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S. Godfrey, Y. Masumoto, P. Hacker, G. Meyers, D. Susanto, P.
Vinayachandran and P. Webster

1. Introduction

Understanding and predicting the interannual variations of the whole monsoon climate
system has been, and will continue to be, one of the major reasons for studying the
oceanography of the Indian Ocean; but there are other reasons. Knowledge about Indian
Ocean current systems may have diverse practical applications, from fisheries through
search and rescue to management of Exclusive Economic Zones. Our discussion mainly
concerns the open ocean and the climate applications, but the results are important for
most continental shelves of the Indian Ocean region on all but the shortest timescales.

We start by discussing what we know now of the Indian Ocean’s mean annual cycle,
painfully gleaned from sparse observations over the last four decades. This data base for
understanding the interannual variability of the Indian Ocean climate has not been
adequate until very recently; however, this data base is in the process of expanding
radically, due to the availability of four new tools. These are: satellite data (altimeter,
wind stress); surface flux products, from weather forecast reanalyses; output of fine-scale
numerical models, driven with those fluxes; and data from profiling floats. As we will see
in various talks, this is revolutionising our understanding of variability in the Indian
Ocean. CLIVAR’s Asian-Australian Monsoon Panel is starting to plan a programme of

further observations, to coincide with a useful conjunction of observation satellites in
2003. This will be aimed at filling the larger remaining gaps in our understanding of
Indian Ocean dynamics, (with emphasis on understanding its role in the monsoon cycle).

2. Mean Seasonal Climate and SST in the Indian Ocean

2.1 Sensitivity of climate to SST

The earth’s climate, and in particular the monsoons, are quite sensitive to small changes
in SST, especially in the tropics. Hence a prime concern of oceanographers dealing with
the monsoon is to understand what causes the SST patterns in the Indian Ocean to be as
they are observed to be, and what causes the observed interannual variability.
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It is useful to begin this talk by discussing one example of the way climate phenomena on
different timescales may interact. Figure 1 shows SST in (15°N-15°S, 60°E-180°E), a
region that covers the “Warm Pool” of global maximum SST. SST has warmed in this
region by about 0.5°C over the last 50 years, especially near 1976. Along with it, the
annual mean amplitude of Intraseasonal Oscillations seems to have increased markedly at

around the same time (Figure 1; Slingo et al., 1999). Changes in data availability may
contribute, but are thought not to be the major cause. ISO events (which bring a 30-60
day “monsoon and break” cycle to the monsoon region) are thought to be fundamentally
unpredictable, and also to have been responsible for the massive amplitude of the 1997 El
Nino event; so such ISO changes may be important for climate prediction. We also now
find from model experiments that ISO events are very sensitive to small changes in SST
(Waliser, 1999). We do not know if the SST rise causes the rise in ISO amplitude, though
it is plausible; this is mainly a problem for meteorologists. However, we also do not know
what has caused the SST change; and this is an oceanographer’s problem. Is it
Greenhouse-climate change, or natural variability? In either case, is it due to changes in
the surface heat fluxes, or to changes in ocean circulation? We need to explore such

questions observationally, because they may be crucial to testing the veracity of (for
example) models of climate change in the coming decades. Other examples are given
below, showing that climate involves air-sea interaction, with interplay across widely
differing timescales.
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Figure 1: Annual mean Sea Surface Temperature (SST) averaged from 15°S-15°N, 60°E-
180°E (blue). Annual average amplitude of Madden-Julian Oscillations (MJO). Adapted
from Slingo et al. 1999.

2.2 Mean seasonal circulation and SST patterns in the Indian Ocean:

Before one can even begin an exploration of how changes in ocean circulation might

cause SST changes such as those seen in Figure 1, it is necessary to understand the
massive mean seasonal cycle. A thorough review of the seasonal cycle of Indian Ocean
circulation has just been completed by Schott and McCreary (2000). They summarise
how conventional ocean dynamical mechanisms — particularly Kelvin and Rossby wave
propagation — can account for much of the observed, complex annual cycle of flow in
the Indian Ocean, when driven by the observed winds. . Godfrey et al. (2000) give an
alternative review that focuses on longer timescales and equatorial dynamics. The
seasonal cycle will only be sketched here; however, the essential point is that we now
have a reliable first-order understanding of the way in which the ocean circulation
responds to the seasonally-varying winds over the ocean, within the complex topography

of the Indian Ocean. Thus we are at last in a position to explore the oceanographic
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questions of practical importance, for climate applications: what causes interannual
variability of SST, on timescales from a month or less up to decades? This question is a
major focus of this talk. Much of what we know (or believe) regarding the effect of
circulation on SST has come from ocean model results, that are compatible with the
limited present observations; but much remains to be done to verify such ideas.

2.2.1 A schematic picture of annual mean circulation and SST in the Indian Ocean:

The seasonal cycle of currents in the Indian Ocean is a (large) perturbation of an annual
mean pattern; however, the latter is much simpler to understand, and the slow interannual
variations of this annual mean may play an important part in the Indian Ocean’s SST
changes. Therefore we start by discussing this annual mean pattern.
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Figure 2a: Annual mean SST (colours) and wind stress pattern (arrows), globally. Figure
2b: global Sverdrup streamfunction.

South Indian Ocean Trades and Westerlies are strong compared to other oceans, on
annual mean. This yields an unusually strong “curl” in this region (Figure 2a), which
drives Sverdrup flow northward in the interior (Figure 2b). This strong curl is the main
reason why the southward Agulhas Current off southern Africa is so strong compared to
other Southern Hemisphere oceans. There is negative curl in the Indian Ocean north of

the maximum of the Trades, which extends right into the northern hemisphere. This gives
northward Western Boundary Currents (the East African Coastal Current and the Somali
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Current) which upwell, giving rise to the colder SSTs. Note also the high SST’s around
15°S, compared to the other oceans. They are partly due to the “Indonesian
Throughflow”, which feeds a zonal jet of warm, fresh water from the Pacific, near this
latitude. Furthermore, water upwelled and warmed in the northern Indian Ocean
converges here. The Throughflow has strong interannual variability, mainly (but not

exclusively) due to ENSO.

This “Sverdrup” longterm mean circulation also helps us understand mean SST patterns.
On annual mean, (Figure 3), geostrophic flow enters the tropics from the South Indian
Ocean, and from Indonesia. Some of this flow passes to the East African coast, and falls
down a mean longshore pressure gradient towards Arabia. It upwells along this coast (and
in some other places, e.g. off east India and Sumatra) to feed annual mean Ekman
transports. After upwelling, the Ekman transport carries it south across the equator, and
some escapes via the South Equatorial Counter Current to join the Agulhas Current. Note
that the meridional Ekman transport across the equator is quite well-defined, despite the
fact that the Coriolis parameter is zero there; it is essentially identical to the Sverdrup

transport, i.e. it is confined to the top few tens of meters.
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Figure 3: Schematic annual mean pattern for directly wind-driven heat transport out of
the Indian Ocean: Colours show annual mean sea level. Geostrophic flows within the
thermocline are shown by blue arrows; Ekman transports by red arrows.

2.2.2 Summer and winter circulation and SST

Figures 2 and 3 only describe the annual mean; but these pictures are qualitatively useful

also in boreal summer, when SST and winds show a pattern very like an intensified
version of the annual mean (Figure 4a, b). In both, SST is low where coastal winds favour
offshore Ekman transports.  Comparison of Figures 4a, b shows that the “active” phase of
all the known upwelling sites — off east Africa and Arabia, off southern Sri Lanka, off
east India and off Sumatra — is a boreal summer phenomenon; note cooling in all three
regions relative to their surroundings, especially in summer. By contrast, boreal winter
winds (Figure 4c) are like the negative of Figure 4a, north of 10°S; strong wind
convergence can be seen near 10°S, to feed moisture to the ITCZ located at this latitude
in boreal winter. Note that the winter southwestward winds off Somalia drive a
southwestward current of warmed water south across the equator; the significance of this

will become clear in 2.2.4.
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Figure 4: Mean SST (colour) and wind stresses (arrows) in the Indian Ocean, for (a)
annual mean; (b) boreal summer; and (c) winter.
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2.2.3 Spring and autumn circulation and SST

Figure 4 did not show an important fact about the Indian Ocean winds, namely that
between the summer and winter monsoons moderate westerlies develop along the
equator. These (seen in Figure 5 – note how weak they seem, compared to off-equatorial

winds) in turn force Ekman transports towards the equator, which converge and
accelerate downwind to speeds of 2 knots or more — the “Wyrtki Jets”. These in turn
reflect via coastal Kelvin waves and Rossby waves off Indonesia, Thailand and
Maianmar.

 The eastward transport carried by this long-equatorial jet is also substantial on annual
mean; it is of order 10 Sverdrups, comparable to the annual mean cross-equatorial flow.
Most of it joins the shallow Sverdup southward flow southwest of Sumatra, while
perhaps 2 Sverdrups enter the Bay of Bengal and carries fresh, warm water upwelled off
east India westward, from the southern tip of Sri Lanka. These equatorial winds vary
strongly with ENSO, so that the Wyrtki Jets also display ENSO dependence. The intense

jets are accompanied by transient vertical mixing of warm near-surface water with colder
water below; models suggest that this is another way in which the seasonal cycle feeds
back to affect the Indian Ocean heat budget, and hence the SST pattern.
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Figure 5: Mean SST (colour) and wind stresses (arrows) in the Indian Ocean, for (a)
May and (b) November.

2.2.4 A “Flushing” mechanism to cool the Somali region

Apart from its importance in understanding seasonal circulation in its own right, recent
successes in understanding seasonal flows helps in interpreting longer-timescale heat
transport (Figure 6). More water upwells near Somalia in summer, and is warmed, than

can be carried away from this region by the annual mean Ekman transport. One
interpretation (based on model behaviour, but consistent with observations) is that most
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of the remaining warmed water may travel south in winter and just cross the equator, all
near the western boundary. It joins a strong eastward equatorial jet and exits southward in
the east Indian Ocean, thereby achieving an annual “flushing” of the top 100-200m of the
Somali Current from the northern Indian Ocean, consistent with observations of Schott et
al. (1990). This process does not involve open-ocean Ekman transports. Model results

suggest that this process cools the western Arabian Sea by 1-2°C, compared to the
temperatures which would occur if the actual, seasonally-varying wind stresses were
replaced by their annual means. Furthermore, the intense seasonal Wyrtki Jets produce
vertical mixing, that is absent in the model run; this contributes to the warmer SST’s
when the WJs are removed.
These two nonlinear mechanisms associated with the seasonal cycle — extra summer
upwelling, and extra equatorial mixing in monsoon transitions — affect longterm mean
SST; there are probably others. This illustrates that we should not regard the Indian
Ocean as a linear system, in considering factors controlling its SST.

Figure 6: Schematic annual mean mechanism for “flushing” heat from the northern
Indian Ocean.

2.2.5 A sketch of the Indonesian Throughflow

Sea levels in the west Pacific (which vary strongly with ENSO) are quickly
communicated southwestwards to the northwestern Australian coast (Figure 7); these
high sea levels provide geostrophic balance for the Indonesian Throughflow, and give it
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most of its ENSO dependence. Further south, sea level a few hundred kilometers offshore
from Australia is partly determined by local climate, which (being increasingly cold with
distance south) creates low sea levels. The difference between low sea levels offshore and
higher sea levels at the coast drives the Leeuwin Current south, against the prevailing
winds. The Leeuwin Current is also strongly ENSO-dependent. A separate talk about the

oceanography of this region (Sprintall et al., below) will describe research in the
Indonesian Throughflow region in more detail.

Figure 7: Schematic of the Indonesian Throughflow system, and its ENSO dependence .
Colours indicate sea levels while arrows indicate the wind systems that affect its strength.

2.2.6: A sketch of the monsoon as a coupled ocean-atmosphere system

To summarise, we return to the two mechanisms of cross-equatorial heat transport
mentioned above. These both depend on different details of the wind stress, and both tend
to reduce northern Indian Ocean SST (and increase southern Indian SST). Basically, the
S-shaped pattern of boreal summer winds are falling down a pressure gradient from the
“high” in the South Indian Ocean to the summer low over Asia. Most of the flow down
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the pressure gradient occurs near the African coast, and accelerates the Findlater Jet.
These winds supply moist air to Asia, which keeps rainfall going. But the rain maintains
the low pressure over Asia; if the moisture supply weakens, the rain will reduce and the
winds will weaken, reducing South Asian rain further. But strong winds may tend to
reduce SST, either by upwelling or evaporative cooling, thereby reducing moisture fluxes

along the wind flow. The system may thus have an intrinsic coupled ocean-atmosphere
instability, (though of a kind dynamically very different to the one associated with
ENSO).

Figure 8: Schematic of the coupled monsoon system

3. Interannual and Intraseasonal Variability:

3.1: Known modes of variability
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With this understanding of the mean seasonal monsoon, we now turn to discuss its
interannual variability. Reason et al. (1996a, b) have examined the causes of decadal-
scale variability in a numerical model, but it would be fair to say there is much yet to
learn on this topic. To search for interannual modes of coupled air-sea interaction, Lau
and Wu (2000) obtained joint interannual patterns of the anomalies of SST and rainfall

(OLR), over the monsoon region (for boreal summer only). Briefly, they found three
patterns that looked big and coherent enough that they might be predictable:
ENSO has the biggest effect, but at least in boreal summer it is modulated by the
“Quasibiennial Oscillation” (2-year period phenomena) in the monsoon region. We will
not discuss this mode, since closer inspection shows that Indian Ocean SST associated
with it lags a month or two behind the Pacific, i.e. the Indian Ocean is in effect a “slave”
to the Pacific in this mode. Also, it is so slow and largescale that it should be adequately
picked up by any long-term Monsoon Observing System designed to monitor the Indian
Ocean Dipole (discussed below).
The next largest effect is strong rainfall over Asia — particularly East Asia — when a La
Nina event is starting. Curiously the converse (drought) does not occur when an El Nino

event starts. We will not discuss this mode either, for similar reasons.
Lau and Wu’s third mode is basically the “Indian Ocean Dipole”, a disturbance of the
equatorial Indian Ocean whose physics was explored in various papers in 1999 (Saji et al.
1999, Webster et al. 1999, Gu and Reinecker 1999). Figure 9, from Saji et al. (1999),
shows the mean pattern of SST and wind anomalies during a typical IOD development—
it is strongly “phase-locked to the seasonal cycle”, with maximum in about September-
November. Associated with this is drought over Indonesia, heavy rain over east Africa,
and enhanced Indian monsoon rain (e.g. Behera et al, 1999). Figure 10 shows the
interannual timeseries of the IOD: 1961, 1994 and 1997 were years of strong IOD
activity. It seems to be basically like an Indian Ocean version of a La Nina event, i.e. it
involves air-sea coupling within the Indian Ocean. There is vigorous research on the IOD

now, but there is still much to learn about it. In particular, statistics show a significant
correlation with ENSO, at most times (e.g. Reason et al., 2000); though it is plausible that
nonlinear mechanisms might introduce some more explainable variance that is not due to
ENSO.
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Figure 9: from Saji et al. (1999). Life cycle of SST and surface wind anomaly during a
typical “Dipole Mode” event.

In addition to these 3 modes, it has been known for some time that rain over India has big
fluctuations known as IntraSeasonal Oscillations (ISOs), on timescales of a few weeks.
Recently, Webster and collaborators have formed very revealing composites of ISO
behaviour, which suggest that the ISO also involves strong air-sea coupling. In the
following subsections, we describe some aspects of ISO events and IOD events.
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Figure 10: Composite rainfall maps from Webster and Tomas (pers comm.), for 32
occurrences of pronounced rainfall maxima over the east equatorial Indian Ocean.
SeeHacker et al. (next talk) for further details

3.1.1: IntraSeasonal Oscillations

It has been known since the work of Sikka and Gadgil in 1980 that monsoon rain events
over India seem to start with equatorial rain bands in the eastern Indian Ocean. Recently,
Webster and Tomas (pers. comm.) prepared a composite over 32 events during May-
September of 11 years, of rain, wind and SST. To compare events, “Day 0” of each event
was taken as the day of maximum rainfall at (0°, 90°E). Composite rain events (Figure
10) typically start on the equator, near Africa; move to Sumatra over a 10-day period, and
then split in two; the northward branch brings rain to Asia, while the southward branch
brings winter rain to Australia. You will hear more in the next talk (Hacker et al.), but
here it’s enough to say that the wind anomalies are much as one would anticipate from
the rain anomalies, on the basis of simple models such as those of Gill (1980).
Furthermore, the SST anomalies are qualitatively much as one would expect from the

wind (and cloud) anomalies. Composite SST changes are quite small, but those in
individual events are substantially larger. Figure 11 shows an Australian example of the
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composite rainfall enhancements over Australia, a few days after “Day 0”.  ISO events
provide significant enhancements to Australia’s winter rain; much greater effects occur
over India. In general, ISO events are significant features that require better observation,
both to improve long-range weather forecasts (a highly significant application, since ISOs
spawn tropical cyclones as well as rain for agriculture); and for better understanding of

their linkage to climate. ISO events look like “monsoons in miniature”, with spatial
patterns of wind very like those in the monsoons but much shorter timescales. So far,
atmospheric models do not perform well in simulating ISO events; so meteorologists
have a strong interest in working in the Indian Ocean – they believe that improving the
understanding (and modelling) of ISO events will improve monsoon forecasting.
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Figure 11: Composite Australian rain, 6-10 days after a rainfall maximum in the east
equatorial Indian Ocean (0°,90°E) (T. Ansell, pers. comm.)
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Burning Scientific Question 1: Is the instability of Figure 8 part of the mechanism of
Intraseasonal Variability of South Asian monsoon rainfall?

That is: Do ISO events grow spontaneously, then kill their own moisture supply by
cooling along the wind flow path, as suggested in Figure 8? The JASMINE and

BOBMEX field experiments of May-September 1999 provided some data, directed
towards understanding the coupled aspects of the ISO. Hopefully, the international
process study in 2003 will lead closer to an answer of BSQ1.

3.1.2: The Indian Ocean Dipole:

The “Indian Ocean Dipole”, a term coined last year by Saji et al. (1999), has attracted a
great deal of attention recently; two rather different pictures of it have emerged.
According to Saji et al. and others, the IOD is a coupled ocean-atmosphere system that is
like ENSO in its physical mechanism, but is statistically independent of ENSO. However,
the correlation with ENSO depends on how it is done; if the ENSO-IOD correlation is

performed on a season-by-season basis, they are quite strong, especially around
September-October. To give a flavour of this debate, we will show two very recent,
unpublished examples of work that might be construed as supporting these opposite
points of view. However, they are better seen as alternate facets of the same phenomenon.

Vinayachandran et al. (2000), like earlier authors, find that SST anomalies are
qualitatively proportional to the sea level anomalies, at least in the east Indian Ocean; this
supports the idea that these SST anomalies are largely driven by Indian Ocean dynamics,
in agreement with the “separate IOD” concept. They also suggest, among other things,
that downwelling Rossby waves generated in the year preceding an IOD event (e.g.
Figure 12) may provide precursors to the event, by tending to warming the western Indian

Ocean early in the summer of a positive IOD event. If this is verified, it implies a degree
of predictabilty, resident in the Indian Ocean. These Rossby waves seem to be
amplifications of the annual-frequency Rossby waves described, for example, by
Masumoto and Meyers (1998).
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Figure 12: Anomaly of the depth of the 20°C isotherm in the model of Vinayachandran et
al., 2000. The off-equatorial band of increased depth in January-March 1997 is due to a
downwelling Rossby wave; the authors suggest that this may raise SST in the western
Indian Ocean, early in the following IOD event.
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Susanto et al. (2000) show composites of SST and rainfall anomalies, during El Nino and
La Nina events (Figure 13). It is evident, firstly, that there are strong correlations of IOD-
like SST patterns with ENSO. However, it is also clear from Figure 13 that the La Nina
pattern is a long way from being the negative of the El Nino pattern: a strong nonlinearity
is evident. The east Indian SST anomalies (and, especially, rain anomalies) are strongest
in El Nino events. This may be the key to the debate: there does appear to be a
relationship between ENSO and IOD, but it seems to be a nonlinear one. Traditional
correlation studies assume linearity, thereby  “smearing across” such nonlinearities.
There may be extra predictability in the climate system to be extracted from a better
understanding of such nonlinearities.

Figure 13: Composite anomalies of SST and precipitation, associated with El Nino events
and La Nina events. From Susanto et al., 2000.

These pictures illustrate the complex relationship of IOD with ENSO and the seasonal
cycle. There is also a relationship of IOD with the ISO: statistically, years of positive
IOD are years with relatively few ISO events (Figure 14). This is physically plausible: in
positive IOD years, winds go the wrong way along the equator to encourage the eastward
movement of ISO rain events (see Hacker et al, following paper); furthermore, the low
east Indian SSTs discourage the development of strong rainstorms above them.
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Figure 14: Numbers of ISO events in a given boreal summer, shown next to a plot of the
Indian Ocean Dipole Index. Years of positive IODI tend to have fewer ISO events;
correlation is 0.61.

These remarks lead to:

Burning Scientific Question 3: What are the relationships among ENSO, IOD, and
ISO?

4. Some Problems:

So far we have emphasised the many positive developments in recent Indian Ocean
research. However, a word of caution is necessary. Observed and modelled SST
anomalies do not always agree very well. If we compare modelled and observed SST for
the composite of Webster et al's 32 ISO events, we get surprisingly good agreement with
observation (as discussed in the next talk). By contrast, while the model predicts Sea
Surface Height Anomaly (SSHA) quite well through the 1997 IOD event, it does not do
nearly so well in simulating SST anomaly (Figures 15, 16). Interestingly, the pattern of
(model - observation) differences is rather similar in both SSHA and SSTA - the main
difference between SSTA and SSHA is that the overall amplitude of the SSTA error is

bigger, relative to the signals that are being modelled. Since SSHA is determined almost
solely by wind stresses, the similarity of error patterns suggests that both are mainly
determined by wind stresses, but that SSTA is very sensitive to small wind errors.
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In 1993, Australia and the US collaborated in placing two surface moorings on the
equator. Figure 17 compares zonal and meridional wind velocities from the Australian
buoy at 84°E, and from the NCEP reanalysis of weather data. Evidently, NCEP winds do
not perform particularly well at this location. Also shown are observed SSTs; those from

Reynolds (); and those from the ocean model run of Figures 15, 16. Discrepancies of
order 0.8°C occur between the buoy data and Reynolds SST; the model SST (blue) is too
high, but its difference from either "observation" product is comparable to the difference
between the two products.  Sen Gupta et al. (pers comm) reports similar results from
Indian further north, in the Bay of Bengal (though there is better agreement between buoy
and NCEP winds than in Figure 17).

The Asian-Australian Monsoon Panel is planning a formal ocean model intercomparison,
with a view to narrowing down the sources of model discrepancies; the results may
motivate experiments in 2003, and also aid in the design of a long-term Monsoon
Observing System. Improvements in the latter are occurring, especially due to availability

of satellite wind stress observations. The expansion of Argo float technology to the
region is an exciting development. Nevertheless, direct, high-quality observations of
surface fluxes, and of numerous phenomena below the ocean surface (such as mixing) are
needed to validate such products.
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Figure 15: Time-longitude plot of Sea Surface Height Anomaly (SSHA), along the
equatorial Indian Ocean, through the 1997 Indian Ocean Dipole event. Left panel:
Model. Centre panel: Observation. Right panel: Difference..
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Figure 16: Time-longitude plot of Sea Surface Temperature Anomaly (SSTA), along the
equatorial Indian Ocean, through the 1997 Indian Ocean Dipole event. Left panel:
Model. Centre panel: Observation. Right panel: Difference.
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Figure 17: Top left, right: Zonal and meridional wind speed components; black line is
buoy observations, red line is NCEP reanalysis. Bottom left, right: Wind speed and sea
surface temperature. The blue line shows SST, from the same model run as in Figures 15,
16.

5. Conclusions:

The rate of improvement of understanding of the role of the Indian Ocean in influencing
the climate of neighbouring countries has never been nearly as rapid as in the last year or
two. As seen by the examples just given, this progress has come about through active
collaboration among scientists of (in alphabetical order!) Australia, France, Germany,

India, Indonesia, Japan and the United States. However, the problems of the ISO, IOD
and ENSO are all interconnected - and they need to be interpreted in the context of an
extremely vigorous seasonal cycle. This makes for a highly complex problem, in which
we have much work to do.
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At this stage it seems very likely (though not certain) that a long-term Monsoon
Observing System will be needed, in order to exploit the extra predictability that is
inherent in Indian Ocean subsurface phenomena. Indian moorings and the US and
Australia moorings of 1993-94 are providing some valuable guidance as to what we will

learn from such efforts; the Japanese TRITON mooring, to be deployed soon a few
hundred kilometers west of Sumatra, will provide an extremely welcome addition.
Deliberations within each country on what their appropriate contribution should be will
not be easy, or rapid; here I (JSG) speak as someone who has seen such a development as
a far-off dream for the last 15 years. I would like to suggest that the experiments in 2003,
being planned by the CLIVAR Asian-Australian Monsoon Panel, represent an
opportunity in two ways. First, the experiments will consist of process studies, aimed (as
well as can be done within a one or two-year effort) at addressing issues such as the three
Burning Questions raised above. The results will assist in designing a Monsoon
Observing System that delivers maximum social good for minimum effort.

The second opportunity relates to the fact that the proposed experiments of 2003 will
provide an undeclared "dress rehearsal" for a permanent Monsoon Observing System. It
will help us get used to the concept of a MOS, and teach us all what can and what cannot
be done.
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