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ABSTRACT

Tropical atmosphere variability Is analyzed by computing the variance (total,
interannual - 1A, and intraseasonal - IS} of outgoing longwave radiation (OLR},
sea leve! pressure (SLP), 250-hPa streamfunction and 250-hPa velocity po-
tential, and the percent of total variance in the |A and IS bands, for the period
1985-1994 for all seasons and far the austral summer and winter seasons,
separately. High OLR variability in the tropics and subtropics is mainly asso-
ciated with the IS band, whereas the maximum |4 variance observed in the
equatorial central and eastemn Pacific is related to the El Nifio-Seuthern Os-
cillation (ENSO). The SLP vanance is largest in the extratropics, however,
the pattern of percent of total variance in the |A band shows maxima in the
tropics consistent with the centers of action of the Southern Oscillation (SO).
A substantial portion of the IS vanance in SLP is related to the Madden-
Julian oscillation. The greatest variance of the 250-hPa streamfunction is
found in the subtropics and lower midlatitudes. The small regions in the
tropics with more than 30% of the total variance in the A band, during the
austral summer correspond to the main anomalous ENSO-related circulation
centers. The 250-hPa velocity potential shows maxima in total and 1S vari-
ance centered in the tropics. The |A vaniance is generally quite small, except
over Indonesia and the eastern tropical Pacific. consistent with ENSO-re-
|ated anomalies. Seasonality is evident in the variance patterns for all vari-
ables. Maximum variability is observed in the winter hemisphere for SLP and
250.hPa streamfunction and during the austral summer for OLR and 250-
hPa velocity potential.

RESUMO

Variabilidade da atmosfera tropical & analisada computando-se as variancias
{total, interanual - 1A, e intrasazonal - 1S) de radiagao de onda longa (ROL),
press3o ac nivel do mar (PNM), fungdo de corrente em 250-hPa e potencial
de velocidade em 250-hPa, e as porcentagens da variancia total nas bandas
IA e IS, para o periodo 1985-1924 para todas as estagoes eparaas estactes
de verio e inverno austrais, separadamente. Alta variabilidade de ROL nos
tropicos e subtropicos esta associada principalmente & banda IS, enguanto
a variancia 1A maxima, observada no Pacifico equatorial central e leste, esta
relacionada com o El Nifio-Oscilagdo Sul (ENOS). A variancia de PNM &
maior nos extratrdpicos, mas o padrao da porcentagem da variancia total na
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banda |A mostra maximos nos tropicos consistente com os centros de agao
da Oscilacao Sul (O8). Uma porgéo substancial da varidncia IS na PNM esta
relacionada com a oscilagdo de Madden-Julian. A maior variancia da funcao
de corrente em 250-hPa é encontrada nos subtropicos e baixas latitudes
médias. As pequenas regifes nos tropicos com mais que 30% da variancia
total na banda IA, no verdo austral, correspondem aos principais centros de
circulacdo andmala.relacionada ao ENOS. O potencial de velocidade em
250-hPa mostra os maximos de variancias total e IS centrados nos tropicos.
A wvariancia |A é geralmente bem pequena, exceto sobre a Indonésia e o
Pacifico tropical leste, consistente com as anomalias relacionadas com ENOS.
Sazonalidade & evidente nos padrées das variancias de todas as variaveis.
Observa-se maxima variabilidade no hemisfério de inverno para PNM e fungao
de corrente em 250-hPa e, durante o verdo austral, para ROL e potencial de

velocidade em 250-hPa,

1. INTRODUCTION

Planetary-scale variability of the tropi-
cal circulation is primarily associated with
interannual (lA) or intraseascnal (IS) time-scale
phenomena. The El Nifio/Southern Oscillation
(ENSO) is the mostimportant large-scale phenom-
enon related to |A variations in the tropical climate
(e.g., Rasmusson and Arkin, 1985), Major features
of the ENSO cycle include: a large-scale exchange
of tropospheric mass between the regions of the
gastern Indian and southeastern Pacific oceans
(Walker, 1924, Walker, and Bliss, 1932), variations
inthe intensity of the low-level equatorial easterlies
in the Pacific, and variations of the sea surface
temperature (SST) in the tropical Pacific (Bjerknes,
1966, 1969, 1972). Extremes in the ENSO cycle
have been related to near-global atmospheric cir-
culation changes (Horel and Wallace, 1981: Arkin,
1982; Karoly, 1989) and to large-scale patterns of
anomalous surface temperature and precipitation
in the tropics and extratropics (e.g., Ropelewski
and Halpert, 1986, 1987, 1989; Halpert and
Ropelewski, 1892),

A major source for large-scale IS vari-
ability in the tropics is the 30-60 day or Madden
and Julian oscillation (hereafter referred to as
MJO). MJQOs feature an eastward propagating
large-scale direct zonal circulation cell, with asso-
ciated variations in the patterns of tropical convec-
tion and global-scale atmospheric circulation (e.g.,
Weickmann, 1983; Lau and Chan, 1985;
Weickmann et al., 1985; Knutson and Weickmann,
1987; Kousky and Kayano, 1994a).

In a recent series of papers (Kayano
and Kousky, 1992 Kousky and Kayano, 1994a;

Kousky and Kayano, 1994b; Kayano et al., 1995)
low-pass and band-pass Lanczos filters were used
to isolate 1A and |S variability in the tropics. In this
paper we provide a more detailed analysis of the
variance retained in the |A and IS bands for se-
lected atmospheric variables, and we compare our
results to previous studies on |A and 1S variability,

The data and methodology are de-
scribed in the next section, For each variable ana-
lyzed, the geographical distributions of the varn-
ance (total, |A and |S) and the percent of variance
contained in the |A and IS bands are presented in
section 3. The results are discussed in section 4.

2. DATA AND METHODOLOGY

The dataset used consists of five-day
non-overlapping (pentad) means of the outgoing
longwave radiation (OLR), sea level pressure
(SLP), 250-hPa streamfunction and 250-hPa ve-
locity potential, available at the Climate Prediction
Center, Washington, DC. The OLR data are esti-
mated from the radiometric measurements ob-
tained from the NOAA operational polar-orbiting
satellites (Gruber and Krueger, 1984) The OLR in
the tropics serves as a measure of convection (low
OLR - deep convection). The 250-hPa velocity
potential and 250-hPa streamfunction are derived
from the circulation data which are obtained from
the National Centers for Environmental Prediction
(NCEP: formally the National Meteorological Cen-
ter - NMC) Global Data Assimilation System
(GDAS) (Dey, 1989). These data have a spatial
resaiution of 2.5 degrees in latitude and longitude.
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The domain of our study extends from 40°N to 40°S
and the period of data is from January 1985 to
December 1994, except for the SLP. The SLP is
extremely sensitive to model orography and reso-
lution, and shows considerable inhomogeneities
in the historical gridded analyses. To provide the
scientific community with a homogeneous dataset
appropriate for studying climate variability, NCEP
and the National Center for Atmospheric Research
(NCAR) have collaborated in performing a reanaly-
sis of historical data using a state-of-the-art data
assimilation system (Kalnay et al., 1996). Daily-
averaged SLP from the NCAR/NCEP Reanalysis
for the period 1985-1993 are used in this paper to
form pentad means, which are then used in the
variance analysis.

All variables are temporaly filtered by
using Lanczos filters (Duchon, 1979), which are
the same as those used by Kousky and Kayano
(1994b) in their analysis of |A and IS variability for
the South American sector. (See Fig. 1 therein for
the filter responses). The |A time scale variations
are detected by using a low-pass filter with 87
weights and specifying a response frequency of
0.5 at a period of 180 days. The IS time scale
vanations are detected by using a band-pass filter
with 97 weights and specifying the cutoﬁf frequen-
cies of 0.2 pentad and 0.0575 pentad .

To examine the spatial patterns of vari-
ability contained in the anomaly fields we calcu-
lated for each grid-point the variance (total, |A and
IS) for each variable for all seasons, and for the
southern summer (November to March) and win-
ter (May to September) seasons, separately. In
addition, we computed the percent of total vari-
ance contained in the |A and IS bands.

3. RESULTS: ALL SEASONS

a. Dutgoing longwave radiation (OLR)

Figure 1 shows the variance (total, 1A
and IS) patterns for OLR, and the percent of total
variance contained in the 1A and IS bands. The
largest values of total OLR variance are observed
in the tropics over the Indian and westemn Pacific
Oceans. Large values of total variance extend
eastward from the western tropical Pacific in a
broad band along the Intertropical Convergence
Zone (ITCZ) over the eastern North Pacific, and
southeastward over the central South Pacific along
the South Pacific Convergence Zone (SPCZ).

Large values of total variance are also found over
central South America and portions of southern
Africa. The South American band of maximum total
variance extends southeastward along the South
Atlantic Convergence Zone (SACZ).

The OLR IA variance features a single
maximum in the equatorial central Pacific, while
the OLR IS variance presents a pattern similar to
that for the total variance, with the largest values
from the central Indian Ocean eastward to the west-
ern tropical Pacific. The IS variance exceeds the
1A variance throughout most of the tropics, includ-
ing the region of South America near the SACZ.
An exception to this pattern is found in the central
and eastern equatorial Pacific, where |A vanability
accounts for up to 60% of the total variance.

The pattern for the percent of total vari-
ance contained in the IS band does not display a
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Figure 1. Outgoing longwave radiation (OLR) vanance
and variance ratios for the period 1985-18%4. The con-
tour interval for variance (lop three paneis) is 100 W*
m*, An additional contour for 50 W? m* has beens drawn
for the 1A variance. The ratios (lower two panels) are in
percent with a contour interval of 10, Light {(dark) shad-
ing indicates values aver (400) W* m for total vari-
ance, values over 200 (400) W* m* for lA and 1S vari-
ance, and percents over 30 (50).
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well-organized maximum. Instead it shows a nearly
uniform pattern throughout the tropics and subtrop-
ics with values between 30 and 50%. The excep-
tion to this uniform pattern is in the central and
eastern equatorial Pacific where |A variability domi-
nates.

b. Sea level pressure (SLP)

The largest values of total, IA and IS
variance for SLP (Fig. 2) are found at extratropical
latitudes in both hemispheres, |n the Northemn
Hemisphere the greatest values are found over the
Pacific and Atlantic Oceans. In the Southern
Hemisphere the pattern is more nearly zonally
symmetric.

The percent of total variance in the |1A
band has maxima near 103, 120W and over Indo-
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Figure 2. Sea level pressure {SLP) variance and
variance ratios for the period 1985-1993), The con-
tour interval for variance (top three panels) is 5 hPa’
with additional contours for 1, 2, 3 and 4 hPa’. The
ratios {lower two panels) are in percent with a con-
tour interval of 5. Light (dark) shading indicates val-
ues over 1D (20) hPa for total variance, values over
50100 hPa’ for 1A and |5 vanance, and percents aver
30 (50). REAN means thal data are from the NCEP/
NCAR reanalysis archive reanalyzed.

nesia. In both regions, which correspond to the
centers of action of the Southern Oscillation, more
than 30% of the total variance is contained in the
|A band. In contrast, the pattern of IS variance is
more uniform, with IS variability accounting for 30
to 50% of the total variance throughout most of
the domain depicted.

¢, 250-hPa streamfunction

Similar to the results for SLP variance
(Fig. 2), the 250-hPa streamfunction variance (to-
tal, 1A and |5) patterns (Fig. 3) show considerable
zonal symmetry, with the largest values found over
the subtropics and midlatitudes of both hemi-
spheres. However, in contrast to the pattemns for
SLP, there is less tendency for the Northern Hemi-
sphere strearmfunction variance to be concentrated
over the midlatitude oceans.

IA variability generally explains less

250-MB PSI YAR]ANCE
f1985 1994}
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Figure 3. 250-hPa streamfunction variance and vari-
ance ratios for the period TQ&E 1894. The contour
interval is 20 [10}:-:1{:' m' s for total (l4 and I5)
variance.The ralios (lower two panels) are in percent
with & contour interval of 10, Ln%ht gdark} shading in-
dicates values over 60 {gu}xm m s for total vari-
ance, values over 5 (10)x10° m' s for IA and IS
variance, and percents over 20 (50).
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than 30% of the total variance, except over the
central Pacific near 105 and 10N, and over the
Atlantic near 10M. The percent of total variance in
the 1S band is fairly uniform over the region, with
values of 30 to 50% except at low latitudes over
the central Pacific where values are less than 30%.

d. 250-hPa velocity potential

The 250-hPa velocity potential varnance
(total, |1A and |S) patterns (Fig, 4) show the |argest
variances in the tropics and subtropics. Maximum
values of total variance are found over Indonesia,
the central Pacific (in the vicinity of the SPCZ), and
over northern South America. Maxima in |A vari-
ance are observed over the eastern tropical Pa-
cific, Indonesia and central Africa. IS variance is
largest over the Indian Ocean eastward to the tropi-
cal west Pacific.

250-MB CHI VAR|ANCE
{1935 1994)

Figure 4. 250-hPa velocity potential variance and vari-
ance ratios fcrthEPenﬂd 1985-1994, The confourinter-
valis 1x10 " m s for the variance {top three panels).
The ratios (lower two panels) are in percent with a con-
tour Interval of 5. l_aght {dark) shading indicates values
over B gg}xm m s for total variance, values aver 2
(4)x10 "m s’ for |A and |5 variance, and percents over
30 (50).

More than 30% of the total variance is
contained in the |A band over the east-central Pa-
cific, with smaller percentages observed through-
out the remainder of the region. The percent of
total variance in the IS band is more than 30%
throughout nearly the entire domain, with the larg-
est values over the central Indian Ocean and over
the western Pacific.

4. SEASONAL ANALYSES

a OLR

The total OLR variance for the south-
ern summer (Fig. 5) and winter (Fig. &) season is
closely related to regions of intense tropical con-
vection. During the southern summer, the variance
i5 greatest in the areas immediately surrounding
the regions of strongest convection {central Africa,
Indonesia, and the Amazon Basin of South
America), which are regions of relative minima in
Fig. 5. QOver Africa, large OLR variance is found
over the southemn portion of the continent (15-303),
along the east coast and just north of the equator.
Large variance values extend eastward from Af-

OLE WAR | ANCE
(NOV-MAR 1985-1934)

Figure 5. Same as in Fig. 1, excepl for southern
summer (November - March},



3 (n

mUETUER O SR

L

8

Mary T Kayana

rica to the central Pacific. From there, large values
extend southeastward along the SPCZ, and north-
eastward to Mexico, The large values over the
|latter region are generally north of the mean posi-
tion of the ITCZ, and are probably related to mois-
ture plumes (McGuirk et al. 1987; McGuirk et al,
1988, Iskenderian 1995) that result from exiratro-
pical-tropical interactions. In the vicinity of South
America, largest values are found over southem
and eastern Brazil (including the neighboring At-
lantic along the SACZ), and extending northeast-
ward to the west coast of Africa, in a similar way
as for the eastern Pacific.

During the southern winter (Fig. ) the
largest OLR variance is found over the central In-
dian and west Pacific Oceans. Large values of
OLR variance are also observed throughout the
central and eastern North Pacific along the ITCZ,
over the Caribbean Sea and Central America, over
southeastern South America, and over the South
Pacific from the Solomon Islands southeastward
to midlatitudes.

The pattern of |A variance for both sea-
sons presents maximum values (largest during the

1 1S/ TOTAL
B k4

Figure 6. Same asin Fig, 1, except for southern winter
(May --September),

southern summer) over the central equatorial Pa-
cific. The IA variance maximum in the central Pa-
cific, just east of the date line during austral sum-
mer and just west of the date line during austral
winter, contains more than 50% of the total vari-
ance. The maximum percent of the total vanance
contained in the |A band-over the coastal areas of
the northern MNortheast Brazil during the reflects
austral winter, partially reflects the results obtained
by Rac and Hada (1990), who analyzed the
connections between the southern oscillation and
seasonal rainfall over Brazil,

The IS variance shows quite different
patterns for the two seasons. During the southern
summer, high values extend from southern Africa
eastward across Indenesia and northermn Australia
to the central Pacific, Also, there is a small regien
of high variance over eastern Brazil, |n contrast,
during the southem winter OLR IS vanance is rather
weak throughout the western hemisphere, except
for the region just west of Central America, The
largest values are observed over the northern In-
dian Ccean and over the southwestern North Fa-
cific, The patterns for the percent of total vanance
contained in the 1S band are similar for both sea-
sons.

b. SLP

The SLP variance (total, |A and IS)
{Figs, 7 and B) is greatest in the midlatitudes, espe-
cially in the winter hemisphere. Within the tropics
and subtropics A variability accounts for more than
30% of the total variance over the southern Philip-
pines and Indoneasia during the southern summer,
and over southern Indonesia and the eastern tropi-
cal Pacific during the southern winter. For the re-
mainder of the tropics less than 30% of the total
variance is contained in the |A band. In both sea-
sons more than 30% of the total variance is con-
tained in the IS band throughout most of the trop-
ics and subtropics, Values exceed 50% over por-
tions of the tropical Pacific and Indian Oceans.

it is noteworthy that over South America
there is considerably more IS variance during the
austral winter than during the summer, especially
just east of the Andes and slong the east coast north
of 30 S. This IS signal in the SLP reflects cold air
incursions over South America during the winter,
which agrees with the results of Kousky and
Ferreira (1981), who documented the spatial distri-
bution of the surface pressure fluctuations over Bra-
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Figure 7. Same as in Fig. 2, except for south-
ern summer (November - March).

REAN SLP VAR ANCE

Figure 8. Same as in Fig. 2, except for southermn
winter (May - September}.

zil. Based on principal component analysis of daily
station pressure data for 1968 with the annual mean
and first two harmonics of the annual cycle removed,
they found a pattem with the greatest pressure vana-
tions in southern and western Brazil, They related
this pattern to incursions of cold air during winter.

Furthermore, the IS variance analyses
emphasize the role played by the central plateau
(Planalto Central) in the winter incursion of cold
air masses in deflecting them. This orographic
effect is confirmed by the reduced IS variance ob-
served over the central Plateau during the austral
winter. Similar patterns but weaker are also ob-
served over Africa and Australia.

c. 250-hPa streamfunction

Total and 1S 250-hPa streamfunction
variance are greatest in the midlatitudes of both
hemispheres (Figs. 9 and 10). In contrast, the A
variance has some maxima in the subtropics as
well as in the extratropics, The subtropical cen-
ters of maximum |A variance in the central Pacific
during summer are well defined and located to the
north and south of the center of maximum OLR 1A

250-MB PS| VARIANCE
(NDV-MAR 1985-1994 )
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Figure 9. Same as in Fig. 3, except for southern
summer (November - March).
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variance. During the winter, the centers of max-
mum 250-hPa streamfunction in the subtropical
central Pacific are not well defined, but there are
indications that they are located to the south and to
the northwest of the maximum OLR |A variance.
The patterns of total and IS variance
show more seasonal variability in the Northerm Hemi-
sphere than in the Southern Hemisphere. Many
regions of the Southern Hemisphere have substan-
tial variance in the |A band during both seasons,
whereas |A variance in the Northern Hemisphere is

250-MB PS| VAR|ANCE
(MAY-SEP™ 1985-1994)

auEn

8
=

Figure 10. Same as in Fig. 3, except for southern
winter (May - September).

large mainly during the southern summer. Only a
few regions in the tropics and subtropics have maore
than 30% of the total variance contained in the |A
band, The percent of total variance contained in
the IS band is greatest (more than 50%) in the north-
em subtropics over India and Southeast Asia dur-
ing the southern summer and over the western and
central North Pacific during the southern winter.
Most of the remainder of the tropics and subtropics
has values greater than 30%.
d. 250-hPa velocity potential

The patterns of total and IS variance for

250-hPa velocity potential are quite similar, espe-
cially during the southern summer (Fig. 11). The IS
band accounts for more than 50% of the total vari-
ance over a large portion of the tropics from Africa
eastward to the western Pacific during the south-
ern summer. During the southern winter (Fig, 12)
more than 50% of the total variance is contained in
the IS band over the westem Pacific and Southeast
Asia, and over Central America and the western

250-MB CHI VAR |ANCE
OV-MAR 188

Figure 11. Same as in Fig. 4, except for south-
ern summer (November - March).

Atlantic. Also evidentin the patterns of IS variance
is a seasonal shift of the maximum percentages
into the summer hemisphere. The IS variance is
generally greater than the |& variance, except over
the central tropical Pacific during the southerm win-
ter and over portions of Central America during the
southern summer.

5. DISCUSSION AND CONCLUSION

Large values of total OLR vanance are
located in tropical and subtropical regions where
intense deep convection is common. High values
are found across the tropics from the Indian Ocean




14

Tropical Girculation Variabllity with Emghasis an Interannual and [ntraseasonal Time Scales

Figure 12. Same as in Fig. 4, except for south-
ern winter (May - September}.

gastward to the western Pacific and extending
southeastward to the subtropics and northeastward
to the tropical North Pacific. The southeast exten-
sion coincides with the location of the SPCZ and
the northeast extension is close to the position of
the ITCZ. In addition, high values are found over
southeast South America and the adjacent Atlan-
tic Ocean, which coincides with the SACZ.

Much of this vaniance is associated with
IS varnability In contrast, the maximum [A OLR
variance is observed in the equatorial central and
eastern Pacific, which is an area that experiences
large |A variability related to ENSO. In this area
approximately 50% of the total OLR variance is
found in the IA band, The ENSO-related varia-
tions in the convection in this region are closely
tied to 1A variations in the sea surface tempera-
ture {S8T), such that above (below) normal SST
occurs with enhanced (reduced) convection during
warm (cold) episodes (e.g., Rasmusson and Arkin
1985).

Despite the similarities between the
maps of the OLR total and |5 vanance, indicating
the important role played by the IS time scale phe-

nomena in determining the OLR total variability, the
IS band accounts for only approximately 30% of the
total variance over most of the study domain. The
strong IS variability in OLR, observed in the Indian
and equatorial western Pacific Oceans, has been
related to the MJO (e.g., Weickmann 1983, Lau and
Chan 1985), as has the |S variability in the regions
of the SPCZ and SACZ (Weickmann at al. 1985,
Casarin and Kousky 1986; Kousky and Cavalcanti
1988). The relatively weak |S variability over the
equatorial central and eastern Pacific has been
noted previously (Knutson and Weickmann 1987).

The SLP variance is largest in the
extratropics, with relatively weak variance in the
tropics. However, the pattern of percent of total
variance contained in the |A band shows maxima
that correspond well with the centers of action of
the Southern Oscillation. These centers vary in
intensity and position depending on the season,
During the southern summer the centers of maxi-
mum percent are found over Indonesia and over
the south-central Pacific near Tahiti. During the
southern winter the Indonesian center is somewhat
smaller and weaker, and the center in the Pacific
is larger and shifted east and north with respect to
the position observed during the southern sum-
mer. Approximately 30% of the total SLP variance
near Hawaii is contained in the |A band during this
season, The IS band accounts for over 30% of
the total SLP variance in most of the tropics, with
higher percentages over the Indian and central
Pacific Oceans. A substantial portion of the IS
variance in SLP is related to the eastward propa-
gating MJO (Madden and Julian, 1972, Kousky and
Kayano, 1994a).

The greatest variance of the 250-hPa
streamfunction is found in the subtropics and lower
midlatitudes. |A variance is rather weak, with only
small regions having more than 30% of the total
variance In this band. However, during the south-
ern summer those regions correspond to the main
anomalous circulation centers observed during
extremes in the Southem Oscillation; anomalous
anticycionic (cyclonic) couplet over the central Pa-
cific and anomalous cyclonic (anticyclonic) couplet
aver the Atlantic during warm (cold) episodes
(Bjerknes 1969, Arkin 1882; Rasmusson and Arkin
1985, Kousky and Ropelewski 1989).

The largest percent of total
streamfunction vanance in the |S band (=50%]) is
found near 20N in a zonal band from Saudi Arabia
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‘eastward to Southeast Asia, during the southern
summer, and in a zonal band from Southeast Asia

to the Hawaiian |slands during the southem win-
ter. These regions have been found to have con-

siderable variability in 10-day low-pass filtered 250-

hPa streamfunction data (Hsu and Lin 1992}, which
is included in our IS filtered data.

The 250-hPa divergent circulation, rep-
resented by the velocity potential, has the largest

‘spatial extent for the variables analyzed in this

paper. Maxima in total and IS variance are cen-

‘tered in the tropics. The total variance is maxi-

mum over Indonesia, the eastern Indian Ocean and
the western Pacific, which is also the primary re-

gion of deep tropical convection and upper tropo-

spheric divergence within the tropics (e.g., Arkin
etal,, 1986). Considerable variance is also found
over northern South America. The |A variance is

generally quite small, except over Indonesia and

the eastern tropical Pacific where the |A band ac-
counts for more than 30% of the total variance,
This pattern is consistent with ENSO-related
anomalies. During warm episodes the anomalous
circulation over the equatorial central and eastern
Pacific features anomalous upper tropaspheric di-
vergent flow associated with the enhanced con-
vection and abnormally warm waters (e.q.,
Rasmusson and Arkin, 1585).

In general, a considerably larger pro-
portion of the total velocity potential vanance is
contained in the IS band, particularly in the east-
em Hemisphere, where over 40% of the total varni-
ance is in this band. This variance is primarily re-
lated to MJO activity (Knutson and Weickmann,
1987, Kousky and Kayano, 1994a).

Seasonality is evident in the S8LP and
250-hPa streamfunction variance patterns, with
maximum variance in the winter hemisphere. The
seasonal differences in the OLR and velocity po-
tential variability are more pronounced in the trop-
ics. Both vanables display greater variance dur-

[ing the southern summer when ENSQ-related 1A

variability and MJO-related |5 variability are stron-
gest (e.g., Rasmusson and Arkin, 1985, Kousky and
Kayano, 1994a).

Our patterns of the percent of total
variance for both the |A and IS bands are
consistent with previous studies in which empirical
orthogonal functions have been used to determine
the primary patterns associated with interannual
and intraseasonal variability (e .g., Weickmann,

1983, Knutson and Weickmann, 1887, Mo and
Kousky, 1993 Kousky and Kayano, 1994a,
1994b). In addition, we have documented the sea-
sonality related to both IS and |A vanability for se-
lected tropospheric variables,
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