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ABSTRACT

Double monsoon onset develops when the strong convection in the Bay of Bengal is accompanied by the
monsoonlike circulation and appears in the Indian Ocean in early May, which is about 3 weeks earlier than the
climatological date of the onset (1 Jun). The initial ‘‘bogus onset” is followed by the flow weakening or reversal
and clear-sky and dry conditions over the monsoon region. The best example of such a phenomenon is the
development of the summer monsoon in 1995, when monsoonlike perturbations that appeared in mid-May
disappeared by the end of the month and were followed by a heat wave in India, delaying onset of the monsoon.
The climatology of double onsetsis analyzed, and it is shown that they are associated with delay of the monsoon
rainfall over India This analysis indicates that the development of bogus onsets depends on the timing of
intraseasonal oscillation in the Indian Ocean and the propagation of convective episodes into the western Pacific.
There is evidence that an SST evolution in the Bay of Bengal and the western Pacific plays an important role
in this phenomenon. It is shown that in the case of the double monsoon onset it is possible to predict hot and
dry conditions in India before the real monsoon onset. In the 32 yr of climatological data, six cases of double
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monsoon onset were identified.

1. Introduction

This paper discusses double monsoon onsets that are
related to extremely harsh conditionsin India: dry and
hot weather (Halpert et al. 1996) just before the real
monsoon begins. There is fairly little known about
multiple onset climatology, synoptics, or the relation-
ship with the real onset and the mean monsoon cir-
culation. The term **double” or ““multiple’” onset was
apparently first used by Fieux and Stommel (1977).
They studied different types of onset of the southwest
monsoon over the Arabian Sea using ship reports of
surface winds along two densely occupied shipping
lines. They divided the monsoon onset into three cat-
egories: single, gradual, and multiple (double). The
multiple onset was defined as the monsoon beginning
with an increase of southwesterlies followed by the
wind reversal. For the period between 1950 and 1970
they identified four such cases.

Thegoal of this paper isto present aconceptual model
of the dynamics, climatology, and predictability of dou-
ble monsoon onsets. To this end we concentrate on two
topics: (a) detailed case study of the spectacular 1995
double monsoon onset and (b) double monsoon onset
climatology and dynamics. We are not concerned with
differences between the gradual and the single onset.
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To develop physical understanding of driving mech-
anisms we discuss the 1995 double monsoon onset and
its relationship with the intraseasonal variability in the
Indian Ocean. Similar cases are identified in the at-
mospheric reanalysis data and are compared with the
perturbations preceding the 1995 monsoon. The mon-
soon of 1979, which was widely studied using the First
Global Atmospheric Research Program (GARP) Global
Experiment data, is an example of the multiple onset
case (Schott and Fernandez-Partagas 1981), athough
this aspect of its development was never emphasized.
Pearce and Mohanty (1984) noted that the 1979 summer
monsoon started later in the season and that its devel-
opment was more rapid than in the case of onsets in
1980, 1981, and 1982. Webster (1986) associated the
delay of the 1979 monsoon onset with the phase of the
intraseasonal oscillation [called also the Madden—Julian
oscillation (MJO)], noticing that prior to 20 June, the
oscillation contributed the easterlies to the low-level
flow, thereby inhibiting the development of monsoon
southwesterlies. The role of intraseasonal oscillation in
the 1979 monsoon was pointed out by Chen et al. (1988)
also, who studied the influence of 30-50-day oscillation
on the monsoon life cycle. They observed that the pre-
monsoonal intraseasonal mode in early May 1979 (re-
lated to the bogus onset) was almost identical to that in
early June, which initialized the real onset. However,
the early May perturbation did not cause the onset be-
cause the annual -scal e divergent circulation was not suf-
ficiently developed at this time.
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The early development of the monsoon in 1995 was
similar in many ways to the 1979 onset. It is worth
noting that the reversal of monsoonlike circulation was
associated with exceptionally hot weather in India (So-
man and Slingo 1997; De et al. 1996; Halpert et al.
1996). Temperatures exceeded 38°C in central and
northern India and reached 43°C in some areas in the
north and northeast. The highest maximum temperature
of 49°C was recorded at Anupgarh, India, on 16 May
and at Dholpur, India, on 31 May. The heat wave caused
widespread water and electricity shortages. Monsoon
conditions started to develop again in early June in the
southeastern part of the Bay of Bengal. Similar to the
1979 case, the monsoon arrived at the southern tip of
India (the Kerala coast) on 8 June, about a week later
than usual. The delay of the monsoon related to the
bogus onset in early May, and fairly dry conditions
preceding the real onset, were also observed two years
later, in 1997.

To develop the conceptual model we examine the
climatology of bogus onsets using the 33 yr of re-
analysis data produced by the National Centersfor En-
vironmental Prediction—National Center for Atmo-
spheric Research (NCEP-NCAR). We use the Climate
Data Center’s daily interpolated outgoing longwave ra-
diation (OLR) data to study the development in the
equatorial Indian Ocean, Arabian Sea, and the Bay of
Bengal. We use Reynolds's (Reynolds and Smith 1994)
and Jet Propulsion Laboratory’s sea surface tempera-
ture (SST) from Advanced Very High Resolution Ra-
diometer (AVHRR) to look at the role of the SST in
supporting the convection during the bogus onset
phase. The local effects of development of the bogus
monsoon circulation are assessed from the Arabian Sea
moorings (Rudnick et al. 1997; Weller et al. 1995,
1998). This mooring array yielded the first long time
series of atmospheric and oceanic variables during the
summer and winter monsoon. The results from the
moorings' observations (Rudnick et al. 1997; Weller
et al. 1998) show the change of wind direction and
specific humidity maximum indicative of development
of monsoonlike circulation in early May and subse-
quent wind reversal in late May through early June.
Drifting buoy observations are used to examine the
response of SST to the wind and surface flux changes
in the equatorial Pacific and the Bay of Bengal, be-
tween May and June of 1995.

2. 1995—The most beautiful double monsoon
onset

a. Development of circulation

Thefirst or **bogus” onset of the 1995 monsoon was
initiated by the northward motion of equatorial con-
vection related to intraseasonal oscillation (1SO) that
developed in the Indian Ocean around 1 May. Figure 1
shows the time—longitude diagram of the OLR for the
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equatorial (5°S-5°N) and north (10°-15°N) Indian
Ocean that is related to the passage of this 1SO episode.
The convection originated in the equatorial area near
50°E and propagated eastward. After triggering a north-
ward moving mode in the Bay of Bengal, the equatorial
convection propagated farther east, into the western Pa-
cific. Off the equator, the slow eastward propagation
could be observed between 6 and 21 May followed by
the westward motion of convective cells originating in
the western Pacific, starting at the end of May.

As shown in Fig. 2a, in early May the convection
extended throughout most of the equatorial Indian
Ocean. Surface westerlies straddled the equator from
60° to 90°E. In the Arabian Sea and the Bay of Bengal
the low-level winds were weak and predominantly from
the northeast, while the prevailing upper-level winds
were from the west. By 6 May (Fig. 2b) the equatorial
system broke into twin cyclonic circulations that started
to propagate poleward. In the Northern Hemisphere the
convection moved into the western part of the Bay of
Bengal and formed a deep depression on 6 May, which
caused heavy flooding in the coastal areas (De et al.
1996). This propagation pattern resembled the N(S)E
mode of 1SO described by Wang and Rui (1990), which
can take placein late or early boreal summer. The break-
up of equatorial convection into twin systems is char-
acteristic of heat sources on the equator (Gill 1980) and
can occur in the Indian, as well as the Pacific, Ocean,
especially during the transition periods in spring and
autumn.

Another mechanism that can influence the generation
of twin perturbations in this area involves the lee waves
formation west of Sumatra (Mukherjee and Padmanab-
ham 1978). Since the island extends across the equator,
the easterly flow over the Sumatra mountains can create
cyclonic vortices on both sides of the equator. In early
May of 1995, the 500-mb easterlies in the equatorial
western Pacific were fairly strong; therefore, this process
could contribute to intensification of convection in the
Bay of Bengal in mid-May. The convective systemsprop-
agated along the western shore of the Bay of Bengal in
a clockwise direction, and two more deep depressions
were formed on 8 and 14 May (De et al. 1996).

The convection initiated the development of thefairly
strong southwesterly flow over the Bay of Bengal and
westerly winds over the Arabian Sea (Fig. 2¢). The pres-
sure over India decreased, reaching 996 mb, while at
200 mb the subtropical westerly jet moved northward,
and the easterly flow started to develop over India. Over
the equatorial area the convection was strongly sup-
pressed by the subsidence related to the local Hadley
cell with the upward branch in the Bay of Bengal. The
Walker cell, triggered by the upward motion in 1SO, by
17 May moved into the western Pacific and also con-
tributed to the subsidence in the equatorial Indian
Ocean.

These conditionsindicated the beginning of the south-
westerly monsoon and persisted for about aweek. How-
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Fic. 1. OLR during the 1995 monsoon.
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ever, by the end of May, convection over the Bay of
Bengal dissipated (see Fig. 2d). Low-level southwest-
erly flow disappeared, upper-level westerlies returned
over India, and the pressure low filled up. The convec-
tion in the western Pacific moved poleward and from
26 May started to propagate westward along 10°—15°N
(cf. Fig. 1b), reaching the Indian Ocean in early June.
This counterclockwise propagation of convection re-
sembled the behavior of intraseasonal oscillations dur-
ing the summer monsoon described by Wang and Xie
(1997). Using the simple numerical model, they showed
that during the monsoon season (July—September), the
MJO move northward in the western Pacific and around
160°E trigger the Rossby wave that propagates back into
the Indian Ocean along 20°N. The Rossby wave am-
plifies in the region of the south Asian monsoon and
reinitiates the disturbance in the equatorial Indian
Ocean. The Rosshy wave is destabilized by presence of
large moisture and an easterly vertical shear of the zonal
wind. The life cycle of such perturbations is about 1
month. In 1995 because the oscillation related to the
bogus onset developed earlier than those analyzed by
Wang and Xie (1997), it propagated closer to the equa-
tor, where the easterly shear was already developed. At
the time, the convection was concentrated in the western
North Pacific, and the north Indian Ocean remained
clear but asmall convective system started to redevelop
over the equatorial Indian Ocean. This reversal of an
earlier monsoonal circulation created the drought con-
ditionsin Indiain the period just preceding the monsoon
(Halpert et al. 1996).

The monsoon flow returned in early June (Fig. 2e),
with the official arrival of the monsoon on the Kerala
coast on 9 June, about a week later than the average.
Initially, the convection was concentrated in the Bay of
Bengal, with the eastern Arabian Sea area remaining
relatively clear. The convection began to develop in the
Arabian Sea after the Rossby wave propagating from
the western Pacific reached this region, around 16 June
(cf. Fig. 1b). Similar to the case described by Wang and
Xie (1997), the whole cycle from the development of
equatorial convection in the Indian Ocean to the time
when westward-propagating systems reached the Bay
of Bengal took one month.

The effects of the double monsoon onset could be
directly observed in the results of the moored buoys
(Weller et al. 1998) in the Arabian Sea (12°N, 50°E)
and Lagrangian drifters in the Bay of Bengal. Figure 3
shows the evolution of the observed SST, pressure, u
and v components of the surface wind, and surface spe-
cific humidity observed by the Arabian Sea Experiment
moorings. To emphasize the intraseasonal variability of
these parameters, we filtered out the perturbations with
timescales longer than 90 days and shorter than 5 days.
The increase of the wind speed in early May, with a
maximum on 15 May, is evident in the Arabian Sea
data. The changesin circulation are accompanied by the
decrease of the surface pressure (not shown). After wind
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reversal in late May, the zonal and meridional velocities
decrease from 8 and 4 m s, respectively, to —1 and
—25mst

The changes in circulation influence the moisture flux
in the Arabian Sea. The surface moisture increases dur-
ing the bogus onset, reaching amaximum of 21.3 g kg~
on 15 May. However, the reversal of the wind speed
disturbs the moisture buildup, and the specific humidity
dropsby amost 5gkg-*inlate May. The NCEP-NCAR
reanalysis indicates that this drying effect extendsto the
whole troposphere and is quite significant. As shown in
Fig. 4, May and early June precipitable water was small-
er than average by about 5-8 cm, with the largest anom-
aly occurring in early June. Since the moisture from the
evaporation in the Arabian Sea provides the water
source for the Indian rainfall (Pearce and Mohanty
1984), disturbing this ““water loading” process affects
the average monsoon precipitation.

b. Modification of SST

In the previous section we have shown that the bogus
monsoon onset in 1995 was triggered by a passing in-
traseasonal oscillation episode. Another factor contrib-
uting to the intensification of convection in the Bay of
Bengal was unusually high SST in the Bay of Bengal
and equatorial Indian Ocean. Figure 5 shows the SST
anomaly in the Indian Ocean in April and May of 1995.
In April, the positive SST anomaly extended throughout
the tropical Indian Ocean, both north and south of the
equator, providing the surface energy for development
of the twin perturbations. In addition, the positive anom-
alies were present in the western Pacific warm pool up
to the date line and in the South Pacific convergence
zone (SPCZ). Weekly SST fields from the AVHRR (not
shown here) indicate that, in comparison with previous
years, the 1995 Bay of Bengal SSTs were especially
large in late April—that is, directly preceding the de-
velopment of the bogus monsoon.

The high SSTs at the beginning of May were also
seen in the Lagrangian drifters data. In April-June 1995
there were four Lagrangian drifting buoys present in the
Bay of Bengal—two close to 10°N and 85°E and two
farther north, near the east coast of Burma. All the drift-
ers show the maximum SST between the end of April
and beginning of May, with the largest temperatures
reaching 32°C in the eastern part of the Bay of Bengal
(Fig. 6). Following intensification of convection, in the
second half of May, there is a rapid decrease of SST,
with the largest SST drop of almost 2.5°C in the eastern
Bay of Bengal where the strong cyclonic circulation
developed.

As a consequence of alarge cooling related to de-
velopment of the bogus monsoon onset, the positive
SST anomaly in the Bay of Bengal became negative
in May (Fig. 5b). The SST modification by the bogus
monsoon is less evident in the Arabian Sea moorings,
although Fig. 3 indicates a break in the warming. The
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weaker cooling in the Arabian Sea can be explained
by the fact that in the absence of convection in this
area, SST modification was related mainly to the
evaporation and mixing caused by the wind stress. In

the Bay of Bengal both large wind stress and radiative
fluxes, related to the deep convective systems, con-
tributed to the cooling.

Another feature of the SST anomaly field that could
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FiG. 2. (Continued)

influence the development of the monsoon onset in uteto intensification of convection over the equatorial
1995 isthe presence of thewarm anomaly intheequa-  Pacific and strengthening of vertical motion in the
torial western Pacific and SPCZ (Fig. 2a). These high downward branch of the Walker circulation over the
SSTsin the western Pacific warm pool could contrib-  Indian Ocean.
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3. Climatology of double onsets
a. Definitions of multiple onsets

As we have shown, the development of a bogus onset
can influence the weather in the premonsoonal period
and possibly delay the real onset. Therefore, a full un-
derstanding of this phenomenon is important for pre-

Arabian Sea Experiment mooring
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Fic. 3. SST, wind velocity, and specific humidity measured by
Arabian Sea Experiment mooring (Weller et al. 1995). The pertur-
bations with a timescale longer than 90 days and shorter than 5 days
areremoved. The wind values are multiplied by 0.2, specific humidity
by 0.5. Thick solid line—SST; thick dashed—specific humidity; thin
solid—u; thin dashed—uv.

dictability of the Asian monsoon. We examinelong-term
variability of the multiple onsets using 33 yr of NCEP—
NCAR data to determine how often multiple onsets de-
velop, what common featuresthey share, and how strong
the 1995 case was in comparison with other cases.
Fieux and Stommel (1977), who apparently first in-
troduced the term *‘multiple onset,” classified monsoon
onset on the basis of the surface winds from the shipping
lines in the Arabian Sea. They defined three categories
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50
45
40 -

35

Bogus Onset

30 4

25 4

15 T — T T T T
May Jun. Jul. Aug. Sep. Oct

FiG. 4. Precipitable water over the Arabian Sea during the 1995
monsoon.
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Fic. 5. SST monthly anomaly in the Indian Ocean.
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Fic. 6. SST measured by the Lagrangian drifter located in the
eastern part of the Bay of Bengal.

of onset: single—with the winds reaching the full
strength in less than a week; gradual—with early start
and gradual increase; and multiple—with early start,
followed by a lull in the monsoon and delayed re-
sumption of the full-strength winds. Using these criteria,
they found four cases of multiple onset between 1933
and 1968 with the first, ‘*bogus™” onset developing usu-
ally in May and the second in early June. According to
their classification, the multiple onsets developed in
1946, 1958, 1967, and 1968.

We define multiple monsoon onset using three dif-
ferent criteria: (a) kinetic energy of the surface winds
averaged over 5°-20°N and 40°-110°E; (b) dynamic
monsoon index (DMI) defined as the shear between 850-
and 200-mb zonal winds, averaged over 5°—20°N and
40°-110°E; and (c) Monsoon Circulation Index (MH)
based on the strength of the local Hadley cell and de-
fined as the shear between 850- and 200-mb meridional
winds, averaged over 10°-30°N and 70°-110°E.

The kinetic energy criterion is the closest to that used
by Fieux and Stommel (1977) since surface winds are
used to determine the beginning of the monsoon. How-
ever, to avoid the influence of local disturbances we use
the value averaged over the large area and smooth the
data using a 5-day running mean. The DMI proposed
by Webster and Yang (1992) indicates the amount of
diabatic heating over south Asia, measured by the first
baroclinic mode response to heating. The broad-scale
circulation index MH, introduced by Goswami et al.
(1999), measures the strength of the local Hadley cir-
culation created by off-the-equator monsoon heating. Of
the two indices, the one proposed by Goswami corre-
lates better with the precipitation over India (Goswami
et al. 1999) than does DMI. It is related to the fact that
the zonal winds (Walker circulation) involved in cal-
culating the DMI may be influenced by equatorial heat
sources, which are not directly related to the monsoon.
Recently, Lau et al. (2000) have shown that MH is a
good representation of the south Asian monsoon and
correlates the best with precipitation that includes not
only India, but also the Bay of Bengal. Since the de-
velopment of bogus monsoon onset is related to con-
vection in the Bay of Bengal, the MH index is probably
the most appropriate of the three indices shown below
to illustrate the double onset phenomenon. Using these
three criteria, we examine circulation, looking for the

JOURNAL OF CLIMATE

VoLuME 14

TaBLE 1. The years with multiple monsoon onset arranged ac-
cording to surface wind energy, shear of the zonal wind, and shear
of the meridional wind.

Energy DMI (Usso - Uzoo) MH (Vsso - Vzoo)
1995 1995 1995

1979 1979 1967

1986 1967 1972

1997 1986 1979

1967 1997 1997

1972 1972

1968

increase in each index in early May, suggesting the de-
velopment of the monsoon, followed by substantial de-
crease at the end of May and beginning of June. Table
1 shows the years with multiple monsoon onsets as de-
fined by the three indices. We order the cases from the
strongest to the weakest, as measured by a difference
between value of the index at maximum related to the
first onset and minimum preceding the second onset. All
values are smoothed using the 5-day filter to eliminate
short-scale variability.

No matter which criterion is used, the 1995 monsoon
stands out as the one in which initial bogus onset was
the strongest and reversal the most pronounced (Figs.
Ta—=<).

Figure 8 shows the case of the “‘next best multiple
onset” for each category (1979 for kinetic energy and
DMI and 1967 for the MH index). For all the cases, the
changes in circulation are less dramatic than in 1995.
In addition, the bogus onset apparent in one index may
not be as well defined in another. There are also some
cases (such as 1989 or 1973) in which the weakening
of the circulation at the end of May appears only in one
index, for a few days only. We decided not to include
such cases in the multiple onset category. The fact that
different indices indicating onset do not necessarily
agree is consistent with observations that the mean
strength of the monsoon inferred from them is not al-
ways the same (Goswami et al. 1999). Therefore, it
seems that the meridional and zonal cell of the monsoon
do not always develop at the same rate. Of the three
definitions we used, the one based on the strength of
the local Hadley circulation is the most robust, since
the multiple onsets defined by the MH appear in all
three categories. M ultiple-onset casesidentified between
1965 and 1998 include 1967, 1972, 1979, 1995, and
1997. In addition, bogus onset appears in 1986 accord-
ing to DMI and energy criteria.

b. Relationship between multiple onset and
interannual variability of the monsoon

As noted in the previous section, the SST cooling
related to the first perturbation and changes in the mois-
ture content may influence the strength of the average
system. Therefore, we try to find common character-
istics of the multiple monsoon onset cases in an effort
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Fic. 7. The indices used to define double onset for the 1995 case: (a) the energy of the surface wind, (b) vertical shear of horizontal
wind, and (c) vertical shear of meridional wind.

to predict the probability of such a development. We
would like to determine if the multiple onsets arein any
way related to the general strength of the monsoon or
the amplitude of intraseasonal variability in the area.
The strength of the mean monsoon is usually defined
using mean June—September values of horizontal shear
(Webster and Yang 1992), meridional shear, or al-India
precipitation (Goswami et al. 1999). Since the index
based on the meridional shear seems to correlate best
with the Indian precipitation (Goswami et al. 1999), we
use MH to define the average strength of the monsoon.
Figure 9 shows that even though the 1995 monsoon
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was about average, other multiple onset cases seem to
be related to rather weak mean monsoon circulation.
This may be caused by the fact that initial perturbation
contributed to the weakening of the mean monsoon or
may be caused by factors influencing both the type of
the onset and the average strength of the monsoon. For
example some SST patterns may favor both weak mean
monsoon and early, bogus onset. During the strong mon-
soon years, such as 1971, 1980, or 1988, the pertur-
bations that developed in May were usually weak, and
no monsoon reversal in the second half of the month
was observed. There seemsto be no correlation between
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FiG. 8. The same as in Fig. 7 but for the next (after 1995) most pronounced case of double onset: (a) energy of the surface wind for
1979, (b) vertical shear of horizontal wind for 1979, and (c) vertical shear of meridional wind for 1967.
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Fic. 9. The averaged strength of the monsoon between 1965 and
1997 measured by circulation index (MH). Gray shading indicates
the years with double onset.

the occurrence of multiple onset and the Southern Os-
cillation index, Nifio-1+2, Nifio-3, or Nifio-4 temper-
ature anomalies, even though ENSO cycle influences
the mean strength of the monsoon (Joseph et al. 1994).

Our analysis of bogus onsets in 1995 indicates that
the early May perturbation is triggered by a northward-
propagating branch of the MJO. Therefore, we look for
the relationship between the strength of intraseasonal
modes and the type of monsoon onset. We examine the
amplitude of 1SO in the monsoon area using meridional
shear index (MH). To obtain a quantitative measure of
this variahility, we first remove all perturbations with
periods larger than 5 days and calculate the deviation
of shear or the zonal wind from the seasonal (90 days)
average. The results are normalized by subtracting the
mean and dividing the results by the standard deviation.
As shown in Fig. 10, the multiple onset cases appear
for the years with the above-average amplitudes of in-
traseasonal modes. However, there seemsto be no direct
relationship between the strength of intraseasonal modes
and bogus monsoon onset. For example, in 1995 the
multiple onset was the most pronounced, but the am-
plitude of intraseasonal variability was fairly small. In
1986, which was the weakest case of the double onset,
intraseasonal variability was much larger than average.
Therefore, it seems that the initial perturbation trigger-
ing the bogus onset was related to the timing of the 1ISO
rather than the amplitude of variability in this region,
which makes the development of the bogus onset very
hard to predict.

¢. Common features of multiple onset cases

Even though the multiple monsoon onsets did not
exhibit any consistent interannual pattern, we could
identify features among convective patterns and SST
fields that developed for all the cases of the bogus onset
between 1981 and 1998—that is, for the yearsfor which
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Fic. 10. The averaged-strength 5-90-day perturbations measured
by circulation index (MH). Gray shading indicates the years with
double onset.

OLR and weekly SST analyses were available. In ad-
dition, common intraseasonal-scale circulation features
appeared in al the multiple onset cases identified in
NCEP reanalysis from 1966 to 1998.

The OLR data indicate that for all these cases, the
initial convective perturbation lead to the development
of the twin convective systems straddling the equator
near 80°—90°E (Fig. 11). As the systems moved pole-
ward and intensified, the circulation in the Northern
Hemisphere became monsoonlike. However, circulation
reversed or markedly weakened after convection dis-
sipated, and the “‘real”” monsoon onset was usually de-
layed. The development of the twin convective systems
in the initial stage of the monsoon is consistent with
Webster (1998) observations indicating the presence of
the convective ““‘arc’—that is, convection extending
from the equator into the Northern and Southern Hemi-
spheres, directly preceding the onset of the monsoon.
In the cases of single or gradual onsets, the OLR in the
middle of May shows weaker and scattered convection.
Sincetwin cyclonic circulations observed in 1979, 1986,
1995, and 1997 cases were initiated by equatorial con-
vection that developed in early May, we examined 34
yr of NCEP surface winds for the presence of ** westerly
bursts’ in the equatorial Indian Ocean, which are usu-
ally triggered by the equatorial heat source. In al of the
cases of multiple onsetsthe episodes of strong westerlies
devel oped between 1 and 15 May. In addition, the anal-
ysis of relative vorticity on both sides of the equator
suggested the development of twin tropical depressions
in early May, similar to that observed in 1979, 1986,
1995, and 1997.

However, there were cases, such as 1977, 1978, and
1996, in which the equatorial westerlies and twin cy-
clonic circulations were present without causing the
multiple monsoon onset. In these cases the southwest-
erly monsoon developed gradually without significant
breaks. The largest difference between these cases and
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Fic. 11. OLR in the middle of May for the four cases of multiple monsoon onset. OLR contours below 200 W m~2, indicating
convection, are dark.

the multiple onsets is in the circulation in the western
Pacific. Figure 12 shows the equatorial (5°S-5°N) zonal
winds averaged over the Indian Ocean (60°-100°E) and
western Pacific (140°-170°E) for the year with multiple
onset (1995) and single onset (1977). In 1995 and other
years in which the bogus onset developed, the strong
westerlies associated with twin convective perturbations
appear in the Indian Ocean in early May. About two
weeks later, the westerlies move to the western Pacific,
suggesting development of a strong convection in the
western Pacific warm pool. In 1978, when the monsoon
developed gradually, the strong westerlieswere apparent
in early May on the equator in the Indian Ocean and
were accompanied by an increase in cyclonic vorticity
in both hemispheres. However, winds in the western

Pacific remained easterly, suggesting the absence of
strong equatorial convection.

Another common feature of multiple onset cases is
the presence of high SSTs in the Bay of Bengal at the
end of April-beginning of May, followed by a large
SST drop in May, caused by the development of the
bogus onset. Figure 13 shows the SSTs averaged over
the Bay of Bengal at the beginning of May and June,
obtained from the weekly Reynolds SST analysis. For
most of the years, the SST in early June, right before
the monsoon onset, is slightly higher than or equal to
SST at the beginning of May. However, in the years
with multiple onsets—that is, in 1986, 1995, and 1997,
the temperatures at the beginning of May wererelatively
high, higher than the average SST of 29.6°C at thistime
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Single Onset Case
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Fic. 12. Equatorial (5°N-5°S) winds in the Indian Ocean averaged
over 60°-100°E (solid line) and in the western Pacific averaged over
140°-170°E (dashed): (a) the 1995 case of double onset; (b) the 1977
case of the single onset but with equatorial convection present in the
Indian Ocean at the beginning of May.

of the year. At the beginning of June the temperature
was significantly lower than the average (29.8°C), show-
ing that the years with multiple onsets had the greatest
cooling in the Bay of Bengal in May. Thereisno cooling
related to the bogus monsoon evident in the Arabian
Sea, in which SST for all years from 1982 to 1998
increases between May and June.

4. Summary and discussion
a. Conceptual model

The paper examines the origins, development, and
climatology of the double monsoon onset. The analysis
of 1965-97 NCEP-NCAR data indicates that 1995 was
the most pronounced case of such an onset, with astrong
convective perturbation in early May that propagated
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Fic. 13. The SST averaged over the Bay of Bengal (14°-22°N and
85°-100°E) at the beginning of May (thick solid line) and at the
beginning of Jun (thick, dashed) from weekly Reynolds SST data.
Thin solid and dashed lines denote SST at the beginning of May and
Jun averaged from 1980 to 1997. During the double onset cases
indicated here by ““d"" (1986, 1995, 1997) SST before the bogus onset
was higher than SST before a real onset; i.e., bogus onset cooled the
Bay of Bengal.

north farther than in other double onset years and caused
the most pronounced monsoonlike circulation followed
by a flow reversal in late May. Two factors were im-
portant for this development: the presence and timing
of an eastward-propagating 1SO episode and a positive
SST anomaly in the Bay of Bengal and western Pacific.
As noticed by Webster (1986), once the insolation over
continental region is sufficiently intense (in mid May),
the phase of 1SO determines the date of the onset. Later
in the season, in the second part of June, the large-scale
gradient is strong enough to support monsoon regardless
of the phase of 40-50-day oscillation. Therefore, in the
time window between mid-May and mid-June the onset
timing depends on the phase of 1SO. In early May of
1995, 1SO triggered convection in the Bay of Bengal
resembling the monsoon circulation. However, after 1ISO
moved into the western Pacific the convection over the
equatorial Indian Ocean became suppressed while the
large-scale heating gradient was not strong enough to
sustain monsoon circulation with the unfavorable phase
of the 40-50-day wave. Thus, the real monsoon onset
was delayed. The second important factor, the positive
SST anomaly in the Bay of Bengal and the equatorial
western Pacific, provided the surface energy for con-
vective activity in early May. The analysis of other cases
of multiple onsets in the 196698 records indicates that
the presence of MJO that isinitiated in the Indian Ocean
and propagates into the western Pacific is responsible
for development of the multiple onsets. The high SSTs
at the beginning of May are also a common feature for
these cases.

Figure 14 shows the conceptual model of the multiple
onset development based on 1995 and other cases of
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Before bogus

MJO movement

FiG. 14. The conceptual model of multiple monsoon onset development: (a) In early May MJO develops in
the equatorial Indian Ocean. Warm SST anomalies are present in the Bay of Bengal and the western Pacific.
(b) In mid May the equatorial convections splits, with one branch propagating into the western Pacific and
another branch moving into the Bay of Bengal and initializing the bogus monsoon onset. The descending branch
of the Walker cell, related to the convection in Western Pacific, and the Hadley cell, related to bogus onset,
suppress equatorial convection. (c) In late May and early Jun the Bay of Bengal convection dies. SSTs are low
because of the effect of bogus monsoon, but hot and dry conditions dominate over the land. (d) The real onset
begins but is delayed because of the previously established conditions.
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bogus onset identified in our data. At the beginning of
May (Fig. 14a), the equatorial convection developed
around 60°E and began propagating eastward. The high
SSTs were present in the Bay of Bengal (reaching in
some places 32°C), the equatorial Indian Ocean, and the
western Pacific. The equatorial convection split into two
poleward-moving twin systems, and the one in the
Northern Hemisphere intensified as it encountered the
warm SSTs in the Bay of Bengal (Fig. 14b). The mon-
soonlike circulation (the bogus onset) developed over
the north Indian Ocean, with low-level westerlies, up-
per-level easterlies, and alocal Hadley circulation driv-
en by latent heat release in the Bay of Bengal. There
was no convection over the Arabian Sea, but the strong
winds related to the bogus onset increased the evapo-
rative fluxes and the moisture started to build up. The
downward branch of this local meridional cell sup-
pressed the convection in the equatorial region. At the
same time the I SO continued to move eastward into the
western Pacific, creating the downward motion of Walk-
er circulation in the equatorial Indian Ocean. The con-
vective activity over the Bay of Bengal caused the sharp
decrease of SST. In the second part of May (Fig. 14c),
the convection over the Bay of Bengal died and the
westerlies over the north Indian Ocean and Arabian Sea
weakened or even reversed. That stopped the moisture
buildup over the Arabian Sea. The convection in the
western Pacific moved off the equator and started to
propagate westward along 10°-15°N. As shown by
Wang and Xie (1997) the westward propagation of con-
vection is related to Rossby waves destabilized by the
positive vertical shear of zonal velocity. The weak con-
vective systems started to develop again in the equa-
torial area. By 9 June the equatorial convection moved
north. At the same time the westward-moving Rossby
wave in the North Pacific reached the South China Sea
and the Bay of Bengal, triggering a monsoon onset (Fig.
14d). This westward movement of convection off the
equator could be observed in 1995 but not in other
double onset years, when the convective disturbances
in the western Pacific were limited to the equatorial
region.

The development of the convective center over the
Arabian Sea was delayed in 1995—probably due to de-
creased moisture buildup in May. The convection in this
area developed on about 16 June, which coincides with
the time at which Rossby waves reached the Arabian
Sea.

b. Influence on monsoon devel opment

The analysis of the climatology of multiple onset cas-
es indicates that they are precursors of the weak or, at
most, average monsoons. However, this relationship is
rather weak, and the much more important consequence
of the early May bogus onset is the delay of the real
onset of the monsoon. The comparison of the multiple
onset years with dates of onset (Joseph et al. 1994)
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Fic. 15. The anomaly of surface air temperature (at 2 m) from
NCEP-NCAR reanalysis for parts of Indian subcontinent (5°-25°N
and 70°-85°E, land only), following the bogus monsoon onset. Solid
line—1996; long dashed—1979; short dashed—1972. The bogus on-
set is followed by hot and dry conditions over India during the break,
indicated here by ‘‘warm anomaly.” Three different years show sim-
ilar pattern.

May Jun. Aug.

showsthat thereal onset in those yearsislate. According
to Joseph et al. (1994) the most delayed onset years
included 1972 and 1979—that is, the years with bogus
onset. Also, in 1967 the onset was substantially delayed.
The 1986 onset was closest to climatology, but this was
also the year in which ‘‘bogus onset” characteristics
were less clearly visible than in other years.

In 1995 the delayed onset was associated with a heat
wave over Indiain early June (Halpert et al. 1996). To
estimate the effect of other bogus onsets on the weather
in India we calculated the rainfall and temperature
anomalies from NCEP reanalysis, over the Indian pen-
insula during May and June. Figure 15 shows that the
bogus onset in 1979 was associated with a temperature
anomaly at the beginning of June similar to that ob-
served in 1995. The anomaly in 1972 was smaller in
late May but increased by 16 May. In the second part
of June, the temperature in 1979 and 1972 was close to
the average; in 1995 it remained fairly high throughout
June. In the other three double onset years (not shown)
the temperature anomalies before the real onset were
positive but smaller, with maximum magnitude from
1.5° in 1986 to 0.9°C in 1967. The years with the three
largest rainfall anomalies are shown in Fig. 16. In all
three casesthere was apositive anomaly around 15 May,
related to the bogus monsoon onset, followed by the
negative anomaly associated with the delayed onset, in
the second half of May and beginning of June. The
largest positive anomaly in May developed in 1995 (not
shown), but the premonsoon period in this year was not
as dry as those depicted in Fig. 16. Overall, the double
onsets were associated with dry and hot weather pre-
ceding the start of the summer monsoon.
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Fic. 16. Same as Fig. 15 but for precipitation anomaly for years
1967, 1979, and 1972. Solid line—1972; long dashed—1967; short
dashed—1979.

Another feature observed in the bogus onset yearsis
the delay in development of convection in the Arabian
Sea. Usually, the convection in the Arabian Sea devel-
ops at the beginning of June, about the same time as
the Bay of Benga convection. The OLR analysis in-
dicates that in the years with multiple onset, especially
1996, 1997, and 1979, the convectionin thisarealagged
behind the Bay of Bengal convection by about two
weeks and started around 16 June.

Thelate arrival of the monsoon after the devel opment
of the strong perturbation in May may be related to the
following:

1) timing of 1S0O,

2) drying in the Arabian Sea during the reversal phase,
and

3) strong cooling of the Bay of Bengal SST during the
bogus monsoon.

The characteristics of the bogus onset described here,
such as the influence of intraseasonal oscillation, de-
velopment of the twin perturbations on the equator and
cooling of the Bay of Bengal, are similar to the features
related to the first transition of the Asian monsoon (or
development of the South China monsoon). In 1995 the
ISO episode, which triggered the strong convection in
the Bay of Bengal, caused the development of the South
China Sea (SCS) monsoon. The development of the
westerlies in the South China Sea, which signals the
beginning of the SCS monsoon (Lau et a. 1998), was
observed in 1995 around 11 May and was related with
the transition of the ISO-related convection from the
Indian Ocean to the western Pacific. We compared the
timing of the bogus onset with the dates of the mon-
soon’s first transition from Hsu et a. (1999), who ex-
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amined the onset of the SCS monsoon between 1979
and 1993. The dates of the first transition ranged from
10 May to 7 June. The years in which the bogus onset
was observed were characterized by the relatively early
date of the first transition. In addition, the dates of the
first transition coincided with the dates of the bogus
onset, suggesting an intraseasonal oscillation episode
that triggered the bogus onset contributed to the early
first monsoon transition. However, not every early first
transition case was associated with the bogus onset.
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