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Abstract—Public communication during natural and man- emergency personnel acts as live sensors and send updated
made disasters is a key issue that must be addressed to protec information about the situation.
lives and properties. The choice of the best protective adns to . )
take depends on a global situation-awareness that is not aiable Warnings are needed not just before the event, but even
to the general public. Emergency personnel and public authdties  during and after it. Information about the situation has ¢ b

have the duty to inform the population before, during and after  disseminated continuously to inform the population abbat t
catastrophic events to support the disaster response. evolving situation: areas that were safe before could becom

In this paper we describe the design and the implementation . .
of PWS (Policy-driven Warning System), a system for public dangerous, therefore the protective actions to take magt nee

warning dissemination. PWS is not intended to replace existg t0 be changed continuously.
systems or procedures, but to serve on fop of them in order o The chojce of the best protective action to take also depends
leverage the current emergency response knowledge. . . .
on a variety of factors, such as the location of the recigient
. INTRODUCTION their distance from the crisis area and the type of eventden

During an emergency the population takes protective astiotifferent people should receive different type of notifioas.

to reduce injuries and deaths. Major emergencies requffé’ €xample, schools in an area slightly affected by a chaimic

local officials to issue warning messages to the populatio?P,i" can receive a notification that says to close the winglow

informing people about the situation and providing supjiort and stay inside, while organizations in an area th_a_t is going
choosing the best protective actions to take. to be affect_ed soon by the same event can be notified to start
Communications of this type take place during every emgt evacuation.
gency, going from warnings about the weather - floods, wild In this paper we describe PWS (Policy-driven Warning
fires or tornadoes - to information about local events, such 8ystem), a system for public warning dissemination. PWS
hazardous chemical spills or terrorist attacks. The godhef is not intended to replace existing systems or procedures,
communication component of an emergency warning systdmt to serve on top of them in order to leverage the current
is to disseminate clear and useful information that enahleemergency response knowledge. In fact, awareness to hatura
proper response of the population at risk. and man-made disasters has created a rich know-how about
In the case of a natural disaster, it is possible to haeeisis response: public authorities know what kind of pctte
forecasting models that can issue a warning even before #utions are adequate in case of a certain disaster andrcertai
actual event. Such systems are callsatly Warning Systems conditions, and organizations have in place procedures to
(EWS) and they are an important part of the emergenayplement them. Leveraging this knowledge means being able
communication. The objective of an EWS is to empowdo improve the current response without changing the way
individuals and communities threatened by a hazard to gmtople are trained to react. PWS formalizes the response
in sufficient time and in an appropriate manner so as kmowledge of the emergency personnel defining a policy
reduce the possibility of personal injury; loss of life, dage language that enables an assisted or automated creation of
to property and to the environment, and loss of livelihoodsarning messages, customized according to the charaitteris
[1]. Warning systems are currently in use to protect peoptd the crisis, type and location of the recipients, local dien
from different types of natural disasters, such as hurdsantions such as weather or hospital availability. Also, itasknto
volcanoes, tsunamis and earthquakes and they have proaedount the organization emergency plans by sending the rig
effective in several occasions. The earthquake early wgrniinformation directly to the key decision makers, helpingrth
system in place in Mexico City was able to detect a magnitudte organizing protective actions. Moreover, the archileetis
7.3 earthquake (Sept. 14, 1995) that was going to hit the ciable to integrate different communication technologieshs
allowing to broadcast a notification 72 seconds before the as phones, text messages and Internet, to adapt the use of the
rival of a strong ground motion [2]. Th&/est Coast and Alaskainfrastructure to the crisis characteristics. Such nmmultidal
Tsunami Centeris continuously monitoring earthquakes irdissemination enables the recipients to receive the waiinin
order to issue a tsunami warning if needed [3]. Instead, $& cahe way they prefer and allows the notification to be delidere
of man-made disasters, no forecasting models are availat@een if part of the infrastructure is not available.



[l. RELATED WORKS systems or directly from the operators, and defines a set of

Emergency warning communication is treated in the curre@gtionsto perform, such as the dissemination of a warning
literature under sociological and technological aspects. ~ notification or the activation of specific alarms.

For the technological aspect, infrastructures such as the®N important part of warning messages is created at the
NOAA Weather Radio All Hazards (NWR) [4] and the Emerlocal level in theEmergency Operation Cente(BOCs). The
gency Alert System (EAS) [5], with standards like SAME anghort time available and the stressful situation don’tvallo
CAP provide the basic mechanisms for the dissemination {gf the creation of a clear and concise message from scratch;
the warnings over dedicated radio frequencies and public nfdnergency personnel rely on templates to be filled with the
dia. Early Warning Systems, like the Local Tsunami Wamin@urrent disaster information. Usually these templatesfene

in the Pacific Coastal United States [6], are currently usgiigg and generic to allow the emergency operator to choice easily
infrastructure for the dissemination of warnings. Our wirk @nd to direct the communication to a broad audience [8].
built on top of this communication infrastructure. The choice of the best protective actions to take, and

The sociological part of early warning system is treated ffPnsequentially of the notifications to send, is not an easy
different works. In particular, the work of McGinley et al][7 Process: it depends on the location and type of the recipiant
determined a set of design criteria that must be considereddition to other local conditions such as weather, aviitiab
the creation of a public emergency warning system. This wof§ ransportation and hospitals. Consequentially, dffeeparts
takes into account those criteria, but we propose to leesttzgy Of the population should take different actions: peopléengv
current emergency response of organizations and we providearéas heavily affected by a disaster can be required to

a system for the automatic creation and customization Bfacuate, while people in safer areas can shelter in place
messages. and wait for further instructions. Hospitals have spezedi

procedures for dealing with emergencies, and the protectiv
IIl. PoLICY-BASED WARNING SYSTEM actions they must take can be different from the one taken by

Considering the case of early warning systems, the curr&shools. For this reason, targeted notifications are netmled
literature describe them as composed by four differentsparimprove the warning response. A warning system should be
First, the community has to know which hazards it is exposé@®le to send information suited for each particular sub$et o
to and which are the vulnerabilities of the community. Setonpopulation. Performing this process manually is a big barde
a continuous monitoring and a sound scientific forecast moder the emergency personnel.
have to be put in place to identify when one of the hazardsTo overcome this problem, this process can be partially au-
becomes a real threat. Then a dissemination and communigénated by leveraging the response knowledge of emergency
tion system has to be available to allow the dissemination @fganizations. A part of the emergency management is the
warning notifications to the people at risk. Last, the mermbedlefinition of response plans to use in case of a disaster: in
of the community must respect the warning service and kndfie early warning system literature this phase is catiell
how to react to warnings. All those phases are necessary koowledge[1], in other response management models it is
an effective dissemination of the warning. calledpreparednes$9]. In all cases, the hazards and the vul-

In this scenario PWS (Policy-driven Warning System) agerabilities of a community are identified to guide preparat
sists the communication and dissemination part of a pubfer response and disaster prevention. Part of this knoveledgy
emergency dissemination system. This system is based G&h be formalized into a set of ruleCyisis Policies created
an architecture that clearly separates different phasaheof by the emergency personnel according to the procedures that
warning communication, from the creation of the notificatiothey have currently in place for each type of disaster. These
to its public dissemination. Each component has a cleartingtiles specify which message template should be used for
and output that enables the definition of an open architect@ach specific event, how it has to be adapted to the current
on the top of which complex systems can be created Bifuation and what kind of information should be provided to
the interconnection of multiple subsystems, developed Bye recipients of the warning. Through the application efth
third-party companies. Communication between componefides, a set of message template is automatically selecigd a
is possible by the use of standard protocols, like the Commbied with information about the current disaster, enaplihe
Alerting Protocol (CAP). emergency personnel to easily create customized messages f

The architecture is composed by four layers, as shown Gifferent subsets of the population.

Fig. 1. Each part of the architecture leverages a piece ofThe set of rules can be represented through a logic-based
the response knowledge. The system supports the complaftguage, as shown in Fig. 7. Each rule associates a triggeri
process of warning dissemination: from the creation of tfvent to a generiaction Example of possible actions are the
warning notifications to their dissemination to the publicctivation of a specific alarm or radio signal; the dissertima

Below we describe each layer in detail. of a specific message to a set of recipient or the delivery
of a signal to stop dangerous processes in specific fasilitie
A. Content Generator Multiple rules can be triggered by the same event to enable

The first layer supports the automatic and assisted creatibe creation of multiple notifications, each one targeteéd to
of messages: it receives a warning signal from sensorgnatte subset of the population. In order to simplify the process of
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Fig. 1. High level architecture of PWS

event(shake2314, earthquake).
magnitude(shake2314,6.5).
epicenter(shake2314, 36.456133, —118.691700).
shakemap(shake2314, shake2314data.ddd’).

Fig. 2.

rule creation, a wizard-style interface has been develdaped
guide the user through the specification of the differentspar
of the rule. By using this interface rules can be createdmwith
the need of knowledge about their underlying represemtatio

The structure of each rule follows a IF-THEN structure and
it can be represented in logic as shown in Eq. 1.

Example of event representation

(1)

Eq. 1 can be read as "ifonditions about the eventvent
are met, then perform the actiamtion”. A set of such rules
represents a logic theory. Each time a notification has to b%endme
created, this theory is enriched with a representation ef th
event, created by describing the its main features as a set of within(s, chemicalplanty)), chemicalnearby)
ground facts (see Fig 2). Also, additional information,lsas S ndmessaga(fe’ ' '
the current weather and road conditions, can be representeg (organizationi/) orgTypet , school)
as ground facts and integrated in the theory. These facts can . A . ' ;
be used to verify the conditions of rule activation. inredregion(event32l, Y)yearbyhospitals).
When the system wants to determinate the action to perform
in response to a particular event, it queries the logic theor
with the predicate in Eq. 2.

action(event, action) : —conditions.
sendmessage(shelterinplace,
(organizationy’),orgTypel’, school),
inredregion(event213,)), nearbyshelters).
ssage(shelterinplace-chemical,
(organizationY’), orgTypet’, school),

Fig. 3. Actions output of the Content Generator

)

The set of actions that can be associated to the varidbl
represents the action to perform for this event. Each adtiong  \essage Generator
a predicate, that in case of public message notification is
triple:

? — action(eventid, A). for each recipient. Each triple represents a notificatiai th

eoassed to the next layer to continue the dissemination psoce

aThe message generator layer (figure 5) uses the local
knowledge about the geography of the area to identify the

<T,0,F > organizations targeted by the notifications. The knowledge

®3)

In Eq. 3, T is the message template to use, is the
organization predicate that selects the targets of théicaiton
and F' is the merging function to use to customize the conte

is contained in a GIS database that keeps the locations and
characteristics of the possible recipients. Also, thisabase
obntains other local information: location and availapilof



(organizationy’),orgTypel’, school),
inredregion(event213,))
(organizationY’), orgTypet’, school),

within(5, chemicalplantY’)), chemicalnearby).

(organizationY’), orgTypel” , school),
inredregion(event321, Y)yearbyhospitals).

Fig. 4. Organization predicate
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protect from eventual chemical spills that can happen as a
consequence of the crisis.

After this phase, each triple has been transformed into a
set of messages ready for dissemination. Each message has
a content and a set of target organizations. The natification
doesn’t contain the actual recipient yet, but just the lit o
organizations that are going to receive the notification.

If one of the target organization has an internal system that
can handle the message dissemination, then the message is
passed directly to it. Automatic dialers are available oa th
market and they are deployed within big organizations to
handle such dissemination. Exploiting such systems has the
advantage to reduce the contact information that must be kep
up to date.

C. Notification System

Schools, universities and public places like malls or publi
offices are more exposed to risks during natural or man-made
catastrophes: the high number of people to coordinate ierord
to provide protective actions and the special needs of sdme o
them - like children - complicate the response; for this oeas
emergency plankave to be in place to organize a response.

\. Messages l,} Examples of these plans are the schools’ safety plans: &r ea

e - possible thread a plan prescribes a set of activities tamparf
before, during and after a crisis. Also, it determinates who
are thedecision makergor each of those activities [10]: these
people have the duty to organize the protective actionsinvith
the organization.

The existing organizational plans are valuable for the cre-
hospitals and shelters, location of hazardous chemicdl fagtion of a warning system: they educate the population to
ities, etc. This database is expected to be maintained at fBgct to crises and they keep this knowledge current through
local Emergency Operation Center and kept up to date by tagyjar drills. A warning system should integrate thesegla
local personnel. leveraging their connection with the population. Levenagi

Each warning notification is associated to a specific orgamiis process is possible by sending information directlyh
zation predicate that describes message recipients, @sho decision makers to increase their situation-awarenegsinge
Fig. 4. To identify the actual targets, this predicate ischatl them in choosing and organizing the best protective actions
against the list of organizations in the GIS database: the-or for their organizations.
nizations that satisfy it are the recipients for the notifaa This |ayer associates each of the messages to a set of
For a specific warning notification, each target receives jugcipients that, accoding to the organization emergenag,pl
one message: if a target satisfies multiple predicates,ttfeen gre the decision makers for that particular type of disaster
conflict is resolved through the use of a priority associate@loreover, each decision maker can define which modalities
with each rule. should be used to notify her of the emergency.

The expressivity of the organization predicate allows us to The output of this phase is an association between each
identify a target based on the location and the type of thgessage and a set of contact information.
recipient, in addition to its relationship with other ordga:
tions: for example, it is possible to identify organizasahat D- Delivery Component
are near chemical facilities or school districts that havMeast The delivery component realizes the interface with the
one school in the affected area. communication channels. According to the indication otedi

Once the targets are identified, local information can be usky the previous component, it converts the message into the
to transform the message template into the actual messageect modalities and deliveries it to the different chalsn
by the application of anerging function A merging function ~ This component is composed of a set of modules, each
modifies the template according to location and type of thed them dedicated to the interaction with a specific com-
recipient: this customization doesn’t change the form @& thmunication channel. Each modules has two parts, one that
message, but it adds additional information such as théitota adapts the message content to the modality compatible with
of the nearest shelters or hospitals; information aboutnite the communication channel, for example by converting insage
facilities near the recipient’s location, providing prdoges to and text to the right format, and one that interacts with Bjgec

Fig. 5. Message Generator Component Architecture



gateways to perform the message delivery, as shown in figure

6. Currently, PWS is able to disseminate the notifications Notification Queue

through two channels: Internet, by using a flash P2P protocol

and mobile phones via SMS. We are working toward ex-  sws " Phone
panding this list by creating gateways to other commurocati | Adapor Adaptor Adaptor __J

channels, such as standard phones. 5: 53
Interface Interface ' : Interface :

The Internet-based dissemination relies on CREW, a
Gossip-based P2P protocol designed for flash dissemina- \ Internet-based \ \
tion of information: dissemination of fixed, rich information
from one source, to a large number of receivers, as fast as
possible, and over a heterogeneous and potentially uestabl
network. The CREW dissemination algorithm is based on
gossip theory and random networks; experiments show that Fig. 6. Delivery Component
it significally outperforms both traditional gossip and reunt
large content dissemination systems while sustainingets p . o
formance in the presence of network errors [11]. Such qeslit E- Fast Dissemination
makes this protocol the best candidate for the dissemimatio Some messages have to be disseminated within few seconds
of rich warning information. from the identification of the event; this is the case of an
Using Internet as dissemination modalities has many adarthquake Early Warning notification.
vantages. Internet, due to the redundancy built in it, gtesi  In the case of Earthquake Early Warning, the warning
resilience to failures. This characteristic make it suevim doesn’t come from a forecast. Instead, these systems detect
case of disaster, when more centralized communication mestual quakes near their sources and issue warnings several
frastructures can fail. Also, portable devices that arsmeated miles away, exploiting the fact that electronic commuriaat
to the Internet are becoming popular, allowing Internetdoh travels faster than seismic waves. Also, it takes advanthge
notifications to reach their targets even when the recipiarg the two types of waves that are generated in a fault rupture: P
not in front of the computer. Moreover, Internet enables theaves and S waves. S waves, that carry most of the energy of
dissemination of rich notifications: the messages that @n the quake and cause the most of the damage, travel slower than
sent are not limited to only text or audio, but they can contaP waves. The latter can be received and used to predict the
maps of the area, procedures to follow, contact informatiostrength of the earthquake the arrival of the S waves. [12] A
links to verify that the information are accurate and videos Earthquake Early Warning system can issue a warning before
The decision makers of each organization can join the PH#Fe arrival of the S waves. A specific algorithm is used to
network by installing a small Java client on their computérs make the prediction and the actual amount of time available
username and a password, obtained after a registratioeggocdepends on the distance between the fault rupture and the
are the user’s credential in the system. When the clientsstaregion to notify, but it is in the order of tens of seconds.Hist
it verifies the user’s credential on a authentication seavet, scenario, it is important that the process of disseminatiom
if successful, it transmits the client’s IP to the PWS deljve sensors to the public, is completely automated to elimitiate
layer and joins the P2P network. Then the client stands Isiglay-prone human interaction.
waiting for notifications; when a warning message is reakive The Crisis Policies can be used to automate this process:
a window pops up showing the content of the notification. the set of actions to perform can be pre-defined and inserted
In addition to the Internet-based dissemination, we alito a special Fast Crisis Policy, kept simple to immediatel
working to connect the system to the standard and mobReocess the event as fast as possible. Then the information
phone lines. Currently, the system is able to deliver SM&n be disseminated through emergency radio and through the
notifications through the use of gateways available on tiaé&tivation of special alarms in schools and public building
Internet 1. To improve the reliability of this process andalong with a flash dissemination of the warning through
integrate phones, we are working with an external compahyternet.
for creating a gateway to the phone infrastructure. When the
deployment is completed, the system will be able to delivery
the notifications through standard phones and SMS in alhe PWS system has been implemented as a Java appli-
reliable and efficient way. The specific target of this intign ~ ation of about ten thousand lines of code. The system is
is the dissemination of warning notifications to school @i COMposed by two parts: the server and the client. The client
and children’s parents, allowing PWS to completely cover tiPart has to be used if the user wants to take advantage of
warning dissemination process in the case of schools: frdhf Internet-based notification, otherwise is not necgsshe

the EOC to schools, and from schools to the the parents. system provides a web interface for defining rules, notifi-
cations and for managing the organizations’ policies. Also

lsee hitp:/lvsmsgateway.com/ and http:/www.accutrackom/sms- 1t defines an API that can be used to interact with other
email.html systems. The logic engine has been implemented through the

IV. IMPLEMENTATION AND TESTING



use of the library tuProlog [13], a Java-based light-weiglmformation of about fifty schools in the area: each school
Prolog implementation that has the advantage of beingyeadias emergency policies defined for about ten different types
extendible with java code. The database system used to stofalisasters and contact information of the decision makers
policies and GIS information is MySdl The warning notifications have been disseminated through
For testing the system we created an heterogeneous eawi-emulated environment which has been created with the
ronment composed of a real part and an emulated part. In tfiedelNet network emulater.
real part we installed the server and the client application Earthquake early warning systems are able to issue a
on a set of machines connected through a LAN network andtification before the earthquake hit a populated area. For
it serves as a test for the application usability. The enedlatsimulating the scenario, we manually issued an earthquake
part uses the ModelNet network emulafoto simulate the early warning. The information about the event are conderte
dissemination of the messages in a realistic situation. into a simple logical representation and inserted into thst F
During our tests we simulated a couple of scenarios th@tisis Policies engine. Then, the logic theory is queried the
can demonstrate the system’s capabilities. Consideriicg swactions to take, the types of notifications and their recigie
scenarios allows us to describe the interfaces and the intare determinated.
actions between the system and the users: EOC personneDifferent actions can be performed in this scenario. For ex-
organization manager and decision makers. In this sedtish, ample, it could be possible to send a signal to factoriesdeior
we describe the deployment phase of the system, and thenttheatop their operation, meanwhile we could disseminating a
two scenarios that we created. warning notification, through Internet and emergency radio
to advise the population to "duck and cover” and wait for the
A. System Deployment . e .
shake. This notification allows people to have the time toenov
The phase of deployment of the system requires the interagyay from shelves or scafolds that can pose a threat during
tion of all the types of users of the system. The EOC personfgé shaking; doctors in operating rooms can stop working to
defines the crisis policies; the organization managerst&si |imit the damage to the patient.
the organizations in the system and defines the organizatiomfter the first shake, more information about the earthquake
policy; the decision makers choose the channels to use €or 3 pe automatically collected by the warning system. USGS
delivery of the notification to them. All the interaCtionsearissuesShakeMapswithin minutes from the event. This bul-
performed through a web interface offered by PWS letins describe the impact of the earthquake in the regieh an
A wizard-style interface is used to specify the crisis pelic geterminates the areas which have been heavily affected by
The first pages of the wizard specify the event that trigdees tipe guake and the ones that have been less damaged. This
rule, along with other local conditions that can conditinanformation can be used to issue customized notificatiohs. T
the activation of the action. The following pages definggformation about the new event is converted into a logical
the action to perform and, when we consider the delivepgpresentation - as shown in Fig 2 - and integrated into the se
of a message, the type of notification, choosed from a sgtcrisis Policies. A query on the logic theory determinates
of predefined templates, and its recipients. This intevasti the actions to perform: the more time available allows the
create a rule as shown in Fig. 7. Example 1 shows a simpi{gation of a set of notifications richer that the one created
rule: in case of an evenk, if it is an earthquake with pefore: organizations in the most affected area can aréieuti
magnitude over 6.5 then perform the actismdmessage, o evacuate or shelter in place, depending on the strengtieof
sending the message of typeacuate to every organization earthquake, meanwhile organizations near chemical tiasili
Y that satisfies the predicai@redregion: this predicate is zre notified to shelter in place in order to give time to the
satisfied by the organization in the red region determinbted fj st responder to verify the presence of dangerous spills.
the ShakeMap. The customization of the message is donegych set of notifications created in the previous sectioas ar
using the merging functionearbyshelters. passed to the Message Generator layer. The actual resipient
The interfaces for organization managers and decision maf-the messages are identified by matching each organization
ers allow them to log into the web site and edit their prefsredicate in the GIS database. If a merging function has been
erences. The organization managers define the organizadpacified, additional information are added to the template
policy by registering the decision makers and assigningithgyrganizations in the most affected area receive the lagstio
to each crisis; the decision makers specify the modalitigg hospitals and shelters in safe areas; organizations aear
through which they prefer to be notified, providing phongnemical facility receive standard information about tipet

numbers or other contact information. of chemical contained in the facility and how to protect from
B. Usage Scenario 1: Earthquake it; organizations in safe areas can receive a list of theastar
hospitals.

The first scenario that we consider is the dissemination

. . In this scenario, the recipients of the notifications are
of an earthquake early warning message to the schools thools. Usually, the decision makers are the principal and
the city of Ontario, CA. We populated the database wit% ) Y, P P

other school officials. Through the client running on their
Zhttp:/iwww. mysql.com machine they receive rich notifications that contain maps,

3http:/fissg.cs.duke.edu/modelnet.html routes and addresses of hospitals and shelters. Themgelyi



actiongvent, action) - conditions
The response of the system at the ewenint is action, whenconditions are met.

Example 1

action(X,
sendmessage(evacuate,
(organizationt’),orgTypet’, school), inredregiof, Y)), nearbyshelters)
- event(X, earthquake), magnitud®( M),M > 6.5, shakemapX, R).)

If the event is an earthquake and it has a magnitude greaterés then send the message represented by the template
evacuation to the organizations of type school that are in the red regiothe USGSshakemap.

Example 2

action(X,
sendmessage(evacuationprogess,
organizationt’), orgTypel’, schooldistrict),
organization§), orgType(5, school),
inredregion{X, ), partOf(S, Y)), schoollist)) :-
event(X, earthquake), hasMagnitudé( A1), M > 6.5.
If the event is an earthquake and it has a magnitude greater6®s then send the message represented by the template

evacuationinprogress to the school districts for which at least one of their schadslin the red region of the USG$
shakemap.

Fig. 7. Examples of crisis policies.

[

on this information, they are able to plan the protectivéoast
to take; in case of evacuation they know where to move
the children; in case somebody needs medical attention they
can contact the nearest hospital. As the situation evothes,
decision makers are updated with the latest informatioreaad
able to immediately adapt the response to the new conditions
An example of how a notification appears on the computer
screen is shown in Fig. 8.

An earthquake has occurred in your area. Our data shows that you are located near
a chemical facility that houses hazardous materials. Please check with the local
authorities or the chemical facility to determine any potential risks before going

C. Usage Scenario 2: Chemical Spill outside.

To contact the chemical facility:

In the second scenario we consider a man-made disasters; ISR
in particular a chemical spill that happens in Irvine, CA. As
for the previous scenario, we loaded information about fift)f'g' 8
schools in the Irvine area, defining an organization policgt a
a set of decision makers for each of them.

In the case of a chemical spill, the information about the
event is provided by first responder on the field: they contactin this paper, we have presented PWS, a dissemination com-
the EOC providing details such as the type of chemical ap@nent for a public emergency warning system. This system
the quantity that has been spilled. The EOC can start a pubicable to cover the whole process of warning notification,
notification by manually inserting this information in PWSrom the creation of the warning to its dissemination to the
through the web interface. public. PWS leverages the current knowledge end experience

Manually issuing a notification is a two phases process. im emergency response to create customized and personal-
the first phase the crisis policies are queries to determithet ized notifications. It is built on top of already-in-placeaps
notifications to prepare. In the second phase, these ntitifisa and communication infrastructure in order to leverage what
are shown to an EOC operator that can check the contenti©falready available in the emergency response community:
the messages and their recipients. If the operator is satisfits open architecture enables the interaction with thiad-p
by the proposal, then she can confirm the actions and contiraystems to achieve its goals. This system has been created
the dissemination as the previous scenario. and it has been tested in an emulated scenario.

Example of notification to organizations near a cloamiacility

V. CONCLUSIONS ANDFUTURE WORK



We are further investigating different parts of the PWS
system. For what regards the warning creation, we are in-
vestigating how to integrate uncertainity in the Crisisi€lek.
Uncertainity is intrinsic in the information that comesirdhe
field and from the forecasts of natural events: we are going
to integrate this information in the expression of the rad
on the ground facts that trigger it.

Also, another issue in this type of system is keeping the
contact information updated: office phone number, mobile
phone numbers, etc associated to each person change over
time. Though, keeping this information current is fundataén
for the efficacy of the system. We are going to investigate on
how it is possible to check this contanct information andiess
that it is updated.
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