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Workshop on ENSO and monsoon
Treieste, Italy, '96.7.15-26

Role of Seasonal Cycle
in the ENSO/monsoon System

Tetsuzo Yasunari
Institute of Geoscience, University of Tsukuba,
Ibaraki, 305, Japan

1. Tropospheric Biennial Oscillation (TBO)
in the ENSO/monsoon system

2. Seasonality of TBO and the "monsoon year"

3. Possible mechanisms of TBO
3.1 Atmosphere-ocean interaction in the warm pool region

3.2 Land-atmosphere-ocean interaction
through winter and summer monsoon in Asia

4. What determines ENSO or non-ENSO events ?

Possible role of NAO and the chaos in the extra-torpics
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a Low RMNFALL\ ] Figure 42: Top: Monsoon rainfall over India ex- |

a A ressed’in percentage departure, with E! Nifo events
MONSOON . P : ‘

z PR PP N T S T U indicated by black shaded pillars (from Mooley and |

= R Shukla, 1985). Left: Composite of normalized Dar- w

< n win pressure anomaly (3-month ruining mean) for

o - heavy monsoon rainfall years (sohd), and deficient

w HI6H RAINFALL N monsoon rainfall years (dashed) (from Shukla and

3 \ Paolino, 1983).
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T. YASUNARI: Temporal and Spatial Variations of Monthly Rainfall in Java,

Indonesia
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Figure 8b. SchmdtmtlotMicdﬁoﬂheWalhrdmhuoninthehdﬂclﬂ-llu
interaction to reinforce (under noa-El Nifio conditions) the enst Asian branch of the Hadley cell. The

red erea denotes the bormally warm SST's in the
associated withhuuemncdvenln.nindhtedbyl:hecloud.'[‘heduhedlinejusteﬂdthd*
line depicts the eastward shift of the axis of the upward branch of the Walker cell during s ENSO

Monsoon 7 A’fmosp’a&f - Oeesn S sYhmy (MAOS)

the atmosphere is concentrated into 2 very namow latutudinal
band is shown in Figures 5 and 10 Figure [0 shows a
pre-satellite map of oceanic precipitation ¢Maikus. 1962)
constructed by extrapolating from land and island statOnSs.
with the results adjusted so that global water and heat cnergy
budgets are balanced. The lack of Precipitation meEaswrements
to substantially improve Figure 10. whech may have sigmificant
errors. has been a major obstacie (o the development of Earth
system science during the past quarter cenury. Figure 10
again brings home the latitudinal concaration of the precipr:
tation® heal release and shows tha. it is the major suppl
providing the source for the huge poleward export of heat
and potential cnergy. precipiaqon heating is also the major
term which acts toward balancing owgoing radiative hea
losses & ail latitudes.

In studying the heat budget of the Equatonal Trough Zoac
and investigating the mechaisms and interacting scales of
motion which mastain €. Riehl and Malkus (1958) found
the necessity (0 postulate their "hot tower” hypothesis. which
in e past three decades has gained many applications and
gradual acceptance in tropical meteorology. They recently re-
peated the same analyses with vasthy more extensive and
improved data sources and amved a essendially the same

‘ﬂlclnusmmwmmn&nsamof‘mswmvwinmverysunllliquidclwdm.MSw 10 s in diosseses. These droplets
mum grow by cosfescence of ofivor processcs (0 Imlowt)mm(o.lwO.SM)WMMeMMMMmH-ﬂ.Mme
reach the Earth or ocean surfncctolﬂlmumumoflmenlhelloﬂtu.ir.faiflmsrmlldroplunnhMu\dcvm.hmming
is reabsorbed Hence. the shorter expression “precipitation heating” 15 commonly used.

region of the “maritime continent,” whick wre

results (Riehl and Simpson. 1979). A result relevant o TRMM
is summarized in Table 4.

One of the most important findings concerning mechanisms
in the atmosphere’s Equatorial Trough Zone was that the ver
tical transports must be effected by large buoyant cumulonim-
thes coses or “hot sowers,” which have undergone little or no
ditamion from the mixing in. or entrainment, of the drier out-
side air. in conducting their budget study. Rich! and Simpson
(1979 loc. cit.) were able 10 estimate the vertical energy flux
from the undilwee hot towers. and ustag typical cloud measure-
mewts. were able to specify how maay lowers arc needed at
one time . This figure comes out to be about | 600-2 400 cloud
towers. The interacting scales involved and the extreme con
centration of the “firebox”™ (or heat release) is brought home
by the decadal hierarchy of numbers in Table 4. Clearly. since
there are so few cloud cylinders in the atmosphere firebox.
and ctoud growth is highly dependens on their foccing and
their environment, one might expect iacge circulation vari-
abilities related to variation in the high towers and their latent
heat release.

Only now, with the prospect of the TRMM satcllite . has it
become realistic 1o expect to begin documenting variabilities
in these intense convective cores. their top heights. together
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Fig. 3. The composite diagrams of (a) a BO-
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Suomeary

. Singnals of TBO sre proméssat in the Asian/Australrial
monsoon and equatosial Indian/Pacific region

2. Atmosphere-ocean interaction is likely to play an important role
in the TBO.

3. TBO in the tropics shows a somewhat different structuss from
ENSO in the longer time-scale.

4. TBO shows a significant seasonality, by performing the
"monsoon yehs” in the tropics. A distinctive different role is played
by the boreal spring and autumn in the interannual variability of the
monsoon and the A/O system (MAOS) in the tropics

* 5. Asian summer monsoon play an essential role in producing an
. anomalous state in the TE
essential role in changing the anomalous state.

6. NAO seems to play a role of modulater for ENSO/non-ENSO
state by changing the basic state for the Rossby-wave propagations.
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