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Japan Meteorological Agency:  oceanographic activities

by Teruko Manabe (see page 11)

Outline of JMA

The Japan Meteorological Agency (JMA) is
responsible for monitoring atmospheric, oceanic,
seismic and volcanic phenomena as well as issuing
and announcing related information including
forecasts and warnings.  In 1875, the forerunner of
the Agency started national meteorological services
and JMA was established in 1956 under the Ministry
of Transport.  JMA has been contributing to the
improvements of public welfare including natural
disaster prevention and mitigation, safety of
transportation, prosperity of industries and
international cooperative activities.  Since the
reorganization of the JMA Headquarters in July 1996,
there are five Departments: Administration, Forecast,
Observations, Climate and Marine, and Seismology
and Volcanology.  The budget of JMA is about 75
billion JPY for FY1996 and the total number of staff
members is about 6,200.

Oceanographic Activities

JMA makes oceanographic observations and provides
oceanographic information services.  For better
observations and information services, JMA also
makes efforts in oceanographic research.  These
oceanographic activities are carried out in the Climate
and Marine Department of JMA Headquarters in
Tokyo, at four Marine Observatories in Hakodate,
Kobe, Nagasaki and Maizuru and at the Meteorological
Research Institute (MRI) in Tsukuba.  The Climate
and Marine Department is composed of four Divisions:
Administration Division, Climate Prediction Division,
Oceanographical Division and Maritime
Meteorological Division.  Oceanographic activities
described below are mainly performed by the
Oceanographical Division.

Observations

To monitor the state of the ocean and understand the
mechanisms responsible for oceanic variability on
various time scales, JMA has been making a variety
of observations from hourly at the tidal stations to
seasonal and annual on board research vessels.  The
Agency operates research vessels, ocean data buoys,
tidal stations, and a Geostationary Meteorological
Satellite (GMS) in order to obtain these observations.

JMA has six research vessels (two at the Headquarters
and one at each Marine Observatory) which are used
to collect in situ oceanographic data, including sea
water temperature, salinity, ocean currents, chemical
components (dissolved oxygen and nutrients),
plankton and greenhouse gases, as well as marine
meteorological data in the seas adjacent to Japan and
in the western N. Pacific and equatorial regions
(Figure 1).  Observations are normally made from the
sea surface to a depth of 2000 m (and only sometimes
to the ocean bottom).

The major interest of JMA for these observations are:

• ocean variability on decadal/interdecadal scales
in the western North Pacific,

• seasonal/annual ocean variations in the areas
adjacent to Japan such as the Kuroshio and the
Oyashio,

• relationship between ENSO and warm water pool,

• monitoring of CO
2
 flux between the ocean and

the atmosphere.

Fig. 1 Main observation sections of JMA.
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In particular, meteorological and oceanographic
observations have been made from south of Japan to
the equator along 137˚E for about thirty years and have
contributed to the understanding of the roles of the
western N. Pacific in the climate system.  In 1994, R/
V Ryofu Maru, one of JMA’s vessels, made a highly
precise oceanographic survey as a part of the WOCE
Hydrographic Program (WHP): one-time line P9 along
137˚E.  A new R/V Ryofu Maru built in July 1995 is
equipped with a greenhouse gases (CO

2
, CH

4
, CFCs,

N
2
O) measuring system and she commenced making

observations along 165˚E from 50˚N to 7˚S in addition
to the observations along 137˚E.  JMA publishes “Data
Reports of Oceanographic Observations” (available
also on CD-ROM) to make the obtained data available
to the public.

In the Oceanographical Division, the Pollutants
Chemical Analysis Center was established in 1974.
Its main task is to monitor the background level of
heavy metals (such as cadmium and mercury) and
petroleum pollution.  The obtained data are published
once a year in the “Report of Observation for
Monitoring Background Marine Pollution”.

Monitoring of greenhouse gases is a new important
task of the research vessels.  In 1989, JMA initiated
operational monitoring of CO

2
 and it has been

determined that, in the western North Pacific, the ocean
fluctuates between being a sink of atmospheric CO

2

in winter to being a source in summer.

In addition to the observations by its own research
vessels, JMA is making an effort to promote subsurface
temperature observations by ships-of-opportunity
along routes:  Japan - Persian Gulf and Hong Kong -
New Zealand - Japan and in the TRANSPAC region.

As for coastal observations, there are 84 tidal stations
along the coasts of Japan (Figure 2), which contribute
to the protection of life of the citizens and coastal
facilities from tsunami, storm surges and unusual tides.
In addition, the observation apparatus for huge
tsunamis are installed at 76 sites.  Moreover, JMA
began to observe the sea level at Minamitorishima
(24(18’N, 153(58’E), which not only contributes to
detecting tsunamis from the South Pacific well in
advance but is expected to monitor the long-term
variation of sea level related to climate change.

JMA also has three ocean data buoys in the Japan Sea,
East China Sea and south of Japan.  These moored
buoys automatically make marine meteorological and
oceanographic observations and send reports to JMA

via GMS.  These data are distributed to the world
community through the Global Telecommunication
System (GTS).

Oceanographic information services

JMA has been providing oceanographic information
services for more than fifty years.  The Agency collects
in situ data from ships and buoys and remote-sensing
data from satellites, as well as the observations made
by JMA.  Based on these data, the Agency has been
making a variety of oceanographic products, including
analyses and forecasts of 10-day and/or monthly mean
sea surface temperature, subsurface temperature and
sea surface currents.  JMA has been making every
effort to improve data analysis methods.  For the
purpose of ocean climate monitoring, especially ocean
variability related to ENSO, JMA has developed an
ocean data assimilation system and started to use it
operationally and provide results for the equatorial
Pacific in February 1995.

Some of these products are broadcast through
meteorological radio facsimile to ships on an
operational basis and JMA also publishes the Monthly
Ocean Report which is distributed to interested
domestic and international institutes and agencies.
JMA also disseminates information on the latest states
of El Niño events to the domestic public.

JMA has been in charge of a Specialized Oceanographic
Center of the Integrated Global Ocean Services System
(IGOSS) Data Processing and Services System (IDPSS)
for the Pacific Ocean since 1984.

Fig. 2 Location of oceanographic and marine
meteorological observation stations.
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occurring in the equatorial Pacific.  Large scale
pressure fluctuations originate on the equator, produce
El Niño or its opposite the La Niña events, and these
produce large responses in the extratropic regions.  The
early years of this decade were dominated
(climatologically speaking) by a sequence of El Niño
events without respite.  The tendency towards or away
from an El Niño is measured by the Southern
Oscillation Index (hereinafter SOI) and this index is
plotted in Figure 4.  The SOI varied during 1996
between 0 and +0.8.  This is on the La Niña side of
normal, but the deviations from normal are weak.  The
SOI is usually reported in non-dimensional units,
usually a normalized pressure difference divided by
the standard deviation.  Thus the peak value for 1996
is +1.0, or only one standard deviation above the long-
term normal.  The equatorial Pacific was close to the
long-term climatic normal in 1996.

The Prospects for 1997 and 1998

In December of 1996 the SOI had the value +0.8.  Also,
other indicators were consistent with this value and
indicated very cold conditions on the equator.  Since El
Niño and La Niña events, when they occur, usually start
in the late fall of the year before (i.e., the 1983 El Niño
started in Nov-Dec 1982) we can say with a very high
level of certainty that there will be NO major climatic
anomaly affecting the N. Pacific Ocean in 1997.  Sea
surface temperatures should not depart significantly
from the climatic normals during 1997.

There are now about 15 computer models, each
running on different principles, that attempt to predict
the future of the equatorial Pacific and report their
results monthly in the Experimental Log-Lead Forecast
Bulletin published by the National Weather Service
(National Centers for Environmental Prediction, and
the Climate Prediction Center, NOAA, US Dept. of
Commerce).  Methods vary widely, some of the models
are dynamical simulations, others are exclusively
statistical.  However, all agree that there will be no
significant climate anomaly in the Pacific Ocean
during 1997.  Many of the models have been run for a
long time and have developed an impressive track
record, and the result is that it is believed that they
have useful skill for forecasts 12 months in advance.
So for the longer view, all of the dynamical models
and most of the statistical models indicate that mild
warming in the Niño-3 region should be evident by
the end of 1997.  In particular, the output of the new
Scripps/MPI hybrid coupled atmosphere-ocean model
suggests warming in the winter of 1997/98 sufficient
to be called a moderate El Niño.

(cont. from page 10)

Fig. 3 Sea surface current vectors in the western N.
Pacific (January 3, 1997).  Vectors are derived
from the sea surface dynamics heights from
TOPEX/POSEIDON and sub-surface
temperature distribution assuming the
geostrophic relation.

Research and development

To support the above operational tasks, JMA has been
conducting various oceanographic research activities,
mainly through the Meteorological Research Institute
(MRI).  To investigate oceanic variations and to study
the mechanism of the interaction between the ocean
and the atmosphere which makes it possible to predict
climate change, basic research is conducted on the
development of numerical models of ocean general
circulation and ocean ice model for the simulation and/
or prediction of the path of major currents (such as
the Kuroshio), distribution of sea ice and sea surface
temperature.  A new ocean data assimilation system
for the mid- and high-latitude regions is under
development.  Aiming at an operational forecast of
ENSO, JMA is developing a coupled ocean-
atmosphere general circulation model.

Furthermore, in the MRI, efforts are being made for
developing methods for remote-sensing data analysis
and for the application of the results to JMA’s
operational tasks.  Recently, JMA has developed a
method to derive sea surface dynamic heights from
the TOPEX/POSEIDON altimetery data.  JMA has also
developed a method to determine sea surface current
vectors from the obtained sea surface dynamic heights
and sub-surface temperature distribution assuming the
geostrophic balance (Figure 3).
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Fig. 6 Relationship between salmon and sardine catch and Atmospheric Circulation Index (ACI) trend in the Northern
Pacific for the periods of 1920-1950 (A, B, C) and 1970-1993 (D, E, F).
A-Japanese sardine. B-Californian sardine. C-Pacific salmon.
D-Japanese sardine. E-Californian sardine. F-Pacific salmon.
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The correspondence between ACI and sardine
(salmon) catches for 1920-1950 and 1970-1994 is
illustrated in Figure 6.  The correlation coefficients
between ACI and of Japanese sardine catch are 0.90-
0.95.  The corresponding figures for Californian
sardine and Pacific salmon catches are 0.77-0.92 and
0.71-0.84, respectively.  The curve of Pacific salmon
catch has characteristic “saw-like” shape caused by
the alternation of low and high-abundance (even and
odd) generations of pink salmon.  3-year smoothing
of this curve results in significantly higher correlation
between ACI and salmon catches (0.84-0.89).  A tight
correlation is also found between ACI dynamics and
catch fluctuations of most abundant Pacific species:
Alaska pollock, Anchovy, Chilean jack mackerel and
some others (Klyashtorin and Sidorenkov, 1996).

The Atmospheric Circulation Index (ACI) is
calculated from the data obtained in the Atlantic-
European region, but ACI trend corresponds to the
long-term climate changes at a global scale (Girs,
1971).  ACI fluctuations are synchronous with the
fluctuations of the global and hemispheric temperature
anomaly (dT), and corresponds to the dynamics of
ALPI that is an important climate-governing index of
the North Pacific.

ACI dynamics also correlates tightly (correlation
coefficient equals 0.8) with the Earth Rotation Velocity
Index (ERVI) that is a global geophysical parameter,
digitally opposite to the Length of Day Index
(Sidorenkov, 1980) (Figure 7).

The following hypothesis can be suggested to explain
the above-considered phenomena.  Some proportion of
water evaporated from the ocean surface is carried to
the polar regions and deposited in the ice sheets of
Greenland and the Antarctic.  Ice flows to the oceans do
not vary much in time, and the increase in the ice mass
is close to the dynamics of atmospheric precipitation and
snow deposition.  The latter is determined by dominant
wind directions, and depends on the general direction of
the air transportation during different climatic epochs
(long-term changes in ACI).  The water mass transfer
from the ocean to the polar regions causes changes to
the inertial moments and Earth rotation velocity
(Sidorenkov, 1980).  Changes in ERVI correspond to the
fluctuations of some characteristics of global water
exchange (Klige, 1985).  Independently on a real
mechanism of the above-considered phenomenon, tight
correlation between ACI and ERVI makes it possible to
accept the latter as a reliable global index of large-scale
climate changes (Sidorenkov and Svirenko,1991).

(cont. from page 7)

Fig. 8 Trends of Atmospheric Circulation Index (ACI),
Earth Rotation Velocity Index (ERVI) and
Japanese sardine stock bursts for the period of
1800-1993.

Fig. 7 Trends of Atmospheric Circulation (ACI) and
Earth Rotation Velocity (ERVI).

Fig. 9 A comparison between trends of ALPI and
American pink salmon catch.
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Periodicity in the Fish Production Fluctuations

Regular fishing statistics exist only for 70 years,
however, the periods of high abundance of Japanese
sardine have been registered in the Japanese chronicles
since the 16th century (Kawasaki, 1992a,b, 1994).

Seven bursts of sardines have been registered over the
past 400 years, (Kawasaki 1992a,1994) with average
periodicity of about 60 years (from 50 to 70).  Reliable
time series on ERVI is 180 years old, and time series
of ACI is about 100 years old.  A good correspondence
in ACI and ERVI dynamics (maximums), and outbursts
of Japanese sardine are illustrated in Figure 8.  The
dynamics of Californian sardine and anchovy
abundance was reconstructed recently by the method
of detailed analysis of bottom deposition columns
(Baumgartner, et al., 1992).  The sardine outbursts have
repeated regularly for almost 2000 years, with
approximately 60-year periods.  The bursts of anchovy
took place with similar periodicity, but roughly
opposite in phase to the sardine fluctuations.

Pacific salmon stocks also exhibit approximately 60-
year periodicity, with maxima in the 1870s, 1930s, and

1990s (Beamish and Bouillon, 1993; Klyashtorin and
Smirnov, 1992, 1995).  Despite relatively high
variability, the important climate-forming factor of the
Northern Pacific - ALPI, agrees with the catch
dynamics of American pink salmon (Figure 9).

CONCLUSIONS

Long-term fluctuations of pelagic fish production in
the Pacific region in this century probably can be
conceived as a result of two climate-related “waves”.
The first wave, with the maximum in the late 30s, was
observed in the 20-50s.  The second one started in the
70s and apparently reached its maximum in the late
80s-early 90s (Figure 10).

The development of the first climate-related wave of
the 20-50s was manifested by synchronous change in
the trends of basic climatic indices (dT, ALPI, ACI,
ERVI) and stock dynamics of basic commercial species
(salmons and sardines).  After reaching a maximum
in the late 30s, the catch trends and climatic indices
decreased, and followed through the 40s to the
“depressive” phase of the 50s (Figure 10a).  The trends
of climatic indices  and catch dynamics  follow in the

Fig. 10 The scheme of the general
trend of climatic indices and
commercial catches in the
Pacific for the periods of
1920-1950 (A) and 1970-1993
(B).  All curves are presented
in per-unit form relative to a
specific maximum taken as
100 percent and marked by
arrows.  All catches are
smoothed by 5-years
averaging.

dT - Annual air surface
temperature anomalies (13-
year smoothing);  ALPI -
Aleutan Low Pressure Index
(13-year smoothing);  ACI -
Atmospheric Circulation
Index (5-year smoothing);
ERVI - Earth Rotation
Velocity Index (5-year
smoothing).
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same manner during the development of the second
wave of the 70-90s (Figure 10b).  They reached their
extreme points almost simultaneously (in the late 80s-
early 90s), and now apparently come to their final
phase analogous to the one of the 40s.  The second
climate-produced wave will likely be in a final phase
in the beginning of the next century.

The dynamics of total salmon catches in the Pacific
region is similar to that of main commercial pelagic
species, and correlates with the above-considered
global and hemispheric climatic indices.  Based on
the latter, one can conclude that the phase of fast catch
increase (observed in the 80s) is already finished.  In
the near future, the catch trend will pass its extreme
point, and gradual decline of the salmon abundance
(and catches) will start in the beginning of the next
century like it was in the 40s.  It may also be assumed
that by analogy with the period in the 40s, in the late
90s the trend of temperature anomaly (dT) will begin
a gradual decline in line with ACI, ERVI, ALPI, and
pelagic commercial catch.  This contradicts the
conventional belief in “global warming”, but
corresponds to the latest data on the dynamics of global
and hemispheric temperature anomaly (Halpert et al.,
1995).  It is reasonable to expect that in the beginning
of the next century, the oncoming new climatic phase
will affect not only the oceanic but terrestrial
ecosystems of all the Pacific region as well.

The large-scale changes in the Pacific fish production
illustrate the response of oceanic system to long-term
climatic changes.  “In many instances biological
organisms are integrators of environmental variables
and may be more sensitive to low frequency climate
events than physical time series” (Polvina et al., 1994).
High correlation between ACI, ERVI, and catch trends
allow us to consider these indices as predictors of long-
term changes in salmon and other pelagic species
abundance in the Pacific.  Together with the concept
of the approximately 60-year climate-production cycle,
the application of these indices makes it possible to
predict the dynamics of Pacific pelagic commercial
species for 5-10 years ahead.

The existing forecasts of all scales may also be
corrected in advance, as soon as new data on ACI and
ERVI come to our disposal.  Unlike many other
meteorological indices, ERVI can be measured with
high precision by astronomical methods, and the data
on its actual dynamics can be obtained anytime.  As
soon as the mechanism of its high correlation with
global water exchange processes is found, ERVI can
be used as a basic indicator of global climate trends
(Klyashtorin, 1996; Klyashtorin and Sidorenkov,

1996).  The mechanism of the effect of climate changes
on the fish production is not clear yet.  The main reason
is apparently the changes in total productivity of
oceanic system in response to the long-term change
in atmospheric circulation, heat transfer and oceanic
surface turbulence (Bakun, 1990; Hsien and Boer,
1992; Brodeur and Ware, 1992, 1995).
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