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Relationship between Ocean Climate Changes in the Indian Ocean and Hot Summers
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Dr. Toshio Yamagata

Program Director, Climate Variations Research Program
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By October of this year, it will be three years
since the Frontier Research System for Global
Change was established. | would like to intro-
duce the hottest topic in the ocean climate
research related to the tropical Indian Ocean,
which was undertaken by the Climate
Variations Research Program over these past
three years.

This summer was very hot. Although it was
not as hot as the summer of 1994, it is certain
that the record will remain as one of the hottest
summers. The tropical Pacific Ocean was still
under the influence of last year's La Nifia until
the beginning of this summer, and it was
expected as usual in La Nifia years that four
seasons would appear clearly but such a hot
summer was not expected. As of September,
the warm water anomaly in the western tropi-
cal Pacific has crossed the date line and
extends into the central Pacific. If cold surges
that blow from this winter through early spring
next year bring westerly wind bursts in the
western tropical Pacific, it would not be sur-
prising to have a new EI Nifio in the first year
of the new millennium. Next year, we will
probably experience a different kind of sum-
mer. As human beings, we do not physically
feel climatic variations as anything more than
dramatic daily changes in weather. It is with-
out doubts that more and more research will
be done to fill the scale gap in understanding
unusual weather and climatic variations.

The P-J pattern that appears in the atmos-
pheric pressure distribution, which was pro-
posed by the late Professor Nitta of the
University of Tokyo, and the variations of its

pattern are important in order to understand
the summer in Japan. This P-J pattern, is
made up of an atmospheric updraft above the
ocean near the Philippines and the atmospher-
ic downdraft to the north near Japan, and as
what happened this summer, is affected by the
sea surface temperature in the tropical western
Pacific Ocean. However, our recent research
indicates that it is also influenced by the sea
surface temperature in the further distant tropi-
cal Indian Ocean. It is thought that this is what
happened in 1994. On the other hand, it has
been thought that the sea surface temperature
variations in the Indian Ocean are determined
almost completely by the phenomena in the
Pacific. However, the major contribution
made by my coworkers, Drs. Vinayachandran,
Saji, and Behera, has shown that an indepen-
dent coupled ocean-atmosphere phenomenon
may exist even in the tropical Indian Ocean,
and it is clear that this also affects the western
Pacific and east-Asian summer climates.

This coupled ocean-atmosphere phenomenon
in the Indian Ocean comes from the sea sur-
face temperature variation, which shows the
east-west dipole pattern, and the variation in
the tropical zonal winds that connect the zonal
temperature gradient. In other words, it is just
like an El Nifo in the Pacific although it
occurs in the Indian Ocean. Last fall, our
epoch-making article on the Indian Ocean
Dipole (I0D) was published in the British
journal, Nature. Since then, the IOD was dis-
cussed widely at CLIVAR/WCRP and other
international conferences as providing a new
viewpoint, and it has been very encouraging
for our new research group to be recognized
by world climate researchers. And just as
there are an infinite number of research arti-
cles on El Nifio and Southern Oscillation,
there will no doubt be wide-ranging research
into this newly recognized phenomenon,
including into longer-term climate variation
and paleoclimate fields.

It will be possible to predict those climate

changes in the tropical Indian Ocean and the
atmosphere if a system can be completed for
assimilating, in a real time basis, sea level data
from ocean satellites, sea water temperature
and salinity data obtained by TRITON Buoys,
and XBT and XCTD data collected by the
Volunteer Observation Ships (VOS), into a
coupled atmosphere-ocean model. Countries
surrounding the Indian Ocean and East and
Far East Asia are the most densely populated
in the world; this climate prediction system
would have, therefore, an unlimited impact on
society. Furthermore, if the Pacific, Indian,
and Atlantic Ocean prediction systems were
able to be combined, a real Tropical Ocean-
Global Atmosphere (TOGA) program would
be completed. This would make a major con-
tribution to the international community, even
just in agriculture, fisheries, water resource
management, disaster prevention, national
land planning, and health applications. The
successful hindcasting of the past 10D index
using general ocean circulation models, based
on our cooperative research with Dr.
Vinayachandran now at CAS/IIS in India (Fig.
1), and the successful simulation of the 10D
phenomenon in a coupled atmosphere-ocean
general circulation model in our cooperative
research with Dr. Matsuura and Mr. lizuka
(also working in the Frontier Research System
for Global Change) of the National Research
Institution for Earth Science and Disaster
Prevention have propelled us greatly to the
above goal.

The Climate Variations Research Program
has developed models of various levels and,
with the leading young researchers from Japan
and overseas gathered in our research pro-
gram, we share not only research ideas but
also multi-cultural richness on daily basis. We
will continue our efforts hand-in-hand to build
a unique center of excellence that produces
cosmopolitan researchers that contribute great-
ly from Asia to world climate research com-
munity.
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Fig. 100 Dipole mode index based on an ocean general circulation model (blue), which corresponds with the black line denoting the index based on the observational data.
The red line shows similar index calculated using the sea level data from the TOPEX / POSEIDON satellite.
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Introduction of the research results in the FRSGC

FRONTIER Newsletter 000 OO0OOOOOOOOOOOOOOOOOOOOOOOOOOOOO
000000000000000O0O0 OO 00000 000000000000 OO0 0o0000

0000000000000 0OO0OO0OO0OCOOOOOOOOOOOOOOOO

The FRONTIER Newsletter provides reports on FRSGC research results. This edition gives an example of the research results

of Dr. Yasumasa Miyazawa, a researcher of the Climate Variations Research Program and Mr. Hideharu Sasaki, a research
promotion staff of Integrated Modeling. He also belongs to Climate Variations Research Program.
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Japan Coastal Ocean Predictability Experiment(JCOPE) - Development of an eddy resolving Kuroshio model -
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Dr. Yasumasa Miyazawa (Climate Variations Research Program)
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The Climate Variations Research Program
promotes the Japan Coastal Ocean
Predictability Experiment (JCOPE) to forecast
climate changes in Japan coastal ocean. The
eddy resolving ocean circulation model, which
focuses particularly on the Kuroshio variation,
was developed as a part of this research pro-
ject. As the eddy Kinetic energy distribution
calculated from sea surface height variations
measured by the TOPEX/POSEIDON satellite
(shown in Fig. 1) suggests, the meso-scale
eddy activity is particularly pronounced in the
subtropical front region(17N - 25N) and the
Kuroshio-Kuroshio Extension (30N - 38N). A
variety of research is being undertaken into
these meso-scale activities. In order to investi-
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gate the relationship between this meso-scale
eddy activity and the Kuroshio-Kuroshio
Extension, this model adopts a horizontal reso-
lution of 1/12 degrees, which is enough to
resolve the size of the observed meso-scale
eddy. At the same time, a higher resolution (45
layers) is adopted in the vertical direction. This
model is based on the Princeton Ocean Model
(POM), and has a model range of 117E to
180E, and 10N to 50N, to cover the main cur-
rent systems of the North West Pacific - the
North Equatorial Current - the Kuroshio -
Kuroshiro Extension, and the Oyashio. The
results of the low-resolution (1/4 degrees,21
layers) North Pacific (30S to 62N, 100E to
70W) model will be used as the lateral bound-
ary conditions of this higher resolution
model(one-way nesting). The surface foring
was created from the weekly mean satellite sea
surface wind (ERS-1,2), the weekly mean sea
surface temperature, and the monthly mean
climatology of heat flux. First, after the spin
up process using the monthly climatological
surface forcing for approximately 10 years, the
hindcast calculations were performed using
the weekly mean surface forcing for 1992 to
1998.

The results using the monthly mean climato-
logical surface forcing gave a good duplication
of the Kuroshio (the straight path) and the
Kuroshio Extension (separation from the Boso
Peninsula). The mean Kuroshio transport ref-
ered to 700-m across the PN line is 25.4 sv,
and this fact closely matched the mean mea-
surement data. As you can see from Fig. 2, the
eddy kinetic energy distribution for the
Kuroshio-Kuroshio Extension is very similar
to the measurement data(Fig. 1).

This confirms that the magnitude of the eddy
activity for the Kuroshio-Kuroshio Extension
region is not a direct result of variations in sur-
face forcing but is related to the internal
dynamics of the Kuroshio-Kuroshio
Extension. The results from the hindcast cal-
culation based on the weekly mean surface
forcings indicate that the eddy activity in the
sub-tropical front region in the model
increased (Fig. 2 bottom) and the anti-cyclonic
eddy propagated from the sub-tropical front
region caused stronger recirculation of the
Kuroshio south of Shikoku. A short-term
meandering of the Kuroshio also occurred.
Furthermore,events such as the interaction
between meso-scale eddies and the Kuroshio,
such as the cold-core eddies from the
Kuroshio Extension merging with the
Kuroshio, and the absorption of cold-core
eddies in the Kuroshio recirculation were able
to be confirmed using the model. The real
Kuroshio south of Japan since 1992 took
mostly the straight path,but some short-term
meandering did occur. We must now work on
understanding the dynamics of this kind of
short-term meandering by continuing to focus
on meso-scale eddy activity and analyzing the
model results.
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On going physical validations of a high-resolution oceanic general circulation model] Wind-driven Circulation in the Pacific basin
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Hideharu Sasaki (Integrated Modeling Research Program)
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The one of our short-term goals is to get a
state-of-the-art oceanic general circulation
model (OGCM) into shape for the "Earth
Simulator” to be completed in the year 2001.
Enormous memories and computational speed
of the Simulator enable us to perform global
simulations with unprecedented resolution,
which is sure to be one of the "Grand
Challenge" problems. We are now collaborat-
ing with Earth Simulator Research and
Development Center (ESRDC) in developing
the model and our mission is to validate physi-
cal aspects of the model-output while ESRDC

provides a parallelized code. We selected
Modular Ocean Model 3 (MOM3) for our
OGCM to start with since its model perfor-
mance has been well-documented through
numerous climate studies performed so far. In
addition, the latest version permits an explicit
representation of the free surface of the
oceans, which is advantageous to high perfor-
mance computations. In the present phase of
validations using SX-5, we confine ourselves
to high-resolution simulations ([J 1/6 deg. in
horizontal directions and 30 vertical levels) in
the Pacific basin. Monthly mean climatologi-
cal data sets are used as the external forcing
and, in what follows, we show a few simulated
results obtained from our validations.

Fig. 1 shows the annual mean Sea Surface
Height (SSH). The subtropical and subarctic
gyres (Kuroshio and Oyashio) flowing quasi-
geostrophically along the contour lines are
clearly simulated. Fig. 2 shows snapshots of
SSH and current vectors in the Kuroshio
region in summer time. We see that simulated
Kuroshio at this moment takes a straight path.
The change of the current direction around the
30 deg. N and the separation point seem to
agree well with observational data. It is well
known that in low-resolution simulations the
Kuroshio tends to overshoot to the north and
the resulting separation point turns out to be
quite unrealistic. In our 1/6 deg. simulations,
the separation occurs near Boso Peninsula and

SSH & Velocity Vectors of z=2.5m

020
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Fig.2: +5H 1
Summer SSH and current

vectors for Kuroshio area a2 4

a subsequent strong meandering extends far to
the 160 deg. E line. Activities of energetic
meso-scale eddies are also noticed both in the
Kuroshio extension and Subtropical Counter-
current region near 20 deg. N. And quantita-
tive comparisons between simulated and
observed eddies are now making.

As is already mentioned, the completion of
the Earth Simulator is near at hand and our
cooperative activities with ESRDC are to be
accelerated a lot. Needless to say, high-resolu-
tion simulations on the Simulator are not easy
tasks in many respects and it must be a chal-
lenging project to integrate many research
activities going on in FRSGC. The validation
presented here is a preliminary step aiming at
contributions to such integrated efforts.
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Frontier Observational Research System for Global Change
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This column explains the activities of the FORSGC, which is working together with the FRSGC on research into

global changes. Dr.Hiroshi Hotta, the new Director-General of FORSGC, will explain the concept of the FORSGC
and future activities. Dr. Hiroshi Hotta was appointed as Director- General in July 2000.

MWERBI 7 7 4 TWHRY AT A,
VAT LARMEIZH 25T
On FORSGC and Being appointed Director-General
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Dr. Hiroshi Hotta (Director - General, FORSGC)
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| was appointed to the position of Director-
General at the Frontier Observation Research
System for Global Change (FORSGC) on July
1 this year and | am keenly aware of the heavy
responsibilities that | have undertaken.

I believe that one of the things that we recent-
ly are most concerned about is how the global
environment will be changed in the future.
About three years ago the Frontier Research
System for Global Change (FRSGC) was
started on modeling research and to give
answers on this issue as soon as possible.
Following this effort, the Frontier Observation
Research System for Global Change (FORS-
GC) was also established in the summer of last
year to observe accurately and evenly in space
and time the status of the natural environment
which showed us a true indication of the status
of the earth.

One of the important roles of the FORSGC is
suitably to provide the data required for mod-
eling research through close contact with the
FRSGC. The Climate Variations
Observational Research Program and the
Hydrological Cycle Observational Research

Program were selected to be the first starting
programs as the FORSGC. And two new
groups, the Coupled Ocean-Ice-Atmosphere
System Group and the Multi-Disciplinary
group, which are part of the International
Arctic Research Center (IARC) at the
University of Alaska Fairbanks, started their
own programs in the arctic region at the same
time.

In addition to these research activities we are
preparing to undertake another new research
program, the Global Warming Observational
Research Program, in order to ascertain
whether or not the earth is being subjected to
global warming as everyone fears. We think it
is necessary to undertake more systematic
research into material cycle, especially carbon
cycle. The target area of research is the
Northwestern Pacific Ocean that has been con-
sidered as one of the largest absorption regions
of carbon over the world. The weather in this
region from fall through spring is really bad,
and it has prevented any ordinary size of
research vessel to make observation in the
past. However, JAMSTEC has the world's
largest research vessel, the R/ Mirai, and if
the vessel is used for the program it is positive-
ly expected to realize research observation
during such severe periods and some new sci-
entific facts will come to light as a result.

0000000000000000000000000000000000000000000
0000000 0000NHKOODO

| Near Jakobshavn, Greenland. The ice sheet that covered the continent has fallen into the ocean and is floating on the surface of the sea.
Source: The Ocean: An Unknown World (NHK Publishing)

Such "Discovery of the new facts" is one of
the most important roles of FORSGC as well.
We are planning to set a core laboratory of the
Global Warming Research Program at the
newly opened Mutsu Institution in Aomori
Prefecture, where JAMSTEC equipped sever-
al research facilities so far.

It goes without saying that highly dedicated
researchers must be invited not only from the
Japanese scientists community but also from
all over the world to develop these observa-
tional research programs. Also top leveled
observation specialists are needed to make
sure the observation is done properly. The key
to the success of the observational research is
teamwork by these leading researchers and
observation specialists. Furthermore, it is
important that the scientists themselves are
placed in the natural environment for the
observational research which bring, therefore,
some unexpected and/or unknown risks.
Adequate research plans must be carefully
made in advance, and all activities must be
conducted with the utmost caution. This is the
greatest difference from modeling research,
and this is the reason why researchers in the
observational research are preferred to be
intent on their own program without other jobs
or research programs.
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Introduction of the researchers
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Dr. Hyungmoh Yih
Global Warming Research Program
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| joined the Paleoclimate Research Group,
Global Warming Research Program, about
three months ago, when this summer season
started. As the weather becomes hot, there are
more copies of papers related to sea ice on my
desk. My research interest is in the role of sea
ice in global climate system.

My interest was motivated by the recognition
of the importance of fresh water forcing to
coastal ocean, while | did my dissertation
research for the coastal circulation off
Vancouver Island, Canada. The motivation
was expedited by recognizing seasonal freez-
ing and melting, as well as advance and retreat
of sea ice around Antarctica. Fortunately | got
an opportunity to pursue my interest by
numerical modeling approach. | also had
opportunities to do field work by using an ice-
breaker and to maintain a mooring of current-
meters in the Weddell Sea. All of my previous
experiences will definitely become composite
to cover a field of research trials in the Global
Warming Research Program. | am sure that
we will take care of the new buds of research
activities, and someday we will have a thanks-
giving ceremony together.

| used to get off the train at Tamachi Station
and pass by a sandwich shop. They have sev-
eral sandwiches, all of them are named accord-
ing to what is sandwiched. Sometimes | say to
myself, "Sea ice is sandwiched in between
atmosphere and ocean. We want to couple those
two media through sea ice, in order to study the
global climate system. Then the system came to
be named sea ice climate system ..."
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Dr. James Oliver Wild
Atmospheric Composition Research Program
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Ozone is an important constituent of the
atmosphere, both in its own right as a green-
house gas, and in an indirect role through con-
trol of OH and hence much of the oxidation of
other gases in the troposphere. In the lower
atmosphere it is a significant pollutant and as a
strong oxidant it is damaging to most living
things. Although there are a number of natural
sources in the troposphere, comparison of
recent measurements with those from last cen-
tury suggest that these have been greatly
increased by release of pollutants such as
nitrogen oxides and hydrocarbons as a by-
product of human development and industrial-
ization. While most people are aware of smog
in industrial, urban regions, fewer realise that
far from being a local phenomenon it may

affect large regions, and ultimately the balance
of atmospheric oxidation over the whole
globe. But how are we changing the oxidizing
capacity of the atmosphere? How will this
affect climate?  What are the future impacts
on urban air quality and on crop yields? The
great variability of the sources and sinks of
atmospheric oxidants and the complex cou-
pling with meteorological processes require
that we use high-resolution chemical transport
models (CTM) to tackle these questions.

As part of the atmospheric composition pro-
gram of FRSGC, | have been using a well-
established CTM with a detailed treatment of
tropospheric chemistry to demonstrate that
short-lived chemical species may have signifi-
cant indirect climate effects. | am also study-
ing the long-range transport of ozone and its
precursors between the major continental
regions. There has been concern recently that
rapid development, industrialization and vehi-
cle ownership in China may offset projected
air quality improvements in urban regions in
the US; if these effects are significant as far
away as North America, they may prove even
more critical for Japan!
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Supporting the International Pacific Research Center

The Earth Science and Technology Organization (ESTO) has a
liaison office within the International Pacific Research Center
(IPRC), ajoint effort between the Japanese and US governments,
established at the University of Hawaii in 1997 to research global
change.

A liaison officer and a secretary work at the liaison office to
provide research support for the IPRC. The liaison officer, who
has been dispatched from the ESTO research promotions
department, is engaged in research and management as an IPRC
member to facilitate intercommunications between the two
countries for establishing and maintaining mutual understanding.

The IPRC undertakes research projects under an international
joint-venture framework. While this may be an ideal format for
international cooperation, it could also easily give rise to friction
caused by vast cultural differences between Japan and the United
States - from ways of using fund to decision-making processes.
The ESTO liaison office plays a role, sometimes as the lubricating
oil or sometimes as the adhesive agent in this system, contributing
to the development of the IPRC.[
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We had a really cooler (historical low
record!) summer this year at  Fairbanks,
Alaska. It wasvery difficult to image sunny
summer days when we had the IARC dedi-
cation ceremony in August of 1999. Today
| can see al hirch trees turned to brilliant
yellow through windows of IARC. It is
aready less than 10 degree in Centigrade.
Fall season come to Fairbanks much faster
here. In contrast to a cooler summer,
IARC/Frontier has become much more
active than last year with new FORSGC
researchers. The number of IARC residents
has also grown to about 100 this year
(includes other departments and students).

oooobooooogooolArRCOOO
International Arctic Research Center(IARC) externals

IARC seems to have hedlthy growth. Soon,
we will see northern light gracefully danc-
ing across the sky and IARC will be sur-
rounded by ice and snow. | am often sur-
prised by meeting many people who love
winter here because of its calmness and
beauty although it may have dips below
-40 degreesin ordinary winters.

If you need further information, please
visit IARC home page
(http://www.iarc.uaf .edu/).

Yu Shinmyo
(ESTO Researcher / IARC Liaison Officer )
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