CHAPFTER 5

MODULATION OF SYMNOPTLC-5CALE CONVECTLON

A chellenging tusk for cemospheric scientists is totry to delinecite the physiced
neture of the individucl di sturbeme es cnd the ir dynemic ol reletionship. Withour
substmticl progress toward this goul, forecusting the wecther cmd climete in
the monsoon region would remeiin o routine exercise of empiricism.”

— Mankin Mal, 1987

5.1 Synoptic-Scale Variability

While the ISO is the dominant modes of inttassasonal vadability in the
South Asian monscon, a second type of higher frequency inttaseasonal vatiability
is also presemt (ses Fig. 1.2). This mode is composed of high-frequency, 5-10-
day, wavelike Ph:hn:h:n: non, incloding westiwaid Pll:upngaﬁ ng s_g.'h-:up‘lic-sral: woilic-
iy waves (Lao and Lan 1990) as well as monsoon d.:Pl‘EE'iDhE and lows (for exi=n-
sive teview of these E_'!.'I'IDPTiC—ECiIJJ: svsiems, see Meehl 1987). These stoins 1}'1:!1'-
cally formin the Bay of Bengal ot in the wesiein Pacific Ocean and propagale wesi-
watd and notth-westward inlo the Ganges River valley (Kirishnamotti efel. 1977,

Saha et will 1981). Large Pm:ipiiaiicuh amounls accompany these distnibances and
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can lead 1o flooding, sspecially in the lowlands of nottheast India and Bangladesh.
Togesthet with the IS0, these 1wo modes of vadability explain up 1o 60% of the
intiaseasonal variance of the South Asian monsoon (see Section 5.2 for details).
The prowmi nence of the two modes of varability is readily s=enin raw pre-
cipitation timeseti=s. Fignre 5.1a is a histogtam of the avetags daily accomuolated
precipitation in the wesietn Bay of Bengal for June and July, 1992, Two aclive peti-
ods of tainfall ave sepatated by abont 3040days, the fitst extending from JTune 1210
June 22 and the second somewhat less well-definad extending from around Tuly 15
through Tuly 27. A break petiod sepatates the iwo aclive petiods and is matked by
about 2-3 weeks of teduced, although not negligible, rainfall. Compating the pre-
cipitation timeseti=s of Fig. 5.1a with the latitnds-time precipitation section along
853°9C°E in Fig. 5.1b, one cbsetves that the active pericds ol latitodes 15°-20°N
appeat io be the product of 2 notthward propagation of precipitation thal begins in
the centtal equaiotial [ndian Oc=an and propagates 1o 20°-25°N ai this longiinde.
Figures 5.1c and 5.1d ai= time-longiinde s=ctions of precipitation along 15°-20°N
and OF=5"T, tespeclively. Along both latitude swathes, iwo slowly moving easi-
watd progressions of precipitation ate ss=n within the June o July petiod with the
equalotial precipitation leading the noithetn precipitation. Highet fisquency oscil-
lations in tainfall ai= also cleatly visible in Fig. 5.1. Fot example, in Fg. 5.1a,
thete ate nometons inslances when local peaks in precipilation ate s=paraied by 5—
13-days, e.g., June 15 1o June 20 and July 11 1o July 16 1o JTuly 24, Examination
of these dales on the time-longitode diagram (Fig. 5.1c) t=veals that the aforemen-
tioned praks in precipilation ofi=n can be linked 10 westward propagaling sysiems.
In the fitsl time petiod, June 14 1o Juns 19, the systems ate telatively shoi lived,

otiginating in the sasiern porlion of the Bay of Bengal and quickly moving acioss



5 MODULATIONOF 5Y MO PTIC-5CALE COMWECTION 133

(a) 25" 80FE, 15°-20M
T E—

10

“
=

]

Ny

-

“ |\I\I I‘l I
ng._...-l_-lll I |I| I I

Jur 12 Jur 1% Jul& Julkll Julld

Julk27

Jun-011 Jun-8 Jun-L3

(b)

LOCFE LXFE LSOFE LeOFE Laoe

Figure 5.1. Daily precipitation rate estimates for June and Tuly of 1992 monsoon
scason. (a) Precipitation in Bay of Bengal averaged over 85°90°E, 15°-20°N.
Time-latitude and time-longitude sections of precipitation along (b 85°-90°E. ic)
15°-20°M, and (d) 0"~5"N. Conlout inleivals are 7.5 mmday ..
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1o the ast coast of India at which point they continus notthwestwatd up the Ganges
tiver basin. 1 is also relevant 1o node that these westward propagating waves occur
duting the convective ot active phase of the ISO. Duoting the latter petiod, July 11
throngh July 24, the waves otiginale as far sast as 140°E. The telatively heavy pre-
cipitation atonnd JTune 30 that divides up the break epoch mav also be attribotable 1o
a westward propagating system otiginating ovet the westetn Pacific Ocsan warm
pool. Doting this time peticd, a low-level cyvclone moves westward actoss the
westetn Pacific Ocean, weakens as it ctossss the southsast Asian peninsula, and
te-intensifiss upon teaching the watm watets of the Bay of Bengal, a ssquencs that
is teminiscent of that described by Kiishnamoui et ol (1977). Westward propa-
galing waves, such as these, ate desctibed and cataloged by Lan and Lan (1990
Lan and Lan (1992} alithough they make no distinction betwesn those thal are re-
siticied 1o the Bay of Bengal and those whose otigin is in the westetn Pacific Ocean.
Cleatly, the notthern snmimer monsoon inltassasonal varability is com-
plex. The above discussion of Fig. 5.1 taises questions aboul how the iwo pre-
doiminam modes of inttas=asonal vaiiabi lity, 1the large-scale LSO and the westward
propagatling svhoplic-scale waves, inletaci with and impact each other. Does the
notthward propagation of the IS0 sxcile wesiwaid propagating distutbances ot is
the appaieni notthwaid propagation of 1th= IS0 a lime-avetaged manifestation of the
high-ﬁrquc noy waves” Also, are the wesiwaid ptopagating s vslens 1that sitike India
duting a break petiod exciled by the IS0 when i1 teaches the wesiern Pacific Tcean,
ot at= they a tesull of the inhet=ni instability of the casteily vertical wind shear that

i5 a chatacl=tisiic of the Asian monscon?
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In a madeling sindy. Lan and Peng (1990) found that the intetaction be-
tween the largs-scals monsoon How and the squatotial imraseasonal cscillation ve-
sults in the genetation of onstable westward propagating bateclinic disturbances
with spatial scales of approximatel y 3000000 km and petiods of 5—6 days. These
spatial and 1empotal scales cotrespond teasonably 1o those scales identified by Lan
and Lan (1990). The rapid growih of the disturbances over the Bay of Bengal and
peninsularIndia is atttibuisd 1o instability that is tavored in vegions of large sast=tly
vertical wind shear (s== Fig. 5.7b) and reduced sftactive static stability induced by
the heating associated with the squatorial ISO. Xi= and Wang (1996) found that,
in genetal, a moisti batoclinic instability is rematkably enhanced by esastetly vettical
shears. Accotding 1o Lan and Peng, the enhanced comvedlion in the monsoon re-
gion and the coincident tising motion draws low-level ait notthward, consequenily
weakening the squalotial comvection and resulling in a tapid notthward ptopagation
of low-fraquency convection.  Murakami (1984), Krishnamuouti eral. (1985), and
Wang and Rui (1990) have all obseived an incizase in high-frequency westwaid
piopagaling wave aclivily associaled with the notthward propagating arm of the
IS0, Futthermote, it has been shown that topical cvclones, stotms and depressions
at= moie ofien excited doting the comvective phase of the LSO tathet than duting the
suppressed phase (Lisbmann e all 1994

The afotementionsd siudies suppotl the obseivation Fig. 5.1 that high-
ﬁrqucnv:}' waves ate exciled doting aclive petiods over [ndia. Howevet, the theoties
put forth do not addizss the sonice of westwaid propagating comvective sysiens that
occut duting large-scale bizak phases of the monscon.  Wang and Xie (1997) hy-
pothesize that wesiwaid propagaling waves emanals from the wesletn Pacific Ocean

when the Kelvin-Rossby wave packel disinlegrales afier it stalls near the dateline
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whete the 55T decteases, subsequenily reducing moist static eneigy and thos con-
veclion ovet the sastetn squatotial Pacific. I is also possible that the anomaloos
easletly zonal vertical wind shear associaled with the IS0 (Madden and Tulian
1971, Knuison eral. 1986) acis todestabilize the atmosphere in the western Pacific
tegion, exciling unslable waves such as those described by Xie and Wang (1996,
This chapler is sttuctured as follows.  Section 5.2 is devoled 1o a
wavenumbet-fraquency analysis of OLR in the Asian monsoon vegion, similar 1o
that done in Section 3.2.2 bl now incloding highet fraquency vatiability. A cross-
cottelation and linsar vegression analysis is used in S=ction 5.3 1o identify the time
evoluntion of the ciiculatlions asscociated with the two dominant timescales, Wavelet
analysis is used 1o develop 2 measute of the int=nsity of high-trsquency wave ac-
fivily in Section 3.4, Sobsequenily, a composile analvsis is emploved 1o imvestigats
the relationship between the IS0 and westward propagating wave aclivily. Section
5.5 desctibes a canonical intiassasonal vatiability sequence that is developed in the

previous seclions.

5.1 Wavemmmber-Frequency Spectra

521 DMethod "F‘r’m’cnumbcr—ﬁrqu:nv:}' specital analysis is intio-

speciium is calculaied from individual wavenumbe-fiequency vatiance speciia gen-
staled from 22 122-day segmenis (June—Seplembei) for the yeais 1975-1997 and
including sach of the 5 gridded latitndes betwesn 107N and 20°M. The longitndinal
domain includes the entite easiern hemisphete (O°-180°E). For each 122-day seg-
ment, the mean, the fitsl thies haimonics of the annual cycle and the linear tvend
are temoved priot 1o space-ime specita calculations. In addition, each segment is

fapered fo zero with a 10% cosine taper in both lime and space 1o teduce spectral






