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ABSTRACT

This paper presents an approach for modeling dakacted during emergency response starting frasoreceptual
level until the implementation in a Database Mamagyet System (DBMS). This approach follows arrangemséor

disaster management in the Netherland. Any disastédent is managed through processes. Each mdwEs a
well-defined objective, which realization requiregrtain information and often produces informatidrhe

information is mostly spatial information, and idaage part of a temporal nature. We have created data types
for the temporal and spatiotemporal data: dynangiants, moving point, and moving region. The model
implemented in Oracle Spatial. The temporal dapesyare implemented using the Oracle functionalitynested
tables. Visualization of spatiotemporal data iseloia views that perform un-nesting of tables, tmadsform the
data to simply spatial types. Spatiotemporal datalze used in analysis for supporting the decisiaking during
disaster incidents.
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INTRODUCTION

Availability of information and fast access to thight piece of information is crucial for disasteranagement
(DM). Information needed for disaster managemensists of existing information, e.g. informationr fauildings,

road and utility networks, and information collett@uring disasters, e.g. location of a disasteidam, extent and
possible escalation, number of victims; we call test ‘operational’ information. While existingformation is

defined in various data models (van Oosterom amdrhen, 2006; Quak, van Oosterom, de Vries, Brungk@&a

Reuvers, and Janssen, 2005; de Vries, TijssererS®Qtuak, and van Oosterom, 2002), operationakrimition is

still insufficiently modeled and hardly managed.e@qtional information is mostly geographically teth (Xu and
Zlatanova, 2007), and in a large part very dynafiarently most of the operational data is kepindsvidual files

(voice records, reports, video, images, measuresnesgnsor records) as no systematic approach leswémd.

Dynamic models, as far as they exist, are develdpespecific types of disasters, e.g. flooding ylda Evaux, and
Masson, 2006; Erlich 1996). The emergency respses®r generally lacks a model for maintenancepefational

data.

This paper presents an approach for modeling ofatipeal data starting from a conceptual level lutiie

implementation in a DBMS. The approach stricthidals the disaster management processes in the fi\eitle as
described in the law. Each incident in the Nethettais managed though processes. Each processiedisdefined

objective, which realization requires certain imfation and often produces information during itea@xion.

Depending on the type of process, different respamsits, fire brigade departments, police statiansdical

services, and municipalities get involved in theident. People from these organizations perfornr thsks based
on assigned roles and responsibilities. Much ofitiiermation produced during disaster managemeterigooral,

i.e. it is changing with time, and we need to kémsgk of changes. The structure and relations éndperational
information are captured by the data model: indideamd its effect, processes activated to handlesgponsible
departments, persons (system users) involved in pamcess and their roles, measurements, etc. ataendbdel is
built from information requirement collected frotinef brigade and police sectors (Snoeren 2006). Nata types
are created for temporal and spatiotemporal inftionadynamic counts to store, e.g. number of iflarmoving

point for, e.g. the position of a vehicle; movirgion for, e.g. gas plume. Spatiotemporal datebesfurther used in
analysis for supporting the decision making dudigaster incidents.
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This paper is organized as follows. Section 2 gieeerview of disaster management arrangements én th
Netherlands. Section 3 presents our model for operational dftst, giving an overview focusing on classes
(without attributes) and their associations in #&c8.1, then going into more detail, class attilsuand constraints
in Section 3.2. Section 4 provides definitions @fporal and spatiotemporal types in Oracle Spamlwell as
working with spatiotemporal data. Section 5 clabespaper with conclusions and future work.

DISASTER MANAGEMENT IN THE NETHERLANDS

Legislation

Emergency response processes in the Netherlandegally arranged within the Law for Disasters dratge

Accidents (WRZO, http://wetten.overheid.)l/ The document provides definitions, describespoasibilities,

manner of working, levels of emergencies, and plewiclassification of disasters. According to this, the board
of Mayor and Aldermen on the local level is chargdth drawing up a mandatory disaster plan. In fiian, the

emergency response activities and the organizatginature should be described. The organizatioaneergency
response in the Netherlands is divided into a lteadl, that is the site of an incident; the regidlevel, emergency
services are regionally organized, supporting sgveunicipalities; the provincial level. Most emergy incidents
of a minor nature are responded at the local |éWéthin this operational structure, the local fichief has the
primary operational responsibility for the on-siteordination of local disaster response. If the mitage of an

incident increases, then a regional coordinati@mtavill be formed in liaison with the operationalotcdination

team at site. The regional coordination team isrofituated in a regional office remote from theident (e.g. a
joint office of the regional emergency service$)a Iregional coordination team is formed, then itteeyor of the

municipality in which the incident is taking platakes the administrative lead. On municipality leaepolicy team
is formed to support the mayor.

Many more structures can be involved in ‘managiwben the disaster incident transcends adminiseditwders
e.g. a municipal, provincial or national border. &ilthe potential magnitude of an incident leads $erious threat
to a large section of the community, environmeniproperty, emergency officers at provincial orioaal level are
informed. If the effects of an incident transcemdvincial borders (e.g. a toxic cloud after a naclancident) the
Ministry of Internal Affairs may take the administive lead. They will work together with coordirati teams at
national, provincial, regional and local level tamage and mitigate the disaster. For example, imannent flood,
experts from the Water Board, the Ministry of Tramgt, Public Works, and Water Management will beoimed in
these coordinating teams. In case of major flooth@eration up to the international level may d&lglished, e.g.
during flooding from the river Rhine or Meuse, ceagtion with Belgium and Germany was establishezs@Rthal,
Duin, Bezuyen, Vreeze-Verhoef, and Hart, 1998).

Actors and Responsibilities

Response and short-term recovery can be categantetbur different clusters, namely containmendl @ontrol of
the disaster and its effects, public order andfitrahanagement, medical assistance, and taking carthe
population. A cluster is made of several procesbat are responsibility of mainly one of emergemegponse
sectors, and may involve third parties when needed.

Containment and control of the disaster and itectff

Fire brigade units have an important role in th@tamment and control of a disaster and its effebisthe
Netherlands, the fire brigade is usually organiaed municipal level and has equipment not onlyfigmting fire,
but also for performing various measurements réléderelease of dangerous substances in the aiey wain the
soil. The fire brigade is also responsible for miliang the citizens is case of emergency using theohetationary
sirens. Generally the fire brigade is obliged tontan a fire brigade call centre, but the tendeotthe last years is
to maintain a common call centre (together withgbéce and GHOR). Usually, the fire brigade dutfjcer takes
the lead in all small-scale emergencies (beforeffexational team is formed).

Several other organizations may also take a pdhearcontainment and control, if the operationglamizations (i.e.
first responders) need support. For example, ir od$lood (a major threat in the Netherlands) Dioeate-General
for Public Works and Water Management (Rijkwateattéttp://www.rws.nlj, the Dutch National Reserve
(http://www.natres.n), the Royal Dutch Water Life Saving AssociatiorN[BIRD, http://www.rednet.r)l the Royal
Netherlands Sea Rescue Institution (KNRMttp://www.knrm.n) and Search and Rescue (SAR,
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http://www.werkenbijdemarine.nltan be involved. Some of these institutions, KMRM, SAR follow emergency

scaling, which differs from the ones described IRXD.

Public order and traffic management

In case of an emergency, the police are respon&iblprocesses that are related to evacuationtifeas from
affected areas, clear threatened areas, proteo¢rshand commando centers, controlling traffic, & most cases
the police are working under the authority of theyor. In some special cases (e.g. criminal cades)ligh Officer
of Justice is taking the lead (together with theyonaand the regional police chief).

Medical assistance

The third large cluster comprises processes relatededical assistance. Key actors are the Ambalalentral
Point (CPA), ambulances, hospitals, and Communalthl@rganization (responsible for general hea#ués such
as prophylactic medical inspections, vaccinatiebs,). Compared to the fire brigade and police ntieelical help is
quite independently organized and does not direidipend on any local administrations. In case ofrgency,
however, a regional medical official is appointekdontakes the lead within the medical help (simitathe regional
officers in fire brigade and police structures)eThospitals are seen as trauma centers, wheregydlisaster mobile
medical teams (MMT) should be available 24 hounsdagy. One hospital is dedicated to the victimslighsters.
The SIGMA teams of the Netherlands Red Cross (NRRI;//www.rodekruis.n) and special ambulance teams can

be formed and included in the medical help openatidcNRD is usually involved only in large disastaeqjuiring

help and evacuation of many people, such as floods.

Taking care of the population

Besides the overall responsibility for disaster aggment (under the authority of the mayor), the ioipal
structures are responsible for processes relatethkiog care of the population such as informingzens,
accommodating non-injured people from affected sresgistering casualties, etc. Generally the nipalities have

to take care of good preparation of response see®mwell as citizens. Therefore, the municipdidég to prepare
(and update every 4 years) the disaster managepient The disaster management plan describes tre mo
important types of disasters at the territory @& thunicipality and the way of dealing with a partés emergency.
Responsibilities, tasks and all required medicamestielters, reserves of food and clothes, etcalacepart of the

disaster management plan.

Information Needs

The information needed for emergency responseudiest at different levels (locally, at provinciahda national
levels) and reported in many publications (mostlyDutch). Generally, the information is groupedtivo large
clusters, dynamic (operational) and static (exigtiata collected during the disaster are denasedynamic data,
while the information existing prior the disaster mamed static information (Diehl, Neuvel, Zlatamowand
Scholten, 2006; Grothe, Landa, and Steenbruggef8;28cholten, Fruijter, Dilo, and van Borkulo, 2008
Information needs, mainly reflecting requiremenfsttee first and second cluster, are summarized ablgd 1.
Existing information is given for completeness, @described in a more general level.

Operational information

Existing information

Incident: location, nature, scale, location of targgade

Effects: affected area and its development in tideenaged objects,
damaged infrastructure

Consequences (estimates): threatened area (+tinuefpeescalation
possibility

Reference data: topographic maps,
aerial photographs

Managerial and administrative data:
census data, administrative borders
(municipality, region, province), risk

i o . , ) objects (gas stations, storage places pf
Surroundings of the incident: sectormal (a diagfaniirst estimates dangerous goods, etc.), vulnerable
of effected areas), gas plume objects (schools, nursing homes,
Casualties: injured people, wounded, trapped, pefm@nimals to prisons, etc.)
feed ... Infrastructure: road network, utility
Meteorological info: wind, precipitation, humidity. networks (gas, water, electricity),
Accessibility: in- and out-routes, traffic direatioblocked roads parking places, dykes, etc.
Temporary centers: places for accommodating pe@pieé animals), | Buildings: high/low-rise material,
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treatment centers, relief centers, morgues, ... number of floors, usage (residential,
industrial), presence of dangerous
materials, owners, cables and pipes,
etc.

Decontamination: decontamination centers; vehi¢lesses and
infrastructure to decontaminate; people and anitwatlecontaminate

Specific info depending on type of disaster, exgdse of:
flood — velocity and water depth, flood pattern, ..
incident with ships — ship type, numbers of peapidoard, owner,

Accessibility maps: for buildings,
industrial terrains, etc.

other ships in the surroundings, ... Water sources: fire hydrants, un-
aircraft incident — type of plane, function (cavgdlitary /civilian), covered water, drilled water well,
number of people on board, type of fuel + volurhe, inilitary plane: | capacity, etc.

armed, ...

Table 1. Information needs, mainly reflecting requiements from the fire brigade and police.

Dynamic information is collected from processesné cluster (i.e. from actors responsible for tluster) and used
inside this cluster and the other clusters as Wdills information being, e.g. parameters of inctdsuch as scale,
development, which are updated regularly; numbevictfims considering different categories such rapped,
injured people, slightly wounded, death, missirg,also updated regularly; in case of detection arfiggrous
substances in the air, water or in the ground,iapbemasurement teams are sent to collect samplesults of the
measurements are reported to the commando andotaetntre and analyzed by a specialist. Some dymami
information has to be gathered from other orgaitnat For example, information about the actualewégvels and
the likelihood of a flood are to be obtained froijkRvaterstaat. To support forecasting, numeroenados have
been developed to give insight into possible fleodsequences, and models have been developedctdatalthe
possibilities to evacuate people. These modelsrameand continuously adapted real-time when necgqgag.
German/Netherlands system VIKINGip://www.programmaviking.jl

As it can be seen from the above examples, thematon used during disaster management is verg vadd of a
very different nature. The model that is descritiedhis paper is restricted to information collettby first
emergency responders. It is part of a large framkwbat aims at offering information and services the
emergency response (Scholten et al., 2008). Fantmaent, the model is reflecting information coléxt by the fire
brigade and police, but it is not covering inforiroatspecific for some disaster (sub-)types, eaffitr incidents
with ships, incidents with aircrafts. The modetasbe extended later with this kind of specificamhation, as well
as information collected by medical service and icipality.

MODELLING OPERATIONAL DATA

We are using Unified Modeling Language (UML, versid.1) from Enterprise Architect (EA) software mbg
tool for data modeling purposes. Oracle 10g isDB&MS system we use for storing the operational .dédtadeling
is done in three levels: conceptual level, logleskl that is a translation of the previous to Qeeépatial tables, and
SQL scripts for creating types, tables, constraimdices, and views in Oracle Spatial. Translafimm a higher
level to the next level is done partially automditam inside EA, with additional modifications. Tfiest two levels
are built using class diagrams in EA. Presentatibthe model in this paper is done in two step®ctidn 3.1
presents an overview of the model, classes (withttwbutes) and their associations, using the eptu@l model.
Section 3.2 goes into more detail, adding attribused constraints. It uses the logical level, @rtables, and parts
from SQL scripts for explaining constraints.

Overview of the Data Model

When a disaster incident happens, departmentsdraergency response sector get involved in orderaioage the
incident. Usually complaints are coming to the caando center, which report about the incident. Basethe type
of the incident, several processes are activatadh @rocess being responsibility of one or moreadeents,

dependent on the scale of the incident. Severgblpaget involved in these processes having speafis. Also,

several teams are formed in order to perform sjpetifsks. When the incident involves release ofgeaous

substances, a template named sectormal is usé&édttthghe zone affected by gas distribution. Séwveemasurement
teams are formed and sent to specific locatioqetéiorm measurements, from which the movement sfpjame is

derived. An incident usually comes with casualtieseople or animals, as well as damage to infuastre.

Proceedings of the Joint ISCRAM-CHINA and GI4DM fecence 520
Harbin, China, August2008



Dilo et al. Spatiotemporal data modeling for disaster managegme

Cormpl zint
1.7
Reportbout
Sector mal
pp—
oA
1
1
. . h
Casualty Inci derit .;:_:_R_'Si%c'_"f of,
CausedBy
R Ga=mal
Spreadof 0.1
e
M
1
! FPerfarmedFaor
Manage
1
! Describe
1.261 i
1 0.7 | EwerntObject
ResponsibleFor 1.7 Frocess
o o..
1= MezsuramentTask
Irvval wedin L 0= ,"t\.
——— ] __ !
1
1
1.7 ResutOf
1
Depart rent 1.= :
it heF 1.7 Drrawn By
omrar Om-5 User bMeasuremernt
FAssign
BelongTo o.®
Lead
1.7 o=
Wehicle Trave [With oA Team Perfarm

Figure 1. Conceptual level of operational data fodisaster management in NL: classes (in boxes) anleir relations
(arrows together with a box in case it has attribugs). Gray dotted line boxes show categories of imfoation.

The conceptual model shown in Figure 1 capturessel of information and their associations. Muittipf for
associations is shown only when it is differentnird, thus a missing label indicates a multipliocitgual to 1.
Dashed lines show dependency, which in our casesreeaource class which existence depends onrtiet tdass.
Classes can be grouped into three categories lmasede information they keep: information about gleoand
animals, information about materials and infradue, and information about the emergency respsastor. Gray
dotted line boxes show these three categorieslagteategory is an example of the combination betwexisting
and dynamic information. Departments, vehicles, p@ople from the emergency response sector betoagisting
information. For each of these three classes wp k@eimal information, basically a code to make lihi between
the operational data and the existing data. Dynanfarmation in this category is the involvementprocesses
managing an incident.

The rest of this section goes through all classésassociations of the conceptual model, givingatsexplanation
for each one. Cladsicident  contains information about a disaster inciderd, &s location, its scale, disaster
typel! ClassProcess contains information about processes activatednémage an incident, and association

! The complete list of attributes for each clasgiven in the logical level, the next section.
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Manage keeps the relation with the incident they han@asualty contains statistics (counts) on victims of the
incident, being those missing, injured, needindtsheetc. Clas€omplaint contains information reported about
an incident; several complaints can be done foinaident, as shown from the cardinality BEportAbout
association. These complaints come from citizeftgnoreporting via telephone about visible smoke swange
smell, or breathing problems. The centralist hasetpster the location (address) and type of thaegaint. Class
Sectormal contains information about zones that will possibé affected by an incident involving dangerous
substances. This is done by marking circle sedtoasfixed templateGasmal contains information about the gas
plume for the incident. ClagsventObject contains drawings done by system users to loc#fereht events
happening in the field, e.g. a gas leak, blockediy@amaged building, etc. Different measurememggparformed
for incidents that involve dangerous substancesndasurement task is designed by a specialist ojetans
substances (AGS), and sent to a team that perfthmsmeasurement according to task specificationassC
MeasurementTask keeps information about such task, the associd®eriormedFor keeps track of the
incident for which a task was designed, and assonidssign keeps track of which (AGS) user assigned what
task. Clas$leasurement contains results of the measurements, and theiaiso Perform records which team
performed what measurement. A gas plume is defiwed calculations on several measurements.

Class Department  contains information about a department unit. Apadément is responsible for several
processes started for the same incident or proeedsdifferent incidents. When the scale of andsat is big,
several department units take the responsibilityrdlie process. Associati®®esponsibleFor  keeps track of
responsible departments for each process. A depattawns one or more vehicles, e.g. a fire brigases trucks

or boats. Clas¥ehicle keeps information about all vehicles, aéelongTo takes care of the ownership. Class
DM-SUser contains information about system users, i.e. [gefspm the emergency response that are userseof th
DM system. A system user is involved in differenbgesses of one or different incidents at diffettémes. The
associatiorinvolvedin  contains the duration of such involvements. Asstimi DrawnBy keeps track of objects
drawn by each user. During response to a disastgdent, several teams are created with people fiioen
emergency response sectors, and volunteers. Jleas keeps information about teams, e.g. number of its
members, position of the team. We assume a teanedded on spot, and has a one-time existencealNpérsons
from a team are necessarily users of DM system,thbeite is one person who has access to the syJiken.
associatiorLead indicates the team member that is a DM system éstgam uses a vehicle to travel to the place
of incident, which is captured ByravelWith  association.

Data Model in More Detail

In this section we explain the data model in mogtail, providing attributes and constraints. At Haame time we
are passing to a lower level of modeling, DBMS ¢abiTo keep the coherence between sections, walprskortly
the (result of translation as) correspondence thithconceptual model. Before going to the descriptf tables
with their attributes and constraints, we neechtooduce domain values for those attributes thatat of standard
types provided by a (spatial) DBMS. There are agexds coming from the Dutch law, or others decitigd
emergency sector departments that are related torfivimation. These are, e.g. 19 disaster typet) additional
subtypes for some of them, 25 DM processes, 5 G&I€ls. In addition, there are attributes havingraporal or
spatiotemporal nature. We have organized the daideminto three components: static data reflectivg
agreements, new data types, and the tables caorgaihe operational data (see Figure 2). This séparinto
components also reflects the different treatmenthese components in Oracle Spatial. For each iterthe
DMagreements component we have created a look-up table comigiall the possible values, e[@MProcess
contains 25 records with information for each pesce.ater in this section we provide an examplé shaws how
the look-up tables are used. The second compoBgatioTemporalTypes , contains the new data types for
temporal and spatiotemporal data, and is explainatbtail in the next section. In this sectionsitsimply used to
show that an attribute is of this temporal or sgathporal type. The third compone@perationalDTables ,
contains the tables for operational data, and pidaéxed in the coming paragraphs.
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Figure 2. Organization of data model into componerst look-up tables, new data types, and operationalata tables.

Figure 3 shows the UML diagram for the logical leveour data model. For each class in the conaptwel there
is a corresponding table in the logical level. Ehisrone exception: we have merged claséeasurementTask
andMeasurement into one table namedeasurement to be able to express constraints using attriboftdmth
classes. A new table is created for each many-toym@ssociation: tabléDeptResp4Proc resolves the
ResponsibleFor association, tableUserInProcess resolves Involvedin association. All other
associations are resolved by primary key — fordéigy relations. The labéK in front of a column name indicates
that it is (part of) a primary key, labEK indicates that it is a foreign key, lal@K indicates that it is (part of) a
primary key that is also a foreign key, ahdindicates that the column cannot be empty. Attdbuare shown
together with their typeyIDSYS.SDO_GEOMETH1the spatial type of Oracle Spatial. For theesatkspace, we do
not explain each attribute of every table. We dbscahe main tables and attributes, and in moraildatributes that
are part of constraints. We hope that naming ofa#tribute and the table containing it, allow a muént
understanding in view of the whole model.

TableIlncident  contains: an identifier (ID); location of the ideint; the area affected by an incident as a dynamic
region (spatiotemporal type); an estimation fordhea threatened by an incident, a dynamic regionedl; scale of

the incident; to what disaster type it is classlfiavhich may change in time; its GRIP level, polssithanging in
time; the area to be cleared around the incidedtthe fenced area; the escalation risk describesiomis. Table
Process contains: the identifier of a process as combamatif the ID of the incident for which it is actiea and

the type of procesgrocess_type ; the duration of a process stored as start andtierel of the process. The
attribute process_type  takes values from a look-up tabRrocess_Type containing information for all
processes. Creation of the table:

CREATE TABLE Process_Type (
code NUMBER(2) CONSTRAINT PK_Process_Type PRIMARY  KEY,
value_EN VARCHAR2(70),
value_NL VARCHAR2(70)
)
is done before the DM system is made availablentergency response, and the information is filled &t 25
processes. Values pfocess_type  attribute are constrained to codes availablerocess_Type table, by its
declaration insid®rocess table:

process_type NUMBER(2) CONSTRAINT REF_Process REFER ENCES Process_Type

All other items inDMagreements package (see Figure 2) are processed and usquebgtional tables in the same
way.
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<oolumna coatumns ety O e Fiax
s ::E:_t:::‘;"%ﬁgﬁ::;%? WomFar 4 =| F¥ userD: NUMBER(1S) tas_automess: CHAR(1)
Lo ® BSHcode: CHARE) tazh_automess_sonda: CHARC)
EEEE felizng W) FK deptiD: HUMBER(1S) tash_dosismeter: CHARCT)
lacation: MDSYS SD0_GEOMETRY : - :
protection: CHAR(1)
task_details: WARCHARZ(I00)
*Teamleader| FK teamlD: NUMBER(ZO)
BelongTo - measu.rement_time: DATE
Team D explogionLEL: FLOAT
gaz_tube_no: HUMBER(Z)
a.r w0 | UMminm pumping_no: NUMBER(S)
K Pl teamll: HUMBER(ZO) concentration: FLOAT
Wehicle =] name: WARCHARZ(ZO) automess1: FLOAT
team_type: NUMBER(Z) automess2: FLOAT
:;;""m:.”l - +Travelwith 0.1 no_members: HUMBER(Z) PerformedBy 0.7 automess_soenda: FLOAT
g < Nicte D UMEET RS *FIK leaderl: NUMBER(IS) dosismeter; FLOAT
wehicle_code: WARCHAR2(10) FK wehiclelD: NUMBER(IS) meas_details WARCHARZ(200)
A% clrpiles WIIRIEISR D) = position: MOVING_POINT gasmal_state: TIMESTAMP

Figure 3. Operational data tables: PK indicates pninary key; FK indicates foreign key; pfK indicates acolumn that is
part of a primary key, as well as a foreign key; arows show foreign key — primary key relation.

Table Casualty contains different counts for people or animakeaéd by an incident, e.g. number of people
trapped during an incident, number of injured peppumber of people or animals to decontaminage,deiring an
incident involving toxic substances, number of deopeeding shelter, etc. Tab&gasmal contains: ID of the
incident that created the plume, shape of the plama dynamic region, a description label, and plypmediction
for a fixed period, also as a dynamic region. Atites inMeasurement table reflect specifics of measurements
performed by fire brigades in NL, which follow aastlard form. The table contains an identifier; mexfiee to the
incident for which it is performed, reference to 8@at designed the task; reference to the teanpértormed the
measurements; location where measurements are)fpebformed; the rest are mostly correspondiripates for
task and result of measurements. For example, sxplostate LEL is a measurement from the formibaite
task_exposionLEL contains values yes/no deciding if this measurérsaould be performed, and attribute
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explosionLEL  contains the measurement value in case the taskiedk that this measurement should be
performed. This is checked through constraintstemitn the declaration dleasurement table:

task_explosionLEL CHAR(1) CONSTRAINT CHK_explosion_ task
CHECK (task_explosionLEL in ("Y', 'N"),

CONSTRAINT CHK_explosion CHECK (task_explosionLEL < > "Y' OR explosionLEL IS NOT NULL)

The first declaresask_exposionLEL  attribute as having only valueg (yes) andN' (no); the second assures
that if task_explosionLEL is set to yes, theaxplosionLEL is not empty. The compliance of the other
performed measurements with those defined formtdkk is assured by similar constrains in the cpording
attributes.

Tables Department , DM_SUser, and Vehicle contain an identifier for our DM system, and a eod
(dept_code , BSNcode, vehicle_code , respectively) that relates to unique values iheptdatabases in
national or department level from where compleferimation can be found for each claBgpartment contains
further the safety region in which a departmenisfadnd the spatial location of the departm@&i¥l_SUser, and
Vehicle contain in addition the reference to the departnenivhich they belong. Tabl&eam contains: an
identifier, name, what kind of team it is, numbémeembers, ID for the team member that is a systeen, and of
the vehicle they use, and team position that isathio.

Parts of the data model are also indices, inclugjpatial indices, and new data types. We do natudss here the
indices created in the tables, with the exceptiérspmatial indices found in the next section. Newey are
introduced in the next section, which goes furthrehandling data using these new types.

TEMPORAL AND SPATIOTEMPORAL DATA

This section provides for creation of new data $ypeOracle, and their use in tables in Section feading and
writing spatiotemporal data into tables in Secto?.

Declaration and Use of New Data Types

Three new data types are needed for the data mooléded in the previous sectioDYNAMIC _NUNbr dynamics
counts, e.g. number of injured peopMOVING_POINTfor dynamic points, e.g. position of a team in fledd;
MOVING_REGIONor dynamic regions, e.g. the gas plume. A dynacoignt is stored as a sequence of pairs,(cnt
t), where cntis the count value at instange For any timet, the value for count can be calculated from linear
interpolation between two consecutive counts antl cnt,, such that[[t;, t.,]. Similarly, MOVING_POINTis
stored as a sequence of pairs, point location iamel andMOVING_REGIOMNS a sequence of pairs, polygon shape
and time. Different interpolation techniques canused for calculating point position and polygomsh for any
moment of time, see e.g. (Meratnia 2005; Meratnich @ By, 2003) for moving point interpolation. $hs a full
subject by itself, and is out of the scope of gaper.

We use nested tables in Oracle to store sequeacedgriamic types. For example, to crei®VING_POINTtype,
first an object type is created containing a tim&ance and point location, which is then useduit ihe sequence
as a table of such objects:

CREATE OR REPLACE TYPE MPointinst AS OBJECT (
meas_time TIMESTAMP,
point_geo MDSYS.SDO_GEOMETRY
)
/
CREATE OR REPLACE TYPE MOVING_POINT AS TABLE OF MPaintInst;
/

The other typedMOVING_REGIONMNdDYNAMIC_NUMre created in a similar way.
The new data types are used in tables containimipiges of a dynamic nature. For exampleam table has
attribute team position that is a moving point.@eis the statement for creating the table contgimin attribute of
type moving point:
CREATE TABLE Team (
team|D NUMBER(20) CONSTRAINT PK_Team PRIMARY KEY,

name VARCHAR2(20),
team_type NUMBER(2) REFERENCES TeamType,
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no_members NUMBER(2),

leaderlD NUMBER(15) REFERENCES DM_SUser,
vehiclelD NUMBER(15) REFERENCES Vehicle,
position MOVING_POINT

)
NESTED TABLE position STORE AS TeamPosition;
Other tables, likéncident , Gasmal, Casualty , which contain dynamic attributes have similarldeation.

Working with Spatiotemporal Data

This section starts with writing data into spatioporal attributes, continues with reading data frtables
containing spatiotemporal data, and concludes eithmples of use of spatiotemporal data in analyGifferent
examples of SQL statements are provided for reaaimwriting data into tables.

A spatiotemporal attribute can be filled by adduadues (point location or polygon shape) for eagtetinstant one
by one. First an empty table should be createdhi®ispatiotemporal attribute, and then time-geoyrdirs can be
added one by one. For example, assume a new teagried, and its data is entered inéamtable, together with
an empty instance for the spatiotemporal attrilpatgtion
INSERT INTO Team(teamID, name, team_type, no_member S, position)
VALUES(12,'Whisky 349", 2, 4, MOVING_POINT());
Once the empty nested table is created, recordbecadded to it:

INSERT INTO TABLE(
SELECT t.position
FROM Team t
WHERE TeamID = 12)
VALUES(sysdate, sdo_geometry(2001, 90112,
sdo_point_type(86875.2, 447457.9, null), null, null ));

The statement above adds one record, time-pogionwhere time is the current system time, argltjpm is point
type geometry of Oracle Spatial. A block of valwes be written at once in a spatiotemporal attebWe have
GPS logs giving position of a team in the fieldddmve put the data in a temporary taBleéStrack , which
contains:

desc GPStrack;

Name Null? Type

USERID NUMBER(11)

TIME_ CHAR(19)

GEOMETRY MDSYS.SDO_GEOMETRY

To insert the data from this flat table into fheam table in our model, e.g. for team with ID = 16e tollowing
statement is executed:

INSERT INTO Team(teamID, position) VALUES(16,
CAST(
MULTISET(SELECT MPointInst(time_, geometry)
FROM GPSTrack
WHERE userid = 16
) AS MOVING_POINT

)
Each individual record of a spatiotemporal attrébotin be accessed by performing an un-nestingeofathie. For

example, to view the trajectory of team 16 that emtered above, we execute the statement:

SELECT tp.meas_time, tp.point_geo
FROM THE(SELECT position
FROM Team
WHERE teamID = 16) tp;

For the purpose of visualization, spatiotemporabhda converted to simply spatial data. We creatsvy that
perform un-nesting of tables, in order to turn dpatiotemporal types to spatial types. For exantplejew data
from Teamtable,TeamTracking view is created:

CREATE VIEW TeamTracking AS
SELECT t.teamID, t.team_type, t.name, t.no_members, t.vehiclelD, p.*
FROM Team t, TABLE(t.position) p;

which structure is
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desc TeamTracking;
Name Null? Type

TEAMID NOT NULL NUMBER(20)

TEAM_TYPE NUMBER(2)

NAME VARCHAR2(20)

NO_MEMBERS NUMBER(2)

VEHICLEID NUMBER(15)

MEAS_TIME TIMESTAMP(0)

POINT_GEO SDO_GEOMETRY()

To visualize data from Oracle Spatial, metadataikhbe filled for spatial attributes. For the vieveated above we
add metadata information for the spatial attribgigecifying the extent and the reference systemtffe whole
Netherlands):

INSERT INTO USER_SDO_GEOM_METADATA VALUES

"TEAMTRACKING',

'POINT_GEO),

SDO_DIM_ARRAY/(
SDO_DIM_ELEMENT (X', 0, 220000, 0.05),
SDO_DIM_ELEMENT ('Y', 250000, 630000, 0.05)),

90112);

Data of TeamTracking view can be visualized from FME software (or aoftware visualizing Oracle Spatial

data), and can also be accessed from a web service.

The spatiotemporal data is to be used in analysisyder to help decision-making during disastemagement.
Analysis usually requires combination of existiregadwith the operational data, which in turn regsiicombination
of spatial functionality (on static data) with spéémporal functionality. For example, consideira-brigade team
that takes the order to go to an incident. A sisorpath algorithm is run on the road network (éxgstdata),

considering starting location of the team, and lteation of the incident. While the team travelsvands the
incident location, the time of arrival at the inefd is continuously calculated based on the cumpesttion of the

team — a spatiotemporal functionality using spetigioral data (team position) and static data (&ztied path from
the road network). Parts of the road network canblgcked as a consequence of the incident, or adasons as
well. The best route (i.e. shortest path) is tordealculated on the available network. This examphd many
others coming from the services required by thergemey response, require spatiotemporal functipnhliilt over

the spatiotemporal data types presented in thitosec

CONCLUSIONS AND FUTURE WORK

This paper provided a model for data collectedripgmergency response. The model reflects the agam of
emergency response in the Netherlands, based oadesements. It captures the management of disiistergh
processes; the involvement of response sectorsesetprocesses; the consequences of an incidpeopie and
animals; consequences in infrastructure. The dat@lemwas first built in a conceptual level, andaflyp

implemented in Oracle Spatial. As most of the ofi@nal data is dynamic, temporal and spatiotempiyfaé¢s were
created to store such data as nested tables. Wieedhmw to write and read the spatiotemporal infdiom using
Oracle functionality for nested tables.

This model was created based on information reqérg coming mainly from the fire brigade, and bt from
police. These requirements were not exhaustivelgated in the data model. Furthermore, there ae dther
sectors in the emergency response: medical seavidemunicipality, which information needs have @dbudied,
and reflected in the data model. The model wilelsgended in order to cover all the information reedd addition
to this, we are working on providing functionalftyr spatiotemporal data. The two directions areepehdent, and
we are working in parallel in the extension of tteta model (possibly with modifications) and fuoaotlity for
spatiotemporal data.
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