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ABSTRACT

Okjectively analysed surface, 700 and 200 mb winds of
nine winters are used to study the possible cross equatorial
influence of the northern winter monsoorn on the zonal wind
along 109S in the Indonesia-Arafura Sea region and to
prepare a nine year monthly mean climatology. Xey circula-
tion features are represented by area averaged and time
composited parameters in an attempt to infer correlations
between their perturtations. Specifically, the acceleration
of the zonal wind alcng 10°S in the 1Indonesia-Arafura Sea
region is used to define the onset of the southern summer
monsocn and 1illustrate the timing between <circulation
features of interest in both Tfhemispheres. While no conclu-
sive results were achieved, some basic observations can be
made. Mid-season active phases in the southern summer
monsocn appear to be influenced by surges in the northeast
monsocn in the Northern Hemisphere while late season events
appear to e primarily a result of Southern Hemispheric,
mid-latitude, baroclinic effects. In both cases, the pmeri-
dional extent of the southern summer monscon is liaited.
Ever in the mid-season event, variability in area-averajed
cross equatorial flow may not Le indicative of the nature of
forcing of the Northern Hemisphere's monsooral winds on the

southern summer monsoconal winds along 10°3.
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I. INTRODUCTION

The monsoons in the North Hemisphere, whether the ncrth-
east (northern winter) or the southwest (northern sumper),
have been extensively studied Fry a large number of metecrcl-
ogists, while the mcnsoons of the South Hemisphere have
received much 1less attention except by scientists in the
region directly influenced by them. =EZarly documentaticn of
the nature of the surmer monsocnal circulation over northern
Australia was primarily done by TIroup and Berson (Berson,
1961; Troup, 1961; Berson and Troup, 1961) in the early
1660's and by Ramage (1971) later that decade. Troup studied
the Australian monsocn at Darwin (12926'S, 130°952'E) usinyg
data from six observation stations close to Darwin to define
rain events. He showed that peak summer wet season everts
were accompanied by periods of moderate westeriy winds at
the surface. The work by Troup and co-workers were Lased on
a limited upper air station network, and were intended to be
crder-of-mayrnitude <calculations on the 1larje scale gass,
heat an1 momentum btalances of the region. Most synoptic
scale studies concentrated on local circulation <features
over Inicnesia and/cr northern Australia. During the late
1960 's ard early 1970's, the subject was largely neglected
Jue to lack of data over the Southern Hemisphere suamer
mor.socn domain (Murakami and Sumi,1932a). Recently, as a
consequence of the 1978-79 winter MONEX and the attention
drawn to the Z1 NincsSouthern Oscillation phenomena, tiere
has lLeen rerewed interest in the world neteorological ccaau-
nity on the Southern Hemisphere sum@er @ONSOOR.

The summer monsoon of the Southera demisphere has many
similarities wita the northern summer amonsoon over Southeast

Asia and 1India. it is characterized by a mconscornal
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equatorial trouygkL in the lower troposphere, accompanied by
low-level westerlies and upper-level easterlies (Ramaje,
1971) which define the rotational wind components of the
monsoonal circulation, and an abrupt poleward shift of the
subtropical jet stream. The eastern end of the Southern
Hemisphere monsoon trcugh (arournd 1095, 170°E) is exenmpli-
fied bty a major low-level convergent center (850 mb) and an
upper-level anticyclonic system (200 mb) associated with
pronounced upper-level divergence (Murakani and Suni,
1982a). A double Hadley cell structure occurs over tae
monscon longitudes with the updraft center (ITCZ) lying
along afpproximately 7°S. The latitudinal extent is amore
constrained than either the northern summer monsoon c¢r the
northern winter monsccn, extending poleward only along the
Irdonesian Islands, over Northern Australia and into the
Solomon Sea with a large equatorward slope from the surface
to the 850 mb level (Holland et.al., 1984). The longitudinal
extent is denoted by a band of strong westerlies along about
10°S from the northeastern Indian Ocean (100°%), across the

Indonesian Seas and New Guinea, to the western South Pacific

Ocean (1809), The exact geographical extent 1is still
unresolved.
Like the monsocns of the Northern Hemisphere, the

southern summer monsoon also features active and trtreak
phases in monsoonal flow and convection. The sumner
monsoon's onset of an active phase 1s characterized by a
step-1like chanje in atmospheric circulation over the regicn.
low tropospheric westerlies and upper-level easterlies
tetween the eguator and 19°5 strengthen dramatically. The
Southern Hemisphere subtropical jet moves southward Ly more
than 100°. The equatcrial converyeace zone moves south by
several degrees, resulting in a large scale increase in the
extent and intensity cf tropical convection. This event has

Leen extensively 1investigjated ty several authors (Davidsorn
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et.al., 1983; Murakaml and Sumi, 1982b). Its definiticn is
of interest to this study since an objective means of deter-
mining the onset frcm the wind field is reguired in the i
subsequent analysis. The metnods previously used to describe
onset are Dbased on conditions of enhanced activity irn the
winds and precipitaticn.

A number of methods have been proposed to define the
onset of an active period of the Southern Hemisphere's
summer MmoRsoon. The fact that no method 1is generally
accepted 1is due to marked regiopnal Jifferences in the
behavior and timing ¢f the onset over the domain of the
Southern Hemisphere's summer monsoon. Conseguentl;, there
has been much discussion amony meteorologists in the monsooa
rejion as to the correct definition of onset. Troup (1So1),
for exanrle, based his definition on two variables, wind and
rainZali. By his wind criteria, the onset date is the bejin-
ning of the first spell of moderate west wind at the 4
gradient level at Darwin. A spell of moderate west wind of ¥
days duration 1is defined as a period when the cumulative
zonal component exceeds 5.15ms~1 for a time interval defined
ty (N+1) and is concluded when this component is less than
2.58ms-1 on two consecutive days. Troup's rain criterion is
rased on daily observations at six stations close to Darwin.
Onset is defined as the first occasion after 1 November on
which fcur or more stations record rainfall and the area-
averaged rainfall over ¥ days exceeds 19.04mm for a time
interval defined by (N+1).

Cnset was objectively defined by Holland et.al. (1984%)
using the direction, strength ard constancy of the low-level
winl field (surface to 850 mk) over northern Australia.
Javidsorn et.al. (1983) deternined the onset date by suljec-
tively analyziny satellite imagyery for the first large-scale
tlow-up of tropical convection occurring over JAustraliian

lonyitudes. These criteria fcr tlow-up rejuired a span of

11
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westerly subtrorical jet stream which extends froa ncrth-
western Tibet to the central North Pacific Ocean at the 200
mb level. At 700 mk, tae 200 mb features west of 120°F are
replaced by the ridge over the Tibetian area which is prob-
ably the result of tcpographic effects. South of this anti-
cyclone 1is another anticyclonic c¢enter over northern
Australia with an e€asterly zcnal £flow over the Dparitime

continent, separating the two centers.
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Cescending moticn cver Eurasia, in conjunction. with
ascending motion over the maritime continent, constitutes an
overturning in a northwest tc southeast plane. At the 200 nb
level, the ernhanced subsidence over northeast China and the
increased tropical <cutflow over equatorial central Pacific
Ocean are apparent 1in the east-west gradient of the
isopleths. These two features are indicative of the
strengthening of the east Asia local Hadley circulation and
the two Walker «circulations on either side of the maritime
continent during winter. There are also secondary centers of
convergence (divergence) off the west coast of South America
and over northwestern South America, respectively.

The monthly mean V¥ fields for the surface (Fig. 3.7)
show the separation cf the lower tropospheric midlatitude
westerly regime and the tropical easterly regime by a stronjg
subtropical ridge. Note that maxima (minima) in the North
(South) Hemisphere are indicated by solid (dashed) 1lines.
The Mongclian high, with its clearly defined northwest to
southeast orientation, intensifies tkrough the
winter,indicating a penetration of midlatitude air into the
tropics along the east coast of China. This implies that the
increased northneasterly winds are primarily due to the rota-
tional part of the wind. During the same period, the Westerxn
Australian low intensifies and the vorticity trough expands,
migratinrg southward toward the eguator until it encomfpasses
the maritime continernt region.

At tLe 700 and 2CC mb levels (Figs. 3.8 anrd 3.9), the
rost outstanling featnre 1is the presence of a proainent
east-west oriented anticyclone, <centered at approximatelry
2391, 15208, which encompasses the entire subtrojical
Pacific, as well as, extendirg in an elonjated fashicn east-
warl to the «central North ©Pacific Ocean and westward to
eastern Africa at the 230 mt 1level. This anticvclone is

separated f{rom a cyclonic <center to the north by the
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“he primary divergence zone at the surface is located
over China ani Mongolia with a northwest to southeast tilt.
It has two maxima, o¢ne over the east coast of China and the
cther over Mongolia, just southwest of Lake Baikal (459N,
93°E) . This second maxima may actually be located slightly
to the north by a few degrees, because the artificial
boundary corditions imposed may influence the region within
about 10° from the toundary. Secondary regions of diver-
gence are found in the southern Indian Ocean and in the
eastern areas of the North and South Pacific Oceans.

December and January show some intensification 1in the
north-south gradient c¢f the X 1isopleths between the equato-
rial convergence and the East China coast diver jence raxima
rtetween 100°-140°E. 1This is indicative of the lower Lranctk
of the local East Asia Hadley cell.

The 700 mb X field (Fig. 3.5) <clearly Jdelineates the
SPCZ centered on the equator from the Celebes Sea to the
central Southk Pacific Ocean with a west-soutnwest to east-
northeast orientaticn that is consistent with the OLR
pattern seen in 3Boyle and Lau (1984). This convergence zorne,
althougn distinctly weaker than at the surface, expands and
intensifies throughout the season. This zone of convergence
is clearly much deeper than the low-level convergence zones
over Erazil, the Indian Ocean, and eguatorial Africa which
are nct evident at the 700 ab level. In comparisor, the
data cf GCort (1983) shows a sharp reduction in the aagnitude
cf the divergence over the African and South American
convecticn centers when going from the surface to the 7097 akt
level tut it is not as great as indicated by Fij. 3.5. To
the north and east, broad scale divergence exists over
Yongolia and the equatorial and central Pacific Ocean.

The 200 mb aonthly mearn fields (Figj. 3.6), couplei
with the mean fields cf the 1lcwer levels, present an cver-

view c¢f the three-dimensional planetary-scale circulation.

23




B. VELOCITY POTENTIAIL AND STREAMFUNCTION

To provide a horizontal and vertical perspective of the
rotational and diver jent components in tropical-midlatitude
interactions, the timge mean charts of velocity potential and
stieanmfunction were examinegd. As pointed out by Chang and
Lau (1980) and Davidson (1984), changes in convection may
often be inferred frcm variations in the divergent wirnd.
Trom eguation 2.3, it can be seen that maxima (minima) in
values of X correspcnd to divergence (convergence).centers.
The sense of divergent flow is from high to low X values
and its strength is proportional to VX . Thus, one can
infer that at lower (upper) levels, convergence (divergence)
represents large scale rising motion. The rotational asrects
cf the flecw are imparted by variations in the streamfunc-
tion. Maxima (minima) of ¥ in the Northern (Southern)
Bemisthere correspond to centers of anticyclonic flow
(equation 2.2).

The monthly mean X field <zfor the surface (Fiyg. 3.4)
shows a kroad region of comnvergence in the eguatorial region
between 10°S and 10°N from the central) Tndian Ocean tc the
mid-Pacific Ocean. The zone of coinvergence maximum is
centered over the equator in Novemoer and december. It
expands in January and Febuary and migrates south o¢f the
ejuator to lay over ncrthern Australia and New Guinea. This
maximum surface convergence zone is basically oriented in an
east-west direction which 1is different from the west-
southwest to east-ncrtheast tilt of the South Pacitic
Convergence Zone (SPCZ) cloudiress evident in monthly nean
charts of outgjoing lc¢cngwave radiation (OLR), Boyle and Llau,
(1984). There is alsc a secondary maximum over the northerrn
portion of South America. In general, the surface conver-
gence centers corresrond well with @minima in the tropical
CLR fields.

8]
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feature in the South China Sea. This 1is evidence of the
intense laroclinity present in the regjion. Embedded in the
wide midlatitude westerly flow, the subtropical jet strean

has its maximum farther west than the maxiamum at 200 ab

{(Fig. 3.3), indicatiny a r[rossible upstream topographic
influence due to the Tibetian plateau. The winds irn the
Indonesia-Arafura Sea region are easterly. There is no

evidence of the western Australian low-level cyclone that is
observed at the surface, consistent with heat low structure.
It has been replaced by a weak ill-formed anticyclorne which
recomes strcnger frcm December to February, migrating to
central Australia.

Some flow field <characteristics of the low-level do
persist to the 700 mt level. The surface Mongolian Lkigh
endures as a broad scale ridge. The subtropical ridge (259%)
remains while cross eguatorial flow appears as a slight
feature in January. 7The easterly trade region, equatorward
cf the subtropical ridge, expands eastward across the
Pacific Ocean, crossing the eguator in February.

The 200 nb level (Fiy. 3.3) 1is dominated by strong
nidlatitude westerly flow regimes in both Northern and
Southern Hemispheres. The Northern Hemispheric fliow is
characterized with a maximum of the subtropical jet (>50-70
ms—1) centered over Japan which exhibits a west-southwest to
east-northeast orientation in early winter. The wind maximum
in November (>30 ms—1) over central Australia, which exteris
into the central South Pacific Ocean, weakeas irn Deceaber.
Generally weak easterly flow is <found in the tropical iati-
tudes of the 1Indian Ccean, maritime contirent ani Jestern
racific Ocean, and South America, althougk an enhanced
region of easterlies migrates into the vicinity of the mari-
time ccntinent in December and expands in January. A perza-
nent anticyclonic gyre is found in central South America and

southern Africa.

21




south of the equator (5°-10°3) 1in December. In the general

vicinity of the Indonesia-Arafura Sea region, the equatcrial
zonal wind along 1095 is generally weak in Novembker Dbut
develops into westerlies which expand eastward from Decemter
to February. This is an important indicator of the
Indonesian monsoon which we will use to study the frossikle
relationship between the northern winds and the soutnern
summer NONSOONS. In conjunction with these menscornal
westerlies, an area of persistent <c¢yclonic shear exists in
the northeast portion of Australia. Strong southerly wirnds
along Australia's west coast ccrresponds to the location of
the heat low described by Ramage (1371, pi15).

Other features c¢f note within botk hemispheres include
the Mcngolian aigh, the northern subtropical ridge alonj
250y, and the South Pacific Ocean easterlies. Tre
Mongolian anticyclone (509N, 93°9E) is established by
Novemker as a persistent feature and intensifies in Decemter
and January. The lasic low-level <flow in the region of
central China and east China coast are westerlies north of
this high «center, recoming weak northerlies 1in the Zast
China Sea and northeasterly through the 3outh China Sea to
the Malaysian Peninsula. To the east, an extensive subtrop-
ical ridge persists across the cerntral North Pacific Cceaa
along 25°N, separating the midlatitude westerlies frcr the
rortheast trades on the equatorward side. The nortaeast
trades range over the entire tropical region of the YNorth
Pacific Gcean. Cross eguatorial flow is weak in November anl
Decemter but strengthens slightly and expands acrcss the
Facific Ccean in January and February. =EZasterlies dominate
the «central South Facific Ccearn witin a wind maximun
extending from the west coast of South America.

At the 700 wmb level (Fig. 3.2y, the key circulatiorn
features discussed altove have either dissipated or reversed.
The northeasterly acnsoonal flow has been replaced ty

predominantly westerly winds although it remains as a sligjht

20
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ITI. TIME MEAN CIRCULATION
Nine-year (1974-1983) monthly mean circulation fields at
200 mk, 700 mb and the surface were calculated for the
months of November, CTlecember, January and February. The

variatles are wind, velocity fpotential and streamfunction.

A. WIND

The three key «circulaticn features germane to this
study, i.e., the surface northeast monsoonal winds in the
South China Sea, the zonal winds along 10°S and the western
Australian trougu, are clearly seen in the surface wind
(Fig. 3.1). The nortueast monsoon rejine is already in
place in November with a maximum (>10ms—1!') in the northern
region of the South China Sea. 1In December, the monscon
winds strergthen and the northeast-southwest oriented
isotach maximum becomes more extended, connecting the milddle
and high latitude regions of northeast Asia and Jafpan with
the eguatorial South China Sea. Elsewhere the glokal
tro.ics are covered ry the surface northeast trades eguator-
ward of the subtropical ridge. The narrow tand of the East
Asian winter monsoon winds over the South Chira See stands
out distinctly as the only regime where the north-
northeasterlies extend from the tropics to middle latitudes.
This is quite suggestive of a midlatitude-tropical interac-
tiorn within this region. Although the isotach maximua
weakens somewhat in January and February, the pattern
persists throughout the season.

In November and Cecember, the ejuatorial trougk is ill-
organized Lut becomes well defined in January. A confluerce

zone is centered over the equator in November but migrates
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that their values are not excessively affected by the choice
of boundary conditions.

The data base was carefully reviewed to identify missing
or erroneous fields. The end result vielded few data gags.
The only significant tlock of missing data runs from 1200GMT
06 Decenter 1976 to 1200GMT 16 December 1976. Inconsistent
or missing data were replaced by 1linearly interpclated
values tased on the closest adjacent data.

To study the possible relationship between the northerr
winter monsoon winds and the southern equatorial monsoons
winds, the folliowing analyzed data were produced:

1« aonthly means of the observed wind, streaafunction,

and velocity pctential for the surface, 700 and 200 nt
levels for the nine winters.

2. area averaged rarameters of wind and vorticity whose
time variations represent certain circulation features

of the monsoons.

3. ccmposited area averaged parameters and composited
surface wind field for periods of pre- and post-onset
of the acceleration of the Indonesian equatorial zoral
winds.
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Here the streamfunction ¢ and the velocity potential X are
obtained trough the Eoisson eguations

V2l// = ( = (———g: - ——J—o—s—“"scp >y >SeC® (2.2)

2y, - g — _|[2u ov_cos@ (2.3)
VX 8 <ax + cos ¢ dy >sec¢

where ( is the relative vorticity

Qv _ Qdu (2.4)
oy 2x
and & 1is the divergence
2u 4, 2v . (2.5)
dx oy

The horizontal «coordinates in the Hdercator projection are

defined as:

x =aaA, y = a n1<1+ Sin >‘ (2.6)
cos

where a is the radius of the earth, and A and ¢ are lonyi-
tude and latitude, respectively. Both (¢ and § were approx-
imated using centered differences on the GBA Mercator grid.
In sclving eguation 2.3, it was assumed that X =0 at
the ncrth and south toundaries of 609N and 40°S, respec-
tively. The technique used to calculate ¥ was essentially
method II of Shukla and Saha (1974). This method uses the
previously computed X field to formulate boundary condi-
tions for ¢ . The values of ¢ are dJdisplayed above 50°%
although the solution for ¥ encountered at this boundary is
difficult due to this region tein; meteorologically active.
It is assumeld that the X ard ¥ fields in the equatcrial

regions are sufficiently removed from the boundaries such
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II. DATA AND PROCEDURE

The wind data set used in this study is based on the
operational Global Band Analysis (5BA) of the United States
Navy's Fleet Numerical Oceancgraphy Center (FNOC). This
analysis is available twice dailyv by objective procedures on
a 49 x 144 Mercator grid extending from 40°9S to 60°N around
the tropical belt. The Mercator secant projection results in
a change in the actual distance between grid points fror 140
km at 60°N to a maximum value cf 280 km at the equator. The
objective scheme takes advantage of all reports in the oper-
ational data Dbase: surface syroptic, aircraft, Filot
talloons, rawinsonde and satellite data. Using the six-hour
persisterce field as the first juess, irregularly sgaced
data are first intergclated to grid points using the succes-
sive corrections technique tased on Cressman's (1959)
method. The successive <corrections method takes several
scans throuyh the data, reducing the radius of the influence
of the okservations on each successive scan. These fields
are then adjusted by a set of numerical variation analysi
(NVA) eguations which incorporate the dynamic constraints of
the romentum equations, with friction included 1in the
surface layer (Lewis and Grayson, 1372).

The period of study is the nine Northern iedisrhere
winter monsoon Seasons (Noveaber-February) of 1974-75
through 1982-83. The levels of interest are the surface, 700
mb, 400 ok, and 200 mbt zonal (u) and ameridional (v) velocity
components. These components are subsejunently Jdivided into

rotational and divergent parts,i.e.,

V=V Y + k Yy (2.1)
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Tts significance as a key parameter lies in the fact that
monsoonal westerlies, as defined by Troup(1961) and Davidson
et.al. (1983) , are the precursor to monsoonal rainfall over

northern Australia. In this study, the correspondence ol
changes in this parameter with other circulation feature
parameters is reviewed to investigate any possible interhem-
ispheric influences.

xrrow, pp—
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4. Surge of Low 1level Southerly Winds along the Western
Australian Coast. Prior to onset, a surge of low-
level southerly winds parallel the western Australian
coastline. These surges have been linked physically to
the intensity of 1Indian Ocean anticyclones and the
passage of frcntal systems past the southwest corner
of the Australian continent. Their significance in
triggering monsoon <convection may be an important
component in the Southern Hemisphere midlatitude

interaction with the trorics (Davidson <t.al., 1983).

The purpose of this study is to identify the ;ossikle
influences of the nortkeast monsoon in the Northern
Hemisphere on the Southern Hemisghere's summer monsocon. A
valuable concurrent work to study the 1interneaispheric
interactions was the construction of a anine-year a@montaly
zean climatology of the global wind fieldyfrom 609N to 409S
at the surface, 700 and 200 mb levels. The acceleration of
the scuthern equatorial zonal wind along 10°3 will ke used
as the main parameter to represent the onset of the southern
sunler ICRSCOn. There are two reasons for choosing this
parameter instead of rainfall or satellite imagery. First,
tnhe variation of the northern winter monsoon is best repre-
sented by the surface northeast winds and it is anticirpated
that the signal of 1its possible influences may ke aore
apparent 1in the surface winds of the soutlhern suamer
monsoon. Second, among all southern summer monsoon indica-
tors ccmmonly used, these low-level egquatorial westerlies
are the closest to tlre equator and, therefore, should be the
first indicator to =show any influence from the Northera
Hemisphere. This acceleration parameter 1is only applicatle
to the monsoonal winds in the Indonesia-Arafura Sea region
and may not describe other features of the complete Soutkern

demisphere's summer mcnsoon with 4 one-to-one relationship.

14

.y i AP A T S Ty e e TR T sw




LBt Jhie Sine-Sete 4 G AEAE MO S B 2 B dure CMRtens She mnve e 4 T Ty O r———————y v

: . circulation was forced primarily by differential
heating of 1land and ocean due to changing seasonal
t; radiation inputs. Thus, temperature Jradients have
developed to a state where the troposphere is ready
for orset to occur.

(B 2 M T 4
PP

2. Vestwaru Expansion of Monsoon Westerlies. The
proposal by Murakami and Sumi (1982b), based on data
ccllected during the Winter Honsoon Experiment
(WHMCNEX) of December 1978 to February 1979, suggested
that monsoonal onset was initiated by events occurrinj
away from the Indomesia-Arafura Sea reygion. Due to
northeasterly trade wind intensification over the
tropical dorth Pacific Ocean, cross equatorial
northwesterlies result near 170°EZ. This induces a zcne
of strong westerlies which expand westward into the
Indonesia-Arafura Sea region and establishes the

mCcnsoon.

3. Cold Surges in the South China Sea. It has beeu
hypothesized that northeastly cold surges in the South
China Sea influence the triyjering of summer monsooral
onset. Lim and Chang {1981) used linearized shallcw-
water equations on an eguatorial (B plane to demon-
strate the dyramic response of the tropical atmosphere
to midlatitude pressure surges. They showed that such
taroclinic surges in the YNorthern Hemisphere midlati-
tudes induce [pressure rises at the equator and low
latitulde <cyclcne developrment in the region of the
Southern Hemisphere equatorial trough. This implies
that northeast monsqQon surges in the Northera
Hemisphere could induce a response in the southern
tropics that ccntains certain aspects of the soutanera
summer mOonsSoon.
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109 latitude by more than 30° longitude of cloud cover which
persists for several days. A comparison between dates given
ty Troup's wind definition and those determined subjectively
from satellite imagery by Davidson et.al., (1983} found the
dates to be within five days of each other. Poor correspon-
dence was found with Troup's rain onset criterion. Closer to
the egquator, Le Indonesiarn meteorologists define the cnset
rased on the reversal of surface winds from easterly to
westerly. FKain is often associated with westerly monscoral
wind. By any criterion, southern summper monsoon onset typi-
cally occurs between mid-Decemter and mid-Januarvy.

Many hypothesis and theories have been presented to
explain the triggering mechanisms for the onset of an active
monsoon period in the Indonesia-Arafura Sea regiorn. Ct

these, thke main propcsals are:

1. Southern Hemisphere's Tropical-Midlatitude
Interactions. TDavidson et.al. (1983) postulated that
changes, occurring prior to the onset of the southern
summer monsoon, take place in the large scale flow of
the subtropics south of the monsoon region. The
synoptic situation leading to onset is typified by a
sultropical ridge, extending over the southwest corner
of Australia, which 1is disrupted by a trough
stretching westward into the 1low latitudes. This
trough also causes the monsoon shear line to be inter-
rurted. Subsegquently, the trough mijrates eastward
permitting anticyclogenesis 1in southern Australia,
which persists until trcopical convection 1is enhanced
and onset occurs. Thus, convection and monsoonal crset
occur after a period of anticyclogenesis ard is trij-
gered by the developement of a succession of highk-low
pressure systess and their movement within the

subtropics. They hypothesized that this mcnsconal

T
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TABLE III

Base Series = NENI

(a) Phase
Season LZF1 XEF
1574-75 0.49 0.48
1¢75-76 D.u6 -
1576=-77 - -
1977-73 J.47 0.43
1578-75 0.51 0.43
197%-33 0.u6 2.50
1980-31 - -
1531-82 - -
16582-33 - -
AVIRAGE 0.48 0.49

(b)

Se€eason
1¢9u-75
1¢55-76
1576-77
1¢77-73
1678-72
127596-20
18E0-31
15€1-22
19€2-23

ATERAGE

Coherence squared

XEF1 XEF2
0.10 .23
0.13 -

0.37 .10
J.41 ).21
J.23 0.3%
J3.25 0.2zZ

f cross-spectral analysis
O0f the diurnal cycle.
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TABLE II1
Sugmary of date/time of tau=0Q for mid- and late-season
ccmpositing of area-aveiggg? parameters and surface

Date and Tinme Date and Tinme
Seasorn Mid~-season Late-season
16754-75 7 Jan/ 00GHMT 6 Feb/ 00GHMT
1675-76 :1 Dec/ 00GMT 30 Jan/ 00GHMI
1676-77 21 Dec/ 12GHT 29 Jan/ 030GMT
15%97~-78 31 Dec/ J0GHMT 13 Jarn/ 12GAT
1678-73 <1 Dec/ 12GAT
1679-80 28 Decy/ 00GHT 23 Jan/ 00G¥T
19€0-31 3C Dec/ 00GHT
15€1-82 8 Jan/ 00GMT
19€2-23 28 Dec/ 00GHAT
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rarameters at ixed fperiodicities. The exception to tkis
occurred in the diurnal cycle which was known to be promi-
nent in the tropical South China Sea and the maritime ccnti-
nent regyion (e.g. Johnson, 1982). Table III is a suamary of
the phases and coherences-sygquared ia the diurnal interval
for rtase series NEM1 crossed with XEF1, XZF2, and SSM1.
Cnly values corresponding to coherence sguared jreater thanm
0.1 (coherence greater than 3J.32) area listed. Fig. U.o
shows the average rhases and coherences-sjuared in the
diurnal 1interval for this same base series and crossed
circulaticn features.

The cross spectral analysis demonstrates the follcwing

itens of interest for the diurnal cycle:
1. NE#1 and S3M7 are coherently in phase.

2. NEM1 anl NEM2 fhave very little coherence indicating
that the longitudinal extent of the diurnal cycle is

limited to the South China Sea.

3. NEMY 1s out of rhase with XEF1, XEF2 and WAT, all with

moderate coherence.

4. 353541 an? WAt are out of fhase with moderate coherence.

»

A  1ore coaprehensive analysis of the three dimensional
deteorologyical variatles over the entire region wculd be
necessary to exglore the total striucture of the diurrnal

cycle in thls reyion.
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The late-season acceleration of the SSM1 parameter is
also well correlated with the Southern Heaispheret's midlati-
tude vorticity at the U400 mb level over southwestern
Australia (SHY). There is a siynificant increase in SHi¥
three days prior to tau=0 and a rapid decrease igmediately
arter tau=0. This may be related to the results suggested by
Davidson et.al. (1983) who froposed that major karoclinic
develcpment in the Scuthern Hemisphere midlatitude upper-
level takes place p[prior to the amonsoon onset and is a
possikle forcing mechanism triggering the monsoonal convec-
tion north of Australia. Again the events referred to by
Davidson et.al. (1983) usually occur in late December versus
the mid-January late-season events identified in this stady.
Nevertheless, both studies suggest a possible role oi the
Southern Hemisphere midlatitude baroclinic systeam in inrflu-
encing tropical monsoonal circulation. It is also protalie
that these midlatitude activities trigger the surges west of
Australia in a manner siamilar to the northern winter ccléd
surges, which would explain the correspondernce found in the
surface WAT parameter. Since there is no significant sigcal
in the winter monsoonal flow (NEM1, NEJ2, NEM3), as well as,
the cross eguatorial flow features (XEF1, XEF2, XEF3), this
denotes that the late-season event may be a Southern
Hemisphere phenonrena due to apparent midlatitude baroclinic
influences.

3ecaiuse several time series appear to possess syncptic
time scale variations, a4 cross spectral analysis was
performed involving all eleven area-averaged circulation
rarameters to investigate the possibilitv that there may be
coherent variations at certain fregjuencies. The time series
for anaiysis covered the period of 003MT 1 December to 12GMT
25 Fekruary (87 days or 174 data points). do consistent
results showed wup in the various frequency windows wnich

reans that there is probably no relationship between the

48




{>15ms—1) at tau=-7Z hours. This 'is followed by a gradual
decrease of the surface northeasterlies, although a rejion
of maximum wind (>10@ms—!) persists in the South China Sea
throughout the period. The zonal wind along 10°S 1in the
Indonesia-Arafura Sea region is westerly but weak ané of
iittle extent before tau=0. After tau=90, the westerlies
visibly strengthen and expand eastward froa 1209E. The
western Australian surface 1low persists throughout the

period. The soutlerly wind surge alonyg the western
Australian coast,although present throughout, shows an
enhancement from tau=+72 hours on, with the maximum wini

regjion moving poleward of the surface low. Of anote, scath-
easterly winds present off the northeast coast of Australiia,
increase in strength at tau=-24 hLours. The sijyniiicance of
this increase is unkncwn and merits further study.

Z“he composited time series of ten circulatiorn farameters
for the late-season events are seen in Fij. 4.5. SS¥*1 agair
shows a steady acceleration after tau=0 althoujh SS¥2 and
SSM3 exhikit ©npo significant signal. This limited longitu-
dinal extent of the equatorial nonsoonal flow was seen
before alove although SSM1 is on average stronger during the
late-season event. Unlike the mid-season eveat, the western
Australian trough (WAT) is enhanced prior to onset of
westerly mcnsoonal flow. Based on data from the JMONEX year,
1378-79, Davidsor (1984) sujgested that the Soutnern
Hemisrhere's southwesterly surges ff the west coast of
Australia have a strony influence on the onset of the
Australian monsoon ccnvection. The developement of these
surges are represented at least ppartially by the WAT param-
eter. Even though the onset cf the largye scale convective
tlow-up in the Davidson (1984) study 4is basically a aid-
season event, it 1s possible that a similar mechanisr may
influence the a@monsccnal wind changes 1in the Indonesian

region in the late-season events of this study.
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ard NEN2, the winter monsoon winds withih latitudes
17.5-25°N for the regions bounded by 120-135°E an1l
135-1%509E, respectively, show a higher speed prior to tau=0
compared to after tau=0. The signal is much strorger and
persists longer in YEM2, with deceleration of the northeast-
erlies cccurring at tau=0. All other circulation parameters
(NEM3, XEF1, XEF2, XEF3, SHM, WAT) display no significant
signal and, thus, demonstrate no apparent corresgondence
with the accelerated summer monsoon event.

Examination of the time series of NEM1 and NEM2 for each
individual year of data for the same period (tau=-5 days to
tau=+6 days) based c¢cn the time and data of tau=0 emphasizes
the trend seen above. For NEN1, the pre-onset surge of
northeasterly winds are clearly delineated 1in four of the
nine-years (1975, 197€, 1980, 1983), weakly delineated in
1°77, 1979, 1981 and 1982, and show no signal at all in
1978. Fer NEM2, the signal is much more apparent wnich
corresponds to the result seer 1in the composited time
series. The signal is clearly seen in seven out of nine-
years, with 1977 being weak and 1978 showing no signal at
all. This suggests that there 1s a possible nmid-season
influence ky the northern winter monsoon surge on the equa-
torial westerlies in the Indonesia- Arafura Sea regicn.
%hile this influence is detectakle over the South China Sea,
it most gpronounced in the western Pacific Ocearn region iame-
diately east of Taiwan and the Philippine Islands.

The pLhenomena seen in the composited time series are
further illustrated in composited maps of surface hcrizontal
wind (Fig. 4.4) for the same period. Haps shown are at 24
nour intervals from tau=-120 Lhours (tau=-5 days) to tau=+144
hours {tau=+6 days). The choice o0f 24 hour 1intervals
removes the 1influence of diurnal effects. The series of
composite maps demonstrate a definite increase in the ncrth-
€asterly amonsoonal winds before tau=0 with a maximua
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more than five days which occurs after 15 December. This is
jilustrated using Fig. #.2 which is the time series of SSi1
for the 1974-75 seascn where 12GMT 15 December correlates to ‘
30 on the abscissa. This 1is called the "mid-season" event.
There 1is often another major acceleration event of this
zonal wind parameter after the mid-season event which is
called the "late-season" event. Since some seasons did not ’
experience a break in southern summer aonsoonal <iflow

foliowed by a recurrent surge of Indonesian monsooral flcw,
only five years were chosen as having late-season episodes.
Table 1II gives the specific date and time selected for
tau=0J (onset) for each year for both mid- and late-season
events. )

Based on the timing of the acceleration's initiaticn,
each area-averageld circnulaticen parameter was coaposited
according to a time feriod of tau=-5 days to tau=+6 days for
the mil-season event usinygy the base times for tau=0 defined
in Tatle II. Tor each parameter, the time series for each
year are thern comjposited relative to the tau times. Fig.
4.2 lisplays tie compcsited time series of ten of the circu-
laticn  ,drdrteters. The surface meridional wind in tae
vicinity of  Suaam (17.5-259N, 135-1509%), NE®3, was not

ircinlel Liice 1% sicwel no Jdistinguishable signal at all.

Ao~ xreeto ! Troa sar lefinitlon of the acceleration evert,
thoe Tase e, JI%Y,  sa0ws a period of relatively weak
wWe Sterplooen ot taa=), followel Ly a steep acceleration.
TLIo Fare .y Ln seel 1L the surface zonal wind over
ST el Mew Sarnea (12.5-7.595,135-15595) , S342, althougk
it is sunew! at wedliel.  The sSignal 1n the eguatorial acrnscon

£low fo0 tue rejilon alenj 12°5 Letween 13517592 (SSM3) is
very weak, oI jresent at 2all. This indicates a constraint on
tie lenjltuuinal extent of the acceleration of the eqguato-
L1311 westerl; 19w, SuCi that the mil-season eveat i1s essen-

tially limitedl to the vicinity of 1159E to 135%9Z. Both NIMI
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IV. TIME VARIATIONS

The tasic analysis involves time series of eleven area-
averaged motion parameters constructed to study the time
variation of the various circulation components which are
deemed tc have a possible correlation with the develofpement
of the equatorial mcnsoon winds alongy 10°S. Table I lists
these rarameters and the circulation components they repre-
sent. The choice of these parameters 1is based on the
montkly mean flow fatterns reported in the preceeding
chapter. Zach parameter shows up as a major circulatiorn
feature in the monthly mean charts. Fig. 4.1 shows the areas
over whica the parameters of Table I were averagjed.
Area-averages were calculated twice daily for each cf these
circulaticn components for the period of 00GHAT 1 December to
12G47T 15 February.

The area-averaged zonal wind component of the surface
winls over the Indonesia~Aracfura Sea regiorn
(12.5-7.595,115-1359E), SS#1, is used as the index to deter-
mine the relative timing of the major circulation changjes
with respect to the acceleration of equatorial westerly
flow. Examination of the time series of area-averaged 5SM1
for each individual year shows that, 1in addition to diurrmna:z
cycies, there are several significant fluctuations in the
zonal wind throughout the period which are on the syncptic
time scale. Since the onset cf the Southern Hemisphere's
sumler mcnsoon, regardless of the definition used, usually
occurs near the end of December, it was decided to focus on
the rajor acceleraticn event after 15 December for each
year. The initiation of a period of acceleration of eguato-
rial zonal wind along 10°5 (tau=0) is chosen to be the rela-

tive minima preceding a pericd of sustained acceleraticn oi

4y
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V. CONCIUSIONS AND RECOMMENDATIONS

The primary objective of this study is to identify the
possiltle <cross equatorial influences of the northeast
monsoon 1in the Northern Hemisphere on the Southern
Hemisgphere's summer mcnsoon. In addition, the data used in
this study were utilized tc construct a nine-year aonthly
mean wind climatology. Using the results of previous work cmn
the Southnern Hemisphere's sunmer @aonsoon, the acceleration
of the southern equatorial zonal winds along 10°S 1irn the
Indonesia-Arafura Sea region (3SSa1) was chosen as the main
parameter to define the timing of the onset (tau=0) of the
south€rn sSunmer MONSCOn. The iritiation of a pericd of
accelerated eguatorial =zonal wind alony 1095 (tau=0) was
chosen to ke the relative minima precediny a pericd of
sustained acceleraticn of more than £five days occurrirnj
after 15 December. Periods of active southern sumnmer TONSCOL
are separated into mid- or late-season evernts. This distirnc-
tior in periods of active wmonsoon is dependent upon whether
there was a Jdistinct rreaks in the monsoon during the indi-
vidual season. The criterion £for onset defines a [feriod
whichk is a precursor to the enhanced winds and convectic:h,
and, hernce rainfall which are often used to descrilke the
cnset of the Souttern Hemisphere suader @©ORSOOn over
northern Australia.

Time mean circulation chirts of wind, velocity potential
ard streamfunction Were compiled. These charts wmere tased on
twice dally objectively analysed zonal (u) and meridionai
{v) wind data of the surface, 700 and 200 mb levels for the
wonths of November throuj;h Fetruary of 31 nine-year periol
coverinygy the winter monsoon seasons of 1974-75 througth

13932-83. Trese <charts were used to identify key svncptic
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scale, low-level circulation features relevant to tlis
study, the most notable of wiaich is the surface northeast
monsocnal winds in the South China Sea, the =zoral winds
along 10°S in the Indonesia-Arafura Sea region and the
western Australian trough. They were also usei to define
regions for area averaging and compositing of mid- and late-
season onset events ltased on sustained accelerated westerly
zonal flow used to define onset (tau=0). GExamination cf the
results cf the composited area averaged time series parame-
ters and objectively analysed wind charts and the cross

spectral analysis, yield the following conclusions:

1. The surge of surface meridional wind in the South
China Sea (NEM1) and the western Pacific Ccean rejion
immediately east of Taiwan and the Philippine Islands
(NEM2) are the only area averaged parameters shLowingj a
possiktle signal related to the acceleratiorn of
westerly wind along 10°S (S34M1) Jduring the mid-season
event. Both NEM1 and NEM2 demoanstrate wind surges
prior to tau=0 compared to arctter tau=0. The sigjnal is
much stronger and persists lonjer in NIM2, with i
deceleration «c¢f northeasterlies occurriaj at tau=0.

All other mid~season circulation features “isp

b
&

1AVei LO

significant signal.

2. The late-season event a,pears to be due to a Southern
Hewisphere miilatitude, cid-tropospueric fL<Lcaenad
resulting from the baroclinic effect of the uajpper-
level trough irn the 2ild-iatitude westerly trades
(SHM). The vorticilty of the western Austraiian troush
{¥AT) enhances at tau=-5 days. There 15 a4 vo3sibility
ttat the strengthened troujk, resultin; in a decrease
in surface pressure, cauduses an lhcresase 10 Cross

equatorial northeriy flow (XEF1) at tau=-Z davs. 7T&i

0

Sequernce 15 totally a Southern demilspheric event.
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3. In the mid-seascn event, the zonal wind acceleration
is predominantly corncentrated in the Indoresia-Arafura
Sea region defined by SSM1 and SS#2, while in the

late-season event 1t is concentrated primarily iz

region SsM 1. This implies that westerly monsconal
flow acceleration along 1095 is longitudirally
limpited.

4. Vvariability in area averaged signal of NEM3, XEF1,
XZF2, and XEF3 is so small that the signal is insig-
nificant in this case. This indicates that cross egua-
torial flow may not be indicative of the nature of the
forcing of the Northern Hemisghere nonsoonal winds on

the southern sumner monsoonal £low along 10°s.

5. Cross-spectral analysis indicates no significant rela-
tionship among area averaged rparameters except in the

diurnal cycle.

The indication cf an influence from the strengthening of
the northerr winter monsoon winds for the wmid-seasan event
seeds inconsistent with the lack of a signal in the cross
e uatorial flow parameters. There are several r[ossitle
explanations for this apparent inconsistency. First, the
majnitude of the surface meridional wirnd is very <small
{(;enerally 1-2as—1') with its fluctuations at an even smaller
anplitude. These pmajnitudes are <close to the observational
errcrs. Murakaml and Sumi's (1982b) study, suggesting tae
influence oI «cross eqguatorial flow, was Dpased on 8%) mb
windls, which are ccnsiderably stronjer than the surface
winds nused in this study. Urnfortunately, +the Navy's Glorai
Zand Analysis loes nct contain Jata at this level. Seconi,
1t is jtcssible that the analysis scheme smoothed out the
wind fluctuations at the equator. Use of station-ctserved,

2853 ok lata woull clarify these two possibilities. Finally,
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a strong sigynal in cicss equatorial fiow is not necessarily
required to support the idea that the northern winter
monsoonal flow influences the southern tropics, because the
ejuatcr may be a nodal point oI a mericdional wave rmode.
Thus, changes 1n the cross equatorial winds «could be
neglegible.

During the course of this study other facets of further
areas of research were also apparent. Since this study
concentrated on the acceleration of zonal flow along 10°S,
other onset indicators, such as, rainfall and satellite
imagery, should be used to evaluate interhemispheric inter-
actions. Another area was the intra-annual variaticn of the
southern summer ®monscon using the same basic data set of
this study. Incorporated in the study of intra-annual vari-
ation, is the possilkle influence of the E1 NiTo/ Southern
Oscillation of which there were two events during this data
period (1975-76 and 1982-83). Other areas of interest
include the possible role of the southerly surface wird
surge along the west Australian <coast on the Southern
Hemisphere's sunmer monsoon. The composited maps of the
surface winds (Fig. 4.4) of the mid-season event show the
possiltle connection cf the southern mid-latitudes with the
souttern tropics in this region at tau=+24 hours and tau=+d48
hours. There was also a surge in the southeasterly winds
present of the northeast coast of Australia at tau=-24 hours
whose significance, if ary, is unknown.

The composited area averaged time series (Fig. 4.3)
ir3icate a correlation Dbetween the surge of Ncrthern

Hemisphere monsoonal Wwinls in the South Chira Sea and the

monsocnal zona i wind flow along 10°5 in tae
Indonesia-Araiura Sea region. Future investigations should
attempt to graphically <correlate norther:n winter and

southern summer monsccnal surges of wind with convection and

rainfall observed over northern Australia. Ir addition, the
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results presented here indicate that the cross equatcrial
flow at the surface ioes nct exibit this «correlation.
Further investigation into this relationship is required.
Fossitle enhancement of the scouthern summer monsoonal winds
is achieved through enhancement of the double Hadley cell
withip the region.

Other circulation features worthy of further study were

ckserved in the time mean circulation maps (Fig. 3.1 through
Fig. 3.%). The convection center over Brazil, althcugk not

as strong as that over the maritime continental region, 1is

has received little attention other than by 3South American

r‘ still a significant synoptic feature. So far, this feature
S
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