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Abstract
CINDY2011 (Cooperative Indian Ocean experiment on intraseasonal variability in the Year 2011) is a field experiment, which will be taken place in and around the Indian Ocean from October 2011 to January 2012. The experiment is designed to improve our knowledge on the intraseasonal variability in the tropical Indian Ocean with focus on the initiation process of convection in the Madden-Julian oscillation (MJO).

CINDY2011 can be regarded as a follow-up project of MISMO (Mirai Indian Ocean cruise for the Study of the MJO-convection Onset), which took place in the central Indian Ocean from late October to early December 2006.  While MISMO captured the onset of a weak MJO-convection and analyses revealed that recharge-discharge process might play a key role for the development of the intraseasonal convection, it also suggests that equatorial Kelvin and Rossby waves might play a crucial role for the initiation process.  However, it is difficult to deduce the relationship with such large-scale phenomena from MISMO’s limited areal coverage and one-month data.  Hence, a new field experiment CINDY2011 is planned to collect in-situ atmospheric and oceanic data by constructing a long-time (over intraseasonal period) and large-scale observation network as a multi-national effort.
In addition to the observational component of the experiment, numerical research is also an important component of this experiment to enhance the skill of MJO simulation.  Our ultimate goal is to promote our knowledge of not only initiation process of MJO-convection but also the weather and climate prediction.
1. Introduction

It is now beyond doubt that the tropical intraseasonal variability has a great impact on global climate (Lau and Waliser 2005).  In particular, the Madden-Julian oscillation (MJO; Madden and Julian 1994) is a crucial phenomenon which should be understood for improving the weather and climate prediction, since the MJO influences not only tropical climate but also weather and climate in the higher latitudes through the interaction with various phenomena, such as monsoon (e.g., Yasunari 1979; Hendon and Liebmann 1990), El Niño (e.g., McPhaden 1999), tropical cyclones (e.g., Maloney and Hartmann 2001), and others.
One of the major concerns of the MJO studies is the initiation process of convection.  While many hypotheses have been proposed, there has been no definitive explanation on the onset of MJO-convection.  For example, Hsu et al. (1990) described a situation where extratropical wave trains propagating into the tropics might excite convection in the MJO.  On the other hand, several studies pointed out that circumnavigating signals along the equator in the upper troposphere may interact with the convection in the Indian Ocean (e.g., Knutson et al. 1986; Sperber 2003). Another important factor considered is a frictional convergence in the boundary layer (e.g., Wang and Li 1994; Seo and Kim 2003), as it can excite wave convergence in the lower troposphere. This hypothesis is consistent with many analytical studies (e.g., Maloney and Hartmann 1998; Kiladis et al. 2005), which showed that low-level convergence led the convective center of the MJO.  On the one hand, Hsu and Lee (2005) noted that the tropical topography (e.g., the contrast between tropical Africa and western Indian Ocean) might contribute to the moisture convergence and initiation of MJO-convection in the Indian Ocean, since it is likely to produce more significant frictional convergence over the mountainous land area than over the open ocean.  Furthermore, “discharge-recharge” theory (Bladé and Hartmann 1993) is also one of the key proposed mechanisms.  This theory suggests that local convective instability contributes to the onset of convection and that the time scale of the oscillation is determined by the radiation-convection-surface fluxes interactions (e.g., Hu and Randall 1994; Raymond 2001; Kemball-Cook and Weare 2001).  Most of hypotheses described above were derived from numerical or analytical studies using global scale data sets such as satellite and reanalysis data.  However, as Tian et al. (2006) demonstrated that there were significant discrepancies in temperature and humidity data over the Indian Ocean between satellite and global reanalysis data sets, insufficient in-situ data constrain the accuracy of reanalysis data sets.  This may partly cause the uncertainty on the proposed mechanisms.  In addition, proposed mechanisms should be examined using observation data.

Above mentioned indicates that fine temporal and spatial in-situ data can promote our knowledge on the MJO.  However, while most MJO-convection occur over the Indian Ocean, there was no intensive observation focusing on MJO-convection onset.  Hence, to address the atmospheric and oceanic conditions when convection in the MJO was initiated, the field experiment MISMO (Mirai Indian Ocean cruise for the Study of the MJO-convection Onset) took place from late October to early December 2006 in the central equatorial Indian Ocean, using the research vessel (R/V) Mirai, land-based sites at Maldives, and a moored buoy array.  While the extensive analyses using MISMO data have revealed some atmospheric and oceanic characteristics, several key questions have been also raised requiring the another experiment to better understand the initiation process and others.  Thus, we propose a new field experiment CINDY2011 (Cooperative Indian Ocean experiment on intraseasonal variability in the Year 2011) to collect data for the study of MJO-convection onset as well as intraseasonal atmospheric and oceanic features in the tropical Indian Ocean.  The key component of this experiment is being conducted as a multi-national effort to surely collect sufficient data.  In this document, since CINDY2011 can be regarded as a follow-up project of MISMO, we will first mention about the selected results obtained from MISMO.  Then the scientific questions, which should be solved by CINDY2011, will be listed.  Finally, tentative observational plan will be documented.
Note that some parts of this document are quoted from Yoneyama et al. (2008), which described the project overview as well as selected early results from MISMO.  In addition, detailed information on MISMO can be found at http://www.jamstec.go.jp/iorgc/mismo/index-e.html.
2. Background

2.1 What was MISMO?

MISMO was the first ever field experiment which targeted the MJO-convection onset in the Indian Ocean.  The aim of MISMO was to capture the atmospheric and oceanic features when convection in the MJO was initiated.  For this purpose, an observational network was constructed with the R/V Mirai, a moored buoy array, and land-based sites at the Maldive Islands from October to December 2006 (Fig. 1).  The Mirai was the major component of this campaign and stayed within the buoy array area centered at 0°, 80.5°E from October 24 through November 25 (Intensive Observation Period; IOP).  On board the Mirai, atmospheric observations using C-band Doppler radar, radiosonde (8 times/day), and surface meteorological measurement systems and oceanic observations using CTD and shipboard ADCP systems were conducted by JAMSTEC.  In addition, many researchers from various institutes and universities joined the cruise and conducted their observations including wind profiler, lidar, cloud profiling radar, video-sonde, and so on.  Around the Mirai, two m-TRITON (mini-Triangle Trans Ocean Buoy Network) buoys and four ADCP sub-surface mooring systems were deployed for about one month to detect the oceanic response from/to the MJO.  Along the 80.5°E line, ATLAS (Autonomous Temperature Line Acquisition System) buoys had already been deployed as a part of RAMA (Research Moored Array for African-Asian-Australian Monsoon Analysis and Prediction) buoy array (McPhaden et al. 2009) using the Indian oceanographic research vessel Sagar Kanya by National Institute of Oceanography (NIO), India and the U.S. National Oceanic and Atmospheric Administration (NOAA) / Pacific Marine Environmental Laboratory (PMEL).  Before arriving at the stationary observation site, ten Argo-floats along 80°E line whose ascent was set at every day from 500 m depth were deployed.  Furthermore, we also conducted observations at Maldive Islands with the aid of Maldives Meteorological Office to construct the radiosonde sounding array with the Mirai.  Surface meteorological measurement systems and GPS receivers were deployed on Hulhule, Kadhdhoo, and Gan islands, while radiosonde soundings were carried out at Hulhule and Gan islands 6- or 12-hourly during the intensive observation period.  A Doppler radar was deployed at Gan Island site under the collaborative work between JAMSTEC and the Hokkaido University.
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Fig. 1.  MISMO observational network. Red-dashed line indicates atmospheric sounding array, and blue-dashed line indicates oceanic buoy array.

2.2 What we learned from MISMO

a. Relationship to Convectively Coupled Equatorial Waves

The intensive observation period of MISMO corresponded to the mature and decaying phases of an Indian Ocean Dipole event (Horii et al. 2008; Masumoto et al. 2008).  While convective activity was suppressed from late October to early November, convection started to develop in mid-November, and finally much deep convection developed in the central Indian Ocean in late November.  After that, eastward movement of large-scale cloud systems was observed in early December.  By applying the wavenumber-frequency filtering to the satellite-based outgoing longwave radiation (OLR) data following the work of Wheeler and Weickmann (2001), we could confirm that cloud systems developed in late November was associated with the MJO, although their signal was weak and dissipated before arriving over the maritime continent region (Fig. 2).  Therefore, we can say that MISMO campaign could capture the onset of large-scale cloud system associated with the weak MJO in mid-November 2006.  (Note that there might be a controversy whether this event can be regarded as an MJO-convection or not due to its weakness.  However, hereafter we refer it as MJO-convection for simplicity.)  We also find that large-scale cloud systems drastically developed when the equatorial Rossby wave arrived over the observational area.  Thus, it is possible to speculate that the equatorial Rossby wave might play a role for the onset of the MJO-convection, as recently Masunaga et al. (2006) pointed out.

Yasunaga et al. (2009, in preparation) found that large-scale low-level convergence area associated with Kelvin wave-type disturbances propagated eastward from the near date line to the Indian Ocean 3 times from October to December, and promoted the development of convection over the Indian Ocean (Fig. 3).  By comparing Fig. 3 with Fig. 2, we notice that while the eastward signal became obscure from October case to December one, convective activity over the Indian Ocean is the most active in December case.  They speculate that equatorial Rossby wave and high sea surface temperature mainly contribute to this enhancement of convective activity, because they found the intersection of Kelvin wave and Rossby wave in all three cases.

These results suggest the important role of Rossby wave for initiation process of MJO-convection.  However, it is difficult to deduce any relationship with Rossby wave from in-situ data taken in the MISMO limited area.  Therefore, it is keenly required to obtain data taken at not only on the equator but also at off-equator, for example at typical Rossby deformation radius 7°S/N, as well as zonally wide observation area.
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Fig. 2.  Time-longitude cross section of OLR along the equator averaged over 7.5°S - 7.5°N (shading). Contours are the wavenumber- frequency filtered OLR anomalies indicating the signals identified as MJO (black), Kelvin wave (green), and equatorial Rossby wave (blue).  Contours indicate the negative anomalies and contour interval is 7.5 W m-2.  The position of the Mirai is superimposed as black thick line.　From Yoneyama et al. (2008).
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Fig. 3.  Time-longitude cross section of velocity potential along the equator averaged between 5°S and 5°N and from 1000 hPa to 850 hPa.

b. Role of Meso-scale Convective System

Atmospheric sounding array with the Mirai and two islands clearly captured the feature of the MJO-convection onset.  Figures 4 and 5 depict the time-height cross sections of mass divergence and moist static energy anomaly from the IOP-mean calculated over three sounding sites, respectively.  It illustrates low-level convergence is dominant throughout the IOP, and it also shows a pair of the strongest low-level convergence and upper-level divergence in November 15 - 18 as indicated by vertical arrow with mark “C”, when the drastic development of large-scale cloud system was observed.  In particular, two significant features can be found.  First, the gradual deepening of the strongest divergence layer from early November to mid-November is obvious, suggesting development of convection over the MISMO area as indicated by a dashed line.  Second feature is that this gradual deepening was followed by several pairs of strong low-level convergence and upper-level divergence as indicated by vertical arrows with marks “A”, “B”, and “C”.  Their appearance corresponded to the passage of eastward propagating meso-scale convective systems (not shown, cf. Fig. 2).  Currently, the relationship between these eastward propagating cloud systems and large-scale equatorial Kelvin wave has been analyzed (Katsumata et al. 2009, in preparation).  As for the analyses using Doppler radar data and satellite-based data, it is worth noting that both do not always show the consistent features.  For example, when the Mirai cruised eastward in early December 2006, westward propagating cloud system passed over the Mirai as shown by satellite-based infrared data (black dot-dashed arrow in the left panel of Fig. 6).  However, shipboard Doppler radar observed eastward propagating precipitating system as shown by red dashed arrow.  As illustrated in the vertical cross section of precipitating systems (right panels of Fig. 6), this cloud system moved eastward with developing, but this feature could not be obtained from satellite data only.  Namely, in-situ observation surely provides important information on the developing cloud systems which are usually hard to be detected by satellite observations.

Time evolution of moist static energy anomaly (Fig. 5) supports the idea of discharge-recharge theory, as it shows the deepening of high moist static energy while it constrains in the lower troposphere before the onset of MJO-convection.  It is interesting that although divergence field shows the gradual deepening as indicated by a black dashed line, top of high moist static energy shows a stepwise deepening as indicated by gray dashed lines.  The latter feature corresponds to the trimodal characteristics of tropical convection (Johnson et al. 1999; Kikuchi and Takayabu 2004).
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Fig. 4.  Time-height cross section of mass divergence calculated over the three sounding sites. From Yoneyama et al. (2008).
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Fig. 5.  Same as Fig. 4, but for moist static energy anomaly from the IOP-mean. Black dashed line and arrows are taken from Fig. 4.
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Fig. 6. (left) Time-longitude cross section of IR averaged over 5°S – equator (monochrome) and echo intensity at 1-km height obtained by Mirai’s Doppler radar (color).  (right) Vertical cross-sections of echo intensity for three different times.

c. Air-sea interaction and diurnal cycle

The role of diurnal cycle of the sea surface temperature (SST) was one major concern of MISMO, as it might play a critical role of development of convection (Slingo et al. 2003).  Therefore, we deployed Infrared SST Autonomous Radiometer (ISAR; Donlon et al. 2008) to measure skin SST.  Yasunaga et al. (2008) examined diurnal variation of precipitable water vapor (PWV) measured by global positioning system and confirmed that the increase of PWV and radar echo area (rainfall) in daytime corresponded to the rise of skin SST during the undisturbed period, suggesting an important role of SST for development of convection.  However, they also pointed out that although the surface heat flux observed by eddy correlation method as well as calculated by bulk formula (Fairall et al. 1996) showed similar diurnal variation with PWV, it cannot explain the total amount of increase of PWV.  Therefore, contribution from large-scale convergence should also be observed in detail to explain this discrepancy.
d. Oceanic Features

MISMO was conducted under the mature and decaying phase of Indian Ocean Dipole (IOD) event.  As illustrated in Fig. 2, although MJO-convection developed over the central Indian Ocean and moved eastward, they dissipated just before arriving at the Indonesian maritime continent region.  Instead, after the MISMO IOP, another large-scale system, which developed in late December and was clearly identified as an MJO from the filtered OLR data, reached to the tropical western Pacific Ocean. McPhaden (2008) suggested that warming of the eastern Indian Ocean in the wake of the 2006 IOD event preconditioned the onset of the December MJO-convection. The relationship between the MJO and IOD requires further studies to verify this speculation.
MISMO oceanic observation network captured many unique features during the positive IOD such as strong vertical shear above the shallow thermocline with eastward subsurface zonal flow under westward surface current (Masumoto et al. 2008).  Observations also showed the strong short-term variations in the meridional current and strong upwelling of over 10 m s-1 during early November, and the relationship to mixed Rossby-gravity waves was suggested (Fig. 7).  Such short-term variation of upwelling strongly affects chlorophyll-a distribution (Prasanna Kumar et al. 2009, in preparation).  Although oceanic observations revealed some interesting features, above results require further long-term data sets to interpret the mechanism, especially in relation to equatorial waves.  In addition, it seems that equatorial Indian Ocean has unique shallow structure such as surface current, so the oceanic mixed layer should be observed with high resolution in space and time.  Furthermore, physical conditions are tightly coupled with biogeochemical features.  Biogeochemical studies should be involved in the experiment.
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Fig. 7.  Time-series of transports across three vertical sections of the triangle mooring buoy array integrated between 40 m and 270 m depth. Thick grey line indicates a sum of three components. From Masumoto et al. (2008).

3. Objectives and Scientific Questions

The aim of the experiment is to collect in-situ atmospheric and oceanic data to study the intraseasonal variability in the equatorial Indian Ocean, with focus on the initiation process of convection in the MJO.  It is expected to promote our knowledge on the MJO as well as its numerical simulation and prediction, which leads to improve the prediction of weather and climate in not only the tropics but also higher latitudes.
Based on the analyses of MISMO data as well as recent results related to MJO, detailed scientific questions, which should be studied by CINDY2011, are set as below.

3.1  Atmospheric research

a. 
Although gradual moistening in the middle and upper troposphere was observed during MISMO and it might act as a preconditioning for deep convection developed in late November, it seems that several meso-scale convective systems which appeared with 5 to 7 day periods might play a key role for this moistening.  If so, how did such meso-scale systems develop and what was their exact role during the preconditioning period?  Do any large-scale phenomena such as equatorial waves affect the behavior of these meso-scale systems? or meso-scale systems have any upscale effect ?
b.
Large-scale cloud systems developed when the equatorial Rossby wave arrived over the central Indian Ocean.  Did the equatorial Rossby wave excite the deep large-scale convection in late November?  If yes, how did they interact with convection?
c.  Bottom-heavy heating profile was obtained from MISMO.  Is this real?  Evaluation is necessary based on longer data taken at more appropriate sounding configuration to reduce the calculation error.  Then, the role of bottom-heavy heating for large-scale convection should be examined in detail.
d. 
MJO simulation by global cloud resolving model NICAM revealed that many squall-type precipitation occurred and cold pool near the ocean surface might play an important role for meso-scale circulation.  Do the observation data support this?

e.
...

3.2 Air-sea interaction

a.  Although MJO-convection developed over the central equatorial Indian Ocean in late November, they dissipated before arriving at the Indonesian maritime continent.  Instead, another MJO-convection developed in December could reach to the tropical western Pacific Ocean, when the positive IOD event deceased.  Do the SST distribution play a critical role of MJO-convection propagation?  What is the relationship between MJO and SST distribution?
b.  Diurnal cycle of precipitable water vapor well corresponds to that of skin-SST during undisturbed period.  However, total amount of water vapor increase could not be explained by surface flux alone.  This discrepancy should be studied.  In addition, the role of diurnal cycle of SST to the development of convection needs further examination.
c.  ...

3.3 Oceanic research
a.  As for the variation of SST in the central equatorial Indian Ocean, the role of ocean mixed layer has not been investigated.  Detailed observation of mixed layer is inevitable.

b. 
Short-term variability was found in surface current meridional component suggesting to the relationship to mixed Rossby-gravity waves.  Does the mixed Rossby-gravity wave dominate in the equatorial Indian Ocean?  What kind of impact does this wave have for the central equatorial Indian Ocean?
c. 
Biogeochemical response to the change of physical conditions near the ocean surface is expected.  What is the typical distribution of chlorophyll? and how they response to the change of the oceanic physical conditions?
d.
...
4. Observational plan

4.1 Basic Strategy

While MISMO has proved that in-situ observations can provide very useful information on the study of MJO-convection, key questions listed in the previous section cannot be solved only from one-time limited field campaign.  In addition, key questions suggest that the long-time and large-scale observation network is essential to capture the relationship between meso-scale convective systems and large-scale equatorial waves.  Actually, since ship and land-based sites are limited, large-scale features will be studied mainly using satellite data and numerical studies.  However, it is possible to construct the observation network which is suitable for the comparison between in-situ data and satellite data so that we can interpret the large-scale features revealed by satellite and reanalysis data using in-situ data by considering the typical scale of large-scale disturbances and appropriate configuration.  For example, as noted in MISMO budget analysis, it is possible that triangle sounding array might miss to capture the phenomena which has a rotational component such as equatorial Rossby wave.  So, more appropriate configuration (ex. square) should be constructed.  Furthermore, since the MISMO was one-month campaign, much longer time-series data is strongly desired.  Therefore, it is impossible to accomplish this campaign by one or a few institutes, and it should be done as a multi-national effort.  Basic strategy of the campaign is to construct a long-time (over intraseasonal period) and wider areal observation network with ships and land-based sites in collaboration with IndOOS (Indian Ocean Observing System, http://www.clivar.org/organization/indian/IndOOS/obs.php) including RAMA buoy array.

In addition to the construction of in-situ observation network, numerical research groups should be involved in this experiment so that direct discussion will be reflected onto the experiment and further analyses.
4.2 Observation Period and Location

Figure 8 shows the climatological MJO activity as a function of time and longitude.  Here, MJO activity is defined as outgoing longwave radiation (OLR) variance for the MJO band in the wavenumber-frequency domain following the work of Wheeler and Kiladis (1999), and calculation is conducted for 1979 - 2007 period.  Major MJO activity can be found in the central - eastern Indian Ocean from November to January period.  This result is consistent with previous studies (e.g., Zhang and Dong 2004; Matthews 2008).  Therefore, to study the initiation process of convection, the most appropriate location is central Indian Ocean and the best period is from October to January.  Thus, we decide the main observation area around 80°E on the equator and intensive observation period will be from October 2011 to January 2012.  In addition, as some cases shows the development in the western Indian Ocean, it is strongly required to extend the site to the west of Maldives to surely capture the features related to initiation.
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Fig. 8.  Longitude-time cross section of the OLR variance for the MJO band which is defined in the wavenumber-frequency domain following Wheeler and Kiladis .  Calculation is done along the equator averaged between 10S - 10N for 1979 - 2007 period.

4.3 Methods and Platforms
Here, we describe the possible observation facilities (Fig. 9).  It should be noted that all items listed here are not decided yet in terms of funding.
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Fig. 9.  A proposed observational network for CINDY2011.

Table 1.  Routine radiosonde sites around the Indian Ocean.

	Site
	Location
	Height (m)
	Frequency ( /day)

	Nairobi
	    1.30S   36.75E
	    1798
	1

	Tananarive
	   18.80S   47.48E
	    1276
	1

	Tromelin Island
	   15.88S   54.52E
	      13
	1

	Seychelles
	    4.68S   55.53E
	       4
	2

	Mauritius
	   20.30S   57.50E
	     425
	1

	Minicoy
	    8.30N   73.15E
	       2
	2

	Cochin
	    9.95N   76.27E
	       3
	2

	Thiruvananthapuram
	    8.48S   76.95E
	      64
	1

	Cocos Island
	   12.18S   96.82E
	       3
	2

	Medan
	    3.56N   98.82E
	      25
	2

	Padang
	    0.88S  100.35E
	       3
	2


a. Research vessels

i) R/V Mirai
JAMSTEC has a plan to send the Mirai to the Indian Ocean to conduct the observation as a part of CINDY2011.  (Note: Mirai’s Indian Ocean cruise itself has been committed, but only the details including total ship-time are not fixed yet.)  The Mirai will have about 50-days ship-time in the Indian Ocean to conduct the stationary observation near 0°, 80°E.  Since it is scheduled that the Mirai will leave Japan in early October, we will conduct the observation in the Indian Ocean from late October to late December.  During this cruise, various atmospheric measurements using 5.3-GHz scanning Doppler radar, radiosonde, surface meteorological measurement system, ceilometer, lidar, cloud profiling radar, etc. and oceanic measurements using CTD with water sampler for biogeochemical analysis, shipboard ADCP, surface sea water monitoring system etc. will be carried out.  Since the diurnal cycle is one of the key components to study the development of cumulus convection (Slingo et al. 2003), radiosonde sounding will be carried out every 3 hours during the IOP.  In addition, precise skin-sea surface temperature will be measured by floating thermistor and infrared radiometer.
ii) Other possible research vessels

Several research vessels are expected to join the campaign.  Below are candidates which are now discussed about their participation in CINDY2011.  Any contribution from other countries is being sought.
India; National Institute of Oceanography (NIO), India will have one-month biogeochemical cruise in 2011 using the ORV Sagar Kanya and stationary observation is being planned.  It is now being discussed to coordinate their cruise period will be in October - December to participate in CINDY2011.  Possibility of atmospheric observations including radiosonde sounding is also now discussed.  In addition to this biogeochemical cruise, another cruise for maintaining their deep sea current-meter mooring array along the equator as well as several RAMA buoys along 80°E line is also expected prior to the campaign.

Australia; The science group from the Centre for Australian Weather and Climate Research (CAWCR) is searching the possibility to join the campaign with their R/V Southern Surveyor.  It is expected to have about one month cruise.  One possible cruise track is from Colombo, India to Christmas Island, Australia and stationary observation will be made to conduct radiosonde sounding as well as surface flux measurement and other oceanic observations.

U.S.; Research project DYNAMO (Dynamics of the Madden-Julian Oscillation) will be done as a U. S. component of CINDY2011.  Researchers of NOAA, University of Miami, Colorado State University are seeking the possibility of their participation in the campaign using the R/V Ronald H. Brown (RHB).  As the RHB has a C-band Doppler radar and many state-of-the-art measurement systems on-board including radiosonde, CTD, and sea surface monitor system, it is anticipated to play a key platform of the campaign.  To extend the experiment duration to 100 days to surely capture the intraseasonal variation, it is expected to rotate with the Mirai around 0°, 80°E.  In addition, maintenance of RAMA buoys will be made.
b. Land-based sites

To construct the atmospheric sounding array, sounding stations at lands in and around the Indian Ocean are very important component.  In particular, some islands are expected to construct the array with research vessels for budget analysis.  Possible candidates are Maldive Islands as MISMO campaign did (ex. Gan at 0.7°S, 73.2°E, and Hulhule at 4.2°N, 73.5°E).  In addition, land sites in the southern hemisphere especially located off-equatorial region in 5°S - 10°S are strongly required to examine the relationship to the equatorial waves.  In particular, Seychelles (4.7°S, 55.5°E) and Diego Garcia (7.3°S, 72.4°E) are located in a very suitable place.  Intensive observation in these islands are highly desired.

Currently, routine radiosonde observation is conducted by the local meteorological office as some of them are listed in Table 1.  Since only conventional height data is available through the global telecommunication system, collection of raw high resolution data is highly required.

c. Moored buoy array

RAMA buoy array is essential to provide basic and long-term information on the surface ocean conditions.  Therefore, contribution to maintain (or newly deploy) the buoys is highly required.  The coordination of ship-time for the RAMA buoy array is extensively discussed at the CLIVAR Indian Ocean panel.  Currently, PMEL/NOAA and NIO are planning to deploy sub-surface ADCP moorings along 80.5°E line for the process study of oceanic intraseasonal and interannual variations.  The Mirai cruise may have an opportunity to contribute this activity.
d. Satellites

Satellite data will provide basic large-scale atmospheric and ocean surface features and they are inevitable factors for the study of MJO-convection and any intraseasonal variation.  We expect the following satellite data are available during CINDY2011 campaign; MTSAT and METEOSAT (brightness temperature), TRMM (precipitation), SSM/I (water vapor), QuikSCAT (surface wind), A-Train (3-d temperature and humidity, 3-d clouds, aerosol), Megha-Tropiques (water vapor, clouds, precipitations) and many.

e. Numerical studies

To interpret the physical processes of observed features, numerical study is essential.  In particular, recently Miura et al. (2007) could success to simulate an MJO event by using the global cloud resolving model called NICAM (Nonhydrostatic icosahedral atmospheric model; Satoh et al. 2008).  NICAM research group has also simulated the event observed during MISMO and they are now analyzing the mechanism.  They will also join the scientific unit which discuss about the utility of CINDY data sets.  In addition, it is planned that the impact of assimilation of observation data taken during CINDY will be studied (cf. Moteki et al. 2007).  Other numerical groups are expected to join the campaign.
4.4 Relevant Projects

To construct longer and wider observation network, collaboration with relevant projects are inevitable.  Currently, discussion with the following projects have been made for collaboration.
a. HARIMAU and follow-on
HARIMAU (Hydrometeorological Array for ISV-Monsoon Automonitoring) project funded by the Ministry of Education, Culture, Sports, Science and Technology of Japan (MEXT) has been conducted in Indonesia by Indonesian and Japanese institutes as a five-year program from April 2005 to March 2010 (Yamanaka et al. 2008).  Follow-on project is required, as data can be used not only for the study of local convection over the maritime continent but also for the study of modulation of MJO-convection.  Details of HARIMAU project can be found at http://www.jamstec.go.jp/iorgc/harimau/, where data including real time radar images are available.
b. WOCE-type cruise by JAMSTEC

After the CINDY cruise, hydrographic and biogeochemical cruise by JAMSTEC (PI: A. Murata) will start from Seychelles, which across the Indian Ocean from late December to February.  The purposes of this cruise are to evaluate heat and material transports such as carbon, nutrients, etc. in the Indian Ocean and to detect their long-term changes and basin-scale biogeochemical changes since the 1990s.  This cruise is a reoccupation of the hydrographic section called WHP-02 (along 8°S) and WHP-I10 (along 110-112°E), which were previously occupied by a U.S. group in 1995/1996 as a part of World Ocean Circulation Experiment (WOCE).  For this, they will measure the physical and biogeochemical properties such as water temperature, salinity, dissolved oxygen, nutrients, total dissolved inorganic carbon, total alkalinity, pH, CFCs, 14C, 13C, and so on.  During the cruise continuous meteorological measurement will be made.
c. TRIO (Thermocline Ridge of the Indian Ocean)

A new project TRIO (Thermocline Ridge in the Indian Ocean), which aims at studying the air-sea interaction at synoptic, intraseasonal, and interannual time scales in the 5°S - 10°S band in the Indian Ocean, is proposed by French researchers (PIs; J. Vialard and J.-P. Duvel).  Its field experiment is proposed to be taken place in January-February 2011 as a follow-up project of Vasco-Cirene (Duvel et al. 2009; Vialard et al. 2009).  The main target of the TRIO cruise is to observe atmospheric and oceanic features along 8°S related to Seychelles-Chagos thermocline ridge.  During the cruise, continuous sea surface measurement, radiosonde sounding, CTD casting as well as maintenance of RAMA buoys will be carried out.  Since the cruise line and measured parameters are very similar with that of Mirai’s biogeochemical cruise in January-February 2012, collaborative work including data exchange is being discussed.  In addition, by combining their data with ones of CINDY2011, it is possible to study the interannual variation.
d. ARM

...
5. Data Policy

All data taken during the campaign should be released to scientific community timely with easy access.  Participants are encouraged to open quality controlled data within one year after the campaign through the appropriate method such as CINDY web page which will be opened soon (temporarily, http://www.jamstec.go.jp/iorgc/cindy/ is available).  All information on data will be uploaded on CINDY home page.
6. Contact
JAMSTEC CINDY2011 Office 
E-mail : cindy@jamstec.go.jp




http://www.jamstec.go.jp/iorgc/cindy/
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