar in winter in both data sets and slightly differ- |\, a5 (wave 2 and 3) are primarily eastward moving (Me-
ent in other seasons. Wave 1 explains about 90% of the totgl;,5<q and Hartman, 1982). QS wave 2 is confined to the
variance in the geopotential fielq and all oth_er waves (mQStlylower atmosphere in DJF, whereas in other seasons it propa-
waves 2 and 3) together explain the remaining 10%. SinC&yates into the lower stratosphere. QS wave 3 is essentially
the most dominant characteristics of amplitude and phase€qnfined to the lower atmosphere in all the seasons. The
particularly of wave 1, are similar in the data set for 1950— .5 imum value is about 50 m in the lower stratosphere for
1998 and in the recent data set for 1979-1998, we propose t@..e 2 and 30 m for wave 3 in spring. In the upper tropo-
uselthe total perio_d of 49 years to study the characteristics °§phere, however, the amplitude of wave 3 in all four seasons
stationary waves in the SH. is more (about 30 m) than that of wave 2 (about 10 m). The
Figure 1 shows several interesting characteristics. In sumseasonal evolution of QS waves can be understood in terms
mer in the upper troposphere there are two maxima, one abf the linear wave theory (Charney and Drazin, 1961). The
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Fig. 3. Monthly variation of the amplitudes (m) of QS wave$a), 2 (b) and 3(c) at 60 S. Contour interval is : (a) 50 m, (b) 210m, and (c)
5m.

presence of easterlies in the stratosphere in DJF (figure nd®S wave 1 is found in summer (50 m). The monthly variation
shown) does not permit the vertical propagation of QS wavespf the amplitude of QS wave 2 is similar to that of QS wave 1
(Charney and Drazin, 1961). Again, in JJA the strong west-except that the amplitudes are less and in the stratosphere in
erlies are not favorable for vertical propagation. The decreasOctober they are about the same as those of QS wave 1.

ing of westerlies in spring is favorable for the vertical propa- The monthly variation of QS wave 3 is very different. A
gation of QS waves and this propagation is connected to thelear winter (July) maximum is found both in troposphere
final warming in the SH stratosphere. From Fig. 2 it can beand stratosphere. Compared to QS waves 1 and 2 the ampli-
seen that the phase angle of wave 1 does not change mudhdes of QS wave 3 are much less. As we have seen earlier
in the lower troposphere, while in the upper troposphere andFig. 3), QS wave 3 is essentially trapped in the troposphere
stratosphere it decreases with height, indicating a westwardnd lower stratosphere. Thus, from the above discussion we
inclination. Westward inclination is better defined in win- can infer the contribution of QS wave 1 for the zonal variance
ter and spring. This westward inclination is associated withof ¢* is by far the most dominant.

poleward heat transport and vertical propagation. Hurrell et al. (1998) also discussed the observed charac-

Figure 3 shows the monthly variation of amplitude of QS teristics of stationary waves. However, they described the
waves 1. 2 and 3 at 8G. At this latitude. the maximum features of wave number 1 in summer and winter seasons

amplitude (100m) of QS wave 1, in the troposphere is in_only. Although the amplitude pf wave number 1 in summer
August, and the maximum amplitude in the stratosphere idS COmparable to our values, in winter our values are much
in October (550 m). In the stratosphere there is a secondarf)igher. The other features are similar.

maximum in July (300 m). The lowest value of amplitudes of
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Contour interval is 5m.

Figure 4 shows the difference in amplitude of QS wave 1ward momentum transport (Eliassen and Palm, 1961). Since
between ElI Nilo composite and the mean for the four sea-the vectors of EP fluxes are parallel to the group velocity
sons. The differences are small in DJF and MAM. In JJA andvectors, when the idea of group velocity is applicable, they
SON there is an increase in the higher latitudes, particularlyrepresent the direction of energy propagation (Edmon et al.,
in the stratosphere. In the mid-latitudes in the tropospherel980; Eliassen and Palm, 1961). Figure 5 shows the anoma-
there is a slight decrease and in the subtropics there is an ifeus (differences from the mean) EP fluxes for the Bidi
crease. The differences in the Laffdicomposite (figure not composite. In both DJF and MAM there is mostly higher
shown) are in general opposite to those of EidNi meridional propagation of QS waves with large values in the

mid-latitudes in the upper troposphere. In JJA there is higher

In the EP fluxes for El Nio and La Niia periods (fig- upward propagation in the high latitudes. It is seen that the
ures not shown) large changes are found mostly in the highfluxes are the largest in SON. In SON there is higher up-
latitude spring stratosphere. The general characteristics ofvard propagation in the high latitudes and higher meridional
the EP fluxes are similar to the known features (e.g. Ed-propagation in the midlatitudes with high values in the lower
mon et al., 1980). There is mostly upward propagationstratosphere. Figure 6 shows the differences betweerfiol Ni
of QS waves in the lower levels in mid and high latitudes and La Nfia periods. During El Nio there seems to be larger
and then upward and equatorward propagation in the loweequatorward focussing of QS waves. This is consistent with a
stratosphere. As is well known, the upward propagation oflarger poleward transport of momentum (figures not shown)
QS waves is associated with poleward sensible heat transduring El Nifio periods. At lower latitudes from 2@ up to
port and the equatorward propagation is associated with pole-
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about about 35S , there is a larger poleward propagation of waves on a zonal mean flow, the conservation relationship
QS waves in the upper troposphere during EidNperiods  for stationary wave activity (Plumb, 1985) may be written as
in all seasons. Another interesting feature is a larger upward

focussing of QS waves in the upper troposphere in the latidAs/3t +V - Fy = C; (2
tudes 50-65° S and larger equatorward focussing in spring

in the stratosphere. whereA; is the stationary wave activity,

—2
1 q* E
A = = —_— =.
s =P 1 G5 trs 3)
4 Propagation of QS waves in the SH during El Niio asie. 9
and La Nifia events F; is the three-dimensional flux of stationary wave activity,
We will use the approach introduced by Plumb (1985) to f, — p COSp e 1 I ¢*)
2Qasin2p 9x

study the QS wave propagation. This approach has been
extensively used in both model and observational studies
(Karoly et al., 1989; Lau and Peng, 1992; Schubert et al., _ 1 (u* ¢*)
1993; Quintanar and Mechoso, 1995). For small-amplitude %" V" ~ 2Qasin2p  9x

)
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2Q2sing [U* T _ 1 (T* ¢*)] } (@) sion (2) is relatively small and wave sources (sinks) are asso-
S 2Qasin2p oA ciated with regions wherg; is divergent (convergent). Since
F; is derived under the quasi-geostrophic assumption, its va-
and C, is a nonconservative source-sink term that includeslidity is questionable in low latitudes and also one should be
diabatic and frictional effects and interactions with transientcareful in interpreting the short-scale quasi-stationary waves
eddies. The overbar represents a time-average and the quaf®uintanar and Mechoso, 1995).
tities with asterisks denote departures from the zonal aver- Figures 7 and 8 show the horizontal componentFpf
age;p is the pressurep andg™* are the zonal mean and per- (H,) and the geopotential height anomalies (Efitlior La
turbation quasi-geostrophic potential vorticityis the zonal  Nifia minus the mean) for the El fib and La Niia compos-
mean flow,E is the wave energy density;” andv* are the ites, respectively. Shaded areas show the significance at the
eddy zonal and meridional geostrophic wind components, 95% confidence level. In summer (Fig. 7H) is generally
is the Earth’s radiusp is the geopotentiall” is the temper-  weak compared to the other seasons. The height anomalies
ature,Q is the angular rotation rate of the Earth afidls a  show a high (positive center) over southern South America
time and area averaged static stability. and a weak low to the northwest of thid, vectors indi-
Plumb (1985) showed that for steady, conservative wavegate southeastward wave propagation to the west of southern
F; is nondivergent and that for slowly varying almost plane South America. Divergence of vectors in this region sug-
waves, Fy is parallel to the group velocity. In general, the gests a source of QS waves. Over the low to the northwest,
starred (wave) quantities are evaluated from time average#l, vectors indicate equatorward propagation. As the season
(over a season) in which case the time-derivative in expresadvances the vectors become stronger and the configuration
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Fig. 7. Horizontal component of QS wave activityl) and geopotential height anomalies (ERNiminus the mean) at 300 hPa for the El
Nifio composites for(a) DJF, (b) MAM, (c) JJA, andd) SON. Contour interval of height anomalies for (a), (b) and (c) is 5m, and for (d)
10 m. Vectors are in fs~2.

(highs and lows) in the remaining three seasons is similar. Aa stationary wave source. In other seasons the wave activity
positive anomaly can be seen over southern Australia, a negas weak in this region.

tive anomaly to the east and again, a positive anomaly to the In the La Nita composite (Fig. 8) the height anomalies are
southeast over southeastern Pacific. This is similar to whain general opposite to those noted in the Efidlcomposite.
Karoly (1989) and Karoly et al. (1989) noted. Thg vec-  Again, the wave activity, as indicated by the magnitude of the
tors in this region show a wave propagation poleward from H, vector, is strong in autumn, particularly in the south Pa-
southern Australia to the southeast and then equatorward igific. H, vectors in autumn indicate wave propagation from
the vicinity of South America. To the west of South America southern Australia to the southeast and equatorward prop-
in MAM strong divergence ofl, vectors is seen, suggesting agation in the vicinity of South America. This path over
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Fig. 8. Same as Fig. 7, but for the Lai composites.

Pacific American sectors seems to be a preferred route of In both Figs. 7 and 8 the wave train is most dominant in
energy dispersion (Ambrizzi and Hoskins, 1997). The strongthe MAM season and less clear in other seasons. The reason
divergence ofH, vectors to the southeast of Australia indi- for this seasonal difference is worthy of discussion. Two ex-
cate a source of QS waves. In winter the wave activity is notplanations are likely. Probably Plumb vectors are picking up
strong. This is somewhat different from what Karoly (1989) the initial development in MAM in response to the SST and
noted. He noted the wave pattern in winter. Also Karoly convection anomalies, while in winter (JJA) feedback with
(1989) used only 3 ENSO events and only for the winter andtransients and other processes might be producing multiple
summer seasons. In the present work we use a much larg@nergy sources, which might affect the waves such that less
sample of ENSO events and study the wave propagation ipropagation is seen. An alternative explanation is that the
all four seasons. Further Karoly (1989) did not discuss LaMAM base state could be favoring the QS wave propagation.
Nifia cases explicitly. However, from Table 1 it can be seen that both initial and
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mature phases of ElI N0 events (such as 1982, 1983, 1997 the stratosphere, indicating a vertical propagation. QS waves
and 1998) are joined together and so it is more likely that the2 and 3 have much less amplitudes. Monthly variation of the
base state in MAM could be favoring the QS wave propaga-amplitude of QS wave 1 clearly shows that it is highest in
tion during ENSO events. Hoskins and Ambrizzi (1993) and October, particularly in the upper troposphere and the lower
Ambrizzi et al. (1995) have shown the importance of basestratosphere.
state on the propagation of QS Rossby waves. The difference between the EIfNd and La Niia years and
In a recent study, Renwick and Revell (1999) noted athe mean showed that during the Efiyears there is an in-
higher incidence of blocking in the southeast Pacific duringcrease in the amplitude of QS 1 in winter and spring in the
the EI Nifio events in the austral spring. Making numeri- higher latitudes, mainly in the stratosphere. Both in winter
cal experiments with a linearized barotropic model they sug-and spring there is an increase of the amplitude of QS wave 1
gested that the enhanced blocking over the southeast Pacifin the troposphere in the subtropics. During the LdiaNi
is forced by a particular Rossby wave train triggered by anyears there is a decrease in the amplitude of QS wave 1 in
OLR anomaly (diabatic heating or upper level divergence),the troposphere and stratosphere in winter. A comparison of
presumably generated during the Eflievents. Our results EP fluxes for El Niio and La Niia periods showed that dur-
seem to corroborate this hypothesis. Also in Fig. 7a the cening the El Niio period there is a stronger upward and equa-
ter of positive anomalies is seen over the southeast Pacifidorward focussing of QS waves, particularly in spring. Since
This positive center is associated with higher frequency ofthe EP vectors are parallel to the direction of energy prop-
blocking highs in this region. In Fig. 8d a negative anomaly agation, the differences between the Efbliand La Nia
center can be seen. This suggests a decrease in the frequengsriods give the direction of differences in energy transport.
of blocking highs in this region during the La i events in To examine the QS wave propagation for Elfiiand
spring. The predisposition towards blocking over this regionLa Nifia periods Plumb’s (1985) methodology is used. A
during the EIl Niio events and vice versa during the Ld&&li  clear wave train can be identified at 300 hPa throughout
events was pointed out by Kiladis and Mo (1998) as well. the year, except in summer. The horizontal component of
However, in the present study it is shown that the formationwave activity in the El Nio composite showed a Rossby
of a positive center over southeast Pacific is associated withvave propagation along a Rossby wave guide, at first pole-
stationary wave propagation. The vertical componenFof ward until it reaches its turning latitude in the SH mid-
for the El Niflo and La Niia composites (figures not shown) latitudes, then equatorward in the vicinity of the South Amer-
did not show large differences, except that during the BoNi  ica (Hoskins and Ambrizzi, 1993). This path over the Pacific-
events there seems to be higher vertical propagation. American sectors seems to be a prefered route of energy
To see the vertical variation of the QS wave configuration,dispersion (Ambrizzi and Hoskins, 1997). Ambrizzi and
H, vectors and the height anomalies are computed for 20dHoskins (1997) noted the existence of a wave guide along
and 500 hPa. These are shown in the Appendix (Figs. A3-the South Pacific jet and into the subtropics of the South At-
AB). The characteristics of height anomalies dfidvectors  lantic during the austral summer. But our results show that
are very similar to what was seen earlier in Figs. 7 and 8.the wave train is not clearly defined in summer.
This shows that the configuration of QS waves are essentially The position of the center of positive anomalies over the
barotropic in nature, and a barotropic model will be able tosoutheast Pacific in Figs. 7c-d is relevant for blocking (the
simulate well the propagation of QS waves. Indeed, Renwickpositive anomaly center is favorable for the occurrence of
and Revell (1999) were successful in simulating QS Rosshyplocking highs over the southeast Pacific near South Amer-
wave propagation using a barotropic model. ica). We also noted a center of negative anomalies in the La
Nifia composite (Fig. 8d). This seems to favor a reduction
in the occurrence of blocking highs in this region. The rel-
5 Summary and conclusions evance of these positive and negative anomaly centers dur-
ing the El Nilo and La Niia events is also pointed out by
In this paper we studied the characteristics of QS waves irKiladis and Mo (1998). But our results showed the impor-
the SH using 49 years (1950-1998) of NCEP/NCAR reanal-tance of Rossby wave propagation which they did not dis-
ysis data. Earlier studies (e.g. Quintanar and Mechoso, 1995uss. Recently, Renwick and Revell (1999) found that the
used much less data. A comparison between the characteri®locking frequency over the southeast Pacific increases dur-
tics of QS waves in the 49 years data and recent data (1979ng El Nifio events. Their numerical experiments suggest that
1998), which included satellite soundings, showed that thehe enhanced blocking is favored by Rossby wave propaga-
differences are not large and the entire 49 years of data cation. Thus, our results corroborate this hypothesis.
be used with confidence. The amplitude of QS wave 1 has
two maxima, one at 305 and the other at 3%. The maxi-
mum at 53 S is noted in all four seasons and this maximum
is more than double that in the subtropics. The maximum
in the subtropics is strongest in the austral winter, while the
maximum at 58S is strongest in spring. Except in summer,
the QS wave 1 amplitude increases from the troposphere into
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