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Conclusions

The Indian Ocean truly is one of the last
great frontiers of oceanographic research.
This ocean appears to be particularly vul-
nerable to climate change and anthropo-
genic impacts, yet it has been more than
a decade since the last coordinated inter-
national study of biogeochemical and eco-
logical processes there. To obtain a better
understanding of the atmospheric and oce-
anic variability in the IO, the Climate Vari-
ability and Predictability program (CLIVAR)
and the Global Ocean Observing System
(GOQS) are currently deploying a basin-
wide observing system in the 10 [/nterna-
tional CLIVAR Project Office, 2006]. Although
there are significant challenges, deploy-
ment of an array of more than 30 buoys is
planned in the open ocean between 20°N
and 20°S spanning the entire basin. These
buoys will be accompanied by a variety of
physical oceanographic survey and mooring
support cruises. In addition, several nations
in the IO (most notably India, Oman, and
Australia) are deploying coastal observing
systems.

These systems, in combination with newly
available research capabilities and technol-
ogies, such as ARGO float measurements
and an Indian satellite ocean color sensor,
provide a unique opportunity for staging
international, interdisciplinary research
in the 10, which can address many of the
research questions noted above. Yet there
are still significant logistical and political
impediments, especially for U.S. scientists.
That is, it is difficult and costly to deploy
U.S. research vessels on the other side of the
world, and many IO rim nations, including
India, do not allow foreign research vessels
in their exclusive economic zones. We hope
this article will help overcome some of these
barriers and promote coordinated interna-

tional research efforts in the 10 to answer
these important questions.

Figure 2 of this article can be viewed in
the electronic supplement to this Eos issue
(http://www.agu.org/eos_elec).

Acknowledgments

The questions raised in this article are
based on two international workshops that
were convened in Goa, India (3-6 October
2006 and 27-30 November 2007) as part of
the Sustained Indian Ocean Biogeochemis-
try and Ecosystem Research (SIBER)
program planning process. We thank all
of the workshop participants for their enthu-
siastic support, participation, and input.
The contribution of Joaquim Goes to this
effort was supported by NASA grants
NNGO5GR13G and NNX07AK82G-S01. The
contribution of Raleigh Hood was supported
by U.S. National Science Foundation grants
OISE-0536861 and OCE-0727498. Travel
support was provided by the U.S. National
Oceanic and Atmospheric Administration’s
Climate Program Office.

References

Alory, G., S. Wijffels, and G. Myers (2007),
Observed temperature trends in the Indian
Ocean over 1960-1999 and associated
mechanisms, Geophys. Res. Lett., 34, L02606,
doi:10.1029/2006GL028044.

Bange, H. W., W. S. A. Naqvi, and L. A. Codispoti
(2005), The nitrogen cycle in the Arabian Sea,
Prog. Oceanogr., 65, 145-158.

Bates, N. R., A. C. Pequignet, and C. L. Sabine
(2006), Ocean carbon cycling in the Indian
Ocean: 1. Spatiotemporal variability of inor-
ganic carbon and air-sea CO, gas exchange,
Global Biogeochem. Cycles, 20(3), GB3020,
doi:10.1029/2005GB002491.

Brandes, J. A., A. H. Devol, T. Yoshinari, D. A.
Jayakumar, and S. W. A. Naqvi (1998), Isotopic

composition of nitrate in the central Arabian Sea
and eastern tropical North Pacific: A tracer for
mixing and nitrogen cycles, Limnol. Oceanogr.,
43, 1680-1689.

Capone, D. G., A. Subramaniam, J. P. Montoya,

M. Voss, C. Humborg, A. M. Johansen, R. L. Siefert
,and E. J. Carpenter (1998), An extensive bloom

of the N,-fixing cyanobacterium Trichodesmium

erythraeum in the central Arabian Sea, Mar. Ecol.
Prog. Ser., 172, 281-292.

Codispoti, L. A., J. A. Brandes, J. P. Christensen,
A.H. Devol, S. W. A. Naqvi, H. W. Paerl, and
T. Yoshinari (2001), The oceanic fixed nitrogen
and nitrous oxide budgets: Moving targets as we
enter the anthropocene?, Sci Mar., 65, suppl. 2,
85-105.

Gjosaeter, J. (1984), Mesopelagic fish, a large
potential resource in the Arabian Sea, Deep Sea
Res., 31, 1019-1035.

Goes, J. I, P. G. Thoppil, H. D. Gomes, and J. T. Fasullo
(2005), Warming of the Eurasian landmass is
making the Arabian Sea more productive,
Science, 308, 545-547.

International CLIVAR Project Office (2006),
Understanding the role of the Indian Ocean in
the climate system: Implementation plan for
sustained observations, CLIVAR Publ. Ser., 100,
Southampton, U.K.

Lévy, M., D. Shankar, J. M. André, S. S. C. Shenoi,
F. Durand, and C. de Boyer Montégut (2007),
Basin-wide seasonal evolution of the Indian
Ocean’s phytoplankton blooms, J. Geophys. Res.,
112, C12014, doi:10.1029/2007JC004090.

Lobitz, B., L. Beck, A. Huq, B. Wood, G. Fuchs,
A.S. G. Faruque, and R. Colwell (2000), Climate
and infectious disease: Use of remote sensing
for detection of Vibrio cholerae by indirect mea-
surement, Proc. Natl. Acad. Sci., U. S. A., 97(4),
1438-1443.

Marsac, F., F. Menard, and O. Maury (2006), Envi-
ronmental variability in the high sea ecosystem
of the Indian Ocean: From climate and biological
indices to tuna fisheries response, Eos Trans.
AGU, 87(36), Ocean Sci. Meet Suppl., Abstract
0S45M-09.

Millennium Ecosystem Assessment (2005), Eco-
systems and Human Well-Being: Synthesis, Island
Press, Washington, D. C.

Naqvi, S. W. A., H. W. Bange, S. W. Gibb, C. Goyet,
A. D. Hatton, and R. C. Upstill-Goddard (2005),
Biogeochemical ocean-atmosphere transfers in
the Arabian Sea, Prog. Oceanogr., 65, 116-144.

Naqvi, S. W. A., P. V. Narvekar, and E. Desa (2006),
Coastal biogeochemical processes in the North
Indian Ocean, in The Seq, vol. 14, edited by
A. Robinson and K. Brink, pp. 723-780, Harvard
Univ. Press, Cambridge, Mass.

Piketh, S. J., P. D. Tyson, and W. Steffen (2000),
Aeolian transport from southern Africa and iron
fertilization of marine biota in the South Indian
Ocean, S. Afr. J. Sci., 96, 244-246.

Schott, F. A, and J. P. McCreary (2001), The
monsoon circulation in the Indian Ocean, Prog.
Oceanogr., 51, 1-123.

Seitzinger, S. P, J. A. Harrison, E. Dumont, A. H. W.
Beusen, and A. F. Bouwman (2005), Sources and
delivery of carbon, nitrogen, and phosphorus to
the coastal zone: An overview of Global Nutrient
Export from Watersheds (NEWS) models and
their application, Global Biogeochem. Cycles, 19,
GB4501, doi:10.1029/2005GB002606.

Smith, S. L. (2001), Understanding the Arabian
Sea: Reflections on the 1994-1996 Arabian Sea
Expedition, Deep Sea Res., Part I, 48, 1385-1402.

Wiggert, J. D., R. G. Murtugudde, and J. R. Chris-
tian (2006), Annual ecosystem variability in the
tropical Indian Ocean: Results of a coupled bio-
physical ocean general circulation model, Deep
Sea Res., Part II, 53, 644-676.

Author Information

Raleigh Hood, University of Maryland Center
for Environmental Science, Cambridge; E-mail:
rhood@hpl.umces.edu; Wajih Naqvi, National
Institute of Oceanography, Goa, India; Jerry Wig-
gert, Department of Marine Sciences, University
of Southern Mississippi, Stennis Space Center;
Joaquim Goes, Bigelow Laboratory for Ocean
Sciences, West Boothbay Harbor, Maine; Victoria
Coles, University of Maryland Center for Environ-
mental Science; Julian McCreary, International
Pacific Research Center/School of Ocean and
Earth Science and Technology, University of
Hawai’i, Honolulu; Nicholas Bates, Bermuda
Institute of Ocean Sciences, St. Georges; PK. Kar-
uppasamy, National Institute of Oceanography,
Kochi, India; Natalie Mahowald, Department of
Earth and Atmospheric Sciences, Cornell Uni-
versity, Ithaca, N.Y.; Sybil Seitzinger, Institute of
Marine and Coastal Sciences, Rutgers University,
New Brunswick, N.J.; and Gary Meyers, University
of Tasmania, Hobart, Australia





