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Transported by atmospheric deposition and river discharge, the Bay of Bengal (BoB) largely receives

terrigenous iron-contained alluvial dust and dissolved inorganic nitrogen, the micro-macro nutrients

which fuel phytoplankton growth and ocean primary productivity (e.g., Jutla et al. 2011; Srinivas et al.

2012; Narvekar and Kumar 2014; Sarangi 2016). Besides nutrients, river discharge also supplies the BoB

suspended sediment and dissolved organic carbon, the sizable presence of which may be detrimental for

phytoplankton growth and primary productivity. To date however, there is no information how the

long-term river discharge variability may interannually affect the above-said in-water bio-optical variables

in the BoB. In this analysis, by utilizing satellite-retrieved remote sensing reflectance (Rrs), the optical

variables of chlorophyll-a concentration (Chl-a, a proxy for ocean primary productivity), total suspended

matter concentration (TSM), and colored dissolved organic carbon absorption coefficient (CDOM) were

derived within the period from September 1997 to December 2015. In-situ Ganges-Brahmaputra River

(GBR) discharge (a proxy for nutrient input), and satellite-derived rain rate (RR) within the same time-span

were also analyzed, and their interannual impacts on the ocean color variables were identified. The flood

season in the GBR basin is in summer with the peak (in August) approximately lagged RR (in July) by one

month. Chl-a, TSM, and CDOM in the BoB had larger non-seasonal component variances than seasonal

ones, indicating that they might be sensitive to climate changes. Observing meridional distributions, the

coastal water (with high bio-optical variables) can be roughly separated from the open ocean (with low

bio-optical variables) approximately at 21°N. In summer of the years 1998, 2007, and 2011 however, it

was obvious that bio-optical variables dispersed more southward to occupy the open ocean. In the same

periods, RR and GBR discharge were remarkably higher than those during the normal summer season.

This might indicate that high GBR discharge caused by high RR during summers 1998, 2007, and 2011

supplied terrigenous nutrients, suspended solid, and dissolved organic carbon into the BoB. In addition,

the summers in 1998, 2007, and 2011 were the moderate La Niña periods, and it is well known that

summer rainfall in the upstream GBR basin was anomalously high during La Niña years (e.g., Chowdhury

2003; Cai et al. 2015). Even though the aforesaid results showed increments of bio-optical variables

through La Niña teleconnections with RR and GBR streamflow, further analysis is required to clarify

whether any factors other than GBR discharge may also modulate the bio-optical variables. This is

because, strengthened physical factors such as, wind speed, surface current, and vertical mixing, may

entrain nutrients, suspended sediment, and dissolved organic carbon from deeper layer. Terrigenous

alluvial dust deposition may also fertilize the BoB, thereby may also enhance Chl-a at interannual

time-scale. La Niña teleconnections with atmospheric alluvial dust, wind speed, current, and vertical

mixing in the BoB also need to be investigated. Therefore, we will analyze other geophysical variables

such as, satellite-derived aerosol absorbing index (a proxy for alluvial dust), wind speed, surface ocean

current, and reanalyzed mixed layer depth data, and identify whether or not those factors also

interannually modulate the BoB bio-optical variables.
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Understanding coastal upwelling along the southwestern coasts of Sumatra and Java and their impacts on

ocean surface heat and biogeochemical balance in the eastern Indian Ocean are the main target of

international research collaboration, the Eastern Indian Ocean Upwelling Research Initiative (EIOURI). In

this study, analyzing sea level data along the coasts of Sumatra and Java, we investigated the coastal

upwelling signal that is linked to local sea surface temperature (SST) variability. We used Indonesian tidal

station data together with satellite SST data and atmospheric reanalysis data. The sea level variations

along the southern coast of Java have a significant coherence with remote wind, local wind, and local SST

variations, with an intraseasonal time scale of 20–50 days. Assuming that a coastal upwelling signal would

appear as a sea level drop (SLD), we focused on intraseasonal-scale SLD events in the data. Significant

upwelling signals are frequently observed during both the boreal summer and winter. To evaluate the

impact of the coastal upwelling on local SST, we examined statistical relationships between sea level and

SST variations. The results demonstrated that events that occurred during April-August were associated

with local SST cooling. The horizontal distribution of the SST cooling was analogous with annual-mean

SST, suggesting the importance of intraseasonal-scale coastal upwelling in forming the climatic conditions

of the southeastern tropical Indian Ocean.
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The numerical seasonal prediction system using the SINTEX-F ocean-atmosphere coupled model has so

far demonstrated good performance of predicting the Indian Ocean Dipole Mode (IOD) despite that the

system adopts a relatively simple initialization scheme with nudging only the sea surface temperature

(SST). However, it is easily expected that the system is not sufficient to capture the subsurface oceanic

precondition. Therefore, we have introduced a new three-dimensional variational ocean data assimilation

(3DVAR) method that takes 3D profiles of observed ocean temperature and salinity into account. Since

the new system has successfully improved the IOD prediction, the present study has clearly shown that

the ocean observational efforts in the tropical Indian Ocean are quite useful for improvement of the IOD

prediction and may contribute to rich socio-economic activities, particularly in the Indian Ocean rim

countries.
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A possible formation mechanism of mean subsurface upwelling along the equator in the Indian Ocean is

investigated using a series of hierarchical setting of ocean general circulation model (OGCM) integrations

and analytical considerations. In an eddy-resolving OGCM with realistic forcing, mean vertical velocity in

the tropical Indian Ocean shows rather strong upwelling, with its maximum on the equator in subsurface

layer below the thermocline. Heat budget analysis exhibits that horizontal and vertical heat advection due

to currents and temperature deviations from the mean balances with vertical advection due to mean

equatorial upwelling. Horizontal heat advection is mostly associated with intraseasonal variability with a

period from 3- to 91-day, while contribution from longer period (> 91 days) are small. Sensitivity

experiments with a coarse-resolution OGCM further demonstrate that such mean equatorial upwelling

cannot be reproduced by seasonal forcing only. Adding the intraseasonal wind forcing, especially

meridional wind variability with a period of 15 days, generates significant mean subsurface upwelling on

the equator. Further experiments with idealized settings confirm the importance of intraseasonal mixed

Rossby-gravity (MRG) waves to generate mean upwelling, which appears along the energy “beam” of

the MRG wave. An analytical solution of the MRG indicates that wave-induced temperature advection

caused by the MRG waves with upward (downward) phase propagation results in warming (cooling) on the

equator. This wave-induced warming (cooling) is shown to balance with the mean equatorial upwelling

(downwelling), which is consistent with simulated characteristics in the OGCM experiments.
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Variability of the Agulhas Current in the southwestern Indian Ocean is characterized by its solitary

meander event, known as the Natal Pulse, which may trigger the pinch off of the Agulhas Rings in the

Agulhas retroflection region. These turbulent motions may influence inter-ocean water mass exchange

between Indian and Atlantic Oceans and thus the global climate system. 

In this study, the trigger of the Natal Pulse, and the interannual variability in the occurrence of Natal Pulse

events are investigated using satellite altimeter data and outputs from the high-resolution OGCM (OFES)

simulation. 

It is found that most of the Natal Pulse events are triggered by anticyclonic eddies propagating from the

upstream region, most of which originates from the Southeast Madagascar Current (SEMC), although

eddies from Mozambique Channel also contribute to the Natal Pulse event. 

Futhermore, interannual variations in the Natal Pulse occurrence correlate with eddy kinetic energy off

the southern coast of Madagascar, which suggests that the Natal Pulse is controlled by anticyclonic

eddies from the SEMC region. An automatic eddy tracking method supports this idea, and shows that

possible eddy corridor is mainly from the SEMC region. The connection between the Natal Pulse and

western boundary current along the Madagascar coast implies the potential contribution of the

basin-scale wind field.
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Decadal climate variation in the southern Indian Ocean plays a crucial role in rainfall variability over

southern Africa through changes in moisture transport. The rainfall increase over southern Africa has a

strong relation with warm sea surface temperature (SST) and high sea level pressure (SLP) anomalies in

the Southwest Indian Ocean. Despite many efforts devoted to understanding the physical mechanisms,

few studies have examined the decadal climate predictability in the southern Indian Ocean. This study

aims at investigating decadal climate predictability in the southern Indian Ocean using a state-of-the-art

coupled general circulation model (GCM), called SINTEX-F2. Here we performed 12 ensemble decadal

hindcast experiments using different initial conditions with SST-nudging scheme, starting from Mar 1st in

each year of 1982-2005. 

On decadal timescale, the observed SST anomalies averaged in the Southwest Indian Ocean show

positive peak in late 1990s and negative peak in late 2000s. Both positive and negative peaks are well

reproduced in the decadal hindcast runs initiated in 1994 and 1999, respectively. Particularly, the

decadal hindcast experiments initiated from 1999 successfully capture a distinct phase change from the

positive to negative peak. In addition, the spatial patterns of warm SST and high SLP anomalies observed

in late 1990s show a clear eastward propagation from the South Atlantic to the southern Indian Ocean

along the Antarctic Circumpolar Current. The decadal hindcast experiments initiated in 1994 successfully

capture this observed eastward propagation of SST and SLP anomalies from the South Atlantic, indicating

an important role of SST anomalies in the South Atlantic. These results suggest that the SINTEX-F2

decadal hindcast experiments, with simple SST-nudging initialization, have reasonable skills in predicting

the decadal climate variability of the southern Indian Ocean, important for the southern African climate.
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It has been reported that aerosol supplied from the land to the ocean affects ocean biogeochemistry. Not

only in the modern age, but also during the glacier age, macro- and micro-nutrient in aerosol possibly

increases ocean nutrients resulting in increases of primary productivity and settling particles. On the other

hand, aerosol input possibly has negative impact: the harmful trace metals in aerosol might damage

ocean primary producer and some chemical substances might accelerate the ocean acidification. The Bay

of Bengal (BoB) is located in the northeast of the Indian Ocean. The BoB is semi-closed tropical maritime

surrounded by the land on its north, east, and west. In addition to strong insolation, large amount of fresh

water input from Ganges and Brahmaputra rivers that are one of largest river in the world and large

precipitation during the boreal summer monsoon season strongly stratify the ocean. As a result, the

supply of nutrient from the subsurface is strictly inhibited and the BoB is oligotrophic. As mechanisms of

nutrients supply to the sun-lit layer in the BoB, in addition to passes of meso-scale cyclonic eddy and of

meteorology turbulence such as cyclone, aerosol input is very important. Because of the unique monsoon

system in the Indian Ocean, the northeast wind is pre-dominant during winter season. Thus, especially in

winter, natural and anthropogenic aerosol that originates from the consumption of fossil fuel and the

biomass burning are largely transported from the land to the BoB. Another characteristic of the BoB is that

about one-quarter of the world population live around the BoB. Especially, Indo and Bangladesh are well

known as a country that magnitude of air pollution (concentration of PM2.5) is quite high and gigantic

anthropogenic aerosol are emitted. It is reported that , in spring, an amount of anthropogenic aerosol

input to the BoB is much higher than that to the Arabian Sea. It has been reported that concentration of

iron (Fe) in the anthropogenic aerosol that serves as micronutrient is higher and dissolved more easily

(namely, more bioavailable) than that in the natural aerosol. Thus in future, increase of anthropogenic

aerosol input might enhance ocean primary productivity in the pelagic ocean with Fe deficiency.

Moreover, large amount of aerosol that is attributed to wildfire, volcanic explosion and biomass burning

are emitted from Indonesia located in the southeast of the BoB. These aerosols possibly affect

biogeochemistry in the BoB too. There is another negative feedback that irradiance to the BoB would

decrease resulting decrease of primary productivity if large amount of aerosol were transported over the

BoB. Therefore the BoB is a “hot spot” for the study on impact of aerosol on ocean biogeochemistry.

This presentation reviews previous study on this issue and introduces a scientific cruise planned in 2018.
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The south of Sumatra-Java is one of the greatest upwelling regions in the southeastern tropical Indian

Ocean (SETIO). The upwelling appear under the monsoonal wind, thus it dominates from September to

November in usual. However, action-center of the Indian Ocean Dipole (IOD) events, which has

interannual variability, also appears in SETIO. Then the seasonality of the upwelling should be modulated

by IOD events. In general, the upwelling bring rich nutrient from deeper ocean to the surface, thus

biological primary production becomes large at that time. This kind of biogeochemical response against

physical condition should also be modulated by monsoon and IOD activities. Although the physical

interpretations of IOD mechanism and ocean responses of the Monsoonal wind have been improved by

development of observing system and numerical modeling technique in the past decade, understanding

of the biogeochemical responses of that has not been so improved because of lack of in situ observations.

At the present, the second international Indian Ocean expedition (IIOE-2) is conducted under the

international observation efforts. It is good chance to progress our understanding of the physical and

biogeochemical features at the Sumatra-Java upwelling region. In this presentation we will introduce our

observational and numerical analysis results for the Sumatra-Java upwelling region, which mostly focused

on the sea surface temperature and phytoplankton variability.
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It has been half a century since the International Indian Ocean Expedition (IIOE) took place in 1960’s.

Although in situ and remotely sensed observing technology have been improved significantly, our

understanding of physical, chemical, and biological oceanography in the Indian Ocean is still quite

limited. It has also benn discussed that recent human activities affect ocean environment, including

conditions in the Indian Ocean. Considering such situations, the second IIOE (IIOE-2) was planned and

launched in Dec. 2015 to investigate Indian Ocean conditions and their variations from physical,

chemical, biological, and geological viewpoints and to understand their mutual interactions. Upwelling

system is among important processes to be highlighted under IIOE-2, and Eastern and Western Indian

Ocean Upwelling Research Initiatives (EIOURI and WIOURI) have been established as key research

initiatives. Detailed descriptions of IIOE-2 and EIOURI will be presented.
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