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1. Common Issues
This is the first national report on systematic climate observation in Japan. Its content follows
the revised UNFCCC reporting guidelines on global climate change observing systems established
as a result of Decision 11/CP.13 made at COP 13 of the United Nations Framework Convention on
Climate Change (UNFCCC). The report is mainly based on Chapter 7 (Research and Systematic
Observation) of Japan’s Sixth National Communication under the UNFCCC with the addition of
some further details.
1.1 Policy on the systematic observation in Japan
Observation and monitoring of climate change should be implemented in accordance with the
Science and Technology Basic Plan (decided by the Government of Japan in March 2001) and the
Earth Observation Promotion Strategy (proposed by the CSTP in December 2004). Bearing in mind
Japan’s contribution to the development of GEOSS based on the 10-Year Implementation Plan, organizations that carry out such observations and monitoring should adopt methods consistent with
international observation and monitoring projects. In addition, the results of their activities should
be available to ensure that the data is utilized effectively.
Contributing to the development of GEOSS, the Government of Japan participates in and cooperates with international observation and monitoring programs conducted under the Global Environmental Monitoring System (GEMS), the Global Atmosphere Watch (GAW) Program, the Global
Climate Observing System (GCOS), the Global Ocean Observing System (GOOS), and the Joint
World Meteorological Organization (WMO)/UNESCO Intergovernmental Oceanographic Commission (IOC) Technical Commission for Oceanography and Marine Meteorology (JCOMM). Japan also
conducts wide-area observation and monitoring based on the appropriate sharing of international
tasks. In addition, the government is also working to facilitate utilization of observation and monitoring data through joint research and knowledge networks such as the APN.
It is important to effectively promote Earth observation by satellites with coordination on a
worldwide scale in accordance with Japan’s Plan for Satellite Development for Global Observation
and Means for Advancing Data Usage, compiled in June 2005 by the Space Activities Commission.
Accordingly, the Government of Japan is actively participating in the activities of the Committee on
Earth Observation Satellites (CEOS) and other international forums and is promoting the development, launch, and operation of satellites in conformity with these activities. Furthermore,
through GEOSS, the Government of Japan promotes integrated global observations combining
satellite, aircraft, ship, and ground-based observation in cooperation with international organizations and research projects.
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1.2 GCOS National Coordinator
GCOS activities and interests in any nation normally cut across many departments and agencies
in that nation, rather than being limited to any one agency such as a meteorological service, for
example. It is therefore desirable and efficient for GCOS to have, if possible, a single contact in each
nation who can coordinate amongst the relevant agencies and represent the views of all, or at least
most, of them on a regular basis (GCOS1, 2003).
The Japan Meteorological Agency (JMA) has designated a GCOS National Coordinator from
among its members since 2009 with the approval of related ministries (the Ministry of Education,
Culture, Sports, Science and Technology (MEXT), the Ministry of the Environment (MOE), and the
Water and Disaster Management Bureau under the Ministry of Land, Infrastructure, Transport
and Tourism (MLIT)).
1.3 GSN Monitoring Centre (GSNMC)
GCOS

established

the networks of surface
and upper air observation stations run by
WMO member National
Meteorological
Hydrological

and
Services

(NMHSs). These “baseline” networks constitute a minimum number

of

appropriately

Figure 1.1 The activities of GSNMC and CBSLC improving the availability of ECVs

distributed sites to provide globally-representative, high-quality data records of key climate variables for monitoring global trends. The GCOS Surface Network (GSN) consists of over 1000 land
surface stations selected from the WMO stations. Since the need for monitoring the performance of
these networks was recognized, DWD (German Meteorological Service) and JMA have implemented
the monitoring activities as the GSN Monitoring Centre since 1999.
1.4 CBS Lead Centre for GCOS (CBSLC)
JMA took the responsibility of CBS Lead Centre for GCOS in East / Southeast Asia and started
the activity in 2005 as the trial one. In 2007, nine CBSLCs were established in each area in the
world. JMA contributes to collect the Atmospheric ECVs and improve the availability.

GCOS, 2003: GCOS National Coordinators Terms of Reference,
http://www.wmo.int/pages/prog/gcos/documents/NatCoord-TOR.pdf (Accessed on 11-April-2014)
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1.5 World Data Centre for Greenhouse Gases (WDCGG), Quality Assurance/Science Activity
Centre (QA/SAC), World Calibration Centre (WCC) and Regional Dobson Calibration Centre
(RDCC)
JMA carries out monitoring of greenhouse gases, ozone and other atmospheric components, and
provides related information under WMO's Global Atmosphere Watch (GAW) program.
JMA operates the World Data Centre for Greenhouse Gases (WDCGG) to archive related information and provide greenhouse gas observation data from all over the world via the Internet as
part of GAW activities. Its global analysis work supports the publication of annual WMO Greenhouse Gas Bulletins, providing important scientific information to the United Nations Framework
Convention on Climate Change (UNFCCC).
JMA also operates the Quality Assurance/Science Activity Centre (QA/SAC), the World Calibration Centre (WCC) and the Regional Dobson Calibration Centre (RDCC). The work of these centres
helps to improve the observation of carbon dioxide, methane and total ozone in Asia and the
South-West Pacific.

Figure 1.2 The structure of the WMO Global Atmosphere Watch (GAW) Program
1.6 Re-analysis Activities
JMA has completed the second Japanese global reanalysis, known formally as JRA-55, to provide
a comprehensive atmospheric dataset suitable for the study of climate change and multi-decadal
variability. The data cover a period of 55 years extending back to 1958 when regular radiosonde
observations became operational on a global basis. The data assimilation system for JRA-55 is
based on JMA’s operational data assimilation system (as of December 2009), which has been extensively improved since the JRA-25 dataset was produced. JRA-55 is the first global atmospheric
reanalysis to apply four-dimensional variational assimilation (4D-Var) to the last half century in3

cluding the pre-satellite era. For details of JRA-55, see the JRA-55 comprehensive report (submitted to the Journal of the Meteorological Society of Japan). JMA continues the production of JRA-55
dataset on a near real-time basis using the same data assimilation system as used for this dataset.
The near real-time product is also called JRA-55.

Figure 1.3 Time-series representation of RMS errors in five-day
forecasts of 500-hPa geopotential
height (gpm) verified against
their own analyses

1.7 Capacity Developing
Japan has been conducting joint research on global environmental observation and promoting
technical transfers in order to build observation networks in Asia in areas lacking such facilities.
Japan has also been promoting the establishment of strategic environmental monitoring systems
using satellites in the Asia-Pacific region, pilot projects concerning the utilization of satellite data
through the Asia-Pacific Earth Observation Pilot Project, and capacity development.
JMA has been providing expert services and training programs to developing countries for decades. In particular, the series of Japan International Cooperation Agency (JICA) training courses in
meteorology has received more than 270 meteorologists from National Meteorological Services in
developing countries since 1973.
Toward the implementation of Japanese government aid programs in the meteorological field,
JMA provides a variety of technical support in cooperation with JICA and other national authorities.
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2．Atmospheric Essential Climate Variables
2.1 General Information
Homogeneous and high quality climate observations have been implemented over 150 meteorological stations in Japan for more than several decades. CLIMAT reports (the reporting format of
monthly values from a land station set by the WMO) from some of these stations are exchanged
internationally on a monthly basis. In a joint effort with Germany, Japan has been monitoring the
reception rates and data quality of CLIMAT reports from all over the world under the framework of
the WMO. Japan has also been providing quasi-real time climate change-related information based
on climate data collected and analyzed through the above activities, both within and outside Japan.
2.2 Surface Observation
A total of 14 surface observation stations operated by JMA in Japan, including Syowa Station in
the Antarctic region, have been selected as part of the GCOS Surface Network (GSN).
Surface observation is carried out
at about 1,300 stations using automatic

observation

equipment

collectively known as the Automated Meteorological Data Acquisition System (AMeDAS). Stations
are laid out at average intervals of
17 km throughout the country, with
about 1,200 of them unmanned.
Observation at manned stations
covers

weather,

wind

direc-

tion/speed, amount of precipitation,
cloud type and base height of cloud,
visibility, air temperature, humidity and atmospheric pressure. Data

Figure 2.1 Surface Observation Network in Japan
●: Manned Meteorological Observatories, ● : Special Automatic Weather Stations, ○ : GSN stations.

other than those relating to weather, visibility and cloud-related elements are automatically sent
every ten seconds from manned stations and some unmanned stations, and every ten minutes from
the remaining unmanned stations, of which about 700 observe four elements (precipitation, air
temperature, wind direction/speed and sunshine duration) and about 300 observe precipitation. In
addition to these elements, snow depth is also observed at stations in areas of heavy snowfall. All
observational data are transmitted to JMA Headquarters via dedicated lines.
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2.3 Radar Observation
JMA operates a network of 20
C-band Doppler weather radars
across Japan to observe the distribution of rainfall intensity and
wind in terms of radial velocity.
Radar-echo composite maps generated every five minutes by
merging all radar data are used
both for weather monitoring and
for obtaining initial values to be
used in very short-range forecasting.
Figure 2.2 JMA Radar Observation Network
2.4 Upper-air Observation
Seven upper-air observation stations in Japan, including Syowa
Station in Antarctic region, have
been selected as part of the GCOS
Upper-Air Network (GUAN). One of
these (Tateno, 47646) is also operated as a GCOS Reference Upper-Air Network (GRUAN) station.
Upper-air

observation

is

per-

formed through two different networks: the radiosonde observation
network (16 stations) and the wind

Figure 2.3 Upper-Air Observation Network in Japan

profiler observation network (33
stations).
The radiosonde (a balloon-borne instrument platform with a radio-transmitting device) covers the
upper air up to a maximum of 30 km from the surface, measuring temperature, pressure, humidity
and wind. Radiosonde observation is carried out twice a day at 0000 and 1200 UTC, and JMA's research vessel occasionally performs such observation in the western North Pacific and the seas adjacent to Japan.
The wind profiler — a ground-based multiple-beam Doppler radar unit — covers a range up to a
maximum of 12 km from the surface and automatically measures wind every ten minutes. The observed data are collected at JMA Headquarters on a real-time basis.
6

Table 1a. National contributions to the surface-based atmospheric essential climate variables
Contributing networks specified in
the GCOS implementation plan

GCOS Surface
Network (GSN)

ECVs2

Number of
stations or
platforms
currently
operating

Number of
stations or
platforms
operating in
accordance
with the
GCMPs

Number of
stations or
platforms
expected to be
operating in
2015

Number of stations or platforms providing
data to the international data
centres

Number of stations or platforms
with complete
historical record
available in international data
centres

14
14

14
14

14
14

14
14

14
14

157

14

157

14

14

Surface radiation

6

6

6

6

6

Surface radiation

49

6

49

10

10

16

16

16

16

16

15

15

10

15

15

2

2

2

2

2

12

1

12

1

1

Air temperature
Precipitation
Air temperature

Full World Weather
Watch/Global Observing System
(WWW/GOS) surface network

air pressure
wind speed and
direction
water vapour
Precipitation,

Baseline Surface
Radiation Network
(BSRN)
Solar radiation and
radiation balance
data
Ocean drifting
buoys

Air temperature
air pressure
Air temperature

Moored buoys

air pressure
Air temperature

Voluntary Observing Ship Climate
Project (VOSClim)

air pressure
wind speed and
direction
water vapour

Ocean Reference
Mooring Network
and sites on small
isolated islands

Air temperature
wind speed and
direction
air pressure
Precipitation

* As of January 1, 2014, including the Syowa Station in the Antarctic.

Parties should note that the list of ECVs given for each network is indicative of the expected observations from
that network. A single response is expected for the network except in the case of precipitation where a separate
response is requested due its particular importance to the Convention
2
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Table 1b. National Contributions to the Upper-Air Atmospheric ECVs
Number of
stations or
platforms
currently
operating

Number of
stations or
platforms
operating in
accordance
with the
GCMPs

Number of
stations or
platforms
expected to be
operating in
2015

Number of
stations or
platforms
providing data
to the international data
centres

Number of stations or platforms
with complete
historical record
available in international data
centres

Contributing networks specified in
the GCOS implementation plan

ECVs

GCOS Upper Air
Network (GUAN)

Upper Air
Temperature
Upper Air
Wind
Speed/Direction
Upper Air Water Vapour

71)

7

7

7

7

Full WWW/GOS
Upper Air Network

Upper Air
Temperature
Upper Air
Wind
Speed/Direction
Upper Air Water Vapour

171)

17

17

17

17

1) As of January 1, 2014, including the Syowa Station in the Antarctic.

2.5 Atmospheric Composition
Japan is continuously strengthening its observation and monitoring systems and other measures
to scrutinize the temporal and spatial distribution of greenhouse gases such as CO2, CH4, N2O,
CFCs, and tropospheric ozone.
Seven stations in Japan contribute to the Global Atmospheric Watch (GAW) programme. Among
them, Minamitorishima Station is also registered as a GAW Global Observatory. These GAW stations are operated by JMA and the National Institute for Environmental Studies (NIES).

Figure 2.4 Observation Network for Global Environment of JMA
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Table 1c. National Contributions to the Atmospheric Composition

Contributing networks specified in
the GCOS implementation plan

World Meteorological Organization/Global Atmospheric Watch
(WMO/GAW) Global
Atmospheric CO2 &
CH4 Monitoring
Network

ECVs

Carbon Dioxide (CO2)
Methane
(CH4)
Other
greenhouse
gases

WMO/GAW ozone
sonde network3

Ozone

WMO/GAW column
ozone network4

Ozone

WMO/GAW Aerosol
Network5

Aerosol optical depth
Other Aerosol Properties

Number of
stations or
platforms
currently
operating

Number of
stations or
platforms
operating in
accordance
with the
GCMPs

Number of
stations or
platforms
expected to be
operating in
2015

Number of stations or platforms providing
data to the international data
centres

Number of stations or platforms
with complete
historical record
available in international data
centres

9
(JMA 4)
(NIES 5)

4
(JMA 4)
(NIES 0)

9
(JMA 4)
(NIES 5)

9
(JMA 4)
(NIES 5)

9
(JMA 4)
(NIES 5)

9
(JMA 4)
(NIES 5)
7
(JMA 2)
(NIES 5)
4
(JMA 4)
(NIES 0)
6
(JMA 5)
(NIES 1)
3
(JMA 3)
(NIES 0)

4
(JMA 4)
(NIES 0)
2
(JMA 2)
(NIES 0)
4
(JMA 4)
(NIES 0)
5
(JMA 5)
(NIES 0)
3
(JMA 3)
(NIES 0)

9
(JMA 4)
(NIES 5)
7
(JMA 2)
(NIES 5)
4
(JMA 4)
(NIES 0)
6
(JMA 5)
(NIES 1)
3
(JMA 3)
(NIES 0)

9
(JMA 4)
(NIES 5)
4
(JMA 2)
(NIES 2)
4
(JMA 4)
(NIES 0)
5
(JMA 5)
(NIES 0)
3
(JMA 3)
(NIES 0)

9
(JMA 4)
(NIES 5)
4
(JMA 2)
(NIES 2)
4
(JMA 4)
(NIES 0)
5
(JMA 5)
(NIES 0)
3
(JMA 3)
(NIES 0)

-

-

-

-

-

*As of January 1, 2014.
Total of the Japan Meteorological Agency’s observation stations (including the Syowa Station in the
Antarctic) and the National Institute for Environmental Studies’ observation stations or platforms
(including two stations, two aircraft and GOSAT, which are providing data through WDCGG, etc.).

2.6 Satellite Observation
Data from geostationary meteorological satellites, such as cloud amounts, are used to monitor
long-term changes in global radiation, and associated climate change.
The Precipitation Radar (PR) aboard the Tropical Rainfall Measuring Mission (TRMM) satellite
provides data for rainfall distribution in tropical and subtropical zones. In order to contribute to the
further promotion of measures against global warming, including grasping the region-by-region
status of greenhouse gas absorption and emissions, Japan launched the Greenhouse Gases Observing Satellite (GOSAT) in January 2009 and started publishing its observation data. Since 2012
Japan has been developing the successor satellite GOSAT-2, which features improved accuracy and
density of observation. Moreover, in May 2012, Japan launched the Global Climate Observation
Mission – Water (GCOM-W), which continuously observes water-related parameters such as water
vapor and soil moisture, and has started publishing its observation data. Furthermore, Japan has
3
4
5

Including SHADOZ, NDACC, remote sensing and ozone sondes.
Including filter, Dobson and Brewer stations
Including AERONET, SKYNET, BSRN and GAWPFR.
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been promoting the following activities: development of Dual-Frequency Precipitation Radar (DPR)
for the Global Precipitation Measurement (GPM) project in order to contribute internationally in
the field of global observation; development of the Global Climate Observation Mission – Climate
(GCOM-C), which makes continuous global observations of climate changes using multi-band optical radiometers; development of a comprehensive system to trace, analyze and forecast changes in
the Sun as well as in the Earth’s upper atmosphere; international joint research for the development of comprehensive observation systems for the middle atmosphere; and joint research into
global environmental measurement technologies in Asia.
To support consistent earth observation on a global scale, the World Meteorological Organization
(WMO) runs the World Weather Watch (WWW) programme in collaboration with WMO Member
States. The space-based Global Observing System (GOS), consisting of geostationary meteorological
satellites and polar-orbiting meteorological satellites, plays an important role in the programme.
The Himawari geostationary meteorological satellite is an indispensable part of the GOS, and contributes significantly to meteorological services both in Japan and around the world.
The Sustained Coordinated Processing of Environmental Satellite Data for Climate Monitoring
(SCOPE-CM) is one of the frameworks of the World Meteorological Organization (WMO) aiming to
ensure continuous and sustained provision of high-quality satellite products related to the Essential Climate Variables (ECV) responding to the requirements of the Global Climate Observing System (GCOS).
Based on the recommendations of the SCOPE-CM planning meeting, JMA proceeds with initial
activities related to Essential Climate Variable (ECV) satellite products of Atmospheric Motion
Vectors (AMV) and Clear Sky Radiance (CSR) as a pilot project within the framework of
SCOPE-CM.

Figure 2.5 Geostationary Meteorological Satellite (GMS) Observation
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GOSAT data, collected and archived, can be used to map the seasonal variations and annual
trends of XCO2 and XCH4 on regional and global scales. The GOSAT data product is a dataset of net
monthly CO2 fluxes estimated for 64 subcontinental regions of the world (several thousand kilometers in perimeter), which is called Level 4A. The data product presents global three-dimensional
CO2 distributions simulated with an atmospheric tracer transport model and the CO2 flux estimates, which is called Level 4B. These data products were made available to the public in December
2012. The net regional CO2 flux values in the Level 4A dataset were estimated from XCO2 data and
ground-based CO2 concentration data. Maps for Level 4A data product show that many regions in
the Northern Hemisphere are net sinks (absorbers) of CO2 in summer but net sources (emitters) of
CO2 in winter. The Level 4B data product is the result of atmospheric CO2 transport simulation
based on the distribution of CO2 flux estimated from the ground-based and GOSAT-based CO2
concentration data.
Regional CO2 Flux Estimates (July 2009)

CO2 Flux Uncertainties (July 2009)

Regional CO2 Flux Estimates (January 2010)

CO2 Flux Uncertainties (January 2010)

Land
Ocean

Land
Ocean

Figure 2.6 GOSAT Level 4A data product (Version 2.1).
Samples of GOSAT regional CO2 flux estimates and their uncertainties. The unit used here is
gC/m2/day and represents the net amount of CO2 (converted to carbon amount in grams) emitted
or absorbed per one square meter in a day.
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Table 2. Global products requiring satellite observations – atmospheric essential climate variables
ECVs/
Global products requiring satellite observations
Surface wind speed and direction
Surface vector winds analyses, particularly from reanalysis
Upper-air temperature
Homogenized upper-air temperature analyses:
extended MSU-equivalent temperature record,
new record for upper-troposphere and lower-stratosphere
temperature using data from radio occultation,
temperature analyses obtained from reanalyses
Water vapour
Total column water vapour over the ocean and over land,
tropospheric and lower stratospheric profiles of water vapour
Cloud properties
Cloud radiative properties (initially key ISCCP products)

Fundamental climate data records required for product generation (from past, current and future missions)

MTSAT-1R:
MTSAT-2:
Himawari-8:
Himawari-9:

Precipitation
Improved estimates of precipitation, both as derived from
specific satellite instruments and as provided by composite
Earth radiation budget
Top-of-atmosphere Earth radiation budget on a continuous
basis
Ozone
Profiles and total column of ozone
Aerosol properties
Aerosol optical depth and other aerosol properties

Carbon dioxide, methane and other long-lived greenhouse gases
Distribution of greenhouse gases, such as CO2 and CH4, of
sufficient quality to estimate regional sources and sinks
Upper-air wind
Upper-air wind analyses, particularly from reanalysis

(2005 to 2010)
(2010 to 2015 )
(2015 to 2022)
(2022 to 2029)

MTSAT-1R: Visible imagery(2005 to 2010)
MTSAT-2: Visible imagery (2010 to 2015 )
Himawari-8: (2015 to 2022)
Himawari-9: (2022 to 2029)
GOSAT-2: (2018 to 2023)
GOSAT: total column of CO2 and CH4 (2009 to 2014 and over)
GOSAT-2 : total column of CO2 and CH4 (2018 to 2023)
MTSAT-1R: Visible, IR1, IR3 (2005 to 2010)
MTSAT-2: Visible, IR1, IR3 (2010 to 2015 )
Himawari-8: (2015 to 2022)
Himawari-9: (2022 to 2029)

Atmospheric reanalyses

2.7 Responses to the actions recommended in the GCOS Implementation Plan6
(a) Applying the GCMPs to all surface climate networks (A3)

Recommendation: Ensure sustained operation of surface meteorological stations addressing national and
sub-national needs, and implement additional stations where necessary; and exchange hourly SYNOP reports
and monthly CLIMAT reports from all stations internationally.
To ensure the sustained operation of the surface meteorological observation system, JMA performs
the duties outlined below.
- Setting of requirements for observation station conditions, instrument locations and sensor installation conditions; concerted efforts to maintain the observational environment
- Regular maintenance and checking of meteorological instruments and systems
- Regular calibration of meteorological instruments based on SI traceable standards

6

http://www.wmo.int/pages/prog/gcos/Publications/gcos-92_GIP.pdf,
https://www.wmo.int/pages/prog/gcos/Publications/gcos-138.pdf
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- Archiving of metadata such as station names, addresses, latitudes, longitudes, altitudes, gravity
accelerations, instrument types and installation heights, and regular updating of information
such as map data, photos of areas around stations and instrument placement
- Implementation of step-by-step and cyclic training on observational principles, techniques,
maintenance, data treatment and quality control methods on a level appropriate for technical staff
(b) Incorporating atmospheric pressure sensors into drifting buoy programmes (A5)
JMA has deployed drifting buoys fitted with atmospheric pressure sensors since 2000 to observe
air pressure, sea surface temperature, significant wave height/frequency and local positioning.
(c) Ensuring availability of three-hourly mean sea level pressure and wind speed and direction data
from GSN stations (A10)
Data other than those relating to weather, visibility and cloud-related elements are automatically
sent every ten seconds from manned stations and selected unmanned stations, and every ten
minutes from other unmanned stations.
(d) Implementing a reference network of high-altitude, high-quality radiosondes (A16)
Tateno Station in Japan has been registered as a GRUAN station since September 2009, and
continues to perform high-altitude high-quality radiosonde observation.
(e) Operating the WWW/GOS radiosonde network in full compliance with the GCMPs and coding
conventions (A17)
JMA performs radiosonde observation in compliance with the relevant coding conventions at 16
upper-air stations in Japan.
(f) Submitting metadata records and inter-comparisons for radiosonde observations to the specified international data centres (A18);
JMA compares old and new instruments at Tateno Station, which is registered as a GRUAN station, and submits the results and metadata to the WDC (NCDC) through a GRUAN Lead Centre.
Radiosonde manufacturers contribute to WMO inter-comparisons for radiosonde observations in
relation to instruments used by JMA.
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3. Oceanic Essential Climate Variables
Japan has been promoting the development of the GOOS, and is also contributing actively to its
regional pilot project, the North-East Asian Regional Global Ocean Observing System
(NEAR-GOOS).
Furthermore, Japan has been making efforts to enhance observation and monitoring systems,
and other measurements, to determine time-and-space-related distributions of CO2 in the ocean,
while continuous observation has been implemented at nationwide observation points to monitor
changes in sea levels. Oceanographic observations have also been carried out to monitor oceanic
changes associated with climate changes in the western North Pacific. With the aim of elevating the
sophistication of climate change projection models, Japan has been improving the marine observation system by deploying Triton buoys in the tropical Western Pacific since 1998, and by deploying
ARGO floats since 2000 under the Advanced Ocean Observing System (ARGO Project). In addition,
under international cooperation such as the WMO, Japan has been promoting oceanographic and
marine meteorological observations by ordinary ships, deployment of drifting buoys, and automatic
shipboard upper-air observations.
3.1 Oceanographic and Marine Meteorological Observation
JMA conducts various kinds of oceanographic and marine meteorological observation with a view
to ensuring safety and economic ship routing, preventing marine disasters and providing data for
climate change monitoring. This observation is carried out using research vessels, drifting buoys,
profiling floats, tidal stations, coastal wave stations and earth-observing satellites.
3.2 Observation using Vessels
JMA operates two research vessels in the western Pacific including the seas adjacent to Japan.
These vessels mainly monitor large-scale, long-term variations in ocean environments, including
global warming, in cooperation with international observation programs such as the IOCCP (International Ocean Carbon Coordination Project). Observation data from vessels are essential for
accurate projection of global warming as well as analysis of current oceanic conditions. JMA also
receives marine meteorological reports from merchant and fishery vessels via INMARSAT free of
charge under WMO's VOS (Voluntary Observation Ship) scheme.
3.3 Observation Using Buoys and Floats
JMA deploys drifting ocean data buoys in the seas adjacent to Japan to perform autonomous observation of atmospheric pressure, sea waves and water temperature as they drift on the sea surface.
Argo is an international science project to deploy the global oceanographic observation network of
the profiling float (called "Argo float"). Argo is operated in the cooperation between international
14

organizations (such as WMO, IOC) and each country's related organizations (such as government
agency, research organization). In Japan, JAMSTEC, Japan Meteorological Agency (JMA), Fishery
Research Agency (FRA), and some universities have been operating the Argo floats.
Additionally, JMA and JAMSTEC are taking charge of the realtime and delayed mode processing of
all Japanese observation data respectively.
A total of 27 countries fund float deployment. The number of Argo floats in operation was 3,552 as
of May 2013. Japan deploys 221 floats in the Pacific Ocean.

Figure 3.1 Distribution of Argo floats May 2014 in the North Pacific
Japanese contribution is denoted by red.
3.4 Observation at Coastal Stations
In order to monitor unusual sea-level
changes such as storm surges and tsunamis, which can cause

devastating

damage to coastal areas, JMA observes
sea levels at tidal stations located along
the coast of Japan. In addition to tidal
stations, the Agency also has coastal wave
stations to observe wave heights and wave
periods for safe marine transport and
safety management of buildings in coastal
areas.

Figure 3.2 Tide Gauge Network in Japan
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Table 3a. National contributions to the oceanic essential climate variables – surface
Contributing networks specified in
the GCOS implementation plan

Global surface
drifting buoy
array on 5x5
degree resolution
GLOSS Core
Sea-level Network
Voluntary
Observing Ships
(VOS)
Ship of Opportunity
Programme

ECVs

Number of
stations or
platforms
currently
operating

Number of
stations or
platforms
operating in
accordance
with the
GCMPs

Number of
stations or
platforms
expected to be
operating in
2015

Number of
stations or
platforms
providing data
to the international data
centres

Number of stations or platforms
with complete
historical record
available in international data
centres

Global surface
drifting buoy
array on 5x5
degree resolution

16

16

16

16

16

Sea level

15

15

15

15

15

All feasible
surface ECVs

586

120

120

120

120

All feasible
surface ECVs

3

3

3

3

3

Table 3b. National contributions to the oceanic essential climate variables – water

Contributing
networks specified
in the GCOS implementation plan

ECVs

Global reference
mooring network

All feasible
surface
and subsurface
ECVs

Global tropical
moored buoy network

All feasible
surface
and subsurface
ECVs

Argo network

Temperature,
Salinity, Current

Carbon inventory
survey lines

Temperature,
Salinity, Ocean
Tracers,
Biogeochemistry
variables

Number of
stations or
platforms
currently
operating

Number of
stations or
platforms
operating in
accordance
with the
GCMPs

15

15

197(*)

197(*)

2

2

*:Active floats as of 26 January 2014

16

Number of
stations or
platforms
expected to
be operating
in 2015

10

～200

2

Number of
stations or
platforms
providing data
to the international data
centres

Number of stations or platforms with complete historical
record available
in international
data centres

15

15

197(*)

～1200

2

0

3.5 Satellite observation for ocean
Japan has been promoting the following activities: publishing the water-related observation data
of GCOM-W, such as water vapor, soil moisture, and so on; development of GCOM-C, which will
make continuous global observations, including the ocean, using multi-band optical radiometers;
provision of data on the rainfall distribution in tropical and subtropical zones using the PR aboard
the TRMM satellite; development of a DPR to be mounted on the main satellite for the GPM project;
and research into remote sensing technologies.
Table 4. Global products requiring satellite observations – oceans
ECVs/
Global products requiring satellite observations
Sea Ice
Sea-ice concentration
Sea Level
Sea level and variability of its global mean
Sea Surface Temperature
Sea surface temperature

Fundamental climate data records required for product generation (from past, current and future missions)
MTSAT-1R: Visible & IR imagery (2005 to 2010 )
MTSAT-2 : Visible & IR imagery
(2010 to 2015)

MTSAT-1R,
MTSAT-2:
Himawari-8
Himawari-9

(2005 to 2010 )
(2010 to 2015)
(2015 to 2022)
(2022 to 2029)

Ocean Colour
Ocean colour and oceanic chlorophyll-a concentration derived
from ocean colour
Sea State
Wave height and other measures of sea state (wave direction,
wavelength, time period)
Ocean Salinity
Research towards the measurement of changes in sea-surface
salinity
Ocean Reanalyses
Altimeter and ocean surface satellite measurements

3.6 Responses to the actions recommended in the GCOS Implementation Plan
(e) Implementing a programme for measuring surface pCO2 (O17)
JMA has measured CO2 in surface seawater and in the air in the western North Pacific using two
research vessels (the Ryofu-maru and the Keifu-maru) for over 30 years. The data obtained are
submitted to the Surface Ocean CO2 Atlas (SOCAT) as well as the World Data Centre for Greenhouse Gases (WDCGG). The number of valid data points collected as of 2013 was approximately
365,000.
(h) Conducting the systematic global full-depth water column sampling of 30 sections repeated
every 10 years (including ocean carbon inventory change) (O25)
Japan conducts full-depth hydrographic observation as part of GO-SHIP activities to clarify ocean
condition variations related to climate change and storage of anthropogenic CO2 in seawater. Since
2010, JMA and the Japan Agency for Marine-Earth Science and Technology (JAMSTEC) have observed GO-SHIP lines including P09, P10, P13, P14S, S04I, 40N and P03W. Japan plans to occupy
two sections (P01 to be managed by JAMSTEC and P10 to be managed by JMA) in 2014.
17

Figure 3.3 GO-SHIP survey map
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4. Terrestrial Essential Climate Variables
Japan has been carrying out the following: development of the Advanced Land Observing Satellite-2
(ALOS-2) with a higher accuracy radar sensor than ALOS; provision of data on the rainfall distribution
in tropical and subtropical zones using the PR aboard the TRMM satellite; development of a DPR to be
mounted on the main satellite for the GPM project; publishing the water-related observation data of
GCOM-W such as water vapor, soil moisture, and so on; development of the GCOM-C, which will make
continuous global observations of climate changes and will use multi-band optical radiometers; research
into remote exploration technologies for carrying out terrestrial environmental observations of vegetation amounts (biomass), land use, changes in land coverage, ground moisture, and snow and ice. Under
the framework for the worldwide network of energy, water vapor, and greenhouse gas flux observations
(FLUXNET), long-term monitoring has begun at 30 sites in various ecosystems in Japan by many domestic institutions. Promotion of an Asian regional network (AsiaFlux), development of a database, and
capacity building have been conducted as well.

Table 5. National contributions to the terrestrial domain essential climate variables
Contributing networks
specified in the GCOS
implementation plan

GCOS baseline
river discharge
network(GTN-R)7
GCOS Baseline
Lake Level/
Area/Temperature
Network(GTN-L)
WWW/GOS
synoptic network
GCOS glacie
monitoring
network(GTN-G)

GCOS permafrost
monitoring
network(GTN-P)

ECVs

River
Discharge

Number of
stations or
platforms currently operating

Number of
stations or
platforms
operating
in accordance with
the GCMPs

Number of stations or platforms expected
to be operating
in 2015

Number of
stations or
platforms
providing data
to the international data
centres

Number of stations or platforms with complete historical
record available
in international
data centres

20271)

0

20271)

0

0

106

14

106

14

14

Lake
Level/Area/
Temperature
Snow Cover
Glaciers
mass
balance and
length, also
Ice
sheet mass
balance
Glaciers
mass
balance and
length, also
Ice
sheet mass
balance

-

-

-

-

-

-

-

-

-

-

1) Number of stations are operated by MLIT: the Ministry of Land, Infrastructure, Transport and Tourism
(excluding number of stations operated by municipalities and other related authorities)

7

http://www.bafg.de/GRDC/EN/04_spcldtbss/44_GTNR/gtnr_node.html、
http://www.bafg.de/SharedDocs/Bilder/Bilder_GRDC/gtnr_stations.jpg?__blob=poster
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Table 6. Global products requiring satellite observations – terrestrial
ECVs/
Global products requiring satellite observations
Lakes
Maps of lakes, lake levels, surface temperatures of lakes in the
Global Terrestrial Network for Lakes
Glaciers and ice caps
Maps of the areas covered by glaciers other than ice sheets,
ice sheet elevation changes for mass balance determination
Snow cover
Snow areal extent

Fundamental climate data records required for product generation (from past, current and future missions)

MTSAT-1R
MTSAT-2
Himawari-8
Himawari-9

Albedo
Directional hemispherical (black sky) albedo
Land cover
Moderate-resolution maps of land-cover type,
high-resolution maps of land-cover type, for the detection of
land-cover change
fAPAR
Maps of fAPAR
LAI
Maps of LAI
Biomass
Research towards global, above ground forest biomass and
forest biomass change
Fire disturbance
Burnt area, supplemented by active fire maps and fire radiated
power
Soil moistures
Research towards global near-surface soil moisture map (up to
10 cm soil depth)
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(2005 to 2010)
(2010 to 2015 )
(2015 to 2022)
(2022 to 2029)

5. Additional Information
5.1 The Policy on Research Activities
 Under the Global Warming Research Initiative included in the sectoral promotion strategy of
Environmental Sciences in the Second Science and Technology Basic Plan decided by the CSTP
in September 2001, individual research projects which had been implemented by various ministries were integrated into the research programs noted below. Consequently, the related research and development has been collaboratively promoted among industry, academia, and
government.
a

Comprehensive monitoring program for global warming

b

Research program for projecting global warming and climate change

c

Research program for assessing impacts and risks of global warming

d

Program for developing technologies to fix and sequester greenhouse gases

e

Technological development program for controlling greenhouse gas emissions caused by
human activities, such as energy generation

f

Policy research program for controlling global warming

 The Third Science and Technology Basic Plan (from 2006 to 2010) adopted by the Cabinet in
March 2006 again cited the academic field of Environmental Sciences as one of the four priority
fields for allocating research and development resources. The Basic Plan also set out specific
policy objectives that the science and technology sector should pursue, and cited “overcoming of
global warming and energy problems” as one such objective.
 Japan participates in and cooperates with the World Climate Research Programme (WCRP), the
International Geosphere-Biosphere Programme (IGBP), the International Human Dimensions
Programme of Global Environmental Change (IHDP), and other international global environmental research programs, conducts research and studies based upon the appropriate international division of tasks, and otherwise promotes joint research and other initiatives with overseas
research organizations.
 Through the Asia-Pacific Network for Global Change Research (APN), Japan enhances activities
related to global change research in the Asia-Pacific region, by cooperating with researchers
throughout the region.
 In an effort to contribute to the development of government policy on climate change and global
warming, Japan actively promotes research on global environmental problems from a human and
social perspective, academic research integrating the natural and social sciences, and research on
socioeconomic systems. Japan also cooperates with Global Environmental Strategies (IGES),
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which was established in March 1998 as an international research institute for the study of political and practical strategies to help realize sustainable development on a global scale, particularly with regard to the Asia-Pacific region.
 As agreed at the G8 L’Aquila Summit, the Government of Japan will continue to contribute to the
development of GEOSS, promote the establishment of an integrated observation network employing satellite, oceanic and land observation systems centering on the Asia-Pacific region,
monitor and evaluate the impact of climate change in the Asia-Pacific region, and provide information to national governments.
5.2 Priority Fields
Regarding research and studies on climate change and global warming, the Government of Japan,
while taking into consideration the United Nations Framework Convention on Climate Change
(UNFCCC) and the Kyoto Protocol, is comprehensively promoting research and studies on the observation and projection of global warming and its impact, the fixation, sequestration and reduction
of greenhouse gases, global warming control policies and other countermeasures, and adaptation
measures for environmental changes associated with global warming
5.3 Examples of Research
Paleoclimate Research
Research and studies have been carried out on the following subjects: research on the spatio-temporal variability and climate change impact of ozone and black carbon in Asia; analysis of
seawater temperature in the Asian monsoon region based on coral dendroclimatology; and research
on highly uncertain physical processes in climate models, such as the indirect effect of aerosols including the effect on cloud radiation forcing. In the SOUSEI Program, process studies focusing on
the terrestrial ecosystem and mixed layers in the atmosphere or in the ocean are under way, with
research results reflected in the development of climate models.
Studies on Climate Change Impact
Research is being carried out in the project Experimental Study of Multiple Impacts of Global
Warming and Ocean Acidification on Marine Species.
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Appendix 1 Essential Climate Variables
Essential Climate Variables that are both currently feasible for global implementation
and have a high impact on UNFCCC requirements
Domain
Atmospheric
(over land, sea and ice)

GCOS Essential Climate Variables
Surface:[1] Air temperature, Wind speed and direction, Water vapour,
Pressure, Precipitation, Surface radiation budget.
Upper-air:[2]
Temperature, Wind speed and direction, Water vapour,
Cloud properties, Earth radiation budget (including solar irradiance).
Composition: Carbon dioxide, Methane, and other long-lived greenhouse gases[3], Ozone and Aerosol, supported by their precursors[4].

Oceanic

Surface:[5]
Sea-surface temperature, Sea-surface salinity, Sea level, Sea state, Sea ice, Surface current, Ocean colour, Carbon dioxide
partial pressure, Ocean acidity, Phytoplankton.
Sub-surface: Temperature, Salinity, Current, Nutrients, Carbon dioxide partial pressure, Ocean acidity, Oxygen, Tracers.

Terrestrial

River discharge, Water use, Groundwater, Lakes, Snow cover, Glaciers
and ice caps, Ice sheets, Permafrost, Albedo, Land cover (including
vegetation type), Fraction of absorbed photosynthetically active radiation (FAPAR), Leaf area index (LAI), Above-ground biomass, Soil carbon, Fire disturbance, Soil moisture.
[1] Including measurements at standardized, but globally varying heights in close proximity to the
surface.
[2] Up to the stratopause.
[3] Including nitrous oxide (N2O), chlorofluorocarbons (CFCs), hydrochlorofluorocarbons (HCFCs),
hydrofluorocarbons (HFCs), sulphur hexafluoride (SF6), and perfluorocarbons (PFCs).
[4] In particular nitrogen dioxide (NO2), sulphur dioxide (SO2), formaldehyde (HCHO) and carbon
monoxide (CO).
[5] Including measurements within the surface mixed layer, usually within the upper 15m.
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Appendix 2 Global Climate Observing System climate monitoring principles

Global Climate Observing System climate monitoring principles
1. Effective monitoring systems for climate should adhere to the following principles:1
(a) The impact of new systems or changes to existing systems should be assessed prior to implementation;
(b) A suitable period of overlap for new and old observing systems is required;
(c) The details and history of local conditions, instruments, operating procedures, data processing algorithms and other factors pertinent to interpreting data (i.e. metadata) should be
documented and treated with the same care as the data themselves;
(d) The quality and homogeneity of data should be regularly assessed as a part of routine operations;
(e) Consideration of the needs for environmental and climate-monitoring products and assessments, such as Intergovernmental Panel on Climate Change assessments, should be integrated into national, regional and global observing priorities;
(f) Operation of historically-uninterrupted stations and observing systems should be maintained;
(g)

High priority for additional observations should be focused on data-poor regions, poorly-observed parameters, regions sensitive to change, and key measurements with inadequate
temporal resolution;

(h) Long-term requirements, including appropriate sampling frequencies, should be specified to
network designers, operators and instrument engineers at the outset of system design and
implementation;
(i) The conversion of research observing systems to long-term operations in a carefully-planned
manner should be promoted;
(j) Data management systems that facilitate access, use and interpretation of data and products
should be included as essential elements of climate monitoring systems.
2. Furthermore, operators of satellite systems for monitoring climate need to:
(a) Take steps to make radiance calibration, calibration-monitoring and satellite-to-satellite
cross-calibration of the full operational constellation a part of the operational satellite system;
(b) Take steps to sample the Earth system in such a way that climate-relevant (diurnal, seasonal,
and long-term interannual) changes can be resolved.
3. Thus satellite systems for climate monitoring should adhere to the following specific principles:
(a) Constant sampling within the diurnal cycle (minimizing the effects of orbital decay and orbit
drift) should be maintained;
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(b) A suitable period of overlap for new and old satellite systems should be ensured for a period
adequate to determine inter-satellite biases and maintain the homogeneity and consistency of
time-series observations;
(c)

Continuity of satellite measurements (i.e. elimination of gaps in the long-term record)
through appropriate launch and orbital strategies should be ensured;

(d) Rigorous pre-launch instrument characterization and calibration, including radiance confirmation against an international radiance scale provided by a national metrology institute,
should be ensured;
(e) On-board calibration adequate for climate system observations should be ensured and associated instrument characteristics monitored;
(f) Operational production of priority climate products should be sustained and peer-reviewed
new products should be introduced as appropriate;
(g) Data systems needed to facilitate user access to climate products, metadata and raw data,
including key data for delayed-mode analysis, should be established and maintained;
(h) Use of functioning baseline instruments that meet the calibration and stability requirements
stated above should be maintained for as long as possible, even when these exist on decommissioned satellites;
(i) Complementary in situ baseline observations for satellite measurements should be maintained through appropriate activities and cooperation;
(j) Random errors and time-dependent biases in satellite observations and derived products
should be identified.
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