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1. ORGANIZATION OF THE MEETING

1.1 Opening of the meeting

The meeting was opened at 9.00 a.m. on Wednesday 16th March 2005 at the Hotel Atlet Century Park, Jakarta. 

1.2 Election of the chairperson

MM. Hiroyuki Ichijo (Japan) and Ian Senior (Australia) co-chaired the meeting.

1.3 Adoption of the agenda 
The Expert meeting was held subsequently to the WMO Multidisciplinary Workshop on the Exchange of Early Warning and Related Information including a Tsunami Warning System in the Indian Ocean (Jakarta, 14-15 March 2005).  The outcome of the workshop served as a platform to develop a draft technical plan for the operational collection and distribution in the Indian Ocean of data and information related to EWS via the GTS, including the relevant space-based components (taking also account of multi‑hazard EWS).
1.4 Working arrangements

The meeting worked in English.  The list of participants is included in Annex.  An ad hoc group was established to assess data and information exchange requirements related to Tsunami Warning Systems. Documents available to the meeting are posted on the WMO WEB server under:

 http://www.wmo.int/web/www/TEM/EMEEW-IO/documents.htm .

2.  TECHNICAL AND OPERATIONAL ARRANGEMENTS FOR THE INTERIM EXCHANGE OF INFORMATION RELATED TO TSUNAMI EARLY WARNINGS 

2.1 Operational arrangements and procedures for the interim exchange of information related to tsunami early warnings

2.1.1 The meeting considered the operational arrangements and procedures, including routeing arrangements, for ensuring in the immediate future the distribution in the Indian Ocean of interim Tsunami advisories and information from contributing centres.  The PTWC (NOAA/NWS, Hawaii, USA) and JMA (Tokyo, Japan) had agreed to provide interim Tsunami advisory information for the Indian Ocean region.  The meeting agreed upon the following technical plan and actions:

i. The GTS, pending some upgrade where needed (see below), is capable of meeting the requirements for the distribution in the Indian Ocean of interim Tsunami advisory information;
ii. The principles, as given in the Manual on the GTS, for the establishment of the exchange programme on the GTS include messages containing Tsunami information.  The allocations of abbreviated headings for tsunami warnings in Attachment II-5 of the Manual on the GTS are as follows:
· T1T2 = WE for tsunami warnings presented in plain language. The highest priority (Priority 1) is allocated to Warnings.
· T1T2A1 = JTE for tsunami warnings presented in BUFR (for possible future use).
iii. “Tsunami Watch Information” (TWI) bulletins are issued from JMA and PTWC with the abbreviated heading WEIO40 RJTD and WEIO23 PHEB respectively, via RTH Tokyo and WMC/RTH Washington. It was noted that RTH Tokyo and WMC/RTH Washington had notified these bulletin headers by NOxx messages; the use of the standard procedures for the notification of the bulletin headers (METNO, WWW operational letter) should also be ensured by the Secretariat.
iv. Regional Telecommunication Hubs (RTHs), and in particular RTHs on the MTN, should update their routeing directories to ensure the efficient routeing and distribution of these TWI messages by all relevant routes, and in particular towards RTHs serving associated NMCs on the Indian Ocean rim, and to RTHs operating satellite-based data distribution systems covering any part of the Indian Ocean rim.  The importance of the insertion of TWI bulletins in the transmission programme of satellite-based data distribution systems, including RETIM-Africa, EUMETCast and METEOSAT MDD (until end 2005) (West IO), CMA PCVSAT (N-E IO), ISCS and EMWIN (East IO) and possibly SADIS (pending ICAO agreement) was emphasized.

v. The WMO Secretariat should urge RTHs on the MTN and relevant RTHs to implement the adequate updates of their routeing directories, and to ensure that the “Tsunami Watch Information” (TWI) bulletins are relayed with the highest priority (Priority 1) according to GTS procedures.  A copy of the correspondence should be addressed to Indian Ocean NMCs for their information and follow-up coordination.
vi. The NMCs of the relevant Indian Ocean countries should take necessary action to receive and process/relay TWI bulletins as quickly as possible for national purposes as required.  They may also use other complementary alternate exchange mechanisms, e.g. Internet, through bilateral arrangements to ensure back up capabilities;
vii. An initial operational test to monitor the timely reception of TIW bulletins by NMCs of the relevant Indian Ocean countries should be organized within 4-6 weeks after the above notification to RTHs in order to identify and fix possible shortcomings; Further operational tests would subsequently be carried out with a view to ensuring optimum operational arrangements.
3. TECHNICAL AND OPERATIONAL PLANS FOR DISTRIBUTION OF EARLY WARNING INFORMATION, IN PARTICULAR TSUNAMI EARLY WARNINGS

3.1 Technical organization for distribution of Tsunami warnings and advisories
3.1.1 The meeting considered the technical organization for the international distribution of messages issued by a Tsunami Warning System, taking also account of multi‑hazard EWS.  

· The requirement for an end-to-end transmission within 2 minutes was recognized as being achievable for the GTS;

· GTS routeing mechanisms, including priority mechanisms, were considered as generally adequate;

· The crucial role of satellite-based data-distribution systems was emphasized, and the meeting reviewed the systems that are available in the IO region.

· Complementary alternate exchange mechanisms, e.g. Internet, should be also used as appropriate. 

· NMHSs (i.e. NMCs) should establish adequate national communication means with their relevant national designated authorities, in their role as National Tsunami Warning Centre or National Tsunami Focal Point.

3.1.2 The meeting recommended that:

· The GTS implementation be upgraded where required to meet the exchange requirements for EWS and TWS.
· The whole IO be covered by one or several satellite-based data-distribution systems.  The possibility of a future activation of a METEOSAT MDD service over the IO should be explored, as well as the potential capabilities of the UKSF (also supporting SADIS).
· All NMCs be equipped with receivers of one or several satellite-based data-distribution systems; It was noted that RETIM-Africa and EUMETCast cover Africa and Middle East IO countries.  All African NMSs were being equipped with EUMETCast receivers (PUMA project).
3.1.3 The meeting noted the potential contribution of the Global Maritime Distress and Safety System (GMDSS) within a Tsunami (or more generally Natural Disaster) Early Warning System:
· To broadcast warnings of tsunamis of significance for ocean navigation (if any) and coastal areas not covered by NAVTEX to ships at sea, via the International SafetyNET Service. Tsunami Warning Centres could be information providers on SafetyNET, according to agreed operational criteria;

· To broadcast tsunami warnings to coastal areas, routing information via the National NAVTEX co-ordinator where possible;
· To consider SafetyNET as one possible means of broadcasting information from the tsunami warning centres to local government offices in regions expected to be affected by tsunami events.  
The meeting noted the initiative taken by IMO in this regard (see Annex).

3.2 Operational arrangements and procedures
3.2.1 The meeting considered the utilization of appropriate GTS operational procedures, including specific procedures (e.g. priority, acknowledgment) that may be required to meet the specific requirements for TWS.  It agreed that:

· Current procedures for WEIOii bulletins are adequate.  The format of the content (text) should be standardized to the extent practicable.  Different ii can be used to differentiate different type of TWS bulletins.  WEIOii bulletins are relayed with the highest priority (Priority 1) according to GTS procedures;
· Acknowledgment procedures from NMCs receiving TWS bulletins to the originating TWC should comply with standard GTS addressed messages (reference: paragraph 2.4 of Part II of Volume I of the Manual on the GTS), as very urgent administrative messages transmitted as a service message.  In this respect, the CBS/OPAG on ISS was requested to develop, as a matter of urgency, a format for the content of an addressed message for acknowledgment of receipt of bulletin, especially EWS related bulletins; an initial proposal was considered:
BMBB01 CaCaCaCa YYGGgg (BBB)

CCCC

QSL TTAAii CCCC YYGGgg (BBB) (DDHHMM)

· The current use of WExx bulletins for acknowledgment by some NMCs in the Pacific should be urgently terminated and replaced by addressed messages in order to avoid serious risks of confusion and inappropriate dissemination.
4. ROLE OF NMHSs AND STATUS OF IMPLEMENTATION AND OPERATION RELEVANT TO EARLY WARNING INFORMATION EXCHANGE, INCLUDING TSUNAMI WARNINGS, IN THE INDIAN OCEAN

4.1 RSMCs AND RTHs

4.1.1 The meeting reviewed the role, capabilities and status of RSMCs and RTHs that were relevant to early warning information exchange in the Indian Ocean, including WMC/RTH Melbourne and Washington, RTHs Tokyo, New Delhi, Bangkok, Beijing, Nairobi and Pretoria, and RSMC St Denis (La Reunion).  A short summary is included in Annex.
4.2 NMCs

4.2.1 The meeting reviewed the capabilities and status of NMCs on the Indian Ocean rim. A status of implementation of the GTS in WMO Region I (Africa), II (Asia) and V (South-West Pacific) is included in Annex.
4.2.2 The meeting reviewed and assessed NMHSs’ role and capabilities relevant to information exchange for early warning, specifically of Indian Ocean rim developing countries with a view to developing a priority action plan for strengthening GTS elements in the countries, where necessary, including technology transfer and related capacity building measures. The meeting noted that the following countries required the upgrade/ strengthening of NMC’s equipment and GTS links in order to meet the operational requirements for an efficient EWS, and, in particular, an effective use of a TWS:
Asia: Bangladesh, Maldives, Myanmar, and Sri Lanka 

Arab Region: Yemen

Africa: Comoros, Djibouti, Kenya, Madagascar, Seychelles, Somalia, and Tanzania.

4.2.3 Several NMHSs including Kenya, Oman and Tanzania indicated that they were planning to install seismic and tide gauges networks for their national tsunami early warning system and were seeking consultancy, guidance material as well as training in this regard. The meeting invited UNESCO-IOC to consider these requirements.  There were also needs for guidance material and training on disaster preparedness, including public awareness for preparing national disaster preparedness plans.

4.3 WMO action plan
4.3.1 The meeting reviewed the WMO action plan for making the GTS fully operational in all Indian Ocean rim countries to support the TWS, and expressed its general support.  It recommended that:

· According to the above review and assessment, the following countries were likely to require and welcome expert visits: Bangladesh, Maldives, Myanmar, Sri Lanka and Yemen; Comoros, Djibouti, Kenya, Madagascar, Seychelles, Somalia and Tanzania.

· It was noted that recent expert missions with a similar objective were carried out by MeteoFrance to Comoros, Madagascar and Seychelles and that the results could be fruitfully used; It was also noted that a CMA expert mission was planned to Myanmar by June 2005 for a CMA PCVSAT installation.
· Roving expert missions to NMCs should be carried out by a team of two experts, including one expert from the associated RTH, for a 3-day visit; the selection of experts should also take account of the current established cooperation/assistance links between NMSs.

· When developing projects for upgrading/ strengthening GTS components of NMCs, special attention be given to the impact on recurrent costs.

· It was noted that JMA/RTH Tokyo was willing to contribute and assist in the operational coordination for implementing the action plan, and, in particular for strengthening the GTS.

As an additional remark, it was noted that roving expert missions to some countries of the Pacific would also be an important contribution for the improvement of the TWS in the Pacific. 

5. TECHNICAL AND OPERATIONAL PLANS FOR DATA COLLECTION AND EXCHANGE FOR TSUNAMI WARNING SYSTEM
5.1 Assessment of data collection and exchange requirements for TWS
5.1.1 The meeting established an ad hoc group to identify and assess the data collection and exchange requirements that are specific to TWS (sea-level buoys, tidal gauges, seismic data).  The general assessment is included in Annex.

5.2 Technical organization for collection and exchange of TEWS-related data

Oceanographic data

5.2.1 Tsunami warning requires sea level stations data for the detection and measurement of the tsunami waves.  The meeting noted that data from sea level stations for the detection and measurement of distant tsunamis in the Pacific TWS were collected via the Data Collection Service provided via the GEOS satellites, in association with and as part of the GTS.  It also noted that the current hourly transmission should be upgraded to a transmission every 15 min or even 5 min to better meet the TWS requirements.

5.2.2 
The meeting identified three Meteorological Satellites providing the Data Collection Service on the Indian Ocean or parts of it:  CMA/FY-2, JMA/GMS & MTSAT and EUMETSAT/METEOSAT 5 (eventually METEOSAT 7).  Data collected via the DCS mission of these satellites are retransmitted and inserted on the GTS via RTH Beijing, Tokyo and Offenbach respectively.  The meeting noted that the three satellites were ready to support several DCPs in the India Ocean for collecting sea-level data, with a possible transmission every 15 min.  (see Annex).  Tidal-gauges in the IO were currently collected via METEOSAT 5 and GMS.

Seismic data

5.2.3 The meeting noted that CTBTO/PTS seismic and hydro-acoustic data will be made available on a test basis to international Tsunami Warning Organizations recognized by UNESCO/IOC.

5.3 Operational arrangements and procedures
5.3.1 The meeting confirmed that the GTS procedures and arrangements for the collection and exchange of data collected via DCS missions of Meteorological Satellites were fully operational.

5.3.2 The meeting also noted that the GTS included procedures for the exchange of seismic data in parametric form, which were currently used by some countries; The allocation of abbreviated headings for seismic data and tsunami warnings in Attachment II-5 of the Manual on the GTS are as follows: T1T2 = SE.  The meeting agreed that the GTS could provide for the international exchange of parametric seismic data, should the requirements be clearly defined.
___________________

Annex to paragraph 3.1.3

INTERNATIONAL MARITIME ORGANIZATION



Ref. T2-OSS/2.6 COMSAR/Circ.36

18 February 2005

BROADCAST OF WARNINGS FOR

TSUNAMIS AND OTHER NATURAL DISASTERS

1 The Sub-Committee on Radiocommunications and Search and Rescue (COMSAR), at its

ninth session (7 to 11 February 2005) considered the promulgation of warnings for tsunamis and

other natural disasters using the existing International SafetyNET and/or NAVTEX systems and

agreed to the following, pending the review of resolution A.706(17) on World-Wide Navigational

Warning Service.

2 Tsunami Warning Centres and those who may seek to broadcast warnings as a result of

natural disasters (natural disaster warnings) may make use of the existing International SafetyNET

system. As a first step each Tsunami Warning Centre and those who may seek to broadcast natural

disaster warnings should register with the IMO International SafetyNET Co-ordinating Panel * to

obtain a certificate of authorization. A detailed procedure of the steps to be taken following

registration is set out in annex 1.

3 NAVAREA and National Co-ordinators in the affected areas, or areas likely to be affected,

upon receipt of any tsunami warnings or of any other natural disaster warnings should immediately

re-broadcast such warnings using the highest priority and all existing means as appropriate.

4 In the interim and until Tsunami Warning Centres are established and registered, those

responsible for issuing tsunami or natural disaster warnings may use the World-Wide Navigational

Warning Service (WWNWS) to broadcast such warnings both regionally and locally. This may be

achieved by passing the warnings to be broadcasted to the NAVAREA or National Co-ordinators for the affected areas, or areas likely to be affected. The Geographic areas for co-ordinating and

promulgating NAVAREA warnings and the contact details of the NAVAREA Co-ordinators under

the WWNWS are set out in annexes 2 and 3.

5 NAVAREA and National Co-ordinators in the affected areas or areas likely to be affected

should consider tsunami warnings and warnings for other natural disasters as exceptional

circumstances and should immediately broadcast such warnings using the highest priority and all

existing means as appropriate.

6 Ships, when within affected areas, should consider immediate re-broadcasting of any tsunami

warnings and/or any other natural disaster warnings they might receive using all available means

(e.g. VHF radio) as appropriate. In addition, ships should consider activating any emergency

response procedures and arrangements they deem necessary and to prepare, depending on the

circumstances, for the conduct of search and rescue operations. Ships should also consider, in the

light of the prevailing circumstances, the need for changes to planned navigational routes.

7 Member Governments are invited to bring this circular and the annexed information to all

parties concerned.

***

Annex to paragraph 4.1.1

Status of relevant RTHs and RSMCs

WMC/RTH Melbourne

WMC/RTH Washington

RTH (on MTN) Beijing

RTH (on MTN) Jeddah

RTH (on MTN) Nairobi

RTH (on MTN) New Delhi

RTH (on MTN) Tokyo

RTH Bangkok

RTH Pretoria

RSMC St Denis (La Reunion)

Annexes to paragraph 4.2.1

Status of implementation of the GTS

 in WMO Region I (Africa), Region II (Asia) and Region V (South-West Pacific)  
[image: image5.wmf]Regional Meteorological Telecommunication Network for Region I (

Africa)

point

-

to

-

point circuits implementation (transmission speed in kbit/s)  

RTH, CRT

NMC, CMN

Centre in other  region

MTN circuit, circuit RPT

Regional circuit

Interregional circuit

Djibouti

Cotonou

Moscow

New Delhi

Jeddah

Lusaka

Maseru

Maputo

Harare

New 

Amsterdam

Manzini

Moroni

Kigali

Dar Es Salaam

Kinshasa

Luanda

Windhoek

Lilongwe

Mauritius

Entebbe

Douala

Lagos

N'djamena

Cairo

Tripoli

Ouagadougou

Bamako

Abidjan

Accra

Nouakchott

Canary

Banjul

Bissau

Freetown

Monrovia

Conakry

Sal

Malabo

Madrid

Rome

Western

Sahara

Khartoum

Tunis

Ascension

St. Helena

Sao Tome

Kerguelen

Addis Ababa

64

9.6

4.8

0.05

DCP

NO

via Exeter

NI

NI

via Toulouse

(64)

NI

NI

9.6

64

9.6

0.075

NI

0.05

AFTN

1.2

19.2

1.2

0.05

NI

19.2

0.05

AFTN

1.2

19.2

0.05

NI

0.05

0.05

0.05

0.05

9.6

0.1

DCP

19.2

4.8

33.6

NO

33.6

1.2

1.2

2.4

64

1.2

19.2

64

19.2

NI

19.2

NI

9.6

AFTN

NI

0.075

0.05

0.05

NI

2.4

Casablanca

0.05

0.05

Bujumbura

NO

19.2

19.2

0.075

9.6

Libreville

Offenbach

Bangui

64

via Toulouse

via Toulouse

Washington

Toulouse

Gaberone

Algiers

Asmara

Lome

64

0.05

Toulouse

64

Brazzaville

19.2

Antananarivo

St Denis

Pretoria

9.6

NI

Mogadiscio

19.2

Niamey

Dakar

Nairobi

NI

NI

NI 

Not implemented

NO   Not operational

XII.2004

0.05

1.2

1.2

64

2.4

2.4

Seychelles

19.2

9.6

9.6

9.6

Via Internet

64

64

64

NI

NI

email

64



[image: image1.wmf]Vientiane

Ulaanbaatar

Baghdad

Doha

Kuwait

Bahrain

Dhaka

Yangon

Kathmandu

Kabul

Karachi

Colombo

Male

Hanoi

Phnom Penh

PyongYang

Ashgabad

Macao

64K

Dushanbe

Almaty

NI

NI

NI

NI

Seoul

NI

NI

14.4

-

33.6K (V.34)

64K

14.4

-

33.6K V.34

9.6K

6

4

K

128

K

50

50

50

50

50

64K

200

2

.

4

K

64K

100

75

1200

75

5

0

100

75

75

9.6K

Melbourne

Offenbach

Offenbach

Cairo

Cairo

Algiers

Moscow

Kuala Lumpur

Tashkent

Novosibirsk

Khabarovsk

Bangkok

Frame Relay

CIR<16/16K>

Frame 

R

elay

CIR<16/16K>

Melbourne

Washington

Frame Relay

CIR<16/16K>

NI

NI

14.4

-

33.6K (V.34)

14.4

-

33.6K (V.34)

14.4

-

33.6K (V.34)

Regional Meteorological Telecommunication Network for Region II 

(Asia)

C

urrent

status as of December

2004

Bishkek

6

4

K

2.4K

Singapore

9.6K

RTH in Region II

NMC in Region II

Centre in other region

MTN circuit

Regional 

circuit

Interregional circuit

Additional circuit

Non

-

IP link

IP link 

NI

No implementation

14.4

-

33.6K (V.34)

Tehran

Sanaa

20

0

Hong Kong

Moscow

NI

Frame 

R

elay

CIR<32/32K>

Tokyo

Beijing

Frame Relay

CIR<16/16K>

IMTN

-

MDCN

CIR<32/

768

K>

IMTN

-

MDCN

CIR<32/32K>

Manila

IMTN

-

MDCN

Frame 

R

elay

CIR<

48

/

48

K>

Internet

Jeddah

Internet

Internet

Internet

Muscat

Abu

-

Dhabi

NI

Id V.34

Id V.34

64K

64K

64K

Internet

Washington

Internet

ISDN 128K

14.4

-

33.6K (V.34)

14.4

-

33.6K (V.34)

Via Moscow

IMTN

-

MDCN

Frame 

R

elay

CIR<

48

/

48

K>

14.4

-

33.6K (V.34)

Frame Relay

CIR<16/16K>

Internet

IMTN

-

MDCN

Frame 

R

elay

CIR<

16

/16K>

IMTN

-

MDCN

Frame 

R

elay

CIR<8/8K>

IMTN

-

MDCN

Frame 

R

elay

CIR<

16

/8K>

CMA

-

VSAT

CMA

-

VSAT

CMA

-

VSAT

64K

64K

64K

Thimpu

New Delhi

NI

64K

64K



[image: image2.wmf]Regional Meteorological Telecommunication Network Plans for Regi

on V (South

-

West Pacific)

point

-

to

-

point circuits implementation (transmission speed in kbit/s)

Papeete

Honiara

Noumea

Jakarta

ASMC

Singapore

Bangkok

Manila

Brunei

Port

Moresby

2.4  X.25

9.6 

TCP/IP

9.6 

TCP/IP

9.6  X.25

RSMC

Darwin

2.4  X.25

Exeter

AFTN +GTS

4.8 

TCP/IP

Apia

Pago

-

Pago

Micronesia

XII.2004

RSMC

Nadi

Port Vila

AFTN+GTS

9.6  X.25

Wellington

RSMC

Honolulu

Guam

Melbourne

Moscow

E

-

mail gateway to

:

Cooks Islands

Vanuatu

Niue

Samoa

Tonga

Funafuti

Kiribati

AFTN+GTS 

9.6  X.25

AFTN+GTS

9.6  X.25

56 TCP/IP

+19.2 X.25

128 

TCP/IP

Washington

Tokyo

New Delhi

Kuala 

Lumpur

IMTN

-

MDCN

F

R 256

CIR<32>

IMTN

-

MDCN

F

R 256

CIR<32>

IMTN

-

MDCN

F

R 1.5 M

CIR<32/768>

F

R 128

CIR<8>

F

R 64

CIR<8>

F

R 2M

CIR<384>

F

R 64

CIR<16>

F

R 128

CIR<32/8>

F

R 64

CIR<8>

F

R 192

CIR<16>

NO

NO

Internet

Internet

Internet

Internet

Internet

F

R 128

CIR<32>

Via Toulouse

IMTN

-

MDCN

F

R 256

CIR<64>

RTH in Region V

NMC in Region V

Centre in other region

MTN circuit

Regional 

circuit

Interregional circuit

Additional circuit

Non

-

IP link

IP link 

NO

Not operational

FR

Frame Relay

CIR

Committed Information Rate



Annex to paragraph 5.1.1

Data exchange requirements for Tsunami Early Warning

Warning Message Communications

The GTS currently supports Tsunami Warning Message exchange.  In most cases this exchange takes place in a timely and reliable manner. However, certain Member States do not have GTS connections, or their connections are slow or may be unreliable.  All tsunami-threatened Member States should have reliable GTS connections with adequate bandwidth to receive tsunami bulletins in a timely manner.  In addition, in some Member States, the organization(s) responsible for tsunami warnings does not have access to the GTS, even though its Met Service does.  Such access should be considered by respective Member States to facilitate direct receipt of warnings over GTS to responsible agencies.

The number of bulletins issued during an event can vary from only one or two to several 10s over a time period of one or two hours to a day.

Table 1.  Communication Requirements for Exchanging Tsunami Warnings over GTS

	Type of Message
	Message Size (characters)
	Message Size (bits)
	End-to-end delay
	Minimum Bandwidth

for Single Hop

	Text Bulletin

(initial warning)
	500-3600 
	5000-36000
	2 min
	300 bps

	Text Bulletin

(forecast information)
	10000
	100000
	2 min
	800 bps

	Graphical Products


	100Kbytes
	1Mbit
	2 min
	8K bps


Table 1 summarizes the communications requirements for warning messages.  Bulletins with forecast information may be larger than initial warnings due to their having information about arrival times and wave heights, both forecast and observed, at many locations. A 2-minute delay between transmission and receipt was considered the maximum acceptable for such an urgent message.  Minimum bandwidth figures are based on the maximum delay for a message of the specified size, and assume no delays at relay points.  Graphical products are not currently sent by tsunami warning centers over the GTS.  However, graphical products are a very effective way to communicate tsunami travel times, seismicity and historical tsunami events, and tsunami forecast information during events and their communication will be facilitated.

Sea Level Data Communications

The number of sea level stations required to support tsunami warning depends upon how quickly the detection and measurement of the tsunami waves is needed.  It also depends on the size of the seismic zone and length of potentially threatened coasts.  Japan monitors about 100 coastal gauges for its local tsunami threat and their data are sent continuously over dedicated circuits to its warning centers.  PTWC monitors 6 coastal gauges in Hawaii with continuous real time data for the local Hawaii tsunami threat, and about 100 gauges around the Pacific.

Pacific-wide gauges used by PTWC are operated by a variety of countries and agencies, often for multiple purposes.  Most send their data with hourly transmissions via DCP through Met satellites.  The data are downloaded from the satellites remotely and sent to PTWC over the GTS as WMO products. However, hourly transmissions are problematic because they add a large delay in verifying the tsunami.  Further, most of the Pacific coastal gauges sample at a two minute rate which is barely acceptable for measuring tsunami waves that can have periods of only 5 minutes.  The hourly transmissions and two minute sampling are imposed due to bandwidth limitations on the GOES DCP channels.

One strategy employed on some coastal gauges in the USA and on first-generation DART deep-ocean buoys is to use an internal trigger that senses a tsunami and then uses a GOES emergency channel to send data much more frequently and at a higher sampling rate.  However, in an event if the gauge doesn't trigger PTWC cannot be certain there is no tsunami because it might be a trigger failure.  Second-generation DART buoys use 2-way Iridium communications to overcome this deficiency.

A priority should be given to support more frequent transmissions at a higher sampling rate.  In addition, more gauges are needed in the Pacific in order to more rapidly verify and otherwise measure a tsunami when it occurs.  This too requires more bandwidth.  Similar priorities should be made for all ocean basins to support tsunami as well as an increasing number of global environmental observation requirements.

Table 2 provides some specifics on communication requirements for sea level data.  In general there are more urgent requirements for data supporting a local tsunami warning, than for a regional or distant tsunami warning.  Further, there can be different requirements for data coming from a gauge to a Center (e.g., via DCP over a Met Satellite)  than for the same data traded between Centers (e.g., via GTS products).  The number of sensors in most cases is two to provide redundancy.  Data are assumed to be packetized in some way, and the total data rate includes a rough estimate of overhead for packets. Numbers provided are for general reference only.  Specific requirements are likely to be similar but will need to be determined on a case-by-case and gauge-by-gauge basis.  Communications from the cabled deep ocean sensors to the Center is not considered in the table and is assumed to be an integral part of cable system.

Table 2.  Communication Requirements for Sea Level Data in Support of Tsunami Warning

	Gauge
	Event
	Comms
	Gauge
	# Sensors
	Sample Interval
	Sample Size
	Total Bits/Sec
	Xmit

Interval

	Coastal
	Local Tsunami
	Gauge
	Misc.
	2
	1 sec
	2 bytes
	300
	1 sec

	
	
	Centers
	Misc.
	2 
	1 sec
	2
	50
	15 sec

	
	Distant

Tsunami
	Gauge
	Misc.
	2 
	15 sec
	2
	4
	5 min

	
	
	Centers
	Misc.
	2 
	15 sec
	2
	4
	5 min

	Deep Ocean
	Local Tsunami
	Gauge
	Buoy
	2
	1 sec
	2
	300
	1 sec

	
	
	Centers
	Buoy
	2
	15 sec
	2
	50
	15 sec

	
	
	Gauge
	GPS
	1
	1 sec
	125
	1200*
	1 sec

	
	
	Centers
	GPS
	1
	1 sec
	125
	1200
	1 sec

	
	
	Centers
	Cable
	2
	1 sec
	2
	50
	15 sec

	
	Distant Tsunami
	Gauge
	Buoy
	2
	15 sec
	4
	6
	5 min

	
	
	Centers
	Buoy
	2
	15 sec
	4
	6
	5 min

	
	
	Gauge
	GPS
	1
	1 sec?
	125?
	1200?
	1 sec?

	
	
	Centers
	GPS
	1
	1 sec?
	125?
	6
	5 min

	
	
	Centers
	Cable
	2
	15 sec
	4
	6
	5 min


* Assumes pre-processing at the GPS gauge, otherwise the data rate can be 10s of Kbits/sec.

Seismic Data Communications

The number of seismic stations required to support a tsunami warning capability depends upon how quickly the warning is needed and consequently how quickly the earthquake needs to be evaluated. It also depends upon the extent of the seismic zone.  This number could vary from 10 to even 1000.  For example Indonesia estimates it will require 180 stations to cover its threat.  Japan uses about 200 for its local tsunami threat.  PTWC uses about 50 for the local Hawaii threat, but over 100 for the Pacific-wide threat.

It is clear the current Met Satellites are generally unable to handle this data volume and timeliness.  Some seismic waveform data might also be sent over high-speed lines between GTS hubs. These seismic requirements could be considered for future communication systems that cover remote sites as well as links between centers.  This could be done in support of a multi-hazard approach and in coordination with GEOSS.

Current communications for such seismic data include VSAT links, internet links, frame relay links, digital microwave links, digital spread-spectrum radio links, ISDN links, multicast, etc. Use of multiple communications methods and paths provide redundancy to ensure reliability.  Seismic data is generally collected from the field by individual Member States but could be exchanged with other Member States over the GTS.

Table 3 provides communications requirements in support of the earthquake analysis.  Sample rates are according to current standards.  Bandwidth values assume compression using standard schemes currently in use by the seismic community. 

Table 3.  Communication Requirements for Seismic, Hydroacoustic and Displacement Data in Support of Tsunami Warning

	Type of Data
	Sensor
	Number
	Sample Rate
	Word Size
	Total Bits/Sec
	Xmit interval (sec)

	Seismic

(Local)
	Broadband
	3-Comp
	40
	4
	~1800*
	2?

	
	Accelerometer
	3-Comp
	100
	4
	~4500*
	2?

	
	Broadband &

Strong Motion1
	3-Comp

3-Comp
	100-200

100-200
	4


	20-60Kbits
	2?

	
	Short-Period
	1-Comp
	100
	4
	~1500*
	2?

	Seismic

(Tele)
	Broadband
	3-Comp
	20
	4
	~900*
	10

	
	Accelerometer
	3-Comp
	20
	4
	~900*
	10

	Acoustic
	Hydrophone
	3-Comp
	240
	4
	~9000*
	10

	Displacements
	GPS
	1-Comp
	0.1
	125?
	~100?
	30

	Parametric Messages
	Processed by CTBTO/PTS#
	10 Kbytes per event

	
	Processed by TWCs and Seismic Labs
	2 -10 Kbytes per event


*compressed data.  

# 2 hours after event for first automatic bulletin

1 A worst-case with 6 sensors, a high sample rate and no compression

Annex to paragraph 5.2.2

Japan / GMS-DCS
1. Introduction
Data Collection System (DCS) is one of the main missions of the geostationary meteorological satellite system and the polar-orbit meteorological satellite system to collect and distribute observational data at surface stations (Data Collection Platforms; DCPs) by use of the meteorological observation data relay system with 400 MHz frequency band.

2. Transmission of data from DCPs via GMS-DCS

DCPs are located at island stations, ships, aircrafts, AWSs, tide gauge stations and the national seismographic stations of Japan within the GMS/MTSAT radio-communication coverage.  In principle, DCPs are expected to transmit their respective data in a time slot (time frame) of 1 minute at certain time intervals; currently, DCPs for tidal observation are allowed to transmit their data at intervals of 12 minutes, 15 minutes, or 1 hour according to the requirement of the respective operators.

3. Tide-gauge DCPs for GMS-DCS

As of 1 March 2005, tide-gauges equipped with DCP for GMS-DCS in the northern hemisphere are listed below :

Table 1   List of DCP (tide-gauge) for GMS-DCS (see Figure)

	Station Name

of DCP
	Location
	Country
	Operation Country
	Remarks

	 Yap
	09º 30.5' N, 138º 07.9' E
	FMS
	USA
	NOAA/NWS

	 Malakal
	07º 19.8' N, 134º 27.8' E
	Palau
	USA
	NOAA/NWS

	 Legaspi
	13º 09.4' N, 123º 45.3' E
	Philippines
	USA
	NOAA/NWS

	 Minami Torishima
	24º 17.5' N, 153º 58.0' E
	Japan
	Japan
	JMA

	 Severo-Kurisk
	50º 40.0' N, 156º 07.0' E
	Russia
	Russian
	

	 Ust-Kamchatsk
	43º 52.0' N, 146º 49.0' E
	Russia
	Russian
	

	 Colombo
	09º 30.5' N, 138º 07.9' E
	Sri Lanka
	USA
	University of Hawaii


Their locations and the radio-communication coverage of the Geostationary Meteorological Satellite of Japan are shown in Figure 1.

4. Future Activities

In preparation for the early establishment of the Tsunami Early Warning System in the Indian Ocean, JMA will actively work on collection of the tidal data by GMS-DCS in view of the closer watch of tsunamis in the region, which is indispensable for the reliability of the Tsunami Watch Information (TWI).

Currently, JMA is ready to accept about 10 DCPs for tide gauges.  Within a couple of months, JMA will expand the capacity up to 50 to 60.

Figure 1  Location of the 7 tide gauges in the radio-communication coverage of
the Geostationary Meteorological Satellite of Japan
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5. Application procedures for DCS service

Application for GMS-DCS service should be presented to JMA through the following procedures:

Application should include following items;

· Cover letter from the Director of the relevant NMS

· Site information (such as location; long. & lat.)

· Time interval for data transmission 

· Characteristics of transmitter and antenna

· Others (if necessary)

Detailed information on DCS including application procedures is available at the following contact point:
      
Hiroaki Ota

       
Senior Scientific Officer

       
Office of Meteorological Satellite Planning

       
Japan Meteorological Agency

       
E-mail: hiro-ota@met.kishou.go.jp
      
Telephone: +81-3-3201-8677

      
Facsimile: +81-3-3217-1036

EUMETSAT / METEOSAT-DCS

1. Data Collection System

· Meteosat-7 located at 0° supporting the Prime DCS service

· 33 regional channels, close to maximum utilisation

· 33 international channels co-ordinated by CGMS

· Meteosat-5 located at 63° E supporting the IODC DCS service from the 1st March 2005

· 3 international channels co-ordinated by CGMS- I8, I9, I11 reserved for regional use by IODC, to be formally approved by CGMS in September 2005
· Limited international channels available, Five more channels could be used with CGMS agreement
· Uses redundant equipment in the MTP Ground Station in Fucino, Italy to receive the data

· No ground segment redundancy until MSG-2 is successfully commissioned

· Data processed and disseminated by the EUMETSAT central site

2. DCP Data Dissemination

· For the 0° Service

· GTS

· Internet - ‘push’ and ‘pull’

· EUMETCast

· DCPRTU

· For the IODC Service

· GTS

· Internet - ‘push’ and ‘pull’

3. IODC DCS Applications

· University of Hawaii - Sea Level Centre:
· 8 platforms are located in the Indian Ocean, they report hourly via Meteosat-7

· They will be re-allocated to Meteosat-5 and increase reporting frequency to every 15 minutes

· Data Dissemination mechanism - GTS + Internet (pull)

· They plan to add 1 new platform in March

4. METEOSAT-DCS coverage

[image: image3.png]EUMETSAT's SATELLITE COVERAGE AND INDIAN OCEAN DATA COVERAGE
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China / FY-2 DCS
· FY-2 geostationary meteorological satellite series

· Stationed at 105°E

· FY-2C launched in 2004, and being in test period currently
· Collecting and transmitting observations from widely dispersed data collection platforms. 

· Collecting meteorology, oceanography, hydrology observations from a wide variety of platforms, such as buoys, isolated islands, rivers, mountains or ships

· 133 Data Collection Platform (DCP) channels 

· The collected data can be inserted into GTS at RTH Beijing.

· [image: image7.png]


FY-2C-DCS Coverage:
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Regional Meteorological Telecommunication Network for Region II (Asia)
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Annex I:   multipoint telecommunication systems

  

RTH

TV-Inform-Meteo via satellite

GMS DCPs

radio broadcast

VSAT

Toulouse

Bracknell

Rome

Members equipped with  METEOSAT-MDD receivers: Bahrain, Islamic Republic of Iran, Kuwait, Oman, Pakistan, Qatar, Republic of Yemen, Saudi Arabia, Turkmenistan, United Arab Emirates, Uzbekistan.

Members equipped with CMA/VSAT receivers: Democratic People’s Republic of Korea, Mongolia, Vietnam.

Complementary systems: Members equipped with INSAT-MDD/VSAT receivers: Bangladesh, Maldives and Sri Lanka

 Member equipped with TV-Inform-Meteo receivers: Tajikistan
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DAB datacast via satellite
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Regional Meteorological Telecommunication Network Plans for Region V (South-West Pacific)

 point-to-point circuits implementation (transmission speed in kbit/s)
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Regional Meteorological Telecommunication Network for Region V (South-West Pacific)

 Implementation of telecommunication systems via satellite and radiobroadcasts
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Regional Meteorological Telecommunication Network for Region I (Africa)

point-to-point circuits implementation (transmission speed in kbit/s)  
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Regional Meteorological Telecommunication Network for Region I (Africa)

multipoint telecommunication systems
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multipoint system via satellite
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