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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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　陸から海洋へ供給される大気塵（エアロゾル）が海洋の様々な生物地球化学に影響を与えていることが報告

されてきた。現代のみならず氷期においても、陸域起源のエアロゾルが海洋の栄養塩濃度を増加させ、基礎生

産力、沈降粒子量の増加を誘引する可能性が指摘されている。一方、陸域エアロゾルの海洋供給は有害金属を

海洋へ供給したり、海洋の酸性化を促進させたり等負の効果も考えられる。インド洋北東部に位置するベンガ

ル湾は北側および東西を陸に囲まれた半閉鎖的な熱帯海域である。強い日射に加え、ガンジス川、ブラマプト

ラ川という世界最大級河川による淡水流入、さらに北半球夏季モンスーン（南西風）による多量の降雨により

成層構造が発達するため亜表層からの栄養塩供給が極めて少ない貧栄養海域である。このベンガル湾において

海洋表層の基礎生産力を高めるための栄養塩供給メカニズムとしては、海洋内部の中規模渦、サイクロンのよ

うな気象擾乱に加え、陸域エアロゾル供給が挙げられる。インド洋特有のモンスーンシステムにより、冬季は

北東風が卓越し陸から海に向かって風が吹くため、陸域から天然起源あるいはバイオマスバーニングや化石燃

料使用による人為起源のエアロゾルが大量にベンガル湾に供給される。ベンガル湾の特徴として、湾周辺国に

は世界人口の約1/4が集中している。特にインドやバングラディッシュは大気汚染度（PM2.5濃度）が高いこ

とで知られており、大量の人為起源のエアロゾルがベンガル湾周辺で発生し大気中へ放出されている。アラビ

ア海に比べると、春季はより多くの天然起源・あるいは人為起源のエアロゾルが供給されやすい海域であると

の報告がある。人為起源エアロゾルに含まれるmicronutrientである鉄は、天然起源エアロゾルに比較する

と、濃度が高く、かつ溶出しやすい（換言すれば、生物に利用されやすい）との報告がある。したがって将来

的にはより多くの鉄が海洋に供給された結果、鉄不足の海域では基礎生産力が増加する可能性がある。またベ

ンガル湾南東部に位置するインドネシアからも山火事、火山噴火、バイオマスバーニングによる大量のエアロ

ゾルが発生し同海域の海洋の生物地球化学に影響を与えている可能性も指摘されている。大量のエアロゾルが

ベンガル湾海上大気に輸送された場合は日射を遮断し、海洋の一次生産力を低下させる効果もあるはずであ

る。従って生物地球化学におけるエアロゾルの役割を研究する上でベンガル湾は“ホットスポット”と言え

る。本発表ではベンガル湾の生物地球化学におけるエアロゾルの役割に関する研究例をまとめ、2018年に計

画されている観測研究航海について紹介する。
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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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　1960年代前半に行われた国際インド洋調査から半世紀が経ち、海洋観測技術も大きく発展した現在で

も、インド洋の物理、化学、生物研究には多くの未解明なテーマが残されている。また、人類活動が地球環境

に影響を与えていることも明らかとなり、インド洋を含む海洋環境への影響も懸念されている。このような状

況のもと、インド洋の総合的な観測を主体とした研究計画として国際インド洋調査-2が企画され、2015年

12月から開始されている。その中で、特に海洋湧昇域の重要性が注目され、東部および西部インド洋の湧昇域

研究イニシャティブ（EIOURIおよびWIOURI）がIIOE-2の重要な研究プロジェクトとして始まった。これらの

プロジェクトでは、物理、化学、生物学的視点から湧昇システムの解明と、これらの間の多様な相互関連性を

明らかにすることを目的としている。本発表では、IIOE-2とEIOURIの詳細を紹介する。
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