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various tools that help coastal communities to link effectively to the warning system and prepare for tsunamis. The
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document refer the reader to specific content of the kit.
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Preface

The term the “last mile” is often associated with the dissemination of
tsunami early warning to the communities living in the risk areas. It is
usually perceived as a purely technical problem due to the fact that a
huge area must be covered in a short time and often under adverse
conditions following strong earthquakes. Indeed, the question of
viable early warning dissemination technologies for the “last mile" still
remains a major challenge. Nevertheless, it must be addressed in
close relation to the development of adequate warning dissemination
procedures and the strengthening of the necessary capacities of the
individuals, communities and institutions involved.

A good and complete understanding of the overall set up of InaTEWS,
the time line, the warning scheme and how warnings are being distrib-
uted is needed by all actors who are involved in the development of
the local warning dissemination mechanism. Providing warnings to
the cnes at risk in a fast and reliable way must be the bottom line for
all such efforts.

There is no universal blueprint. There are many ways that can be used
to disseminate early warning - from traditional technigues that are still
utilised by the rural communities, such as the kentongan (wooden slit
drum), to modern electronic gadgets, such as mobile phone texting
(SMS) and Internet. Tailor-made solutions are required, taking into ac-
count the specific needs of the community and the communication
networks and technologies that are already in place and can be further
developed. No dissemination technology is fail proof; therefare it is
vital to establish more than only one communication line for warning
purpases. When deciding to set up extra technology far warning dis-
semination, always make sure that it can be used for other purposes
as well and will be utilised on a regular basis. This does not only
reduce costs, but also increases the likelihood that the technology will
be properly maintained and will work when it is really needed.

This reader is dedicated to all who are involved in designing or imple-
menting local tsunami warning mechanisms. It provides an introduc-
tion into methods and technologies for the dissemination of tsunami
early warning at the local level. Except for a short overview about
warning dissemination methads in general, this document focuses on
the specific challenges, requirements and options for early warning
dissemination technologies that are related to near-field tsunamis and
the Indonesian context. A short description about the warning dis-
semination process and technologies applied by the National Tsunami
Warning Center (NTWC) helps to set the stage for the main issue of the
document: an overview about technologies, which can be applied to
disseminate tsunami early warning on the “last mile” and some related
background information to help evaluate whether a certain technology
is appropriate and fits the specific situation in your community.




Introduction into Warning
Disemination Methods

Characteristics
and Criteria
of Warning

Dissemination

The dissemination of warning messages is always a challenge, es-
pecially for emergency managers with limited resources at the
local level. Fortunately, there are multiple ways to deliver a mes-
sage. However, there is no universal recipe. Dissemination tech-
nologies and methods must be adapted to the local situation, re-
quirements and capacities to be effective. There is no single “best”
method of warning dissemination that fits all situations.

Hardware &
Procedures

Successful early warning re-
sults from a combination of
hardware and procedures.
The hardware makes sure
that the message comes
across technically while pro-
cedures (S0OP's) and proto-
cols provide the organisa-
tianal preconditions for suc-
cessful and efficient early
warmning.

There are many factors and questions that must be considered

before setting up a warning dissemination system. Key factors and

guestions are:

- who needs to be informed

- how many people should be coverad by the system

- where are recipients located

- what are they doing at what time of the day/night

- what kind of season do the pecple have (e.q. fishing, harvesting,
tourist season)

- what specific needs do recipients have

- how fast the warning message must reach the target

- what technologies are already available

- do people have access to TV and radio

- what happens in the case of an electric power failure

- how to maintain and upgrade new technologies

The capability of warning dissemination systems results from a
combination of methods and technologies. Reliability of applied
early warning technologies is an issue, as is their optimal utilisa-
tion. Coverage, as well as message design, is of the essence. The
outcome should meet the following criteria:
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Critaria Characteristics

Raliability g ::d"'?dﬂ“f-Y

- curity

= fMwailability in the absance of powsr

- Always operational and ready to warn

- Fast transmission with assured delivery and confirmation

- Essy lo operate in nommal, as well aa stressful, siluations

- B0P's for operation are in ploce and undersiood by
relevint stakeholdens

= Reaches all people within a risk area

- Easy lo expand In case a larger warning area needs to bea

Coverage covered

- Accessible o people with special needs {specific Inngusge
requirements, disabled)

Securily & Heliabiily
Enables anly authorised persons to insert a messape
Heax prool

Cantent

- Meszage content follows official nides and is sxplicit

- Message terminology s clearly undemstood by recipiants

- Provides means for obtaining additional information

- Messeges are geographically specific

- Waminga must be apecific about the nature of the threat
and its impact

Message featunes

Structure
Message structure is standardised and officrally com-
municated
Reciplents should be famiior with message structures
and varistiea (e.g, Advisories, Wamings, All Claar mas-
BUGOE]

- Supports multiple distribution technologies (e.g.. sirens,
radia, TV, phones, |nternet-based socinl networks,
FM-RDS, atc.)

- Supports atrategies for evacuation, responas and e

Crhor points to congsdern coveny plans

- ' Apples to muliiple types of hazards

- Does not pul measage provider or recipients at risk

- Coat effective

- [Enmsy to maintain

- Optimal utillsation of pre-existing infrastructure

- Glear pnd concisge S0P's for the creation and disseming-
tion of early warning messages ars availabie

Source and modified from: Briish Columbla Taunami Warning Methods = a Toal? for Community Planning

Note that an effective warning dissemination system requires continu-
ous maintenance, public awareness building and education, as well as
revision, to make sure it is suited to the current situation. All actors in-
volved in the warning announcement process should be aware of each
other and possess a general understanding about the overall set up
and what is required for the system to work,

Warning messages can be distributed to the public in general or to
specific locations (such as beaches and certain parts of town) or spe-
cific targel groups (e.q., all hospitals, markets, hotels, public schoaols,
masgques).

Some dissemination technologies have capabilities to confirm that a

message has been received; others offer means for two-way commu-

nication. Some methods are specific to:

- the range of the transmitter

- an individual location

- a human determined geographic boundary (e.g., a municipality or re-
gional district)




Alerts and

Messages

- outdoors

- indoors

- an individual facility (e.q., schools, hospitals, market place, etc.)
- a specific authority, person or agency (e.g., PUSDALOPS)

- reliable availability of resources like electrical power

Public warning announcements should
consist of two essential components:
alerts and messages with instructions.

demand attention
and alarm people

Objectives Possible Means of
& Characteristics Dissemination
- |ntermapts people from whalever they ane | - swen
doing horn
- demands attention - bell
can be receihved al any LGime ol day or Kerafofagann
night - loudspaakar
Abri - can signal peopke to une into local tebe-
vislon or radio stations for furthar infor-
maton | guidanooe
|7 s =impls, &g., walling siren tope
| = cannot carry complicated contant
| - can be delivered audibly, visually, physi-
cally (e.g.. through vibrating devices)
provides information about; 1]
-~ what happens - Local Redic Stations
| - when Loudspenkers EE-
Message i - ‘saverity of hazard - Fax
! - lkeliness of cccumence of hazard SMS
| - meed for action - IBSN
- can be delivered audibly or visually Blackbarry Messangor
- WRS
= AANET
FM-HOS

Sounce and modified from: British Columbia Tsunami Waming Methods ~ a Toalkdt for Communily Planning
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Note that alerts and messages are not always delivered by the
same method or technology. The delivery of messages usually
requires more advanced technology than alerts do.

Different audiences can be addressed through indoor and
outdoor warning messages. The majority of reliable outdoor
warning methods are geared to address the general public.
Some methods can be deployed indoors, as well as outdoors,
such as VHF-radios and mobile phones. Each method has its
specific limitations and strengths that need to be taken into
consideration.

Outdoor
and Indoor

spoylaw uoneunwassiq Guuiep

Warning
Methods

Outdoor Warning Systems

The most commonly used general mass outdoor notification
device is the siren. It can reach large segments of the population.
Although they are formidable alerting devices, sirens are usually
not geared to deliver messages. For their successful use it is cru-
cial that the warning sound is clearly audible to the recipients
and the listener is already informed about the message/meaning

of the tone. Another common outdoor warning device is a fixed
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Addressable

Dissemination
Methods

or mobile loudspeaker. In the case that loudspeakers transmit siren
sounds, alerts and messages can be put on the air by the same
device.

Indoor Warning Systems

It is a major challenge to warn people who are situated indoors. Build-

ings can easily block out sound and visual warnings. Indoor warning

systems rely upon technologies that are:

- capable of penetrating inside spaces

- widespread enough to ensure that they can reach any space where
people are residing

- sufficiently disruptive to capture undivided attention

- capable of disseminating messages at any time of day or night

- preferably independent from external electrical power sources at
least for a mited time

Maost indoor warning devices, from the less to the most sophisticated,
rely on external sources as a trigger. Televisions and radios rely on
functioning broadcasting systems and electrical power. In the event of
a warning, depending upon the kind of activity people are engaged in,
it may be necessary to use different methods that cater to different
senses (e.g., hearing or sight). The special requirements of disabled
persons (e.g., blind, deaf) should be taken into consideration as well.
Some methods provide limited, one-way delivery capacities, while
others support two-way, or interactive, messaging (e.g., telephones or
HF-radio). These features become important when an action, such as
a confirmation of the reception of the warning message by the recip-
ient, is required. However, experience shows that common telecom-
munication systems tend to break down after earthquakes due to de-
struction of infrastructure and/or overload through increased commu-
nication needs.

Apart from whether they are deployed indoors or outdoors, dissemina-
tion methods can be further divided into mass and addressable dis-
semination methods. General (mass) dissemination methods have less
specific targets and are mainly represented by the mass media, while
specific (addressable) methods can provide warings to particular
users of technologies, households, persons, neighbourhoods, pre-
defined groups, agencies, etc. In order to ensure that the intended mes-
sage reaches the target groups, a mixture between general and specific
warning methods should be considered. The greater the variety of de-
ployed dissemination methods, the greater the likeliness that the mes-
sage will reach the relevant stakeholders. Redundancies will prove
useful should one technology or method fail. The following graph gives
an overview of mass and addressable notification methods:




Dissemination

Each method of dissemination may differ in the speed by which it
delivers its messages. Speed is an important consideration since
tsunamis in Indonesia will not leave much time for reaction. Look-
ing at general warning dissemination methods, sirens will alert
people more quickly than radio, television or, for example, internet
websites. When it comes to specific dissemination methods,
WRS, FM RDS, RANET and two-way-radio group calls will reach
target groups more quickly than e-mails, fixed or mobile address
systems, fax, or door-to-door notification.
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The National Tsunami Warning Centre at BMKG sends out

earthquake information or a first tsunami warning and advice
to TV and radio stations and to local authorities five minutes after
an earthquake occurs.

@ GTZ / Ursula Meissner
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Understanding the Warning Dissemination
Process and Distribution by BMKG

The BMKG
Tsunami Early

Warning Scheme

Badan Meteorologi Klimatologi dan Geofisika - National Agency of
Meteorology, Climatology, and Geophysics (BMKG) operates the Na-
tional Tsunami Warning Center (NTWC) in Indonesia and is the only
appointed official institution responsible to generate tsunami warn-
ings. Besides issuing tsunami warnings, BMKG also provides infor-
mation on meteorolegical, climatological and geophysical issues
(weather, climate, earthquake, air guality).

Using multiple communication channels (so-called “6 in 1"), EMKG
produces and sends tsunami warnings from its Warning Center in Ja-
karta to “Interface Institutions™ (the media, local governments, BNPB,
police, army, emergency operation centers, and other national institu-
tions, etc.). BMKG warning messages are also accessible by the gen-
eral public via the public media, BMKG website, or social networks
(Facebook, Twitter).

BMKG provides earthguake information and tsunami warning mes-
sages according to the following scheme:

Th-h‘rmmm and Warning Messages from BMKG

All earthquake information and warnings are distributed by six differ-
ent channels at the BMKG Warming Center. Earthquake information or
warning messages will be distributed only when the earthquake has a
magnitude of more than 5 SRA. Earthquake information for smaller
events is displayed on the BMKG website,




Warning

Message
Formats

Information and warning messages are provided in three different
formats: Short Text (SMS), Long Text (fax, e-mail, and GTS), and
long media format (web and WRS)

Short Text Format
Short text format in the form of an SMS allows only a limited
number of characters (160 characters):

TEST! Major Tsunami Waring in LAMPUNG, Tsunami Warning in
JABAR, Advisory in BALI Eqg Mag:7.5RS, 02-Sep-08 07:55:01 UTC,
Loc:8.26580107.22E, Dep:51km:BMKG

TEST! Waming Tsunami; Awas di LAMPUNG, Siaga di JABAR, Waspada di
BALl, Gempa Mag:7.558R, 02-Sep-08 14:55:01 WIB, LolkcB2B6LSM07.22BT,
Kdimm51km:BMKG

Long Text Format
Long text format messages contain more detailed infermation and
are disseminated by e-mail , fax and GTS:

Indoteaies Twetasd Carly Marnisg Systex |InafINE|
Bodrean: Jl. Angksss [ na.d Eesagaras, Jakarcs, Indonemis, 10720
TR0 (eET-FE] ATAENILIGSAEILE, Fami (e£F=71) ESAEITRIATLEION
Ff, Bom I340 Jhy, Sebalvsi Woupn s, by, g L

Iasued datei S2-Cep-200W, DEELO:1Y UDC
(Mamaags Ms. ¥ rmlated ts this sarthgsakel

Pulisrin fe. 7
A5 EARTHOUANE nas 0OTHETD WTTE THEIST PRITLTWTHREY FAAMMITTRS:

Hagnliade © T.4% A5

Dats © OF=Saps1009
Origin Timsr Olridast wee
AT T ¢ 824 F
Langltgada @ 197,27 0
Pepth £ 31 pw

Locatios ¢ Jawa, Irdocsala

Remaris ¢ 137 ko SOUTYINEST of Rardar
130 e SONTTRNEST of Tarsgang
R s BOUIAWERT al Sasvanyg

TEERL I3 TeE POMSIMILITY OF A TEIMAMI IH THE FOLLONING AREAS:

wota-Bandar-Lasgung Fantal-Fasja. rel¥edd 2.
Bangialu=iaza 1 1EalSstd 13,
FEEETRE
12:0z38 0.
TieFe A4,

ACTUAL ASAIVAL TTHCE AND NAVE HELONTE MAY OITTER AND THE IMITIAL WAV
AT BOT AE TNE LARSEST.

Advicw

FEevlhsa FIESLEAEL Iy PRInnehlE ThaL afe &L “Majur Waphlhg® level afw
macected £S5 pay allesilce B8 Lhis sarelng and lewsdistaly guids Chels
camnunitiss lor {ull wrassation.

Frevinca (ELeTrion fSLLy povernments TEar are o “Harnieg” lewel are espeeTed
b fpmy @nteilin e Lhie warnling aml Leesdialely gelie thell oomtunitles
for evasuslicn.

Provincs/Distci==/Clty gorermeants t2at are ot "Adviesry™ [emsl ame
srparisd T3 pay attencisn to this werming snd tzmsdistely quide their
ramnuniTles ©o Bove suay Trom che heses snd viver hanes,

EERERERT - REEREEREARS - - (RERTETRTRRT _ TRARSEERTREL - o RSERRIREEN ' -IEFE]

Long Media Format
Long media format is used for screen display purposes. It has a
graphical user interface, which allows the user to interact with the
program. The web format is used for the BMKG website and WRS
{including television):
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BMKG Warning Currently, BMKG uses six channels (SMS, e-mail, Internet, fax, WRS,
Distribution GTS) to disseminate warnings. For each channel, a server is installed
at the NTWC:

Channels

Tuunami
DTR-DMKG Baiscomp

Disseminalion
Engine

Web base
Dissamination

4w
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SMS

Short text format messages are transmitted via SMS, Generally, it is
aquick and reliable way to disseminate information as users receive
it directly on their hand phones. Nevertheless, SMS delivery may
suffer considerable delays during ememency situations due to net-
work overioad or break down. The SMS gateways are located at
BMKG and at the SMS provider. BMKG disseminates information
on earthquakes, weather, climate, and air quality via SMS. Tsunami
wamings are provided as a special senvice to inform people who
are involved in disaster management and decision-making at na-
tional and local levels (govermors, bupati, walkota, police, army,
waming centers, experts, and others) reagrding all occurring sarth-
quakes (magnitude more than 5 SR) and tsunami threats.

The BMKG SMS service works as a auto-sending/ push ser-
vice: earthquake information and tsunami warnings are sent to
users who have registered thelr mobile numbers in the BMKG
database. Currently, more than 1,700 numbers are registered.
Important note: not everyone may register their phone number
with the BMKG and further subscription is limited.

In the past BMKG also offered an auto-response service where
users could request information by sending a predefined key-
word to BMKG using 2303 access code. This service is sus-
pended and there are currently no plans to reactivate it again.

E-mail

The e-mail server works in the same way like the SMS server,
bt uses a different media. In the event of stronger earthquakes
(= 5 SR) and tsunami threats, the BMKG waming dissemination
system will produce a waming message using the long text
format and send it to the registered e-mail addresses. Tamget
groups are the people who are involved in disaster manage-
ment and decision-makers at national and local levels (gover-
nors, bupati, walikota, police, army, warning centers, experts,
and others). Local governments and emergency operation
center can subscribe the BMKG e-mail service.

NG Aq uopngysig pue ssasold
uopjeujwass|g Gupwuepm ayy Bujpueysiapup ﬁ

Fax

Long text format messages for earthquakes and tsunami
threats are also distributed via facsimile. The target group is
much smaller than SMS and e-mail, and comprises people who
are involved in disaster management and decision-making at
national and local levels.
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Web

BMKG provides a website using a web server where the public may
have access to information on earthquake events and tsunami threats
iwww.bmkg.go.id). Besides that, people may also have access to
other information and disaster warnings, such as weather forecasting,
waves, floods, etc.
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Warning Receiver System - WRS

The WHS server is used to distribute earthquake information and
warning messages to registered WRS clients (the media, local govern-
ments, BNPE, police, army, emergency operation centers, and other
national institutions, private companies, etc.). All local PUSDALOPS
are expected to have WRS installed in their warning center. WHS actu-
ally is software specially designed by BMKG for tsunami early warning.
A client must have a personal computer with a continuous Internet line
or a satellite connection system to the BMKG WRS server. More de-
tailed information about WRS will be presented in Chapter 4.

Global Telecommunication System - GTS

This is not a public server. The main function of the GTS server is to
send information to and communicate with other members of the
World Meteorological Organisation (WMO). BMKG is a member of
WO,




Warning Receiver
System (WRS)

Getting started

WRS stands for Warning Receiver System and is one of the dis-
semination tools used by InaTEWS. It is a web-based information
system that enables the exchange of information between a server
and clients. The WRS computer software was developed by
BMKG and sends earthquake and tsunami warning information
from the server at BMKG to the WRS clients in the interface insti-
tutions (police, military, television stations, radio station, and
others). It is designed to serve as the principal channel between
the NTWC at BMKG and local interface institutions (BPBD / PUS-
DALOPS). Once new information comes in at the client computer,
a loud audio signal is released to catch the users’ attention. In
some interface institutions WRS clients are equipped with a mech-
anism to forward the incoming information directly via SMS and
fax to other recipients.

The client must have a computer that is connected to a reliable
24/7 Internet provider and the respective software. The internet
connection can be via normal leased line, wireless or by satellite.
The hardware specifications are not different from the ones for any
normal computer workstation. For the leased line or wireless Inter-
net connection, an IP public address is needed. Contact your in-
ternet service provider for your |P public address number.

BMKG also uses the DVB (Digital Video Broadcasting) system to
distribute the WRS data in half-duplex mode (one-way direction)
via satellite. A small parabolic disc antenna receiver will catch the
signal and it will be decoded by the computer. Please remember
that the antenna should be placed outside of the building, facing
the satellite and there should not be any obstacles between the
antenna and the satellite. The position of the antenna must be
solid and tightened. Connection with the satellite may be lost by
only a small movement of the antenna's position.

The next step is the installation of the WRS software into the com-
puter system. The installation of hardware and software should be
supervised or guided by a WRS expert from BMKG. The WRS
hardware and software can be acquired from the BMKG head
office or can be procured by the client. For registration and further
details, please contact: Pusat Gempa dan Tsunami - BMKG office
at JI. Angkasa No.2, Kemayoran, Jakarta Pusat 10720. Telp. :
(021) 65646316 - Fax. (021) 6546316.
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The WRS
Application

How to Operate

Application

WRS client is a web-based application. A web browser (e.q., Internet
Explorer, Mozilla, Opera, Google Chrome, etc.) must be pre-installed in
the computer.

[

Program Languoge ASP HTML, and JaVAscript

Wb Sarvar NS Wab server

Oporation Syulom Windows XP pro

- Capabilities 1o display a map with the location of carthquake
- Capability produce differant soands for earthquake informathon or
tsunami warning
- Data history of last 20 svents
Wob bosed dosgnod
- Other BMEG information | Weather, Climate, atc) atso available
Sowcer Karyongs (BVKG)

Application Features

It is important to understand how the WRS application works. If you
plan to acguire or install a WRS unit, you must understand and follow
the procedures as described below:

The WRS application is designed to operate automatically when the
computer is switched ON. WRS Computer at clients (interface institu-
tions, local warning centers) MUST be switched ON 24/7 and in stand-
by mode. Mo screen saver mode should be activated. The WRS appli-
cation is stored in the directory c\wrsclient\ with the structure as de-

scribed in the graphics below:

The directory of wrsclient contains the application to control any new in-
formation derived from the BMKG WRS server. The name of this applica-
tion is bmkgwrsclient.exe. The web sub-directories inside wrsclient con-
tain information pages received from BMKG.

The web directory is split into two main directories: inatews and in-
fobmg. The directory of inatews contains earthquake and tsunami
warnings. The directory of infobmg contains general information about
EMKG.

The application bmkgwrsclient.exe inside the directory of wrsclient is
responsible for managing the automatic start when the computer is to
startup/boot or logon. Theoretically, the application may run well con-
tinuously. However, as a precaution, this application should re-start
once every hour by a scheduler.




The restart program application is located inside the directory con-
trol. It is also advised to execute a physical computer restart man-
ually once every two weeks.

Sttem WRS TV, doc - Morosoft Word
Hotspak > login = Interret Explorer
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To check whether the program is still running, press the combina-
tion of ctrl+alt+del buttons and a “Task Manager” window (see
graphic 9) will appear. Check if the program bbmhkg_tv_wrsclient is
working or not.

if you do not find bmkgwrswrsclient, re-run the program manually by
double clicking bmkgtvclient.exe inside the directory of wrsclienttv.

The WRS application produces a specific sound for earthquake infor-
mation and tsunami warnings. The computer will automatically dis-
play (pop-up) a map with the latest information on the earthguake
M €5540€Es event. It will show a blinking red dot on the map and information on
whether it has tsunami potential or not (Graphics 10 and 11).
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Graphics 10 and 11 show the present screen design. Once the new
Decision Support System (DS5) is activated, the format of waming
messages will be changed and display information on estimated
wave heights, affected areas and estimated arrival times in accor-
dance with the new warning levels (Graphic 12):
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The WRS application is a web-based design and it can be accessed or
run on other computers within a network where the WRS Client is in-
stalled. Open a web browser (e.g., Internet Explorer or Mozilla Firefox)
and type the address of the WRS Client. The main menu of the WRS
application will appear (graphic 13):
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Technologies for Warning
Dissemination at Local Level

Local authorities in tsunami-prone areas are in charge of informing their communities about an
imminent threat and providing clear guidance on how to react. Mear-field tsunamis, however,
give only little time for warning and evacuation, so local dissemination must be guick and reli-
able. Tailor-made solutions are required. Therefore, it is critical to have local needs properly
evaluated.

As tsunamis in Indonesia are typically triggered by strong earthquakes, the dissemination
system must withstand the effects related to earthquakes, such as power failures, breakdown
of ordinary communication networks and general chaos. As a rule, all dissemination technolo-
gies depending on electricity need a back-up power source, Experiences show that radio com-
munications (VHF / FM) have proven to be the most reliable systemn. Cellular phone netwaorks
often collapse and therefore do not qualify as a single solution for local information dissemina-
tion. Using multiple methods of delivering the message is important to deal with failure of any
one channel. Public dissemination is key, Those with access to non-public channels can for-

ward warnings to others,
Using pre-established and well-proven communication technologies is better than setting up EE‘
new ones anly for tsunami early warning. If you decide to set up a new dissemination system 5 E
or technology, always check whether they can serve other purposes as well, £

¥

ow
When planning to implement new technologies, make sure that they are in line with local re- ;:n:
sources and budget to cover not only the procurement cost, but also long-term maintenance. £ E
Certain dissemination technologies (e.g., sirens) may require supporting systems, such as Ei
power back-up and trigger mechanisms. Operational and training costs must also be taken gs
into account. However, high expenses for purchasing and implementing a new system could

be offset by higher maintenance costs of existing systems. The overall cost can be reduced if
several communities decide to acquire the same equipment or even share warning dissemina-
tion services and systems.

Finally, remember that the success of local dissemination systems does not only depend on
technical solutions. Operators, decision-makers and the general public must be informed
about how they can receive information long before anything happens.

This chapter provides an introduction to dissemination technologies that can be used at the
local level in the Indonesian context. The technologies are presented according to their classi-
fication as mass notification and addressable notification systems.

Outdoor Mass EESLGEEE
Notification

Sirens are amongst the most popular and widely used cutdoar alerting
devices. They can reach large portions of the population, including
those in more remote areas. Sirens are an option, especially when
alerting people with limited access to other warning devices, such as
telephones, hand phones, or commercial TV and radio.
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Sirens are ideal for alerting purposes. However, their messaging ca-
pacity is limited unless they are combined with an announcement
function. Sirens can be used to advise people to turn to information
sources, such as radios or TV, to seek further instructions. They can
also be used to call for evacuation.

To be effective, the population must be continually educated about the
purpese of the sirens and the intended reactions. Without proper train-
ing, sirens can cause confusion and panic amongst the local popula-
tion.

Proper understanding of siren sounds can also help to reduce negative
impact in case of a false alarm due to technical problems. On Monday,
June 4, 2007 a tsunami early warning siren in Aceh sounded for one
hour. It turned out to be a false alarm. Nevertheless, thousands of
people panicked because they were not educated about what to do in
the case of a siren warning and did not know how to recognise a
“normal” tsunami warning and the “all clear” signal. As a conse-
guence, angry residents destroyed the siren infrastructure. This inci-
dent serves as an example that education of the local community is
just as important as the technical set-up of the dissemination system.

13l
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The example from Aceh on Monday, June 4, 2007, clearly can be classified as a false alarm,
However, there are also cases when an alarm is intentionally friggered - because all in-
dicatars suggest a tsunami has bean generated, but - for whatever reason, it doesn’t
happen. There can be several reasans for this. Most tsunami alarms are based on pre-
dictions that are derived from information collected immediately after a possible
tsunarni-triggering event, which is usually a strong earthguake. Due to the fact that ar-
nval times in Indonesia generally are very shord, the official goal is to ssue & (sunami
warning five minufes after an earthguake occurs, Nevertheless, within such & short
time it is only possible to evaliate whether the earthquake had the pofential to trigger
a tsunami. The analysis whether a tsunami has actually been gensrated usually needs
more time. As a consequeance, you will occasionally witness that a tsunami warmng
has been issued, but that no tsunami occurred,

Formerly, many people judged such a sifuation as a “false alarm™. But is it really a
"false alarm™ when all available indicators at that time indicate a tsunami might happen
and a warning is issued? Was it really “false” to frigger the alarm? Or, weren't we just
fucky that nothing happened?




Important factors to consider when setting-up a siren system:

Siren Types

There are two major types of sirens: electromechanical and electronic sirens.
Electromechanical Sirens

Electromechanical sirens consist basically of a rotating disk
with holes in it {rotor) and a casing that also features holes
(stator). The rotor sucks air into the siren. As the holes in the
rotating disk alternately prevent and allow air to flow, the differ-
ent air pressures produce sound. These sirens can consume large
amounts of energy and are very heavy. Electromechanical sirens
are also called pneumatic sirens. Electromechanical sirens can-
not carry voice messages.

Electronic Sirens

Hectronic srens are powerful loudspeaker systems that can generate a wide
amay of sound pattems. Some electronic siens also offer public address
functions. This means that they can camy volce messages. This feature is
valuable when instructions must be conveyed to a population. These instruc-

tions can be relayed ve or prerecorded. Blectonic sirens ae reasonably
prced and come with different power outputs. An advantage of eectronic =]
sirens is that some can be powered from a low-voltage battery power supply. E g'
A community notification systermn based on electronic srens powered from 22
solar-chamed batteries can provide refiabiity in emergency situations. On the E%
other hand, electronic sirens require more maintenance than electromechani E;;.
cal devices, espedially in coastal envionments. f-’_-;
83
Siren Structure g 2

Sirens consist of three major elements: the siren itself, the controller and the
actuator. The siren produces the noise, the controller controls signal type, du-
ration, etc., and the actuator triggers the controller, either directly or by
remote-control. Most fixed sirens are remote-controlled by radio. To be
radio-controlled each siren requires a radio receiver and a decoder that trans-
lates the radio signal into the desired action. The sending of the signal re-
quires energy and hardware as well, so it is important to make sure that the
remote tngger unit is situated in a place with its own power back-up.

Electronic Sirens
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Coverage

Some sirens are designed to radiate sound in a 360-degree circle (omni- directional). Others
emit the sound in just one direction. Sirens can be mounted at a fixed location or be mobile, An
elevated mounting point can increase the siren's effectiveness. Rotating sirens have a greater
reach than static sirens, however the sound of a rotating siren seems to oscillate for a stationary
listener.

The loudness of a siren is measured in decibels (db). A siren of 120 db will be perceived as
being louder from a distance of 30 meters than a siren with an output of 100 db. When calculat-
ing the reach of a siren, one subtracts 10 db for every doubling of distance, starting at 30 m
away from the source of the sound, If a siren produces 120 db at a distance of 30 meters, it will
produce 110 db at 60 meters, and 100 db at 90 meters distance, However, these sound projec-
tions are theoretical and just rough estimates. When calculating the effective reach of a siren,
one needs to consider various other factors, such as:

- terrain {e.g., hills, outcrops, etc.)

- vegetation (e.q., tall trees, dense foliage)

- sumounding building structures (e.g.. the typical db loss in residential areas may be 10 db,
in areas with high buildings, such as business districts it may be 12 db)

- wind pattems (e.q., if the prevailing wind Is from the west, it may prove useful to install the
siren towards the westem edge of the area to be covered)

- alr humidity and temperature (e.g,, sounds travel upwards in hot weather)

- sound frequency (e.g., lower frequencies travel further than higher frequencies)

- background noise

The minimum sound level of the siren signal should be 10 db above background noise. Nomal
wind and surf produce a sound level of about 70 dby, industrial districts 80 db, business districts
80 db, and residential areas 68 db. Note that approximately 80 db are needed to wake people
up in insulated houses. As a rule of thumb, the effectiveness of a siren ends where the sound
level drops below 80 db.

The following graphic illustrates the reach of three sirens under ideal conditions. Note the sig-
nificantly greater range of alanm coverage by what might appear as only moderate increase of

Siren2
& 30 Metms
)@ £80 Metres)

Sken1
TWB&C @ 30 Metes
] 250 Metes




Voice Broadcasting

Some electronic sirens come with a voice broadcasting function, Announcements can be
stored on pre-recorded discs or chips. Most early warning sirens in the US and Japan use this
additional feature. Messages can be broadcast over the same loudspeaker that sounds the
warning tones, Broadcasting is a valuable feature for instructing the local population, as well
as groups such as travellers who might not be familiar with the local situation. The broadcast-
ed message must be clear and concise,

Power Source

Sirens run only with a power source. Should a local tsunami-triggering earthquake destroy the
public power grid, a back-up source is required. That is why sirens should be equipped with
batteries. They can be charged through the local power grid or, even better, be independently
powered through solar panels or even wind craft. Of course, solar technology will add to the
price tag, but prices have recently been considerably reduced.

Another advantage of battery-powered sirens is that they are almost immune to power irregu-
larities, which are common in Indonesia and could damage the control system. Batteries are
also a good protection against surges caused by lightening. However, batteries need constant
testing to maintain their performance. Tests should draw as much power from the battery as

would be required in a real warning situation. Negligence of battery testing and maintenance 20
will result in sub-optimal power outputs and a reduced life span. Experience shows that for g4
robust deep discharge uninterrupted power supply (UPS), 6-volt batteries are more durable E §.
than 12-volt batteries. Also, note that voice announcement functions require more power than 2 E
simple warning tones. 28
H
Since the whole siren system depends on reliable 24/7 availability of power, the choiceand in- & =
stallation of the power and battery system should not be taken lightly, but planned and execut- EF
ed by experts. g%

Placement and Installation

Most sirens are installed 12 to 15 m above ground level. If the installation is located less than 15 m
above the ground, the sound intensity at close range might increase, but at the same time the effective
long range of the siren may be reduced. Conversely, if the siren is located more than 15 m above the
ground, its effective range might increase, but the sound might pass over areas closer to the siren. Be-
cause of these vanables, it is desirable to test the sound coverage of the siren at several heights and lo-
cations whenever possible,

Some places, such as cliffs or buildings, might prove especially hazardous during earthquakes. Sirens
in tsunarmi-prene areas should be placed well above the expected water line,

There are locations that put more strain on a siren system than others. Sirens installed on the
beach will require more maintenance because they are subject to the corroding effects of saltwa-
ter spray and wind-blown sand.

,‘g‘
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Testing and Maintenance

Sirens should be tested on a regular basis even though it might cause some
disturbance. Test runs can be used as a reminder to the community o be *tsu-
nami ready’. All siren manufacturers recommend biannual maintenance and
testing at least once every month.

Cost: Sirens are costly and require a budget for set-up, maintenance and sup-
porting infrastructure, such as batteries or solar panels. Siren costs may vary,
depending on type, level of complexities, number of sirens on site, etc. The es-
timated cost of the system in Padang operated by PUSDALOPS is USD
30,000 for the master unit and USD 16,000 for each of the 9 sirens on site.

Advantages of Sirens Disadvantages of Sirens

- Wide aren owutdoor covernge. especially

I areas wath no other means of alering
Can mwakefalert indoor residents  naas
smeng &nd thus supplement indoor akert-
ing systama

= Siran units may already be in common

use in the community for volunteer line
dopariments of olher purpases

FPublic address versions can broadoast in
different languages and can have a lams
number of pre-recorded messages

- Low cuwmreni drow required to opernda

from  Inlegral battere=s and can be
charged by solar panats or other allema-
tive  systems (g, wind generators] as
protection from ulility power dsmuplions
Radio-controlled  and, therelors, can be
ndopandant of landiing wiitios

- Full-time  condiioning/maonitoring  reduc-

ing the need for lve festing required

- Devicen cannot always be heand in bulkd

ings and vehickes, or n areas that have
high backgraund notsa levels

= Ineudible in certain areas with strong winds
= For non-public address versions, the public

musl be educated fo tum o an addional
sourca o obltain more nformation. Addi
tignal natificaton must be provided by othar
medns

- Public may have to be able (o distinguish

naveral different signals for different hazards
or mtended use

- Siran soundings must be coordinated with

oiher alarfing mathods

- Large numbera of sirens may be nesded to

cover populated aroos and must ba lowd
enough o be heard indoors by mosi people
Misi have o rellable power solrcoe

- Poorty protected unite can be damaged by

wirves, wind, sand, and salt apray

solaly for maintenance purposes
- Greal flexibility n placement of battery-
powered and radio-controlled  units
= Can ba centrally-controlled and remotely
accorssod
Syatom is availabbe 2477

Our Experience: How Warnings Reach People? Dissemination

Technology Development in the Pilot Area of Java

Mobile Sirens

Mobile sirens can be quickly moved to different locations. They can be
mounted on a fire engine or police car, or set on a trailer or even a bicycle.
They are especially useful if more time is available before a disaster strikes.
Combined with a voice broadcasting function, they can supply supporting in-
formation to the public and be utilised to broadcast the ‘all clear’ signal.
Mobile sirens can be transported to areas where they are most needed,
such as evacuation routes or places with dense populations. Mobile sirens /
speakers can also be equipped with an array of pre-recorded messages.
However, sirens mounted an vehicles might get stuck in traffic or get bogged
down on bad or damaged roads, and it may take quite a while to move them
to the desired location. Mobile sirens can be battery-powered, just as their
stationary counterparts.




Advantages of Sirens Eizu-sadvantagea of Sirens

- Usaful in situstions with longer warning - [Difficult to ume in situstions with ahort wam-
tima ingy tirmes
- Gan he moved fo where information  is - Takes time 1o move to the required location
needed most and access may be difficult i roeds ars
- |ndependent from powar grid when solar damaged
o battery-powered = May be vandalized il left in public spaces
Mamntenance — can be dono centrally of
rarmately.

Signs

Signs can be set up at important strategic locations, such as beaches, busy roads and intersections.
They can display wamings that a tsunami is imminent and give instructions for immediate action. People
can be signalled when the tsunami waming sign is active by a strobe light and/or a siren, In Japan such
warning signs are used on beaches. Flashlights and sirens can be activated through remote control and
powered by batteries,

Flags

Flags can be raised to indicate that a tsunami warning has been issued. Different flags can be assigned
to different simple messages. Flags will only work if the public is educated about their meanings. Like
sirens without a broadcasting function, flags can convey only very limited information,. Flags make sense
only where they can be seen and in the daylight, so their range is limited. They can be used on popular
beaches.

Kites

Kites are very uncommon communication tools. They are effective only under the right wind conditions
and during bright daylight. In Indonesia, however, steady winds are not uncommeon, especially on beach-
es. In Bali, for example, kites are kept in the air day and night for weeks. Kites can be quite large and camy
simple messages consisting of a few words. These messages should be prepared in advance. To be ef-
fective people need to be informed about the kites' use as a waming tool, otherwise they will not be
recognised as credible sources of information. If anything, kites are only complementary warning tools.

Kentongan and Kulkul

The kentongan and the kulkul are simple traditional communication tools. Basically, they are wooden or
metal slit drums. When struck, they alert the public. Formerly, particular meanings where assigned to dif-
ferent rhythmic patterns. However, currently people need to be educated about the drums’ purpose and
the meanings of the signals. Since the kulkw and the kenfongan can be beaten by virtually anyone, it will
be vital to prevent misuse in order to insure the devices' credibility.

Kulku! iz a Tradifional Indonesian
Communicafion Tool
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Electronic Signs can be Uitiiaad for Eardy Warning

Furpoges

Indoor Mass
Notification

Electronic Signs

Electronic signs can be fixed or mobile, They are often installed on mov-
able trailers and used for traffic wamings, etc., along busy roads and high-
ways. Existing electronic signs can be utilised for tsunami early warming pur-
poses. Electronic signs are often equipped with pre-recorded messages and
remote controlled, usually through LAN or WAN. Many electronic signs feature
local/remote control switches, Ethernet ports and dial-up modem capabilities.
Electronic signs can also be linked to FM-RDS technology. Electronic signs
can be =solar and/or battery-powered and can be managed from a central lo-
cation.

Signal Flares

Flares can be very useful as wamning signals, especially at night and if there is
no electricity. Flares can be the best option for a quick sign.

A flare is a type of pyrotechnic that produces a brilliant light or intense heat
without an explosion. Flares are used for signalling illumination, or defensive
countermeasures in civilian and military applications. Flares may be ground
pyrotechnics, projectile pyrotechnics, or parachute-suspended to provide
maximum llumination time over a large area. Projectile pyrotechnics may be
dropped from aircraft, fired from rockets or artillery, deployed by flare guns, or
handheld percussive tubes.

Flares produce their light through the combustion of a pyrotechnic composi-
tion and may be coloured by the inclusion of pyrotechnic colourants. A para-
chute flare may be the best option for a tsunami-waming signal because it
stays bright up in the sky for a longer period (approximately 10 minutes). A
flare gun is a gun that fires flares that are typically used as distress signals, as
well as other signals. It is a very bright colour that is shot high in the air so that
people can see it from afar and take necessary actions according to the
meaning of each colour shot.

Cost: A twin-pack night-and-day distress flare may cost arocund 100 UUSD; a
single parachute rocket flare costs approximately 70 — 90 USD, Hand fiares
are less expensive, costing around 20-40 LUSD for each one,

Radio and Television

Radio and television are among the most common mass media used for the dis-
tribution of general information to a wide area, however, they are not suited for first
level notification. For effective emergency broadcasting, alerting tools, such as
sirens, are needed to signal people to turn on their TV or radio receivers. Note that
there are considerable differences in the use patterns of radio and television at dif-
ferent times of day. During the day, more people listen to the radio; in the late after-
noon and in the evening, the majority watch television,

To utilise radio and TV as a means of early waming, standard operational pro-
cedures must be developed to assure that information gets broadcasted
when it is required and everybody understands the message. Standardised
and pre-scripted messages should be stored and SOPs for the notification




process of radio and TV stations must be in place. In an emergency, it may be difficult to contact
local TV and racho stations since earthquakes and tsunamis often cause power outages and the
breakdown of communication systems so that regular phones, fax machines or esmal senices fad,

In Indonesia, the govemment has obligated all TV and radio stations to broadcast tsunami or
other hazard-related early waming information (Ministry of Communication and Information
RegtiationNo.20/P/M.Kominfa/8/2006). Upon reception of the broadcasting request, the re-
spective media stations will activate a high tone alanm (1 kiHz) combined with a text message on
TV and an announcement on the radio. Messages will be disserninated through TV and radio
as long as necessary, until the ‘all clear’ signal is given. Presently, the main national TV stations
are directly connected to the BMKG Waming Center and they broadcast earthquake informa-

tion as running text.
Advantages of TV Challangea of TV
Instard information 0 twened on i i
- = Limited access for many people during doy-

- Em.pramde d?!!ﬂlhﬂ and Lip-to-date infor- lime (work, school ele)

risation, 'm‘:l"'d'"g_qmph“ BG T - Mot ovailable putside
= Foactien pecle Mdoor Will reach people nol effected by tsunaml

Widaty nvailable and may catss confuEion
= Reaspected source of information Wk signal recoplion in outlying afcas

- Not available during power ouiages

Local radio stations are a good option for the dissemination of more detailed and location-
household and every car possesses a radio set. Battery-powered receivers are cheap and widely
used. The local radio stations need 1o be notified through the official local warming center, For com-

pendent from breakdowns and power failures, such as satelite phones or VHF radios must be Eﬁ'
utiised, oS
DS
58
% INFO: Media and the Warning Chain - The role of media in disaster E‘%
preparedness S%
-
-=
In Padang, a systern was developed that allows local decision-makers to directly broadcast EE
ememency information and guidance via a handheld VHF transmitter as the announcements ;E

are retransmitted in the nomal frequency of FM radio broadcasts. The systermn in Padang - g

called RABAB - also allows activation and transmission of information via loudspeakers n
maosques or other public areas,

The FM radio station itseif must feature a power back-up to insure unintemupted broadcasting,
It is necessary to have emergency staff on-site 24/7. Prior to an ememency, the public must be
informed about the role of radio broadcasts in the case of ememgencies, and the radio frequency
totune to. Sirens could alert the: public to switch on their receivers and tune into the: right frequen-
cy. Experiences show that the local FM radio plays a very important role for dissemination of tsu-

nami early warning at the: local level.
Advantages o Challange regarding
Local Radio use of Local Radio
FM radio recevers one unlversally avallabke Must be tonod in to the ight equency 1o recidve
El_“d affordable warnings and guidsnce
Can provide locilly rakevant and up-to-date May reisch pecple nol ifected by the tsunami
Information and guidanca ared may couse confusion
= often an nccoplod and trustod sourco of Racho station noods to bo fesdy to brondoast on
Information . a 24/7T basis with robust power back-up system
Reachies peopia indoors and outdoors, in and link 1o sourca of infarrmation (PUSDALOPS,
muoving vehicles and on boats decisinn-makers)
Baltery-poweeed radio feceivers {.e., in ve- Outhying areas might nal be able 1o receive FM
hiclas) are immune to power outages and radia signals at all
widady meailablio

___ﬂ___;_/__,/.
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Addressable
Notification

HF -VHF-UHF Radio Sat

Broadcasting Systems

2-Way Radio Communication

Radios have a proven track record in emergency communications. Immediately aftera
disaster, 2-way radko communication s often the only remainng means of communica-
tion becatise most of its equipment i battery-powered, portable and able to operate
on a wide vanety of frequencies. Besides enabiing verbal cormmunication, some sys-
such as e-mall, Vol etc. Radio communication can be used for voce and data mes-
saging, dispatch and survellance, as well as notification. There are three major radio
communication systems: HE VHF and UHE

one of indonesia’s legal radio omganisations — Radio Antar Penduduk Indonesia (RAFT) or
Organisasi Radio Amatr Indonesia (ORART) — to obtain a call sign. A RAP| callsign begins
with the letters JZ (Juliet Zulu), A call sign issued by ORARI begins with the letter Y
(Yankee). The registration fee s about 350,000 |DR for a 5-year period. BAP! is the more
populsr Indonesian radio onganisation. Uniike ORAR, radio users can register without
taking an exarm. Both RAP! and ORARI use a certain number of dedicated frequencies
in HF, VHF and UHF. Both organissations ane involved in disaster-related communications
with omanisations related to disaster management, such as BPBD, BMKG, Fre Bri-
gade, stc. RAP! also offers frainings, seminars and workshops. ltoperates a 24/7 stand-
by in case of ememencies. When disaster sirikes, RAP! works as a communication

The official operational frequencies of BMPE (Mational Agency for Disas-
ter Management) are:

- 11.4735 MHz (High Freguency)

- 171.300 MHz (Mery High Frequency)

Frequency allocations for aitizen-band radio in Indonesia are regulated n the govem-
ment reguiation, “Peraturan Menkominfo Mo, 34/2009 tentang Penyelenggaraan Ko-
murikasi Radio Antar Penduduk”. The reguiation amanges frequency allocations for
citizen-band radio in Indonesia as follows:

HF (High Frequency)
26.965 - 27.405 MHz divided into 40 channels
27.065 MHz (channel 8) is used for emergency information only

VHF (Very High Frequency)
142.000 - 143.600 MHz divided into 60 channels
142.250 MHz (channel 9) is used for emergency information

Frequency allocations for amateur radio in Indonesia are regulated in the
government regulation, “Peraturan Menkominfo No, 33/2009 tentang Pe-
nyelenggaraan Amatir Hadio”. OBARI has a wider range of frequency al-
locations.




HF: High Frequency Radio:

HF radio is ideal for long-distance two-way communication. HF radio is a well-estab-
lished technology with a long tradiion. The signal can travel great distances and over
the horizon since under ideal conditions, it & reflected by the ionosphere. However,
there are a number of factors, such as sunspot oycles, polar aurora, humidity, seasons,
efc., that can imit its range. The set-up of an HF systermn requires expertise, but once it
is =at, it is robust and can be operated even from a car battery (for six hours if fully
charged). HF radio can be integrated with computer networking technologies to create
text messages and e-malls. Since bandwidth of HF radio is limited, digitad applications
are best kept tr e-rmad tavt=, The system s not powerful enough Tor a reguiiar exchange
of larer amounts of data, such as graphics or documents.

Cost A standard HF node costs about 2,000 USD. The development of a national or
regional HF e-mai system will require the establishment of a central server systern that
comes at an additional cost. Licensing fees for the commengial operation of HF adio
must be taken into consideration. A major advantage of HF is that it will prove to be
cost-eflective in the long-run since individual calls are free-of-change.

VHF: Very High Frequency Radio

WHF is also known as 2-meter band as its wavelength ranges from one o two meters.
It is the most common frequency Lsed by amateur operators and offical bodies, such
as the police, ambulances, etc. VHF is less affected by atmesphernic noise and interfer-
ence from electical equipment than lower frequencies are, however, it can be blocked
by land features, such as hills or mountains. As VHF signats traved in a straight line and
o not follow the earth’s curve, the range of a hand-held device barely excesds over
the horizon fire-of-sight, ca. 2 k). However, range can be extended through the use
of high antennas or repeaters.

An approximate calculation of the line-of-sight horizon distance in kilome-
tres is 127 1. where A, is the height of the antenna in meters. So, ifa VHF
antenna is 3 metres high, its horizon/range will be a bit over 6 km. How-
ever, the range can be extended to up to 100 km if a repeater is in close
range. A repeater is an antenna that picks up VHF signals, strengthens
them and sends them out again. The repeater system must be placed in
an elevated location, such as on a mountaintop or on a high tower. If ide-
ally positioned, repeaters can pick up VHF signals from as far away as 20
km. VHF radios are small enough to be carried and are usually battery-
powerad,

Al close-range they are formidable communication tools. If used for
middle-range emergency communications, a reliable repeater system
must be in place. Repeater systems do not run without power, so they re-
quire an energy back-up source.

VHF radio operates over an open-master channel. Everyone can call this
channel. For more private and undisturbed exchange of information, call-
ers can set a frequency over the master channel and then switch to a less
frequented side frequency. In Indonesia, users have access to 60 open-
user frequencies.
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FM-ROS Reciever

If VHF radio is used for emergency communications, a repeater station
is essential. Cities like Padang, or districts such as Bantul, are already
equipped with repeater stations. However, it is advisable to install an
exclusive repeater channel to the public network for closed communi-
cation to ensure structured and efficient emergency communication
amongst disaster reaction agencies. It costs 3,000 to 5,000 USD to
add a repeater channel to an already existing network. Repeater sta-
tions require power to cperate, so reliable back-up power in the form
of generators or batteries must be available. The instalment and main-
tenance of this technology can be costly.

Cost: The cost for VHF radio sets is guite low. In Indonesia, prices
start at 80 USD. Talking time is freg-of-charge.

UHF: Ultra High Frequency Radio

LUHF operates at short ange. UHF equipment is quite complicated and costly,
and not widely used by radio communication users in Indonesia. Cellular phones
also use UHF technology. Repeaters pick up the signals to camry them over longer
distances. UHF is also popular with TV broadcasting. An advantage of UHF is that
it does not require lamge antennas to pick up the signal.

Our Experiences: Communication Network of SARs -Linking SAR

Communities along the South Coast of Java

FM-RDS

FM broadcasting has proven to be useful for waming dissemination in adverse cir-
cumstances if certain precaution measures, such as power back-up systems, are
in place. Combined with the Radio Data System (RDS) technology, specific wam-
ing messages can be disseminated directly by emergency managerment authori-
ties as they ovemide regular programming to broadcast them,

An FM RDS systern set includes an BDS encoder connected to an FM radio sta-
tion transmitter, an RDS decoder as controller and FM RDS receiver to receive the
RDS signal. FM RDS receivers usually are clock/radio receivers that are activated
on a 24/7 basis. They spring to life when they receive a special RDS signal even if
they are switched off or are in standby mode. No matter which radio station the re-
ceiver is tuned to, it will automatically be directed to the frequency that delivers the
waming messages. The same principle is used in car radios when they receive a
traffic waming and overmnde the cumrent programme to broadcast it. The FM RDS
radio receivers are equipped with rechargeable batteries that assure op-
eration in case of power loss.

FM RDS has been tested in the GITEWS pilot areas. In case of a (test)-

warning, BMKG sent digital data to local radio stations equipped with RDS
encoders, An alert signal was broadcasted and interrupted the nommal
programming. FM BDS radio receivers then produced loud audio tones,
and large flashing displays provided the warning alert. The receivers dis-
played real-time text information. In addition to the dissemination of warn-
ings through BMKG, FM-RDS could also be utilised by local governments
and emergency response bodies to broadcast evacuation orders and




instructions. However, this would stil reguire a major coomdination effort. In addition to
the cissernination of wamings through BMKG, FM-RDS could also be utiised by local
govermments and emengency respons:e bodies to broadcast evacuation orders and in-
structions. However, this would still recuire a major coordnation effort.

Public Sector
FM RDS Receiver

.| RADIO
STATION

with ROS Encoder

- RUS Signal

Private Sector
FM RDS Receiver

The strength of the system definitely lies in the direct and quick link from the Na-
tional Teunami Warning Center (NTWC) at BMKG to the community at risk and its
“wake up” function, as well as the passibiiity for a regional or national alert with the
transmission of a single signal.

Our Experience: FM — Radio Data System - Introduction and Testing

of FM-RDS for TEW

The feedback from the target groups in all three Pilot Areas to the FM-RDS tests
indicated a real demand for, and positive acceptance of, waming devices with the
features of the FM-BDS system (individual recelvers, wake-up function, price.

Interestingly, the testing atso revealed that the biggest challenges for a successfil appii-

cation of the FM-RDS technclogy were not technical, but were refated to onganesational
aspects, such as the overall management of the system, mandates and procadures.

Advantages of FM-RDS

Disadvantages of FM-RDS

- Does not have ta be tuned in to recewea
waming. it is aclivated automatically as
long as the FM RDS receiver within the
covorage of the RDS signal
Earthquake Information and Tsunami War
ning displayed as running lext combined
with aloom burz and live announcement
from mdio announcer for additional Infor-
maticn and guidance

- [Reéaches people indoors and outdoors, in
moving vehicles and on boats

-  Battery-powered receivers are immuna fo
Powed oulages

- Local radio station needs fo be ready lo

broadcast on a 24/7 basis and ia resiatant to
powar oulages

Muossages con only bo mcoived by special
FM RDS radio devices

Messages con only be recetved within the
coverage area of ADS signal

Fit ADS madio recelvers ae not yat widely
avallable in the Indonasian markel

= Tha prica for a FM RDS radio receiver is

highar than a normal FM radio device
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GMDSS (Global Distress and Safety System)

GMDSS is an integrated communications system implemented by the International Maritime Organization
(IMO) to ensure that no matter where a commercial ship is in distress, aid can be dispatched. The system
also ensures the provision of Maritime Safety Information (MSI) - both meteorological and navigational - on
a global basis. Since 1 February 1888, all SOLAS vessels (passenger and cargoe ships of 300 gross tonnage
and upwards} must comply with the GMDSS, and be fitted with GMDSS communications eguipment
{international NAVTEX and-or Safety NET Inmarsat), according to the sea areas in which the ship operates.

The provision of useful tsunami warnings for ships in ports or in coastal waters, both for SOLAS and non-
SOLAS vessels, is clearly needed. Since February 2005, the IMO has authorised the direct dissemination of
tsunami warnings by tsunami warning centers through the Safety NET communication system. Safety NET
is available to mariners and also, if needed and applicable, to local government offices in regions expected
to be affected (COMSAR/Circ 36).

International marine organisations, the I0C, and a number of
countries are working to establish protocols and content stan-
dards for tsunami warning bulletins to vessels, as well as to
identify what kind of training and guidance is needed to pro-
mote vessel safety during tsunamis. To assure efficiency and
consistency in the provision of the information through the
GMDSS, coordination with the issuing meteorological services
area is essential (source: UNESCO Tsunami Teacher - 3.3.8
Tsunami Mitigation: Alerting Vessels at Sea — SOLAS Vessels),

GMDSS could be installed in harbour master offices throughout
Indonesia. Since harbours are usually also equipped with VHF
and HF radios, they can play a role in informing ships and boats
about possible tsunami threats. BMKG could be linked to IMO
and Safety NET to broadcast specific warning messages relat-
ing to Indonesia,

Telecommunication Systems
Telephone Notification Systems

Telephone notification systems are designed to ring a certain list of predefined numbers and play pre-
recorded messages. Multiple numbers can be dialled simultaneously, depending on how many ports are
available on the server. Iif the target phones are not answered, the system will redial until the time-out limit
is reached. The system can be triggered through any pre-defined emermgency operation centar. Telephone
notification systems are not considered useful for local tsunami warnings since they require at least 20 to 30
minutes to become effective. Some systems can be eguipped with GIS (Geo Information System) capabili-
ties that increase their flexibility. Through GIS, it is, for example, possible to select a certain area on an elec-
tronic map and place a call to telephones within the selected area. A major advantage of telephone notifica-
tion systems |s that they can be used for multiple hazard notifications.

Telephone notification systems are usually offered by service companies. These companies should be experi-
enced and offer a 24/7 service. The maintenance of the outbound calling database should be easy and secure.
Before the set-up of a telephone notification system, the local telephone network’s engineers should be consulted
to make sure it can handle the required calling rate. The possibility of placing priority calls must be checked,




Speed and Calling Capacity: The number of calls a system can place
within a given period of time is determined by the call completion time
{dialling and connection to called number) and the number of available
outgoing phone lines. Most telephone systems require 20 seconds for
the placement of the call until it is answered (3-4 ringing cycles). Thus,
the delivery of a 30-second message would take about 50 seconds to
be completed. It is crucial that the telephone server is equipped with
sufficient outgoing lines to be effective. Assuming that the completion
of one call will take 60 seconds, 10 lines and 30 minutes would be
needed to make 300 calls. The number of calls successfully com-
pleted depends on whether phones are answered, the lines are in use,
or there is network congestion.

Advantages of

Disadvantages of
telephane notification systam

telephone notification systam

Avallable on 24/7 basls and can be wsed
Tar multl-purposen

Messages can be pie-reconded

Syatem can be supplemented with cellular
and salalite phones

Predeafined groups ar emanisations can ba
supplied with targeted mformation and
called partses can be logged

Can be configured to tamet apecific geo-
graghic locations and linked o GIS appli-
cations

- [Easy and quick updating / modilication to

Tebephone nolificalion systems are vulner
able to earthquakes dus 1o related power
failures and damago o infrastruciumm, eg.,
chables, ato.

ENectiveness docreases rapidly os- pubdic
phone networks becoms cangasied

Limited capaciy o freach mone people n a
shoet time

Will nat reach peophs ouldoors unkess (hoy
are carying hand or satellite phones

Poople must arswer the phona 1o recelve
the message

Tradg-oll between content and spoeed may

W o e Lo ek

o=
Cellular Phones § g‘

2
Cellular phones are not recommended for the dissemination of voice- g'g—
based warning messages. Unlike 2-way radios, cell phones require S :..
external infrastructure (repeater antennas) and cannot communicate ?’_E
directly with each other. Damage to the external infrastructure E 5
through earthquakes, for example, can directly impact service quality "'é'
and availability. The cost of creating cellular networks is guite high g

and so they tend to exist only in more populated areas. The area cov-
ered by a network is divided into cells. Each cell site has a limited
number of calling frequencies available. In emergencies, it is very
likely that a cell's capacity is exceeded and the system breaks down.
In Indonesia, temporary failures of the cellular phone systems are
quite common, even in non- emergency situations. Because of its
limited coverage and questionable reliability cellular phones should
not be depended upon to deliver time- sensitive and life-critical
voice-based warnings.

SMS (Short Message Service)

The use of SMS as a complementary method for tsunami early warning
can be an option. A great number of people, especially in urban and
densely populated areas are using hand phones and are familiar with
SMS.

—
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SMS

Tsunami early warning
via SMS is controversial!

SMS is more reliable than cellular voice transmission. BMKG notifies
around 2,000 people via SMS in the case of emergency. Every com-
puter with Internet access can theoretically initiate the sending of a
SMS.

Private SMS Broadcast

Since the capacity of the BMKG SMS server is limited, there is also a
possibility for Local Emergency Centers to set-up their own private
SMS broadcast. The principle is to forward SMS warning messages
from BMKG to the registered local clients, There are two methods that
can be used:

- Web to SMS (Bulk SMS)
- Modem to SMS

Web to SMS: Most telecommunication providers in Indonesia already
have this facility. A client - a local emergency operation center — upon
registering with a provider will obtain access to use the WEB to SMS fa-
cility (username & password to login). The client can set up their own
data bank and send out their own SMS to predefined groups. The pro-
vider will charge the same fee as for ordinary SMS use. An additional
monthly subscription fee might also be charged to the client. The cost
per SMS depends on the provider and varies between 49 IDR to 250 IDR
per SMS. The monthly subscription fee is 25,000 IDR to 30,000 IDR.

Modem to SMS: Another option for local emergency operation centres is
to have their own GSM or CDMA modem and connect it to a personal
computer. There are many modem types and brands available on the
market. Normally, the software to send bulk SMS is already included in
the package. The cost for a modem is approximately 50 USD. The cost
per SMS depends on the provider nd ranges from 49 IDR to 250 IDR per
SMS.

For both methods, recipient lists can be prepared in advance. However,
it might prove quite costly to maintain and operate a larger-scale SMS
service. The set-up of your own SMS bank may be technically challeng-
ing. It is essential to have 24/7 power source back-up, as well as trained
operating personnel. For high volume use of messages, it might be easier
and safer to hire a commercial SMS provider. For a low volume user, a
private SMS broadcast might prove cheaper in the long run,

Advantages of SMS

Disadvantages of SMS

= Mare reliable than cellular voloa trana
mission

- Can target specific groups

= Usually peopls kesp their hand phones
olose by and most peopls are familiar with
5MS

- High multiplication factor ps many recipi-
ents can be reached n & shoft hme, Mess-
Ages can be sant via Intermet and can ba
forwarded sasiy

- Ralativaly inexpansiea

= Works indoors and outdoors

- Call phones ame batteny-powensd and thus
Immina to power outages

-~ Trensmitting mfrasiructure vulnerabds fo
eanhauakes and delivery of messages can
be delayed due to congested systams

- [Does nod reach people in areas with lmited
coverage

- Pra-registration of phang numbers i neces-
Sary.

- Geographically targeted mass delivery s
difficult

- SMS might not be read immediataly after re-
caption

- Maasage content is imited to 160 characters

- Method is not hoax-proof




Hoax Warning via SMS
ey June 2007, peocis in Indonesia reoshven] SMS predciing an eanhauake with the possiniity fora dey-
astating tsunam onJune 7, 2007, The SMS referred 1o an afleged CNN story. Varous versons of that SMS
wers crcuisted. One read as follows:

TN aimd 3 days ago that the earh's plate in Ausiralia & moving fo the north of Asia. It s predicied that it
coukd colice with e earth plafe of southern Indonesi, § s predicied that 11 days affer the high fides, on
Whdnesday, 7June thee wil be a big eadhquske and it might be folowed by a tsunam’. Pisase fonwerd this
fo your friers - Don't keep it fo yoursslt™ franslated! fom Inconesian Bnguage)

Of course this SMS was & haax, Pegple who don't have sufficient knowledge sbout the nafure of
esrthquakes and tsunarmys have difficuiies to classify such 8 message as a hoax and tend fo ke it for
ey, especally as renown institutions were menfionad as the source of informaton. i this casa the
SMS coincided with the maliunction of the sien in Aceh and caused consioerable panic in the poou-

Internet

Intermet-based waming distribution channels have become very popular and fa-
miliar to many people. They are fast, reach unlimited target groups, and the wam-
ing message can be visualised attractively and combined with sounds and maps.
There are uniimited channels for waming distribution using Internet connections
because of its flexibility. The drawbacks of the Intermet are related toits connectivity
in emergency situations and dependence on electricity, as well as the fact that it is
not “hoax-proof”, as it is easy to manipulate information that can create a panic.

E-mail, websites, Intemet-based social networks (2.9.. Facebook, Yahoo Messen-

ger, Twitter), Blackberry Messenger, the BMKG Warming Receiver System, and
athers, are examples of tools for Intemet-based waming distribution channets. Ex- - it
penences showed that many people recenve information through these channets. E§,
EH
E-mail &
8
E-mail is basad on a set of protocols that allows for sending messages to a mail 5.:“:
server, transmission across the network, and delfivery to (or retrieval by) the user. 5 &
Applications include the direct e-mailing of wamings to community members, as 83
well as sending warnings to secondary warming providers. Messages can be re- gs

ceived by personal computers or mobile e-mall devices, such as Blackbermies or
SMS-compatible cell-phones.

Advantages of E-mail

- Email iz an easy way to disseminate infor-

mation, rnging from leed fles to maps,
sound and videa files

Every computer with Internel access usy
ally also has an e-mail program

= Large amounts of information can be sent

oul to o large number of people in & vary
short time if bandwidth 15 sufficient

- Distribution lists can be predafined

E-mnil can also bo used 1o send messages
to hand phonea in SMS format
Viery low comst

Disadvantages of E-mail

E=mnil it is notan aberting dovice, it noeds the
raciplent to become active (open tha mail
ond read (1) Not overybody has constant
access o a-mall and there |3 no guarantssa
for timaly delivary of messages

= Dependent on availabdlity of Intemet connec-

tion and olocitic powar

To distribute e-mail messages a ocentral
a-mall server and specialised knowledge lor
sal-Up B requined

Has low secunty and can be easily laked

Websites
Websites can be quickly updated and supply an almost unlimited number of users

with & wide variety of information, however, they do not function as an efficient
dlerting or notification tool. Websites can be considered only as supplementary

—




Buyusepy 10} sajbojouyaag g

18na7] [EI0T JB UDHEUIIASSI]

sources of information. Users must know the web address and open the
website. Expert knowledge is required to change the content of a web-
site. Websites are useful as long as the computer is running and connec-
ted to the Internet. Websites can be useful information sources during the
response phase of a catastrophe. Information can be centrally stored and
access rights for restricted information given to relevant stakeholders,
such as fire fighters and emergency operation centers.

BMKG provides update information on the latest events of earth-
quakes and tsunami alerts on their website at www.bmkg.go.id

Private Server

A private server is a computer system that is connected 24/7 to the Warn-
ing Center via an Internet line or satellite. A private server runs a tailor-
made program that interacts with the main warning dissemination server
at the NTWC. The Indonesian NGO Yayasan Air Putih (White Water Foun-
dation) developed a software program called “Info Gempa" and distrib-
utes it to the public freely. When installed on a personal computer or
laptop connected to the Internet, a window will pop-up on the computer
screen and will generate an alert sound when there is a warning issued by
BMKG. The latest earthquake information from BMKG is also provided,

Info Gempa

o G i e I L e e B __..13__,|]_|n..|..¢|

Info Gempa Mag:5.1 SR 19-Mar-10 10:22:59 WIB,

Lok:3.96 LU-125.81 BT (55 km TimurLaut
TAHUNA-SULUT),
Kedlmn:101 Km :::BMKG,

Another example of privately developed software is called “Gempaloka”.
Gempaloka is designed for Blackberry Smartphone users and developed by
an Indonesian Blackberry application provider named “7langit”. When a
warning is issued by BMKG, the Blackberry phone will vibrate or sound an
alert to the user. The warning infermation of Gempaloka is limited, but comes
with a map.

The “Info Gempa" application is distributed freely and can be down-
loaded at:
http:/fwww.dshared.com/get/143308575/cfc5adb/info_bmg.htm!

The application of “Gempaloka” is free for Blackberry Smartphone
users and can be downloaded at:
http:/lappworld.blackberry.com/webstore/content/3970

Internet-Based Social Networks (IBSN)

Social networks on Internet, such as Facebook, Twitter, Yahoo Messenger
Chat, Google Chat, etc., are currently very popular. IBSN can be accessed
nat only from personal computers and faptops, but also from cellular phones.
All telecommunication providers in Indonesia have these IBSN facilities.




Government institutions do not consider the use of IBSN as an option
as a formal warning dissemination channel because the networks are
fragile and the warning messages can easily be modified, exagger-
ated or even faked. The advantages of IBSN are that they are very
popular and information is spread very quickly within the network.

Personal Warning Systems

Door-to-Door

Door-to-door waming can be camied out by frained groups of people, The advan-
tage i that very specific information can be exchanged in a personal encounten
Personal warmings can be more cominaing especially when camied out by people
can make sure that everyone in an area receves the waming. In some areas,
door-to-door waming rmay be the only working option.

However, doorto-door waming can be very time and resource-consuming,
Therefore, door-to-door notification may not be a good option for tsunarmi early
waming in Indonesia because the country is more likely to be hit by local tsunamis
that do not allow much preparation time. Expenence shows that it takes four to
six minutes to complete the notification of one single house. Ten two-man
teams 20 people) will take at least one hour to notify 100 homes. This rate
can vary considerably depending of the time of day/night, week- day/weekend

{people tend to be at home more on weekends than on weekdays) and
MNevertheless, in some areas it might be useful to have a quick “door EE
knocking" procedure at the neighbourhood level to call people who are g%

still indoors for immediate evacuation. Local volunteers could be trained =2 }_:..
and introduced to the residents beforehand, or arrangements made be- = 2
tween close neighbours. It is important to always make sure that one’s E 5
own safety comes first! Alerting neighbours should be engaged in only "'3'
when sufficient time is available to ensure the knockers safety. g

In the case that sufficient time is available, the visits might be sup-
ported by a delivery of printed material, including information on evac-
uation routes and procedures, The papers should also specify what
people should do before they leave their homes and what they should
take with them, When considering door-knocking as an option, bear in
mind how long it takes to assemble, equip and brief your personnel
and how long door-knockers can remain in the area before they en-
danger their own safety.

Residential Route Warning

Residential route warning can be a very efficient warning method, es-
pecially in densely populated areas, such as cities or villages, and
much faster than door-to-door warning. Residential route warning
uses public address systems that are mounted on vehicles. Most
police and fire cars, as well as ambulances, are already equipped with
these systems. Mobile public address systems are comprised of a
controller, an amplifier, a microphone, and a siren/speaker.
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The entire system is relatively inexpensive. Prices range from 1,000
USD to 2,000 USD per unit. The speaker is necessary for voice notifi-
cation. Announcements can be pre-recorded or live. In areas where fi-
nancial resources are limited or densely populated, but not accessible
by car because of narrow roads, which is still the case in some parts
of many Asian cities, bicycles equipped with a simple speaker system
may also be an option. For residential route warnings the following
factors must be considered:

Range of warning: The average public announcement system has a
range of about 300 m. Beyond that range the message may become
incomprehensible. The announcement vehicle must tfravel at a slow
speed and the message must be repeated at |east every 300 meters.

Message type: To cover as broad an area as possible, the message
should be kept simple and be as brief as possible. The message
should advise people to turn to other sources, such as TV or radio, for
further information. If only a very short time is available, the main mes-
sage should point out evacuation routes and emergency centers.

Warning routes: Warning routes can be planned in advance, but
should be flexible due to possible destruction or blockage of traffic in-
frastructure because of damaged buildings or traffic jams.

Advantages of - - Challange of
residential route warning residential route warning

- Can dissseminate specifio and torgeted in- - Safety first! Personnel dizsseminating mfor-
formation. High credibilty it camied out mation via residential route warning must not
through amesgency vehicles, e.q., fire or be endangered during the activity
paolice cars - FRoad damage and tmffic jama can hinder the

- Ususlly already installed in ememency ve- mobile units advancing on theair routes
hickea lia police or fire cars and easy to n - Limited coverage area (usually not mone than
atall on different types of vehicles & radits of ebout 3060 m from the loudspeak-

= Wary flexible, can change routes and er). Sound might be blocked by big buildings
annotmcamants quickly

- Can reach people indoors d lowd enough

- Cost-sffective and suitable for lame areas,
such as public beachea, markets or parks




Final remarks

Certainly, the warning dissemination technologies and methods illus-
trated in this document are not the only ones in existence or use. The
methods and technologies described here are means that are avail-
able and considered to be applicable in Indonesia. Different natifica-
tion systems may be used in other parts of the world that have differ-
ent technical infrastructures.

Please be constantly aware that technology changes rapidly. Some
of the technologies presented here may soon be outdated and it can
be expected that new ones will develop in the future. What is true for
technological developments also applies for the overall tsunami early
warning system: it will be an ongeing and continuous development
process that will never stop.

Before taking a decision on implementing new technologies, we
highly recommend contacting our local partners in the GITEWS pilot
areas who have developed and tested a number of interesting ap-
proaches. Several of these experiences have been documented in
the "“Tsunami-Kit": www.gitews.org/tsunami-kit.
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Abbreviations

24/7
BMKG
EMPB
EFED
BT
cOomMA
CNN
COMSAR
db

Dss
ovB

F
FM-RDS
GIS
GITEWS
GMDSS
GTS
GTZ
Gul

HF

IBSN
IDR
InaTEWS
1oC

IP

24 hours a day / seven days a week
24 jam sehari / 7 hari seminggu

Badan Meteorologi Klimatologi dan Geofisika
Mational Agency of Meteorclogy, Climatology, and Geophysics

Badan Masional Penanggulangan Bencana
Mational Agency for Disaster Management

Badan Penanggulangan Bencana Daerah
Local Agency for Disaster Management

Bujur Timur

Longitude

Code Division Multiple Access

Cable News MNetwork

Committe on Radiocommunications and Search and Rescue
Decibel

Decision Support System

Digital Video Broadecasting

Frequency Modulation

Frequency Modulation - Radio Data System

Geo Information System

German Indonesian Tsunami Early Warning System
Global Maritime Distress and Safety System

Global Telecommunication System

German Technical Cooperation

Kerjasama Teknik Jerman
Graphical User Interface

High Frequency

Internet Based Social Networking
Indonesian Rupiah

Indonesian Tsunami Early Warning System

Sistim Peringatan Dini Tsunami Indonesia

Intergovernmental Oceanographic Commission

Internet Protocol




kHz Kilohertz

LAM Local Area Network
Lok Lokasi
Location
LS Lintang Selatan
South Latitude
Menkominfo Kementrian Komunikasi dan Informasi
Ministry of Communication and Information
MSI Maritime Safety Information
NGO MNon Governmental Organization
NTWC Mational Tsunami Warning Center
Pusat Peringatan Tsunami Nasional
ORARI Organisasi Amatir Radio Indonesian
Indonesian Amateur Radio Organization
PUSDALOPS Pusat Pengendalian dan Operasi
Local Emergency Operation Center
RAMET Radio Internet
RAPI Radio Antar Penduduk Indonesia
Indonesian Citizen Band Organization 38
RDS Radio Data System >
g
Ristek Kermenterian Riset dan Teknologi -]
Ministry of Research and Technology B
SAR Search and Rescue E
SMS Short Message Service
SOLAS Safety of Life at Sea
SOop Standard Operating Procedure
SR Skala Richter
Richter Scale
™ Television
Televisi
UHF Ultra High Fregquency
UPsS Uninterrupted Power Supply
uso United States Dollar
VHF Very High Frequency
WaAN Wide Area Metwork
WIB Waktu Indonesia Barat

West Indonesian Time
WRS Warning Receiver System

WMO World Meteorological Crganisation
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