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Abstract

In recent years, the world has been affected by massive disasters caused by natural disasters that required immense
financial and physical support for the victims of these disasters. The geographical information systems, mobile
geographical information systems, web-based geographical information systems, as integral parts of the geoinfor-
mation technologies, belong to the most progressive methods to support the three stages of disaster management:
preparedness, analysis and response. A lot of scientific papers have been published presenting the ways how to
implement geoinformation tools to support the disaster management and urban planning on the municipality level.
This paper compiles the knowledge related to them and provides a review of geoinformation tools in the disaster
management. There were one hundred scientific papers, mostly from the Web of Science Core Collection database,
analysed to produce the overview. The aim of the overview was to analyze the current state-of-the-art technologies
in this sphere and to find new trends in research focusing on the GIS-based disaster management. From the survey
is evident the continual shift from the desktop solutions, server solutions to the web solutions allowing to use the
mobile GIS technology, directly in the field. All these technologies are very helpful in managing the disaster, the
relief works and rescue operations in a real crisis.
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1 Introduction 1 Uvod
In a time of extraordinary human efforts to V ¢ase mimoriadnej 'udskej snahy zit" har-
live harmoniously in the natural world, the monicky v prirodnom svete sa globalna dan
global toll from extreme events, mostly of na- z mimoriadnych udalosti, vd¢sinou prirodného
ture origin, is increasing. Loss in property from charakteru, zvySuje. Straty na majetku sposo-
natural hazards is rising in most regions of the bené hrozbami prirodného charakteru narastaji
world, and loss of life is continuing or increas- vo vac§ine regionov Sveta, a rovnako straty na
ing, mostly in the economically poor regions. zivotoch neustale pretrvavaju alebo dokonca
Mostly climate change is a reason of those rastu, a to vacsinou v ekonomicky chudobnych
disasters, and it is also reasonably expected to regionoch.
increase the countries™ vulnerability to natural Vigsinou je pri¢inou vyskytu tychto mimo-
hazards in the future [1]. riadnych udalosti klimatickd zmena a odo-

vodnene sa ocakava, ze vjej dosledku sa v
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Since, those natural hazards do not become
man-made disasters, there is a need to develop
effective systems to identify needs, manage
data provide spatial analyses and help calibrate
responses.

The geographical information systems
(GIS), and the geoinformation technologies at
all, represent the best way to effectively manage
the data related to the world's objects and to
support the decision-making process of crises
managers, in all the stages of disaster manage-
ment, i.e. preparedness, analysing and response.

The traditional GIS was presented as the
desktop system, in which people captured/ cre-
ated/ edited, stored and visualized the data.

Since 1960s, the GIS moved first from the
desktop solutions to server solutions, then to the
web solutions, what allowed to use the mobile
GIS technology, directly in the field, at present.

Very helpful in managing the disaster, the
relief works, and rescue operations is the mobile
GIS. Also, the contemporary web-based GIS
and cloud computing [2] systems present possi-
ble challenges in a real crisis.

2 GIS applications in the disaster manage-
ment in general

In the case of a serious disaster, GIS special-
ists are expected to provide a wide array of in-
formation with short deadlines for a variety of
important tasks.

It is essential for everyone involved in cop-
ing with a disaster to have a clear sense of the
current situation, and to receive updates on the
situational picture as time progresses. This can
be a serious challenge because often a disaster
can impact what types of data are available.

GIS s used in several ways during a disaster:
e Mapping the extent of the disaster/emer-

gency;

o Estimation of damage to a structure by per
cent loss and the mapping of damaged
structures;

o Estimation of total community loss, taking
into consideration housing and businesses

[8];
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budiicnosti zvysi zranitel'nost krajin prave voci
prirodnym rizikdm [1].

Pretoze tieto prirodné hrozby nie su zavislé
na ¢innosti ¢loveka, je potrebné vyvinat’ G¢inné
systémy na identifikaciu potrieb, spravu udajov,
poskytovanie priestorovych analyz a pomoc pri
priprave na odozvu.

Geografické informacné systémy (GIS) a ge-
oinformacné technologie predstavuju vobec
najlepsi sposob ako efektivne spravovat’ udaje
tykajuce sa objektov sveta a podporovat’ rozho-
dovaci proces krizovych manazérov vo vSet-
kych stadiach riadenia krizovych situdcii, t. j.
pripravenosti, analyze i odozve.

Tradicny GIS bol reprezentovany ako
desktopovy systém, v ktorom I'udia zaznamena-
vali / vytvarali / upravovali, ukladali a vizuali-
zovali udaje.

Od 60. rokov minulého storocia sa GIS po-
sunul z ¢isto desktopovych rieseni k servero-
vym rieSeniam a nasledne k webovym riese-
niam, ktoré v sucasnosti umoznuju vyuzivat
technologiu mobilného GIS priamo v teréne.
Velmi uzitoénym V krizovom riadeni, najméi
riadeni zachrannych prac je mobilny GIS. Aj
moderné webové GIS systémy a vypocty v clo-
ude [2] predstavuju mozné spdsoby podpory
riadenia v ¢ase realneho vyskytu mimoriadnej
udalosti .

2 Aplikacie GIS v krizovom riadeni vo vSeo-
becnosti

V pripade zavaznej mimoriadnej udalosti sa
ocakava, ze GIS Specialisti poskytnu Siroku
Skalu informacii pre rézne dolezité ulohy vo
vel'mi kratkom Case.

Je nevyhnutné, aby vsetci, ktori sa podiel'aju
na zvladani udalosti, mali jasnu predstavu o su-
Casnej situacii a aby dostali aktualizacie situac-
ného obrazu v realnom Casu. To vSak byva vaz-
nym problémom, nakol'ko samotna udalost’ ma
¢asto vplyv na to, aké typy udajov su k dispozi-
cii.

GIS je mozné pocas vyskytu mimoriadnej
udalosti vyuzit’ niekol’kymi sposobmi:

e na mapovanie rozsahu katastrofy/mimo-
riadnej udalosti;
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o Estimate of displaced residents or effected
citizens;

e Estimation of the amount of debris to be re-
moved to disposal [3,4] and the cost to re-
pair and replace city infrastructure [5],
street signs, traffic lights, schools, etc.

Further, we introduce the ways of
GIS/geoinformation technologies application in
the individual steps of the disaster management:
e Planning and Analysis: e.g. modelling, ana-

lysing spatial data and displaying commu-
nity vulnerability;

e Situational Awareness: e.g. providing
locational information on the disaster;

e Data Management: e.g. data gathering, stor-
ing, cataloguing;

o Field Operations: e.g. using mobile GIS
technology [6,7].

Disaster managers from different state, re-
gion or municipality level use the GIS and geo-
graphical data for disaster planning, forecasting
and early warning of disastrous event, for relief
works and rescue operations management.

3 GIS and geoinformation technologies ap-
plication in the disaster management — a re-
view

There is introduced a review of scientific
works of several mostly foreign experts on im-
plementation of GIS and geoinformatics tools to
disaster management. Those works are intro-
duced considering the year of their publishing.

Coutinho et al. [9] introduced a geograph-
ically based situation understanding and infor-
mation management system GeoWorlds for dis-
aster relief operations that integrated geo-
graphic information systems, spatial digital li-
braries and other information analysis, retrieval
and collaboration tools that can be used in sev-
eral applications ranging from intelligence gath-
ering to urban planning, to crisis management
and response.

e Fischer, Fusco and Brugnoni [7] described
the integration of a demonstrator system,
designed by European Space Agency
(ESA), able to serve the need of real-time
information exchange between a decision
support centre and n-field clients, and GSM
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na odhad poskodenia konstrukcie o percen-
tualnu stratu a mapovanie poskodenych
Struktur;

e na odhad celkovej straty zo strany spoloc-
nosti, s ohl'adom na stavby na ubytovanie
a vyrobné, obchodné a kancelarske objekty
(8],

e odhad vysidlenych obyvatel'ov alebo po-
Skodenych obc¢anov;

e odhad mnozstva odpadu, ktory je potrebné
odstranit’ [3,4] a naklady na opravu a vy-
menu mestskej infrastruktary [5], ulic, do-
pravnych znaciek, $kol atd’.

Dalej uvadzame spdsoby aplikacie GIS / ge-
oinformacénych technolégii v jednotlivych kro-
koch krizového riadenia:

e planovanie a analyza: napr. modelovanie,
analyza priestorovych tdajov a zobrazova-
nie zraniteI'nosti komunity;

e situacné povedomie: napr. poskytovanie lo-
kalizacnych informacii vo vztahu ku mimo-
riadnej udalosti/katastrofe;

e sprava udajov: napr. zhromazd'ovanie, uk-
ladanie, katalogizacia udajov;

e Operacie v teréne: napr. pomocou technolo-
gie mobilného GIS [6,7].

Krizovy manazéri na réznych urovniach
Statu, regionu alebo obce vyuzivaju GIS a geo-
grafické udaje na krizové planovanie, predpo-
vedanie a véasné varovanie pred zdvaznymi mi-
moriadnymi udalost'ami a na riadenie zachran-
nych prac.

Vel'mi uzitoénym V krizovom riadeni, najmé
pri vykone zachrannych prac, je mobilny GIS.
Aj moderné weboveé GIS systémy predstavuji
mozné spoésoby podpory riadenia Vv Case vy-
skytu realnej mimoriadnej udalosti.

3 Aplikacie GIS a geoinformaénych techno-
l16gii v krizovom riadeni - prehl’ad

Tu uvadzame literarny prehlad vedeckych
prac niekol’kych, prevazne zahrani¢nych odbor-
nikov, na implementaciu nastrojov GIS a geoin-
formatiky do krizového riadenia. Tieto prace su
systematicky zoradené podl'a roku ich vydania.

Coutinho et al. [9] predstavili informac-
ny riadiaci systém GeoWorlds, zaloZeny na
geografickom pochopeni situacie, pre pod-
poru vykonu zachrannych préc, integrujuci
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based communication devices for disaster man-
agement operations. A client/server architecture
was built. The light field-client was hosted on
a hand-held communicator and connected to
a positioning device (GPS/DGPS) and addi-
tional tools for in situ measurements. The server
was hosting the decision support system build
around a GIS environment. Using the GSM data
calls and SMS protocol for near-real time infor-
mation exchange (maps, images, text, etc.), the
missions for these devices could be manifold,
not only in the disaster domain.

Gunes and Kovel [10] described the use of
a geographic information system (GIS) in emer-
gency management efforts for disaster prepar-
edness, mitigation, and response, and summa-
rize an ongoing effort to build a GLS-based de-
cision support system for the Douglas County
Emergency Management Agency in the state of
Kansas, to help emergency management offic-
ers in decision making, focusing on Douglas
County's preparedness, mitigation, and re-
sponse efforts for its most common disaster,
flooding.

Bovalini et al. [11] introduced a computer
supported approach to emergency planning,
analysis and response. They applied the HA-
RIA-2 methodology for external emergency
planning and analysis. The main characteristic
of HARIA-2 was that it considered both the
physical phenomena and the sociological as-
pects of technological emergencies. The meth-
odology was transferred in a software package
named Demonstrator, which allowed quite fast
simulations of various accident scenarios. It in-
tegrated databases and models needed for emer-
gency planning, including those simulating
population behaviour and evacuation plan, alt-
hough in simplified mode.

Laben [12] presented activities and methods
to integrate the knowledge, GIS and remote
sensing data and tools, modelling and simula-
tion technology, weather analysis, digital and
information technology, and systems engineer-
ing processes for emergency managers and their
applications at the U.S. Pacific Disaster Centre.

Tumay et al. [13] reviewed a subset of sim-
ulators developed to predict, track and mini-
mize the effects of disasters in Turkey. Some
technical details of the simulations, basic

Delta 2018, 12(1):44-81.

47

geografické informacné systémy, priestorové
digitalne kniznice a d’alSie nastroje na analyzu,
vyhladavanie, ktoré je mozné pouzit’ v ro6znych
aplikaciach od zhromazd'ovania informacii po
planovanie vystavby, krizového manazmentu
a krizovej odozvy.

Fischer, Fusco a Brugnoni [7] popisali integ-
raciu demonstratného systému navrhnutého
Europskou vesmirnou agentirou (ESA), ktory
je schopny v redlnom case zabezpecit’ potrebu
vymeny informacii medzi centrom na podporu
rozhodovania a klientmi v n-terénoch a GSM
komunika¢nymi zariadeniami pre operacie kri-
zového riadenia. Vybudovana bola architektiara
klient / server. Tenky klient bol pripojeny pro-
strednictvom ru¢ného komunikatora pripoje-
ného k polohovaciemu zariadeniu (GPS /
DGPS) a dalsim pridavnym zariadeniam urce-
nym na meranie na mieste. Server obsahoval
systém na podporu rozhodovania zalozeny na
prostredi GIS. Pomocou datovych volani GSM
a SMS protokolu pouzivaného na vymenu in-
formacii v redlnom ¢ase (mapy, obrazky, text
atd’.) Tieto zariadenia mozno vyuzit' na zabez-
pecenie splnenia réznych uloh, nielen tych,
ktoré sa tykaju oblasti krizového riadenia.

Gunes a Kovel [10] popisali pouzivanie geo-
grafického informacného systému (GIS) v kri-
zovom riadeni, a to v oblasti pripravy na mimo-
riadne udalosti, zniZzovani dopadov a odozve,
a sumarizovali pokracujuce Usilie o vybudova-
nie systému na podporu rozhodovania zaloze-
ného na principe GLS pre systém krizového ria-
denia Agentiry Douglas County v $tate Kansas,
aby pomohla tradnikom v krizovych situaciach
pri rozhodovani, zameriavajic sa na priprave-
nost’ a zmierfiovanie dopadov mimoriadnych
udalosti v oblasti Douglas County, a to pre naj-
CastejSiu sa vyskytujucu udalost’ - povoden.

Bovalini et al. [11] zaviedli po¢itatom pod-
porovany pristup ku krizovému planovaniu,
analyze a odozve. Aplikovali metodiku HA-
RIA-2 pre externé krizové planovanie a ana-
lyzu. Hlavnou charakteristikou HARIA-2
bolo to, Ze brala do tvahy fyzické javy a so-
ciologické aspekty mimoriadnych udalosti
technologického charakteru. Metodologia bola
prevedena do softvérového balika s nadzvom
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underlying models of simulations, and extent of
required remote sensing data were presented,
too.

Erharuyi and Fairbairn [6] investigated and
published the challenges of mobile geographic
information handling for disaster management,
particularly oil spill emergency response. They
considered also measures to improve geo-
graphic information handling and to support
rescue efforts during emergency response.

Montoya [14] pointed out the fact that for the
management of urban disaster risk, periodic up-
dating of building and lifeline geo- databases is
crucial, particularly in developing countries
where urbanisation rates are very high. In his
work he explored the use of an off-the-shelf
low-cost and rapid method of data collection for
the development of a building inventory based
on the combination of remote sensing, global
positioning systems, digital video and geo-
graphic information systems. The method de-
veloped consisted of a sequence of stages, the
first stage involved the use of remote sensing
and GIS for stratification and mission planning
purposes. The second stage consisted of using
global positioning system and digital video for
the creation. of spatially referenced images and
the third stage involved the use of GIS for dis-
play and analysis. The methodology developed
was tested on the Costa Rican city of Cartago
and its advantages and disadvantages were iden-
tified.

Bhaskaran et al. [15] focused integration of
airborne hyperspectral sensor data and geo-
graphic information systems to develop a hail-
stones vulnerability map which had the poten-
tial to assist in decision making during post-
disaster emergency operations in Sydney,
Australia. A spectral library of surface materi-
als from urban areas was created by using
a full range spectroradiometer. The image
was atmospherically corrected using the em-
pirical line method. A spectral angle mapper
(SAM) method, which is an automated method
for comparing image spectra to laboratory
spectra, was used to develop a classification
map that shows the distribution of roofing ma-
terials with different resistances to hailstones.
Spatial overlay technique was performed
in a GIS environment where several types
of cartographic data such as special hazard
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Demonstrator, ktory umoznil pomerne
rychle simulacie r6znych scenarov udalosti. In-
tegroval databazy a modely potrebné na krizové
planovanie vratane tych, ktoré simuluju sprava-
nie sa obyvatel'ov a plan evakuacie, hoci v zjed-
nodusenom rezime.

Tumay et al. [13] preskumali podmnoZinu
simulatorov vyvinutych na predpovedanie,
sledovanie a minimalizaciu dopadov mimoriad-
nych udalosti v Turecku. Prezentovali aj nie-
ktoré technické podrobnosti o simulaciach, za-
kladnych modeloch simulacii a rozsahu udajov
pozadovanych zo zdrojov dialkového prie-
skumu Zeme.

Erharuyi a Fairbairn [6] skimali a zverejnili
moznosti rozvoja tykajlice sa prace s geografic-
kymi informaciami z mobilnych zariadeni na
ucely krizového riadenia, najméa krizovej odo-
zvy tykajucej sa tniku ropnej latky. Navrhli aj
opatrenia na zlepSenie manipulacie s geografic-
kymi informaciami a na podporu zachrannych
prac pri odozve na mimoriadne situacie.

Montoya [14] poukazal na skutocnost, ze
pre riadenie rizika katastrof v meste je zasadnou
pravidelnd aktualizicia stavebnych a zachran-
nych geodatabaz, a to najma v rozvojovych kra-
jinach, kde je miera urbanizacie vel'mi vysoka.
Vo svojej praci skimal pouzitie lacného a rych-
leho sposobu zhromazd’ovania tidajov pre vyvoj
inventarizacie budov, zaloZeného na kombina-
cii udajov dial’kového prieskumu Zeme, global-
nych polohovacich systémov, digitalnych videi
a geografickych informacnych systémov. Vyvi-
nuta metéda pozostavala zo série faz. V prvej
faze sa pouzival dial’kovy prieskum Zeme a GIS
na Ucely stratifikacie a planovania uloh. Druha
etapa pozostavala z pouzitia globalneho poloho-
vacieho systému a digitalneho videa na vytvo-
renie. priestorovoodkazovanych obrazkov a tre-
tia etapa zahffiala pouzitie GIS na zobrazenie
stavu ajeho analyzu. Vyvinutd metodologia
bola testovana na priklade kostarického mesta
Cartago. Identifikované boli jej vyhody a nevy-
hody.

Bhaskaran et al. [15] sa zamerali na integra-
ciu udajov ziskanych z leteckého hyper-
spektralneho skenovania a geografickych infor-
macnych systémov, za ucelom vytvorenie
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locations, population density, data about less
mobile people and the street network were over-
laid on the classified geo-referenced hyperspec-
tral image.

Andreadis, Menicori and Pietrelli [16] intro-
duced a real-time system for remote co-ordina-
tion of rescue teams. The system proposed has
been developed for the "Operational Room™ of
the Civil Defence of the Siena Province (ltaly),
working primarily in emergency situations. It
allowed the visualization and the real-time
tracking of the rescue parties acting in the field,
through an "Intelligent Board" installed in the
Operational Room. The localization was visual-
ized on Geographic Information System (GIS)
maps and it could be implemented both through
dedicated software, allowing high analysis ca-
pabilities, and through web browsers, enabling
remote visualizations. The rescue teams were
equipped with palmtop devices with networking
capabilities, to communicate with the Opera-
tional Room and to point out in real time the oc-
currence of certain calamitous events (i.e. inter-
rupted road, landslide, accident, etc.), thus al-
lowing the coordination and distribution of
these data to all the other rescue parties.

Cai et al. [17] introduced an approach to
map-mediated geo-collaborative crisis manage-
ment. They described a group interface for geo-
graphical information system, featuring multi-
modal human input, conversational dialogues,
and same-time, different place communications
among teams.

Huyck et al. [8] introduced a centralized
web-based loss estimation tool called INLET
(Internet Map Servers) for disaster response.
This was the first online real-time loss estima-
tion system available to the emergency
management and response community within
Southern California. It incorporated extensive
publicly available GIS databases and used
damage functions simplified from FEMA's
HAZUS (R) software. INLET was used to
estimate building damage, transportation im-
pacts, and casualties. The online model was
used to simulate the effects of earthquakes,
in the context of the larger RESCUE pro-
ject, to test the integration of information
technologies in evacuation routing. The simula-
tion tool provided a "testbed” environment for
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mapy zranitel'nosti voci krupobitiu, S cielom
poskytnutia podpory rozhodovania v suvislosti
s realizaciou zachrannych prac v obdobi priamo
po vyskyte krupobitia v Sydney v Australii. Vy-
tvorend bola spektralna kniznica povrchovych
materidlov z mestskych oblasti a to s pomocou
spektroradiometra s plnym rozsahom. Ziskané
snimky boli atmosféricky korigované metodou
empirickej ¢iary. Metoda mapovania spektral-
neho uhla (SAM), ktora je automatizovanou
metddou na porovnavanie spektra obrazu s la-
boratérnymi spektrami bola pouzita na vytvore-
nie mapy, ktora na tirovni mesta ukazuje distri-
biiciu stresnych materidlov s roznou odolnostou
voci krupobitiu. Technologia priestorového pre-
krytia sa vykonavala v prostredi GIS, kde bolo
na klasifikovanom georeferencovanom hyper-
spektralnom zobrazeni prekrytych niekol’ko ty-
pov kartografickych udajov, ako su Specidlne
zdroje ohrozenia, hustota obyvatel'stva, udaje o
menej mobilnych 'ud’och a siete ulic.

Andreadis, Menicori a Pietrelli [16] predsta-
vili systém pre pouzitie v redlnom ¢ase, sliiziaci
na dialkova koordinaciu zachrannych timov.
Navrhovany systém bol vyvinuty pre "Ope-
raénu miestnost™ civilnej ochrany v provincii
Siena (Taliansko), ktora pracuje predovsetkym
pocas krizovych situacii. Tento systém umoznil
vizualizaciu a sledovanie zachrannych zloziek
posobiacich v teréne v redlnom Case prostred-
nictvom "Inteligentnej Rady" nainstalovanej v
Operacnej miestnosti. Lokalizacia bola vizuali-
zovana na mapach geografického informa¢ného
systétmu (GIS) a mohla byt implementovana
ako prostrednictvom Specializovaného softvéru,
ktory umoziiuje analyzu dajov, tak aj a pro-
strednictvom webovych prehliadacov, umoziu-
jucich tvorbu vizualizacii na dial’ku. Zachranné
zlozky boli vybavené malymi mobilnymi zaria-
deniami s moZnost’ou pripojenia do siete,i s cie-
om komunikovat' s Operacnou miestnost'ou
a v realnom case poukazat’ na vyskyt urcitych
mimoriadnych udalosti (napr. prerusena cesta,
zosuvy pody, nehody atd’.). Tymto spdsobom
bola umoznené koordinécia a distribucia tychto
udajov vSetkym ostatnym zachrannym zloz-
kam.

Cai et al. [17] zaviedli pristup ku krizovému
riadeniu na baze zdiel'ania map ageospoluprace.
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researchers to model the effect that disaster
awareness and route familiarity can have on
traffic congestion and evacuation time.

Chandio et al. [18] described a GIS-based
route guiding system for optimal path planning
in-disaster/crisis management, which is based
on spatio-temporal hazard mitigation modelling
using GIS and geospatial data mining tech-
niques.

Hussain et al. [19] introduced an overview of
emerging geo-information technologies (GIT)
used for natural disaster management in Paki-
stan.

Uto et al. [20] proposed an early stage image
acquisition system for situation observation.
The mobile system was designed on the as-
sumption that the main operator of the system is
a rescue staff, who is occupied in the search and
rescue of sufferers. The system consisted of a
small-sized balloon, a balloon control system, a
data acquisition and transmission unit and the
data receiving system. A video signal acquisi-
tion unit was for the utilization in rescue side
and a still image acquisition unit was for the uti-
lization in decision-making side and GIS.

Mansourian et al. [21] addressed the role of
Spatial Data Infrastructure (SDI) as a frame-
work for the development of a web-based sys-
tem as a tool for facilitating disaster manage-
ment by resolving current problems with spatial
data. They pointed out the fact, that the design
and implementation of an SDI model and con-
sideration of SDI development factors and is-
sues, together with development of a web-based
GIS, can assist disaster management agencies to
improve the quality of their decision-making
and increase efficiency and effectiveness in all
levels of disaster management activities.

Xiao-Yun and Wang [22] proposed a video
real-time position approach based on GIS and
applied this approach to monitoring systems of
disaster prevention, forest fire prevention GIS
and the management command system of pano-
rama on seacoast for police defence army, suc-
cessfully.

Abdalla, Tao and Li [23] highlighted appli-
cation challenges for GIS interoperability for
emergency management with emphasis on crit-
ical infrastructure sectors. They provided as
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Popisali skupinové rozhranie pre geograficky
informacny systém s multimodalnym l'udskym
vstupom, konverza¢nymi rozhovormi, komuni-
kaciou medzi timami v tom istom case ale na
réznych miestach.

Huyck et al. [8] zaviedli centralizovany na-
stroj pre ucely krizovej odozvy na odhad straty
prostrednictvom webu s nazvom INLET (Inter-
net Map Servers). I$lo o prvy on-line systém na
odhad straty v realnom Case, dostupny komunite
krizovych manazérov v oblasti juznej Kalifor-
nie. Obsahoval rozsiahle verejne dostupné GIS
databazy a bol zalozeny na pouziti zjednoduse-
nej funkcie poskodenia, prevzatej zo softvéru
HAZUS (R) poskytovanom organiziciou
FEMA. INLET bol pouzity na odhad $kdd na
budovach, dopravnej infrastruktire a strat na
Pudskych zivotoch. Na simulaciu vplyvu zemet-
raseni, v kontexte vdc¢Sieho projektu RESCUE,
bol pouzity na otestovanie integracie informac-
nych technoloégii v planovani evakuac¢nych tras
online model. Simula¢ny nastroj poskytol vy-
skamnym pracovnikom prostredie "testova-
cieho priestoru" na modelovanie vplyvu, ktory
mozZe mat’ pripravenost’ na mimoriadnu udalost’
a poznanie evakuacnej trasy na vznik doprav-
nych zapch a celkovy cas evakuacie.

Chandio et al. [18] popisali systém na plano-
vanie trasy zalozeny na baze GIS za uc¢elom pla-
novania optimalnej trasy cesty ako sucast’ kri-
zového riadenia, ktory je zaloZzeny na modelo-
vani postupov veducich k zmierneniu dopadov
¢asovo-priestorovych hrozieb pomocou techno-
logii GIS a geopriestorovej hibkovej analyzy
udajov.

Hussain et al. [19] uviedli prehl'ad novych
geoinformacnych technologii (GIT) pouzi-
vanych na krizové riadenie v pripade vyskytu
zivelnych pohrom v Pakistane.

Uto et al. [20] navrhol systém v¢asného pre
ziskavanie obrazu v realnom cCase pre ucely
monitorovania vzniknutej situacie. Mobilny
systém vychadzal z predpokladu, ze hlavnym
prevadzkovatel'om systému je obsluha z radov
zachrannych zloziek, ktoré su nasadzované pri
vyhl'adavani a zachrane osob v tiesni. Systém
pozostaval z malého baléna, riadiaceho systé-
mu tohto balona, zbernej a prenosovej jednotky
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a comparative analysis of emergency manage-
ment operations in the City of Vancouver the
City of Toronto, the Kitchener Waterloo Re-
gion, and the Dufferin County, as a scenario-
based case study, which was aimed to provide
a demonstration of the utility of GIS interoper-
ability, for disaster management. They also dis-
cussed the strengths and weaknesses of leverag-
ing GIS interoperability for disaster manage-
ment.

Beni, Mostafavi and Pouliot [24] attempted
to overcome the GIS limitations to simulating
such natural phenomenon by proposing a 3D
dynamic data structure, based on 3D Delaunay
tetrahedralization, that deals with objects and
field representation of space at the same time,
and provides an on-the-fly interactive topologi-
cal mesh for numerical simulation. To analyse
the different capabilities of the proposed data
structure, its application to flood simulation
they discussed, too.

Cioca, Cioca and Buraga [25] introduced
a spatial elements decision support system used
in disaster management to be used in Romania.

Fernando, Waidyasekara and Dias [26] pro-
posed a system based on web-GIS for post-dis-
aster recovery management.

Han, Zhao and Dai [27] described an ap-
proach for shortest paths finding in fire succour
based on component GIS technology. A compo-
nent GIS technology was applied to collect and
record the data information (such as, the situa-
tion of this disaster, map and road status et al)
of the reported fire firstly. The ant colony opti-
mization was used to calculate the shortest path
of fire succour secondly. The optimization re-
sults were sent to the pumpers, which can let
pumpers choose the shortest paths intelligently
and come to fire position with least time.

Pezanowski, Tomaszewski and MacEachren
[28] introduced an open geospatial standards-
enabled Google Earth application "Google
Earth Dashboard", a web-based interface pow-
ered by open geospatial standards and designed
for supplementing and enhancing the geospatial
capabilities of GE, to support crisis manage-
ment. The GED allows users to create custom
maps through WMS layer addition to GE
and perform traditional GIS analysis functions.
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a systému prijimania tdajov. Zariadenie na
ziskanie signalu v podobe obrazu bolo urcené
na vyuzitie na strane zachrannej zlozky a jed-
notka sluziaca na ziskanie statickych snimok
bola uréena pre stranu vykonavajiucu rozhod-
nutia a tiez v GIS.

Mansourian et al. [21] sa zaoberali ulohou
infrastruktry priestorovych udajov (SDI) ako
ramca pre vyvoj webového systému a ako na-
stroja na ulahcenie procesov krizového riade-
nia, prostrednictvom rieSenia aktualnych prob-
lémov s vyuzitim priestorovych udajov. Zdo6-
raznili skuto¢nost’, ze navrh a
implementacia modelu SDI a zvazenie rozvojo-
vych faktorov a problémov SDI, spolu s vyvo-
jom webového GIS, mézu napomdcet’ agentiram
krizového riadenia zlepsit’ kvalitu ich rozhodo-
vania a zvysit’ ich efektivnost’ a ii€innost’ aktivit
na vSetkych urovniach krizového riadenia.

Xiao-Yun a Wang [22] navrhli pristup ziska-
nia video-pozicie v realnom case zalozeny na
baze GIS a uspesne uplatnili tento pristup na
monitorovacie systémy zamerané na prevenciu
vzniku mimoriadnych udalosti, v GIS uréenom
na prevenciu vzniku lesnych poziarov a velitel’-
skom riadiacom systém zachytavajucom pano-
ramu na pobreZi pre potreby vojenskej policie.

Abdalla, Tao a Li [23] poukézali na prob-
lémy s aplikdciami pre interoperabilitu GIS
Vv krizovom riadeni, s dérazom na odvetvia kri-
tickej infrastruktary. Poskytli, ako porovnava-
ciu analyzu operacii krizového riadenia v meste
Vancouver; Toronto, regione Kitchener Water-
loo a okrese Dufferin, tak aj pripadova stadiu
zaloZzenl na konkrétnom scenari, ktorej ciel'om
bolo poskytnit’ ukazku moznosti vyuzitia inte-
roperability GIS v krizovom riadeni. Tiez
diskutovali o silnych a slabych strankach vyuzi-
vania interoperability GIS v krizovom riadeni.

Beni, Mostafavi a Pouliot [24] sa pokusili
prekonat’ GIS obmedzenia simulacie prirod-
nych javov tym, ze navrhli 3D dynamicka
datovu $trukturu zalozena na 3D Delaunayove;j
tetrahedralizacii, ktora sa suCasne zaobera ob-
jektmi a reprezentdciou priestoru v teréne
a poskytuje interaktivnu topologicku siet’” pre
numerické simulacie. Na ucely analyzy r6znych
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Tahir [29] described the potential needs and
geospatial technologies available for managing
the initial disaster response phase in urban envi-
ronment efficiently.

Wang, Alidaee and Altinakar [30] proposed
a framework on developing a decision support
tool for emergency management planning. This
framework involved development of innovative
dynamic risk and uncertainty analysis methods,
and procedures making use of the visualization
tools by integrating with GIS and other infor-
mation support systems.

Furthermore, this framework involved
building a knowledge base to improve the relia-
bility and robustness of decision making.

Wang et al. [31] used the aerial photographs,
Landsat TM, CBERS and the Quick Bird data,
together with the technique of geography infor-
mation system to investigate the landslides,
rockfalls and debris flows on the Sichuan-Ti-
betan Highway in Tibet.

Weiser and Zipf [32] introduced an example
of Web Service Orchestration of OGC Web Ser-
vices application for disaster management pur-
poses. As the example, a part of an evacuation
scenario after a bomb was used. This scenario
included the need for emergency route plan-
ning. They evaluated how the actions to be per-
formed by the system supporting the rescue
workers can be mapped onto a service chain of
basic OWS. The service chain was represented
as a BPEL (Business Process Execution Lan-
guage) document and could be executed in
a web service orchestration engine, such as Or-
acle BPEL-engine.

Xuan, Chen and Zhao [33] introduced some
vivid examples of existing disaster early warn-
ing and management system and indicated their
weakness. They also put forward some sugges-
tions to improve the performance of analysed
systems for early warning and monitoring and
management of disasters.
Zou and Wang [34] discussed how to build
a disaster information platform for urban crisis
management with GIS technology support.
Combined with remote sense and knowledge
system the platform helps administrators in
daily urban disaster inspection and prevention,
disaster management and rescue operations as

moznosti navrhovanej datovej Struktary,
diskutovali tiez o jej aplikacii na simulaciu pov-
odni.
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Cioca, Cioca a Buraga [25] zaviedli systém
podpory rozhodovania o  priestorovych
prvkoch, ktory sa pouziva na krizové riadenie
v Rumunsku.

Fernando, Waidyasekara a Dias [26] navrhli
systém zalozeny na webovych GIS pre
manazment obnovy po mimoriadnej udalosti.

Han, Zhao a Dai [27] opisali pristup k hl'ada-
niu najkratSej cesty ciest pre poskytnutie po-
moci pri poziari, zalozeny na komponentoch
GIS technologie. Tento je v prvom rade
zalozeny na zbere a zaznamenavani udajov
0 poziari (ako napr. situacia tykajuca sa mimori-
adnej udalosti, stav mapy a stav ciest atd’.). Na
vypocet najkratSej cesty pre prijazd hasicskej
jednotky k poziaru bola pouzita metoda opti-
malizacie na baze spravania sa kolonii mravcov.
Vysledky optimalizacie boli odoslané do
hasicskych vozidiel ¢im bolo mozné nésledne
inteligentne vybrat’ najkratSie trasy a dosiahnut’
najkratsi cas dojazdu.

Pezanowski, Tomaszewski a MacEachren
[28] predstavili otvorent, na baze geo-
priestorovych S$tandardov zalozent, Google
Earth aplikaciu s nazvom "Google Earth Dash-
board". Ide o webové rozhranie zalozené
na otvorenych geopriestorovych Standardoch
a urené na doplnenie a rozSirenie geo-
priestorovych kapacit Google Earth (GE) o pod-
poru krizového riadenia. GED umoziiuje pouzi-
vatelom vytvarat’® vlastné mapy prostred-
nictvom vrstvy WMS pridaného do GE a vyuzi-
vat't tradicné funkcie GIS analyz.

Tahir [29] opisal potencialne potreby a geo-
priestorové technologie, ktoré su k dispozicii na
efektivne riadenie v pociato¢nej faze odozvy na
na vzniknutd krizu v mestskom prostredi.

Wang, Alidaee a Altinakar [30] navrhli
ramec na vytvorenie nastroja na podporu rozh-
odovania pri krizovom planovani. Tento ramec
zahinal vyvoj inovativnych dynamickych
metdd analyzy rizik a neistot a postupov vyuzi-
vajucich vizualizatné nastroje, integrovanim
s GIS a inymi systémami na podporu poskyto-
vania informacii. Okrem toho tento ramec
zahfial budovanie poznatkovej
well as rebuilding and reconstruction after the
disaster.

Abed, Hongxia and Hongyan [35] examined
the applicability of open source web-based GIS
for sharing and distributing of data for emer-
gency response operations. They support disas-
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ter management as a powerful tool for collect-
ing, storing, analysing, modelling, displaying
large amount of data and decision making.

Coskun, Alganci and Usta [36] introduced
the Geographic Information System (GIS) and
Remote Sensing (RS) as an important tool to de-
termine and help to solve described problems
to monitor environment for risk assessment and
management are needed to meet new challenges
including terrorist attacks.

El-Korany and El-Bahnasy [37] presented a
multi-agent-based approach, composed of a
fire-control KADS-based expert system agents,
GIS agent, and other sophisticated web-based
services, for crisis management, especially fire-
fighting and fire suppression.

Hu et al. [38] used the technique of spatial
database engine to extend the spatial-data man-
agement function of the relational database.
They established an emergency management
system database model based on geodatabase,
designed the structure of the system database,
solved the problem of the association of the spa-
tial data and the business data, and realized the
seamless integration and unified storage and
management of the spatial-data and the business
data.

Peng, Li and Xu [39] developed an urban
emergency rescue system prototype of natural
hazards and its spatial database for Badong
County, based on GIS spatial data management
and analysis and remote sensing images. The
system was constructed with a series of func-
tions which include information inquiry, rescue
searching, material delivery, person evacuation
and settlement after disasters and further hazard
information 3-D visualization through estab-
lishing 3-D feature images and building digital
3-D models.

Babitski et al. [40] proposed ontology-based
integration of Sensor Web Services in disaster
management, where the flow of information is
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bazy, sluziacej na zlepSenie spolahlivosti a ro-
bustnosti rozhodovania.

Wang et al. [31] pouzili letecké snimky,
druzicové udaje Landsat TM, CBERS a Quick
Bird, spolu s nastrojmi geografického in-
formacného systému na zistovanie zosuvov
pody, skalnych lavin a bahnotokov na Si-
chuansko-tibetskej dial'nici v Tibete.

Weiser a Zipf [32] predstavili priklad ap-
likacie Web Service Orchestration ako sucast’
aplikacie OGC Web Services na ucely kri-
zového riadenia. Ako priklad bola pouzita ¢ast’
scenara evakuacie po pouziti vybusniny. Tento
scenar zahfiial potrebu planovania nidzovych
tras. Hodnotili, ako mézu byt’ ¢innosti vykonav-
ané systémom na podporu

rozhodovania zachranarov zmapované do
servisného ret'azca zdkladnych OWS. Servisny
retazec bol predstaveny ako dokument BPEL
(Business Process Execution Language) a mo-
hol by byt spracovany v systéme riadenia
webovych sluzieb, ako napriklad Oracle BPEL.

Xuan, Chen a Zhao [33] predstavili niekol'ko
zivych  prikladov  existujuceho  systému
vCasného varovania a krizového riadenia a pou-
kazali na ich slabé miesta. Predlozili aj
niekol'’ko navrhov na zlepsenie vykonnosti ana-
lyzovanych systémov v€asného varovania,
monitorovania a krizového riadenia.

Zou a Wang [34] diskutovali o tom, ako vy-
budovat’ platformu na informovanie o katastro-
fach pre ucely krizového riadenia v mestach po-
mocou podpory GIS technologii. V kombinacii
so systémom dial’kového prieskumu Zeme a po-
znatkovou bazou platforma pomaha administra-
torom pri kazdodennej inSpekcii a prevencii
vzniku mimoriadnych udalosti v mestskom pro-
stredi, krizovom riadeni a riadeni a koordinacii
zachrannych prac, ako aj pri obnove a rekon-
Strukcii.

Abed, Hongxia a Hongyan [35] skamali po-
uzitelnost’ webového GIS s otvorenym zdrojo-
vym kédom na zdielanie a distribuciu udajov
pre operacie krizového riadenia. Potvrdili vhod-
nost geografického informac¢ného systému
(GIS) na podporu krizového riadenia ako uéin-
ného nastroja na zber, ukladanie, analyzu, mo-
delovanie, zobrazovanie velkého mnozstva
udajov a rozhodovanie.
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overwhelming and sensor data must be easily
accessible for non-experts (fire brigade offi-
cers). They proposed to support, in this context,
sensor discovery and fusion by "semantically"
annotating sensor services with terms from an
ontology. In doing so, they employd several
well-known techniques from the GIS and Se-
mantic Web worlds, e.g., for semantic mat-
chmaking and data presentation. The novel con-
tribution of their work was a carefully arranged
tool architecture, aimed at providing optimal in-
tegration support, while keeping the cost for
creating the annotations at bay.

Baharin, Shibghatullah, Othman [41] intro-
duced an application framework of integrated
routing application for emergency response
management system in Malaysia embedded
with context-aware.

Abdalla and Li [42] provided an overview of
the application of geospatial technologies for
disaster and emergency management and an in-
sight on the future directions of geospatial tech-
nologies for disaster management.

Al-Khudhairy [43] discussed the challenges
in operational crisis management and described
the role of information and geo-spatial technol-
ogies in meeting those challenges. He also dis-
cussed two main sources of data, Web and very
high resolution (VHR) earth observation sen-
sors, in terms of relevance to crisis management
and techniques for information extraction and
analysis.

Clark, Holliday and Chau [44] applied col-
laborative geospatial data to Haiti 2010 disaster
relief. The application of geographic infor-
mation (GIS) technology was a significant con-
tribution to the relief efforts due to the centrality
of location to issues of danger, resources, safety,
communications, and so on, and due to the uni-
versal understanding of information rendered
geospatially using 3-D globes. The U.S. South-
ern Command (SOUTHCOM) engaged Ther-
mopylae to build a user-friendly GIS tool to
reach a wide user base, fuse data from disparate
sources, and immerse users in relevant content.
The resulting SOUTHCOM 3D User-Defined
Operational Picture united over 2,000 users to cre-
ate, add, edit, update, and share data aggregated
through GIS tools, existing databases, mobile
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Coskun, Alganci a Usta [36] predstavili geo-
graficky informacny systém (GIS) a dialkovy
prieskum Zeme (DPZ) ako délezity nastroj na
uréenie a pomoc pri rieSeni problémov s moni-
torovanim prostredia pre ucely posudzovania a
riadenia rizik, zahffiajac aj teroristické utoky.

El-Korany a El-Bahnasy [37] predstavili pri-

stup zalozeny na viacerych agentoch, ktory po-
zostava z agentov poziarnej kontroly KADS ex-
pertného systému, agenta GIS a d’alSich sofisti-
kovanych webovych sluzieb sluziacich ako
podpora pre krizové riadenie a zdolavanie po-
Ziaru.
Hu et al. [38] pouzili techniku priestorovych da-
tabazovych systémov na rozsirenie funkcie ria-
denia priestorovych udajov relac¢nej databazy.
Vytvorili databazovy model systémov krizo-
vého riadenia, zaloZeny na geodatabaze, navrhli
Struktiru systémovej databazy, vyriesili prob-
1ém spojenia priestorovych tdajov a firemnych
udajov a realizovali bezproblémov1 integraciu
a jednotné ukladanie a spravu priestorovych
udajov a firemnych udajov.

Peng, Li a Xu [39] vytvorili prototyp sys-
tému mestskej zachrannej sluzby obsahujiceho
hrozby zivelnych pohrém a priestorova data-
bazu pre provinciu Badong. Tento je zalozeny
na sprave a analyze priestorovych udajov GIS
a udajov dialkového prieskumu Zeme. Systém
bol skons$truovany so sériou funkcii, medzi
ktoré patri vyhladavanie informacii, vyhl'ada-
vanie pre tUcely riadenia zachrannych prac, do-
davok materialu, evakuacie osob a obydli po ka-
tastrofach a d’alsie informacie o hrozbe, 3D vi-
zualizacie prostrednictvom vytvorenia 3D obra-
zov prvkov a budovania digitalnych 3-D mode-
lov.

Babitski et al. [40] navrhli integraciu sluzieb
Sensor Web Services na baze ontologie v ob-
lasti krizového riadenia, kde prevlada tok infor-
macii a udaje senzorov musia byt I'ahko pri-
stupné pre ne-odbornikov (dostojnikov hasic-
skych zborov). V tomto kontexte navrhli
podporit’ vyhl'adavanie a fziu senzorov pomo-
cou "sémantickej" anotacie sluzieb senzo-
rov s pojmami z ontolégie. Tymto sposobom
vyuzivali niekol’ko znamych technik z ob-
lasti GIS a sémantického webu, napr. pre
séma-ntické usporiadanie a prezentaciu udajov.
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applications and other resources, geospatially.
The UDOP was built on the enterprise geospa-
tial framework, iSpatial (TM), which interacts
with the Google Earth Plug-in (TM) browser
application programming interface and pro-
vided SOUTHCOM's Joint Intelligence and Op-
erations Center with interactive applications
and an open platform for the integration of dy-
namic data for timely and publicly-accessible
solutions.

Cosic et al. [45] proposed a method, imple-
menting combined mathematical and 3D GIS
tools, that was applied for the Danube River,
Petrovaradin (the city of Novi Sad) area, for
which data were available. The relationship be-
tween the risk parameters was calculated and
graphically presented. They stated that the
methods like this one should contribute to a
shiftfrom a passive disaster-related defense to a
proactive disaster risk management, as well as
from emergency management only, to disaster
prevention, preparedness and mitigation activi-
ties, in Serbia and the Western Balkan Region.

Hazarika et al. [46] presented a capacity
building project targeting most prevalent disas-
ters in the south and south-east Asian countries
by selecting relevant agencies, providing need-
based technical support, imparting training for
handling satellite data, conducting field verifi-
cations and guiding them to achieve tangible re-
sults. Several projects have been taken up in ar-
eas like flood, landslide, drought, earthquake,
forest fire, tsunami, volcano monitoring etc. in
14 countries of the region involving national
mapping agencies as well as disaster related or
development agencies.

Wang and Yuan [47] introduced a high-mo-
bility emergency system to demonstrate a good
solution of the Sensor Web for multi-purpose
disaster management.

Feng and Wang [48] in their study examined
the current application of geospatial infor-
mation technologies and highlighted the chal-
lenges of and constraints on GIScience research
for emergency management that are parti-
cularly pertinent to Southeast Asia. Based on
the generic GIScience research priorities
noted by the University Consortium for
Geographic Information Science, four topics
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Novym prinosom ich prace bola starostlivo
usporiadand architektira nastrojov zamerana na
poskytovanie optimalnej integracnej podpory
pri zachovani nadkladov na vytvorenie anoticii
Vv Case tiesne.

Baharin, Shibghatullah, Othman [41] za-
viedli aplika¢ny ramec integrovanej navigacnej
aplikacie pre kontextovo zalozeny systém riade-
nia krizovej odozvy v Malajzii.

Abdalla a Li [42] poskytli prehlad o aplika-
cii geopriestorovych technologii pre krizové
riadenie a prehl'ad o buducich smeroch aplika-
cie geopriestorovych technoloégii v krizovom
riadeni.

Al-Khudhairy [43] diskutoval o vyzvach v
opera¢nom krizovom riadeni a opisuje tlohu in-
formacénych a geo-priestorovych technologii pri
rieSeni tychto problémov. Tiez diskutoval o
dvoch hlavnych zdrojoch udajov, udajov z we-
bovych zdrojov a zo senzorov dial’kového prie-
skumu Zeme s velmi vysokym rozliSenim
(VHR), ato vzhl'adom na ich relevantnost’ na-
sadenia v krizovom riadeni a tiez technik pouzi-
vanych na ziskavanie a analyzu informacii.

Clark, Holliday a Chau [44] pouzili geopoli-
tické idaje na ucely riadenia zachrannych prac
na Haiti v roku 2010. Aplikacia technologie
geografickych informacii (GIS) bola vyznam-
nym prispevkom k tusiliu poskytnat’ pomoc v
tiesni ato najma z dovodu ststredenia pozor-
nosti na problematiku nebezpecenstva, zdrojov,
bezpecnosti, komunikacii atd’. ,ako aj kvoli uni-
verzalnemu pochopeniu informacii poskytova-
nych geograficky pomocou 3-D zobrazenia
Zeme. Spolo¢nost’ U.S. Southern Command
(SOUTHCOM) sa spojila so spolo¢nost'ou
Thermopylae, aby vytvorili uzivatel'sky prive-
tivy GIS nastroj. Za ucelom vytvorenia Siroke;j
uzivatel'skej zakladne, spojili udaje z roznych
zdrojov a vnorili uzivatel'ov do relevantného
obsahu. Vysledny uzivatel'om definovany ope-
ra¢ny obraz (UDOP) SOUTHCOM 3D spojil
viac ako 2 000 pouzivatel'ov a vytvoril, pridal,
upravil, aktualizoval a zdielal udaje agrego-
vané prostrednictvom nastrojov GIS, udaje
z existyjucich databdz, mobilnych apli-
kacii a inych zdrojov, geograficky. UDOP bol
postaveny na podnikovom geopriestorovom
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most relevant to Southeast Asia were examined
and discussed, including issues relating to use
of spatial data, advancement and adoption of
technology, dynamic representation of geo-
graphic processes, and public participation in
emergency management.

Chen, Pena-Mora and Ouyang [5] presented
a collaborative GIS based framework that facil-
itates equipment allocation in response to disas-
ters. The framework was composed of three
subsystems to facilitate information gathering
and decision making for equipment distribution.
First, an application that runs on mobile devices
for on-field resource request was developed.
Second, a resource repository was implemented
with a geospatial database that enables spatial
query of resources with a graphical interface. In
addition, a GIS which enables automated deci-
sion making such as resource matching and
route finding for resource distribution was pre-
sented. Integration of decision models into the
framework to support complex decision making
for equipment distribution was also proposed.
With the framework in place, disaster response
operations could become more efficient. Simu-
lated test cases have been carried out for Cham-
paign. IL the City of Chicago and the New York
City.

Islam and Chik [49] described a case study
of a disaster in Bangladesh and the role of an
information management system for disaster
management planning. They used a methodo-
logy that considers perceptions or constructions
including the role of information systems to be
dependent on the social and cultural structures,
which is helpful in reducing destruction in di-
saster-prone areas. Advances in information
technology in the form of the internet, geo-
graphic information systems (GIS), remote sen-
sing, satellite communication, etc. Were found
to be beneficial in many aspects of the planning
and implementation of hazard reduction arran-
gements.

Wu, Su and Chu [50] constructed a location-
based service network for mobile emergency
management according to the application requ-
irements and specific features of border public
safety and emergency responding. The network
realized mobile emergency monitoring and
commanding based on the Beidou terminal,
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ramci iSpatial (TM), ktory interaguje s progra-
movym rozhranim aplikdcie prehliadaca
Google Earth Plug-in (TM) a poskytuje spolo¢-
nému informa¢nému a operaénému centru spo-
lo¢nosti SOUTHCOM interaktivne aplikacie
a otvorenou platformou pre integraciu dynamic-
kych udajov za ti¢elom tvorby aktualnych a ve-
rejne pristupnych rieSeni.

Cosic et al. [45] navrhli metdédu na imple-
mentaciu kombinovanych matematickych a 3D
GIS nastrojov, ktoré pouzili pre izemie povodia
rieky Dunaj, konkrétne Petrovaradinu (mesto
Novi Sad), pre ktoré mali k dispozicii udaje.
Vypocitali a graficky prezentovali vztah medzi
rizikovymi parametrami. Uviedli, ze takéto me-
tody by mali prispiet’ k posunu od pasivnej ob-
rany voci mimoriadnou udalostou k proaktiv-
nemu riadeniu rizik vzniku mimoriadnych uda-
losti, ako aj k posunu z vylu¢ne krizového ria-
denia k prevencii, pripravenosti a zmierneniu
nasledkov mimoriadnych udalosti v Srbsku
a vV regione zapadného Balkanu.

Hazarika et al. [46] predstavili projekt budo-
vania kapacit zamerany na najrozsirenejsSie ka-
tastrofy v krajinach juznej a juhovychodnej
Azie, a to vyberom prislusnych agentir, posky-
tovanim technickej podpory v zmysle definova-
nych potrieb, poskytovanim $koleni na spraco-
vanie druZicovych zaznamov, vykonavanim
overovania v teréne a usmernovanim za ucelom
dosiahnutia hmatatel'nych vysledkov. Proble-
matikami ako st povodne, zosuvy pody, sucho,
zemetrasenie, lesné poziare, cunami, sledovanie
sopiek atd’. sa v 14 krajinach skimaného re-
gionu zaoberalo niekol’ko projektov, do ktorych
boli zapojené narodné mapovacie agentury, ako
aj agentlry krizového riadenia alebo rozvojové
agentury.

Wang a Yuan [47] zaviedli krizovy systém
s vysokou mobilitou na preukazanie vhodnosti
aplikacie rieSenia Sensor Web pre viacucelové
krizové riadenie.

Feng a Wang [48] vo svojej Studii skamali
sucasnu aplikaciu geopriestorovych informac-
nych technologii a vyzdvihli problémy a ob-
medzenia vyskumu GIScience pre oblast’ krizo-
vého riadenia, ktoré su relevantné osobitne
pre oblast juhovychodnej Azie. Na zaklade
vseobecnych vyskumnych priorit GIScience,
ktoré uviedlo univerzitné konzorcium pre geo-
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GPS terminal, intelligent PDA, Beidou satellite
communication networks, and China GSM ne-
twork. Beidou vehicle-type receiver is used as
the access module in the service center (instead
of Beidou command-type receiver) to receive
other Beidou terminals' location and informa-
tion, in order to reduce the Beidou networking
applications cost. The location and information
fusing and exchanging technology between Bei-
dou terminal and GPS terminal was developed
and the networking method was studied to rea-
lize the functions such as task forcing, informa-
tion exchanging, neighborhood location ex-
changing, command dispatching, etc. So the
personnel, vehicles, and materials can be moni-
tored in none ground mobile communication
signal coverage areas. In the emergency loca-
tion-based service network, PDA terminals can
communicate with Beidou terminals, and can
monitor and command other GPS and Beidou
terminals based on mobile GIS. The network
provides the viable solution for emergency ma-
nagement, which in face of the problems of
location sharing, team coopeiation, and mobile
commanding in the accident and disaster site.

Zhang, Geng, Cheng [51] pointed out the
significant demand for natural disaster emer-
gency of Chinese nation and the need to develop
the synthesis research of monitoring based on
satellite navigation positioning, embedded GIS
and sense technology, which will develop navi-
gation mobile terminal oriented on national
four-stage disaster emergency reduction plat-
form to realize the seamless connection and ap-
plication model of national disaster emergency
response, the rescue command system, and di-
saster business evaluation system in order to
offer the technique support for the enhancement
of national overall reduction ability and built
national four-stage disaster emergency response
and rescue command system.

Neuvel, Scholten and van den Brink [52] de-
veloped a concept focusing the network-centric
organisation of spatial decision support for
risk and emergency management. The concept
was made operational through the develop-
ment of an information system and the ex-
change of geographical information within the
system was facilitated by the use of peer-to-
-peer networking in combination with a client
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informatiku, boli preskimané a diskutované
Styri témy, ktoré su najrelevantnejsie pre juho-
vychodnii Aziu, vratane otazok tykajucich sa
vyuzivania priestorovych udajov, pokroku
a prijimania technologii, dynamického zobrazo-
vania geografickych procesov a ucasti verej-
nosti n a krizovom riadeni.

Chen, Pena-Mora a Ouyang [5] predstavili
spolo¢ny GIS ramec, ktory ul’ahéuje pridel'ova-
nie zdrojov v odozve na mimoriadnu udalost’.
Tento ramec pozostaval z troch podsystémov,
ktoré ulahCuji zhromazdovanie informaécii
a rozhodovanie o distribucii zdrojov. Ako prva
bola vyvinuta aplikacia, ktora sa spist'a na mo-
bilnych zariadeniach na ucely vyziadania zdro-
jov v teréne. Ako druhé bolo implementované
ulozisko zdrojov s geopriestorovou databdzou,
ktora umoziuje priestorové vyhl'adavanie zdro-
jov pomocou grafického rozhrania. Okrem toho
bol predstaveny GIS, ktory umoziuje automati-
zované rozhodovanie pri porovnavani zdrojov
a hladani trasy pre distribuciu zdrojov. Navrh-
nuta bola tiez integracia rozhodovacich mode-
lov do ramca na podporu komplexného rozho-
dovania o distribucii zdrojov. So zavedenym
ramcom by sa operacie 0dozvy na mimoriadnu
udalost’ mohli stat’ i¢innej§imi. Simulované tes-
tovacie pripady boli vykonané pre spolocnost’
Champaign IL, mesto Chicago a mesto New
York.

Islam a Chik [49] popisali pripadovu $tadiu
mimoriadnej udalosti v Bangladési a ulohu sys-
tému riadenia informacii pre krizové planova-
nie. Pouzili metodolédgiu, ktora berie do uvahy
vnimanie a architektiru, vratane ulohy infor-
macnych systémov, tak aby boli zavislé na spo-
loc¢enskych a kulturnych Struktarach, ¢o pova-
Zuju za uzitoéné pri znizovani $kod v oblastiach
nachylnych na vyskyt mimoriadnych udalosti.
Pokrok v oblasti informaénych technologii vo
forme internetu, geografickych informaénych
systémov (GIS), dial’kového prieskumu Zeme,
satelitnej komunikacie atd’., poukazal na ich pri-
nos v mnohych aspektoch planovania a imple-
mentacie opatreni na zniZenie nebezpecenstva.

Wu, Su a Chu [50] vytvorili na poohovo lo-
kalizovanu servisnu siet’ pre ucely mobilného
krizového riadenia podl'a poziadaviek aplikacie
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server network. On the application level, the in-
formation was presented in both map and text
forms to support the exchange of information
between actors. This way of organising geo-
graphical information and technology leads to
improved information and communication, bet-
ter situational awareness and faster decision ma-
king.

Cao, Luo and Wang [53] designed a provin-
cial disaster relief and emergency command
GIS platform, and built integration geographic
information online service system based on
multi-node. This design of GIS emergency
command system achieved vertical and hori-
zontal connectivity and effective integration of
geographic information resources for city, pro-
vincial, and state. It offered online geographic
information services for the government's mac-
roeconomic policy, emergency management,
and social welfare services, and enhances geo-
graphic information and public service capacity
and level under conditions of informatization.

Erden [54] proposed to improve disaster and
emergency management activities using the ge-
ospatial tools with special reference to Turkey.
He considered that GIS and spatial decision
support systems (SDSS) can be powerful tools
for analysis because each phase in the disaster
and emergency management cycle is geograph-
ically and spatially related to one another.

Grecea, Musat and Vilceanu [55] described
GIS role as an efficient management tool for
a huge amount of spatial urban relevant data
thus contributing to the optimization of the acti-
vity carried on by the local administrations. Ac-
curate cartographic feature extraction, map
updating, digital city models and 3D city mo-
dels in urban areas they consider to be essential
for many applications, such as mapping of buil-
dings and their heights, simulation of new buil-
dings, military operations, disaster manage-
ment, updating and keeping cadastral databases
current, and also for virtual reality.

Karnatak et al. [56] focused on spatial
mashup solution for disaster management using
open source GIS, mobile applications, web ser-
vices in web 2.0, Geo-RDBMS and XML
which are in the central of intelligent geo web

Delta 2018, 12(1):44-81.

58

a Specifickych vlastnosti verejnej bezpecnosti
a odozvy na krizové situacie. Tato siet’ pre uze-
mie Ciny poskytuje mobilné krizové monitoro-
vanie a riadenie na baze terminalu Beidou, ter-
minalu GPS, inteligentného PDA, satelitnych
komunikaénych sieti Beidou a siete GSM. Priji-
mac typu Beidou sa pouziva ako pristupovy mo-
dul v servisnom stredisku (namiesto Beidou pri-
jimaca prikazového typu) na prijimanie infor-
macii o polohe terminalov Beidou, za t¢elom
znizenia nakladov na sietové aplikacie spoloc-
nosti Beidou. Vyvinuta bola technologia fuzie
a vymeny informacii o polohe a vymene infor-
macii medzi termindlom Beidou a terminalom
GPS a skimana bola i metéda vytvarania sieti
na realizaciu funkcii ako je pridel'ovanie tloh,
vymena informacii, vymena informacii o po-
lohe, dispecing prikazov atd’. Tymto sposobom
je personal a material mozné monitorovat’ aj
v podmienkach prostredia bez pokrytia mobil-
nymi komunikaé¢nymi signalmi. V krizovej po-
lohovo lokalizovanej servisnej sieti moézu termi-
naly PDA komunikovat’ s terminalmi spoloc-
nosti Beidou a mézu monitorovat’ a ovladat’ iné
termindly GPS a Beidou na baze mobilného
GIS. Siet’ poskytuje Zivotaschopné rieSenie pre
krizové riadenie, ktoré ¢eli problémom zdiel’a-
nia polohy, timovej spoluprace a mobilného ve-
lenia na mieste nehody a mimoriadnej udalosti.

Zhang, Geng, Cheng [51] poukazali na
zna¢ny dopyt po vybudovani systému krizo-
vého riadenia pre pripad Zivelnych pohrom
v pripade ¢inskeho naroda a na potrebu rozvi-
nat’ syntézu vyskumu monitorovania tzemia
zalozeného na satelitnej polohovej lokalizacii,
integracii GIS a senzorovych technologii, kto-
rého vysledkom by bol vyvoj naviga¢ny mo-
bilny terminal orientovany na narodnu Stvor-
stupiiovu platformu na znizovania dopadov mi-
moriadnych udalosti s cielom realizovat’ bez-
problémové prepojenie a aplikacny model na-
rodnej krizovej odozvy na mimoriadne udalosti,
systém velenia pri zdchrannych pracach, podni-
kovy systém hodnotenia kriz, s cielom ponuk-
nut’ technickt podporu sltiziacu na zvySenie cel-
kovych moZnosti ndroda na zniZzovanie dopadov
mimoriadnych udalosti a budovanie narodnych
Stvorstupiiovych systémov krizovej odozvy na
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services. The geo-web application was develo-
ped to generate the actionable GIS products at
user end during disaster event by consuming va-
rious data and information services from web
and central server system and also real time
ground observation data collected through
a mobile device. The technological solution de-
veloped in this study was successfully demon-
strated for disaster management in the Assam
State of India during the floods in 2010.

Vescoukis, Doulamis and Karagiorgou [57]
introduced a service-oriented architecture for
decision support systems in environmental cri-
sis management.

Wei et al. [58] proposed the basic structure
of the decision-making and management system
for the planning of urban hazard prevention
based on ArcGIS. In comparison between two
different ArcGIS secondary development stra-
tegies, a similar software inclusive framework-
based software structure of the decision-making
and management system for the planning of ur-
ban hazard prevention has been proposed,
where software interfaces and their realizations
for the C++ classes and the main functions were
developed and introduced.

The aim of the work of Xiong et al. [59] was
to enhance the emergency response capacity of
the traffic guidance system in disaster environ-
ment, discuss the framework of the traffic gui-
dance system and the key technology of update
electronic map, real time add disaster informa-
tion, establish road impedance function, analy-
sis optimal induction path. Based on the theore-
tical research, design and to develop the traffic
guidance system for disaster emergency rescue
using C# and ArcObject. The research results
had important theoretical and practical signi-
ficance in enhancing the ability of disaster
rescue and administrative management to reply
unexpected major disaster events.

Balbo et al. [60] published a case study sce-
nario of setting up a Web platform based
on GeoNode. It is a public platform called
MASDAP and promoted by the Government
of Malawi in order to support development of
the country and build resilience against natu-
ral disasters. A substantial amount of geospatial
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mimoriadne udalosti a systému velenia pri za-
chrannych pracach.

Neuvel, Scholten a van den Brink [52] vy-
tvorili koncepciu zameranu na organizaciu pod-
pory priestorového rozhodovania v manaz-
mente rizik a mimoriadnych udalosti. T4to kon-
cepcia bola implementovana prostrednictvom
vyvoja informac¢ného systému a vymena geo-
grafickych informacii v ramci systému bola
ulahéena pouzitim siete peer-to-peer v kombi-
nacii s klientskou serverovou siet’ou. Na trovni
aplikacie, za i¢elom podpory vymeny informa-
cii medzi aktérmi, boli informdacie prezentované
v mapovych aj textovych formach. Tento spo-
sob organizovania geografickych informacii
a technologii vedie k lepsej informovanosti
a komunikacii, lepSiemu poznaniu situacie
a rychlej§iemu rozhodovaniu.

Cao, Luo a Wang [53] navrhli provin¢nt1 pri-
kazovu GIS platformu na pomoc pri odstrano-
vani nasledkov mimoriadnej udalosti a vybudo-
vali integraciu geografickej informacie a sys-
tému online sluzieb, zaloZzeného na viacerych
uzloch. Tato koncepcia GIS prikazového sys-
tému ma vertikalnu a horizontalnu konektivitu
a poskytuje efektivnu integraciu geografickych
informac¢nych zdrojov pre Groven mesta, pro-
vincie a $tatu. Poskytuje on-line geografické in-
formacné sluzby pre vladnu makroekonomicku
politiku, krizové riadenie a sluzby socialneho
zabezpeCenia a zlepSuje geografické informacie
a kapacity a uroven verejnych sluzieb v pod-
mienkach informatizacie.

Erden [54] navrhol zlepsit’ ¢innosti v oblasti
krizového riadenia s vyuZzitim geopriestorovych
nastrojov, s osobitnym dbérazom na Turecko.
Domnieva sa, ze GIS a systémy pre podporu
priestorového rozhodovania (SDSS) mézu byt
silnymi ndstrojmi na analyzu, pretoze kazda
faza cyklu krizového riadenia je geograficky
a priestorovo navzajom prepojena.

Grecea, Musat a Vilceanu [55] popisali
ulohu GIS ako u¢inného nastroja riadenia ob-
rovského mnozstva udajov tykajucich sa pries-
torovych aspektov mestského prostredia, ¢im
prispeli k optimalizacii ¢innosti miestnej
spravy. Presny vyber kartografickych funkecit,
aktualizdcia map, digitdlne modely mesta
a 3D modely mesta v zastavanych oblastiach sa
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contributed to get a good management of risks
and their consequences.

Kawasaki, Berman and Guan [64] examined
changes in disaster response and relief efforts
and recent web-based geospatial technological
developments through an evaluation of the ex-
periences of the Center for Geographic Analy-
sis, Harvard University, of the Sichuan (2008)
and Haiti (2010) earthquake responses. They
outlined how conventional GIS disaster respon-
ses by governmental agencies and relief res-
ponse organisations and the means for geospa-
tial data-sharing have been transformed into
a more dynamic, more transparent, and decen-
tralised form with a wide participation. It began
by reviewing briefly at historical changes in the
employment of geospatial technologies in major
devastating disasters, including the Sichuan and
Haiti earthquakes (case studies for our geospa-
tial portal project). Then, it went on to assess
changes in the available dataset type and in ge-
ospatial disaster responders, as well data has
been collected about hydrogeological risk, as
well as several other-disasters related informa-
tion. Moreover this platform helps to ensure that
the data created by a number of past or ongoing
projects is maintained and that this information
remains accessible and useful. An Integrated
Flood Risk Management Plan for a river basin
has already been included in the platform and
other data from future disaster risk management
projects were added as well.

Breen and Parrish [61] introduced the results
of a multidisciplinary team participating in a re-
search focusing the identification of differing
aspects of GIS in disaster situations. Research
findings were provided along with future impli-
cations and recommendations for understanding
organizational cultures; a necessary step for
increasing the effectiveness of first response
agencies during the numerous phases of emer-
gency operations.

Dahlan, Dahan and Saman [62] published the
literature findings on success factors that ensure
the quality of government information sharing
(GIS) in supporting effectively DM. Accordingly,
the identified factors were classified into major
categories, namely political leadership support,
inter-agency collaboration, individual agency
capacity including ICT, and agency benefits.
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povazuju za nevyhnutné pre mnohé aplikacie,
ako je napr. mapovanie budov a ich vysky, si-
mulacia novych budov, vojenské operacie, kri-
zové riadenie, aktualizacia a udrziavanie katas-
tralnych databaz, ale aj pre tvorbu virtualnej re-
ality.

Karnatak, Shukla, Sharma et al. [56] sa sus-
tredili na rieSenie priestorového rieSenia
mashupu pre krizové riadenie, a to pomocou
open source GIS, mobilnych aplikacii, webo-
vych sluzieb vo web 2.0, Geo-RDBMS a XML,
ktoré su v centre pozornosti inteligentnych geo
webovych sluzieb. Geo-webova aplikacia bola
vyvinutd na generovanie funkénych produktov
GIS pre koncovych uzivatel'ov po¢as mimoriad-
nej udalosti, a to tak Ze pouziva rozne udajové
a informacné sluzby z webového a centralneho
serverového systému a tiez udaje z terestrial-
nych pozorovani v redlnom case, ziskané pro-
strednictvom mobilného zariadenia. Technolo-
gické rieSenie bolo uspesne demonstrované na
priklade krizového riadenia v indickom State
Assam pocas povodni v roku 2010.

Vescoukis, Doulamis a Karagiorgou [57] za-
viedli architektiru orientovanu na sluzby pre
systémy na podporu rozhodovania v oblasti ria-
denia environmentalnych kriz.

Wei et al. [58] navrhli zakladnu $truktiru
rozhodovacieho a riadiaceho systému baze Ar-
CGIS pre planovanie preventivnych opatreni za
ucelom predchadzania vyskytu mimoriadnych
udalosti v mestskom prostredi na. V porovnani
s dvoma réznymi stratégiami sekundarneho roz-
voja ArcGIS bola navrhnutd podobna softvé-
rova Struktira ramcovo zaloZzena na systéme
rozhodovania a riadenia planovania prevencie
vyskytu mimoriadnych udalosti v mestach, kde
boli vytvorené softvérové rozhrania a ich reali-
zacie pre triedy C ++ a boli vyvinuté a zavedené
aj ich hlavné funkcie.

Ciel'om prace Xiong et al. [59] bolo zlepsit
kapacitu odozvy na krizové  situacie
v systéme riadenia dopravy Vv podmienkach
krizy, prediskutovat’ ramec systému doprav-
ného riadenia a klicova technologiu aktua-
lizacie elektronickej mapy, v redlnom case
pridavat’ informacie o katastrofe, vytvorit
funkciu cestnej impedancie, analyzu optimalnej
trasy cesty. Na zaklade teoretické¢ho vyskumu
navrhnat' a vyvinat’ systém riadenia dopravy
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Hamani and Boudjema [63] introduced a ge-
neric model helps to transit from crisis manage-
ment to natural disasters risk management and
stabilize sustainable development in Algeria.
The model helps to stabilize a base for sustain-
able development, by stimulating resilience and
response capacity of the community to the risks.
It is an informational and organizational tool
based on the characterization of risks, consider-
ing the hazard and vulnerability. Therefore,
a qualitative and quantitative analysis is re-
quired to identify and assess the risks to develop
appropriate response plans. The proposed
model integrated two systems; Geographic In-
formation System (GIS) and the DataBase Man-
agement System (DBMS). This one provided
the public with a real and concrete transmission
of information. In addition, it ensured the opti-
mal management of resources, by an intensive
and efficient insertion of society in different
plans. Finally, this model as the impact of ge-
ospatial technological changes on disaster relief
effort. Finally, they discussed lessons learned
from recent responses and offers some thoughts
for future development.

Negula et al. [65] described the potential of
downstream copernicus service application for
emergency management in Romania. The satel-
lite imagery has a major contribution to all the
phases of the emergency management process.
Space-based information in support of disaster
monitoring can be obtained through the Interna-
tional Charter on Space and Major Disasters,
Copernicus (The European Earth Observation
Programme) Emergency Management Service
(EMS) and the United Nations Platform for
Space-based Information for Disaster Manage-
ment and Emergency Response (UN-SPIDER).
All these services offer unified systems of space
data acquisition and delivery to the countries af-
fected by natural or man-made disasters, with
a worldwide coverage. In this context, a down-
stream Copernicus service was built in Roma-
nia, acting like a geoinformation platform for
local disaster and risk management, to provide
value-added products that cover all the phases
of a disaster.

Teeuw et al. [66] examined the disaster
management applications of geographical
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pre zachranné zlozky pomocou C # a ArcOb-
ject. Vysledky vyskumu mali dolezity teore-
ticky a prakticky vyznam pri zvySovani moz-
nosti vCasné¢ho poskytnutia pomoci osobam
v tiesni a administrativneho riadenia odozvy na
neocakavané vel'ké katastrofy.

Balbo et al. [60] uverejnili scenar pripadove;j
Stadie zameranej na vytvorenie webovej plat-
formy zalozenej na GeoNode. Je to verejna plat-
forma s nazvom MASDAP a podporovana
vladou Malawi s cielom podporit’ rozvoj kraj-
iny a vybudovat’ odolnost’ vo¢i prirodnym ka-
tastrofam. Zaznamenané bolo zna¢né mnozstvo
geopriestorovych udajov 0 hydrogeologickom
riziku, ako aj niekol’ko informacii tykajucich sa
inych druhov mimoriadnych udalosti. Okrem
toho tato platforma pomaha zabezpecit za-
chovanie tdajov vytvorenych v ramci predcha-
dzajucich alebo stucasnych projektov a tieto in-
formécie zostavaju d’alej pristupné. Do tejto
platformy uz bol zahrnuty Integrovany plan
riadenia rizik povodni pre povodie rieky
a prodané boli aj d’alSie tidaje z pripravovanych
projektov zameranych na manazment rizik mi-
moriadnych udalosti.

Breen a Parrish [61] predstavili vysledky
multidisciplinarneho timu, ktory sa bol zapo-
jeny do vyskumu zameraného na identifikaciu
roznych aspektov GIS v krizovych situdciach.
Autori poskytli vysledky vyskumu, tieto boli
doplnené o ocakavané dosledky a odporucania
tykajuce sa pochopenia organiza¢nych kultur.
Ide zaroveii o nevyhnutny krok k zvyseniu ucin-
nosti agentur prvej odozvy vo viacerych fazach
krizového riadenia.

Dahlan, Dahan a Saman [62] publikovali zis-
tenia zo Stadia dostupnych zdrojov literatury
o faktoroch tspechu, ktoré zabezpecuju kvalitu
zdiel’ania vladnych informacii na na ucely efek-
tivnu podpory krizového riadenia. Identifiko-
vané faktory boli zaradené do hlavnych katego-
rii, konkrétne podpora politického vedenia, spo-
lupraca medzi agentGrami, kapacity jednotli-
vych agentur vratane IKT a prinosy agentiry.

Hamani a Boudjema [63] zaviedli v§eobecny
model, ktory pomaha pri prechode z krizového
riadenia na riadenie rizik Zivelnych poh-
rom a stabilizacii trvalo udrzatel'ného rozvoja
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information systems and remote sensing, rela-
tive to the disaster cycle, in pre- disaster, crisis
and post-disaster contexts. They focused on the
uses and limitations of free or low-cost data and
software.

Tsai and Yau [67] proposed an approach for
dealing with three problems associated with
emergency situations, i.e., inadequate escape
guidelines for people, incomplete geographical
information for relief workers, and insufficient
on-site information for disaster managers. They
tested the approach in a simulated scenario,
when serious debris flows occurred. The test
results showed that the people rapidly finished
self-evacuation, the relief workers effectively
completed their on-site relief work, and the dis-
aster managers successfully managed the on-
site activities regarding the people and relief
workers. Overall, the recommended approach
improved information access for emergency re-
sponse and provided a useful reference for sim-
ilar applications in disaster management.

Atila, Karas and Rahman [68] designed a
Knowledge Based Decision Support System
and 3D navigation system for Indoor Visualisa-
tion and Routing Simulation. To implement the
3D visualization and navigation techniques and
solutions for indoor spaces within 3D-GIS, they
proposed a GIS implementation that can carry
out 3D visualization of a building model stored
in the CityGML format and perform analysis on
a network model stored in Oracle Spatial. The
proposed GUI also provided routing simulation
on the calculated shortest paths with voice
commands and visual instructions.

Brachman and Dragicevic [69] designed and
implemented the Network Science Emergency
Evacuation Model (NetSEEM), using spatially
explicit network science principles. The devel-
oped NetSEEM model was applied to four evac-
uation scenarios in the City of Burnaby, BC,
Canada. The results showed expected conges-
tion patterns at the major transportation inter-
sections and highlight NetSEEM as an explora-
tory management tool to anticipate and mitigate
traffic congestion during context-dependent
emergency evacuations.

Gaikwad, Wanjari and Kale [70] decribed
the challenges of integration of Web Servi-
ces with Geospatial Data Mining for disaster

Delta 2018, 12(1):44-81.

62

v Alzirsku. Tento model pomaha stabilizovat’
zéklad pre trvalo udrzatel'ny rozvoj tym, ze sti-
muluje odolnost’ a schopnost’ komunity reago-
vat’ na rizika. Ide o informacny a organizacny
nastroj zalozeny na charakterizacii rizik s ohla-
dom na hrozbu a zranitel'nost’. Preto je potrebna
pri vypracovani vhodnych planov odozvy kva-
litativna a kvantitativna analyza za i¢elom iden-
tifikacie a hodnotenia rizik. Navrhovany model
integroval dva systémy; Geograficky in-
formacny systém (GIS) a systém riadenia data-
bazy (DBMS). Toto poskytlo verejnosti sku-
tocny a konkrétny prenos informacii. Okrem
toho zabezpecila optimalne riadenie zdrojov,
intenzivnym a efektivnym vkladanim spolo-
¢nosti do rdznych planov. Nakoniec tento
model prispel k efektivnemu manazmentu rizik
a ich nasledkov.

Kawasaki, Berman a Guan [64] skamali zmeny
v odozve na mimoriadne udalosti a Usilie o po-
moc a nedavny webovy geopriestorovy techno-
logicky rozvoj prostrednictvom hodnotenia
skusenosti Centra pre geograficka analyzu Har-
vardskej univerzity s rieSenim krizovej odozvy
Vv pripade zemetrasenia v Sichuane (2008) a Ha-
iti (2010). Poukazuji na to, ako GIS krizové
odozvy na katastrofy v zo strany vladnych agen-
tar a organizacii napomocnych pri rieSeni prob-
lémov a prostriedky na zdiel'anie geopriestoro-
vych udajov boli transformované do dynamic-
kejSej, transparentnejSej a decentralizovanejSej
formy so Sirokou participaciou. Proces zacal
kratkym preskimanim historickych zmien v po-
uzivani geopriestorovych technologii pri vel-
kych nicivych katastrofach, vratane zemetra-
seni v Sichuane a na Haiti (pripadové studie pre
projekt geopriestorovych portalov). Dalej po-
kracoval v postdeni zmien v dostupnom subore
udajov a na uzivatel'och geopriestorovych tuda-
jov v ¢ase vyskytu mimoriadnej udalosti, ako aj
na vplyv geografickych technologickych zmien
na poskytovanie pomoci Vv tiesni, resp. vykon
zachrannych prac. Nakoniec diskutovali o po-
nauceniach z nedavnych krizovych odozviev
a ponukli pohl'ad na buduci vyvoj v tejto ob-
lasti.

Negula et al. [65] popisali potencial aplika-
cie sluzby Copernicus pre riadenie krizovych si-
tuacii v Rumunsku. Satelitné snimky maja
vyznamny prinos vo vSetkych fazach procesu
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management purposes. The disaster manage-
ment system for accident, incorporating the GIS
and spatial data mining, can identify the acci-
dental spot and provide the optimal routes to re-
ach the desired location. Web services can be
used to show the routing path but this will not
help to the need people who cannot reach to the
facility by themselves. They also proposed
a SMS alert system for government authorities
so they can reach on the spot and also extraction
of knowledge rules for further prediction and
analysis of accidents by data mining.

Grzeda, Mazzuchi, Sarkani [4] described the
use of binomial cluster analysis in potential dis-
aster debris management sites identification in
a case study conducted in Hamilton County, In-
diana.

Ma et al. [71] proposed and tested the
crowdsourcing-compatible disaster information
management system based on GIS, including
its' content, architecture, technical challenge
and future development direction.

Musacchio, Russo [72] pointed out the need
to develop an approach to the problem of civil
defense emergency management that must be
fully modernized, openned to new technologies
and services available, so that the reaction to
emergencies can take place in real time and
emergency operators can actually interact with
the outside world and with social media, mana-
ging external communications and rescue ope-
rations with the necessary authority.

Ahmadi, Seifi, Tootooni [73] proposed
a multi-depot location-routing model consider-
ing network failure, multiple uses of vehicles,
and standard relief time. The model determined
the locations of local depots and routing for last
mile distribution after an earthquake. The model
was extended to a two-stage stochastic program
with random travel time to ascertain the loca-
tions of distribution centers. A variable neigh-
borhood search algorithm was devised to solve
the deterministic model. Computational results
showed that the unsatisfied demands can be sig-
nificantly reduced at the cost of higher number
of local depots and vehicles.

Arora et al. [74] provided a comparative
analysis among the cadastral map, digitized
map and GPS survey to demonstrate the
difference between actual boundaries of the
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krizového riadenia. Informécie z vesmiru na
podporu monitorovania mimoroadnych udalosti
mozno ziskat’ na zaklade Medzindrodnej charty
pre vesmir a velké katastrofy, a z programu
Copernicus (Eurdpsky program pozorovania
Zeme) sluzby pre krizové riadenie (EMS)
a Platformy OSN pre kozmické informacie pre
krizové riadenie a krizovi odozvu (UN-SPI-
DER). Vsetky tieto sluzby ponukaju zjednotené
systémy ziskavania a dodavania kozmickych
udajov do krajin postihnutych prirodnymi ka-
tastrofami alebo katastrofami spdsobenymi l'ud-
skou cinnostou s celosvetovym pokrytim. V
tomto kontexte bola v Rumunsku vyvinuta nad-
vazujuca sluzba Copernicus, ktora posobi ako
geoinformacnd platforma pre lokdlne mimo-
riadne udalosti a riadenie rizik s cielom poskyt-
nut produkty s pridanou hodnotou, ktoré pokry-
vaju vsetky fazy vyvoja mimoriadnej udalosti.

Teeuw et al. [66] skimali aplikacie geogra-
fickych informacnych systémov a dial’kového
prieskumu Zeme v suvislosti s krizovym riade-
nim vo vztahu k cyklu vyvoja mimoriadnej
udalosti v kontexte pred mimoriadnou udalos-
tou, v Case krizy a po udalosti. Zamerali sa na
pouzitie a obmedzenia volner dostupnyvch
alebo nizko nakladovych udajov a softvéru.

Tsai a Yau [67] navrhli pristup k rieSeniu
troch problémov spojenych s mimoriadnymi si-
tuaciami, t. j. neadekvatne usmernenia pre tnik
0sdb, netplné geografické informacie pre pra-
covnikov v teréne a nedostato¢né informacie
0 mieste udalosti pre krizovych manazérov.
Testovali pristup na zaklade simulovaného sce-
nara, v ktorom doslo k zdvaznému zosivu su-
tiny. Vysledky testov ukazali, ze T'udia rychlo
ukoncili sebaevakuticiu, terénny pracovnici
efektivne dokoncili svoju praveu na mieste
a krizovy manazéri uspe$ne riadili aktivity
v mikeste vyskytu mimoriadnej udalosti, tyka-
juce sa zachrany l'udi a koordindcie pracovni-
kov v teréne. Celkovo tento pristup zlepsil pri-
stup k informaciam o krizovej odozve a posky-
tol uzitocné referencie pre podobné aplikacie
Vv krizovom riadeni.

Atila, Karas a Rahman [68] navrhli systém
na podporu rozhodovania zalozeny na poznat-
kovej baze a 3D navigacny systém pre vnitornu
vizualizaciu a simulacie Smerovania. Na imple-
mentaciu 3D vizualizacie a navigacnych tech-
nik a rieSeni pre vnitorné priestory v 3D-GIS
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village and its status in traditional revenue rec-
ords system, in the framework of the case study
of village Rahimpur. This lead to conclusion
that geographical revisions are required to be in-
corporated into the revenue record on regular
basis. A web-based GIS model through leaflet
technology and content management system has
been developed to co-ordinate between the dis-
trict authorities and villagers. The GIS model
contained various digitized cadastral map, resi-
dential, agriculture details and other GIS sce-
narios related to Physical bodies and utilities of
the village. This assists the government in deci-
sion making, disaster management and planning
in rural areas of India.

Aydinoglu and Bilgin [75] developed the in-
teroperable geographic data model for disaster
management (ADYS), enabling upto-date ex-
change of geographic data, was designed, com-
pliant with the standards of ISO/TC211 Geo-
graphic Information/Geomatics, Open Geospa-
tial Consortium (OGC), and the Turkish Natio-
nal GIS (TUCBS). An open source and free

analysis toolbox was developed and tested in
the case study of activities such as landslide ha-
zard analysis and a disaster warning system to
support the Provincial Disaster Management
Centres of Turkey.

Becker and Konig [76] proposed an optimi-
zed visualization of utility infrastructure for
emergency response procedures. They further
introduced a conceptual approach on how to
simplify, aggregate, and visualize multiple uti-
lity networks and their components to meet the
requirements of the decision-making process
and to support Situational Awareness.

D'Uffizi et al. [77] introduced a simulation
study of logistics for disaster relief operations.
They used discrete event simulation as decision
support for planning different strategies of ac-
tion to apply in emergency and risk situations.
Several scenarios have been developed as sim-
ulation models combining different initial hy-
pothesis with the aim to build a generalized and
flexible procedure to apply in different scenar-
ios. As a result, the simulation was able to allo-
cate efficiently different resources under emer-
gency situations (multiple scenarios for specific
events). Tests and sensitivity analysis have been
performed using instances related to a GIS of
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navrhli GIS implementaciu, ktora je schopna re-
alizovat’ 3D vizualizaciu modelu budovy uloze-
ného vo formate CityGML a vykonat’ analyzu
na sietovom modeli uloZzenom v Oracle Spatial.
Navrhované grafické rozhranie poskytlo aj si-
muléciu smerovania na vypocitanych najkrat-
Sich trasach doplnent1 hlasovymi povelmi a vi-
zualnymi inStrukciami.

Brachman a Dragicevic [69] navrhli a imple-
mentovali sietovy nudzovy evakuacny model
(NetSEEM) s vyuzitim priestorovo explicitnych
principov vedy o sietach. Vyvinuty model Net-
SEEM bol aplikovany na Styri scenare evakua-
cie v meste Burnaby, BC, Kanada. Vysledky
preukazali ocakavané modely pretazenia na
hlavnych dopravnych krizovatkach a zdoraznili
vhodnost’ nasadenia modelu NetSEEM ako
prieskumného néstroja riadenia sluziaceho na
predvidanie a zmiernenie dopravnych zapch po-
¢as kontextovo zavislych niadzovych evakudcii.

Gaikwad, Wanjari a Kale [70] popisali vy-
zvy tykajlice sa integracie webovych sluzieb
a geopriestorovej hibkovej analyzy tidajov pre
ucely krizového riadenia. Systém krizového ria-
denia v pripade nehdd, ktory zahfia GIS a hib-
kova analyzu priestorovych udajov, dokaze
identifikovat’ nahodny bod a poskytntit’ opti-
malne trasy na dosiahnutie pozadovaného
miesta. Webové sluzby mozu byt pouzité na
zobrazenie smerovania trasy cesty, avSak tone-
pomoze potrebam l'udi, ktori sa nemozu dostat’
do zariadenia sami. Tiez navrhli systém SMS
systém varovania pre vladne organy, aby sa ve-
deli dostat’ na miesto evakuacie, ako aj zna-
lostné pravidla pre d’al$iu predikciu a analyzu
nehdd prostrednictvom hibkovej analyzy uda-
jov.

Grzeda, Mazzuchi, Sarkani [4] popisali pou-
zitie binomickej klastrovej analyzy v potencial-
nych pripadoch identifikacie lokalit s potrebou
odstranovania trosiek a to na prikalde oripado-
vej Stadie situovanej do Hamilton County, In-
diana.

Ma et al. [71] navrhli a otestovali crowdsour-
cingovy kompatibilny systém riadenia informa-
cii o mimoriadnych udalostiach zaloZeny na
GIS, vratane jeho obsahu, architektury, technic-
kych problémov a smerovania budiiceho vyvoja.
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the Italian Sicily region and a typical set of fa-
cilities and rescue team. The simulation system
works considering the different typologies of
vehicles and staff to choose the best solution
available in that specific time.

Daniela et al. [79] published a study overlo-
oking the Ghidici-Rast-Bistret-Nedeia-Jiu wa-
ter basin, situated in south-field of Romania,
over the Danube riverside, where flooding risks
are determined by both high level of groundwa-
ter and Danube rate of water. Satellite images,
taken during 2006-2014, at random moments,
have been analyzed and integrated along with
geological, geomorphologic, pedologyc, hydro-
logical, infrastructure and land employment in-
formation, in vectoial special data formats. The
purpose of this holistic rendering was to create
a complex evaluation for the studied area, on
flooding vulnerability. Using geographical in-
formation systems, to capture satellite images
for this area, over eight consecutive years, poin-
ted out the quantity and quality of investments
needful in such risk water catchment areas. This
modern solution, with good cost efficiency, out-
puts operative information on the spatial distri-
bution of the flooded areas and provided data on
the affected plantable acreage, after the 2006
flood. The regional geospatial maps acquired
and interpreted in the study, resulted in risk and
flood effects evaluation, along with solution and
measures to minimize the natural disasters
effects.

Haworth and Bruce [79] published a review
of volunteered geographic information (VGI)
for disaster management. They noted further re-
search to be warranted in the pre-event phases
of disaster management, where VGI may pre-
sent an opportunity to connect and engage indi-
viduals in disaster preparation and strengthen
community resilience to potential disaster
events. Their investigation of VGI for disaster
management provided broader insight into key
challenges and impacts of VGI on geospatial
data practices and the wider field of geographi-
cal science.

Hoskova-Mayerova [80] described geospatial
data reliability and their use in crisis situations.
Currently, computer equipment, geographic in-
formation systems (GIS), remote sensing, com-
puter cartography, etc. in the hands of professi-
onals, along with expert systems, can help much
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Musacchio a Russo [72] poukazali na po-
trebu vyvinat pristup k rieSeniu problému kri-
zového riadenia ako sucasti civilnej ochrany,
ktory musi byt Giplne modernizovany, otvoreny
novym technolégiam a dostupnym sluzbam, tak
aby odozva na mimoriadne udalosti mohla byt
uskutocnena v realnom case a v pripade nudze
mohli operatori skutocne komunikovat’ s von-
kajSim svetom a so socidlnymi médiami, riadit’
komunikéciu novonok a zachranné prace s po-
trebnou autoritou.

Ahmadi, Seifi, Tootooni [73] navrhli multi-
depovy model smerovania tras jazdy vozidiel,
a to s ohl'adom na zlyhanie siete, viacnasobné
pouzitie vozidiel a Standardny Cas dojazdu na
miesto ur¢enia. Model urcil lokality miestnych
diep a urcenie poslednej mile distribucie po ze-
metraseni. Model bol rozsireny na dvojstup-
novy stochasticky program s nahodnym genero-
vanim Casu trasy cesty na zistenie vhodného
umiestnenia distribu¢nych centier. Na vyrieSe-
nie deterministického modelu bol navrhnuty al-
goritmus premenného vyhladavania v sused-
stve. Vysledky vypoctov preukazali, Ze zvySe-
nie Urovne plnenia poziadaviek dopytu je
priamo zévislé na zvySeni poctu lokalnych diep
a vozidiel.

Arora et al. [74] publikovali komparativnu
analyzu medzi katastralnou mapou, digitalizo-
vanou mapou a GPS prieskumom na preukaza-
nie rozdielu medzi skutoénymi hranicami obce
a jej stavom v tradi¢nom systéme evidencie pri-
jmov v ramci pripadovej Stidie obce Rahimpur.
To viedlo k zaveru, ze geografické revizie sa
musia pravidelne zapracovavat’ do vykazu pri-
jmov. Na koordindciu komunikdcie medzi
okresnymi tradmi a obcami bol vyvinuty we-
bovy GIS model zaloZeny na leaflet technologii
a systéme spravy obsahu. Model GIS obsahoval
rozne digitalizované katastralne mapy, udaje
0 obydliach a obyvatel'och, pol'nohospodar-
skych objektoch a d’alSie GIS scenare suvisiace
s fyzickymi osobami a verejnymi sluzbami
obce. Tieto udaje napomahaj vlade pri rozho-
dovani, krizovom riadeni a planovani vo vidiec-
kych oblastiach Indie.

Aydinoglu a Bilgin [75] vyvinuli interopera-
bilny geograficky datovy model pre krizové ria-
denie (ADYS), ktory umoznuje aktualnu vy-
menu geografickych udajov, navrhnuty v stilade
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faster, more reliable and more When employing
spatial data and information in decision-making
processes, complex knowledge of their values is
the prerequisite for assessing the credibility and
accuracy of decisions made. By implementing
the methods of value analysis and mathematical
modeling it is possible to create an assessment
system of spatial data complex usability. By
comparing costs necessary for different variants
of enhancement or for adjustment of database
guality it is possible to optimize both the total
usability and the costs put in securing the requ-
ired data quality.

Chang and Wu [3] developed a mobile ap-
plication for debris flow disaster prevention.
They applied it in the case of Kaohsiung City
affected by numerous slopeland disasters as
a consequence of Typhoon Morakot in Decem-
ber 31, 2009. With the combination of 10-min
updating-frequency rainfall data from Central
Weather Bureau (CWB) and the debris flow
warning data from Soil and Water Conservation
Bureau (SWCB), the system utilizes Arc GIS
Runtime SDK for code writing.

The general public can receive instant infor-
mation including mapping of potential debris
flow torrents, locations of nearby evacuation
shelters, climate conditions and debris flow
alerts through this application system. Moreo-
ver, this application's positioning and naviga-
tion function can provide the users' paths to clo-
sest refuge in emergency.

Chen et al. [2] achieved the infectious di-
saster prediction goal through establishing
cloud computing, information, and planning
abilities. The collection of big data in the hospi-
tal network was done through anloT federation
that can exchange patient documents and trace
events based on smart items and Internet infor-
mation. The federation architecture was fault to-
lerant, highly secure, flexible, and expandable.
It had a low entry effort, and was designed for
large scale analytics with quick response. Their
solution was reckoned upon a rapid rebinding
methodology that has provided insight into the
problem of global pandemic visibility.
Takahagi et al. [81] proposed proposed the Di-
saster Information Transmission Common In-
frastructure System (DITCIS) intended to rapid
sharing of information in a time of mega di-
saster. This Disaster Information Transmission
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s normami ISO / TC211 Geografické informa-
cie / Geomatics, Open Geospatial Consortium
(OGCQC) , a tureckého narodného GIS (TUCBS).
Vyvinuli voI'ne dostupny OpenSource stibor na-
strojov pre analyzu, ktory testovali na priklade
pripadovej Studie o Cinnostiach, ako je analyza
nebezpecenstva zosuvu pody a systém varova-
nia pred vyskytom mimoriadnych udalosti,
ktory sluzi ako podpoia regionalnych centier
krizového riadenia v Turecku.

Becker a Konig [76] navrhli optimalizovana
vizualizaciu verejnoprospesnej infrastruktary
pre postupy odozvy na mimoriadne situdcie.
Dalej zaviedli koncepény pristup k tomu, ako
zjednodusit, zhromazdit' a vizualizovat viac
verejnych sieti a ich komponentov tak, aby spi-
nali poZiadavky rozhodovacieho procesu a pod-
porovali situa¢nt informovanost’.

D'Uffizi et al. [77] uviedla simula¢n $ta-
diu zaoberajucu sa logistikou pri vykone za-
chrannych prac. Pouzili simuldciu diskrétnych
udalosti ako podporu rozhodovania pri plano-
vani rdznych stratégii ¢innosti, ktoré sa aplikuji
v mimoriadnych a rizikovych situaciach. Nie-
kolko scenarov bolo vyvinutych vo forme si-
mula¢nych modelov, kombinujucich rézne vy-
chodiskové hypotézy s cielom vytvorit’ vSeo-
becny a flexibilny postup, ktory by bol uplatni-
telny v roznych scenaroch. V dosledku toho
bola simulacia schopna efektivne pridelovat
rozne zdroje pocas mimoriadnych situdcii situ-
aciach (viac scenarov pre konkrétne udalosti).
Testy a analyza citlivosti boli vykonané v GIS,
s pouzitim relevantnych prikladov z talianského
regionu Sicilia a suboru bezne pouzivanych za-
riadeni a nasadzovanych zachrannych timov.
Systém simuldacie pracuje s ohladom na rézne
typy vozidiel a pracovnikov za éelom vyberu
najlepsieho riesenia dostupného v danom case.

Daniela et al. [78] zverejnila Studiu zame-
ran na vodnu nadrz Ghidici-Rast-Bistret-Ne-
deia-Jiu, ktora sa nachadza na juhu Rumunska,
situovanu v blizkosti rieky Dunaj, kde st rizika
povodni spdsobené vysokou hladinou podzem-
nych vod a vodou z Dunaja. V stadii analyzo-
vali satelitné snimky ziskané v rokoch 2006 -
2014 a integrovali ich s geologickymi, geomor-
fologickymi, pedologickymi, hydrologickymi,
infrastruktirnymi udajmi a udajmi o vyuziti
krajiny. VSetky tieto udaje boli spracovévané vo
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Common Infrastructure System consisted of the
Relief Supplies Distribution Management Sys-
tem, the IC Card Authorization Safety Confir-
mation System, the Web-GIS Disaster Manage-
ment System, the Disaster Information Regis-
tration System, the Disaster Information Sha-
ring System, and the Disaster Information In de-
tail, they introduced the Disaster Information
Registration System, the Disaster Information
Sharing System, and the Disaster Information
Transmission Platform. The Disaster Informa-
tion Registration System enables to register di-
saster information provided by the related insti-
tutions. And, the Disaster Information Sharing
System enables to share exact disaster informa-
tion in the disaster countermeasure headquar-
ters. Moreover, the Disaster Information Tran-
smission Platform enables to automatic upload
or automatic delivery disaster information to va-
rious communication tool.

Tomaszewski et al. [82] provided an over-
view of the current state-of-the-art in GIS for di-
saster response and demonstrated progress in
the data and people aspects of GIS for disaster
response since previous literature reviews. The
review was structured to serve as a metaphorical
bridge between two reader groups - disaster ma-
nagement practitioners interested in understan-
ding developing trends in GIS for disaster res-
ponse and academic researchers with minimal
to no understanding of GIS and/or mapping
concepts within the disaster response context.
With this readership in mind, they outlined de-
finitions of GIS, disaster response and the need
for GIS in disaster response, review interdiscip-
linary literature from a variety of spatially-
oriented disaster management fields and de-
monstrate progress in various aspects of GIS for
disaster response. The review concluded with a
GIS for disaster response research agenda and
provides a list of resources for researchers new
to GIS and spatial perspectives for disaster ma-
nagement research.

Yagoub [83] showcased various studies that
had been conducted on VVolunteered Geographic
Information (VGI) debating various aspects
such as accuracy, legal issues, and privacy. This
research also integrated Geographic Infor-
mation System (GIS), VGI, social media tools,
data mining, and mobile technology to design
a conceptual framework for promoting pub-
lic participation in UAE. The data gathered
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forme vektorovych reprezentécii. Ciel'om tohto
holistickej interpretacie udajov bolo vytvorit
komplexné analyzu Studovanej oblasti z po-
hl'adu zranitel'nosti vo¢i povodniam. Pomocou
geografickych informaénych systémov boli
spracované satelitné snimky zachytavajice toto
uzemie pocas obdobia osem po sebe nasleduju-
cich rokov. Vysledky analyzy poukézali na
vysku a kvalitu investicii potrebnych na realiza-
ciu protipovodiovych opatreni v takychto rizi-
kovych povodiach. Toto moderné rieSenie,
efektivne z pohladu nakladovosti, prinieslo
operativne informacie o priestorovom rozlozeni
zaplavenych oblasti a poskytlo tidaje o postih-
nutom uzemi po roku 2006. Regionalne geo-
priestorové mapy ziskané a interpretované
v §tadii vyustili do hodnotenia rizik a dopadov
povodni, ahodnotenia konkrétnych rieSeni
a opatreni sluziacich na minimaliziciu dopadov
zivelnych pohrom.

Haworth a Bruce [79] publikovali prehl’ad
dobrovolne vytvorenych a pontkanych geogra-
fickych informacii (VGI) pre ucely krizového
riadenia. Upozornili na smerovanie d’alSicho
vyskumu, ktorého vysledky by mali byt apliko-
vané vo fazach predchadzania vyskytu mimo-
riadnych udalosti, v ktorych méze VGI predsta-
vovat’ prilezitost’ spojit’ a zapojit’ jednotlivcov
do pripravy na rieSenie mimoriadnych udalosti
a posilnit’ odolnost’ komunit pred potencidlnymi
katastrofami. Ich skimanie jednotlivych VGI
urcenych pre krizové riadenie poskytlo Sir$i po-
hl'ad na kl'ai¢ové problémy a vplyvy VGI na
praktiky s geopriestorovymi tidajmi a $irSiu ob-
last’ zemepisnych vied.

Hoskova-Mayerova [80] popisala spolahli-
vost’ geografickych tdajov a ich pouzitie v kri-
zovych situaciach. V sucasnosti mozu pocitace,
GIS, dialkovy prieskum Zeme, pocitacom pod-
porovana kartografia atd’., v rukach profesiona-
lov, spolu s expertnymi systémami, pomdct’
ovel’a rychlejsie, spol'ahlivejsie a i¢innejsie ria-
dit as koordinovat’ proces krizové riadenia. Pri
vyuzivani priestorovych udajov a informaécii
v rozhodovacich procesoch, je nevyhnutnym
predpokladom komplexné poznanie ich hodnot
a hodnotenie doveryhodnosti a presnosti prija-
tych rozhodnuti. Zavedenim metoéd analyzy
hodnot a matematického modelovania je mozné
vytvorit” systém hodnotenia komplexnej pou-
ziteInosti priestorovych tdajov. Porovnanim
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through survey were helpful in correlating vari-
ous aspects of VGI. Since there were diverse
views about these aspects, policy makers were
left undecided in many countries about how to
deal with VGI. The assessment of the UAE case
contributed to the age-long debate by examining
the willingness of the public to participate. The
results showed the public perception to be as
sensors for data collection. Additionally, the po-
tential of citizen involvement in the risk and dis-
aster management process by providing volun-
tary data collected for VGI applications was
also explored.

Yamamoto [84] tried to classify disaster risk
management for natural disasters into three sta-
ges-normal times, disaster outbreak times, and
times of recovery and reconstruction-to intro-
duce the results of development and operation
of social media GIS during each of these three
stages. The social media GIS targeted residents
who were more than 18 years old in the Tama
region of Tokyo metropolis and the neighboring
area in Japan for two months. Subsequently, the
systems were evaluated based on the results of
an online questionnaire survey to users, access
surveys using log data during operation of the
systems, and an analysis of the submitted infor-
mation. Based on the results of the evaluation,
measures for improvement of the development
and operation of social media GIS can be sum-
marized into three areas regarding (a) participa-
tion of various users and partnership with local
communities, (b) usability, and (c) long-term
actual operation.

Yasumiishi, Renschler and Bittner [85] focused
on the application of cell phone usage data to
disaster response management. Cell phones
work as a communication link between emer-
gency responders and victims during and after a
major disaster. Their study recognized that there
are two kinds of disasters, one with a warning,
and one without a warning. Different movement
distance between a day with a blizzard (ad-
vanced warning) and a normal weather day was
identified. In the scenario of a day with an ex-
treme event without advanced warning (earth-
quake), factors that alter the phone users' move-
ments were analyzed. Lastly, combining both
cases, a conceptual model of human movement
factors was proposed. Human movements con-
sist of four factors that are push factors, move-
ment-altering factors, derived attributes and
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nakladov potrebnych pre rézne varianty optima-
lizacie alebo upravou kvality databazy je mozné
optimalizovat’ celkovu pouzitelnost’ a naklady
na zabezpecenie pozadovanej kvality dat.

Chang a Wu [3] vyvinuli mobilnu aplikaciu
na prevenciu mimoriadnych udalosti spojenych
S bahnotokmi Aplikovali ju v pripade Kaoh-
siung City, ktoré bolo postihnuté zosuvmi pody
v dbsledku tajfunu Morakota, dita 31. decembra
2009. Vd’aka kombindcii udajov z Centralneho
meteorologického tradu (CWB) o frekvencii
zrazok ziskavanych z v 10 mintitovych interva-
loch a vystrah tykajucich sa bahnotokov, vyda-
vanych Uradom pre ochranu pddy a vody
(SWCB), systém vyuziva Arc GIS Runtime
SDK na pisanie kodu. Prostrednictvom tejto ap-
likacie moze verejnost’ ziskat’ aktudlne informa-
cie tykajliice sa mapovania potencialnych miedst
vyskytu bahnotokov, polohy evakua¢nych pri-
streSkov v blizkosti tychto ohrozenych miest,
klimatickych podmienok a vystrah tykajacich
sa bahnotokov. Vdaka funkcii urCovania po-
lohy a navigacie, ktora je zahrnuta v tejto apli-
kacii, ju mozno puzit’ aj na hl'adanie najkratsej
trasy k tkrytu.

Chen et al. [2] dosiahli ciel’ predpovedania
vyskytu infekénych ochoreni velkého rozmeru
prostrednictvom realizacie vypoctov v cloude,
zlepseni informovanosti a moznosti planovania.
Zhromazd’ovanie objemnych udajov v nemoc-
nicnej sieti bolo vykonané prostrednictvom an-
loT federacie, ktora dokaze vymienat doku-
menty pacientov a sledovat’ udalosti zalozené
na pocitacovom spracovani poloziek a interne-
tovych informaciach. Architektira systému fe-
derécie bola tolerantnd voci chybam, bola vy-
soko bezpecna, flexibilna a rozsiritelnd. Ich rie-
Senie bolo zalozené na rychlej reblinkovej me-
todologii, ktora poskytla prehl'ad o probléme vi-
diteI'nosti globalnej pandémie.

Takahagi et al. [81] navrhli spolo¢ny systém
infrastruktiry na prenos informacii o katastro-
fach (DITCIS), ktorého cielom je rychle zdie-
lanie informacii v ¢ase mega katastrofy. Tento
systém spolo¢nej infrastruktiry na prenos infor-
macii o katastrofach pozostaval z systému ria-
denia distribucie dodavok pre zabezpecenie za-
chrannych prac, systému potvrdzovania bezpec-
nosti autorizacie IC karty, systému riadenia ka-
tastrof v sieti web-GIS, registra¢ného systému
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constraint factors. Considering each category of
factors in case of emergency, it should be nec-
essary that we prepare different kinds of emer-
gency response plans depending on the charac-
teristics of a disaster.

Abdalla [86] provided multidisciplinary
scope to the utilization of geospatial data frame-
works for urban disaster management with ac-
centuation on emergencies. The emergency ma-
nagement presented in his review was univer-
sally known and represented high risk for diffe-
rent parts of the world. The goal of his study
was to give conceptual coverage to appropriate
solutions for emergency preparedness and res-
ponse, using spatial analysis and GIS. He em-
phasized that among different issues that may
confront the use of spatial analysis, is the accu-
racy of data and time of processing, in addition
to collective coordination of stakeholders
working in the field. The findings of his rese-
arch conclude thata challenge to possible risk
reduction is furnishing disaster managers with
access to information and methodologies that
may help them in analyzing, evaluating and
mapping hazard models.

Jefferson and Johannes [87] explored a new
approach for emergency managers to harness
the capability of scientific modeling systems
when responding to disasters. In disaster re-
sponse, emergency managers need sound situa-
tional awareness to support critical decision-
making. Obtaining situation awareness is diffi-
cult because of the gap that exists between the
information that emergency managers have and
the information that emergency mangers need.
However, comprehensive situational awareness
is necessary to form accurate estimates of phys-
ical impacts and response requirements. They
recommended the GIS applications to be used
to narrow the gap between known information
and required information. They developed
a methodology for obtaining a common operat-
ing picture based on Hazus (Hazards U.S.),
a GIS-based application that performs loss and
risk assessments on multiple types of hazards.
Hazus combines both scientific and engineering
knowledge to model a disaster event.

Netek and Panek [88] introduced the See-
Think-Do, a framework originally used as an
approach focused on a service and product
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informacii o katastrofach, systému zdielania in-
formacii o katastrofach a platformy na prenos
informacii o katastrofach. Rovnako predstavili
systém registracie informacii o katastrofach,
systém zdielania informacii o katastrofach
a platformu na prenos informacii o katastrofach.
Systém registracie informacii o katastrofach
umoziuje registrovat’ informacie o katastrofach
poskytované prislusnymi institiciami. Systém
zdiel'ania informdcii o katastrofach umoziuje
zdiel’at’ informacie o katastrofach v centrale or-
ganizacie zaoberajiicej sa pldnovanim pro-
tiopatreni voci katastrofam. Okrem toho, plat-
forma pre prenos informacii o katastrofach
umoziuje automatické nahravanie alebo auto-
matické poskytovanie informacii o katastrofach
S vyuzitim r6znych komunikacnych nastrojov.
Tomaszewski et al. [82] poskytli prehl'ad sucas-
ného stavu v oblasti GIS pouzivanych na ucely
odozvy na mimoriadne udalosti a na zaklade vy-
sledkov S$tudia literatiry poukazali na pokrok
Zpohladu tdajov a Tudi a ich vedomosti
0 moznostiach aplikacie GIS v odozve na mi-
moriadnu udalost’ pre reakciu na katastrofy. Re-
Ser§ literatiry bola Struktirovana tak, aby sla-
zila ako metaforicky most medzi dvoma skupi-
nami Citatel'ov - odbornikmi v oblasti krizového
riadenia, ktori maju zaujem o pochopenie vyvo-
jovych trendov v oblasti aplikacie GIS v odozve
na mimoriadnu udalost’ a akademickymi a vy-
skumnymi pracovnikmi s minimalnym az ziad-
nym chapanim GIS a / alebo konceptov mapo-
vania v kontexte odozvy na mimoriadnu uda-
lost. S ohl'adom na citatela nacrtli definicie
GIS, definivciu odozvy na mimoriadne udalosti
a uviedli potrebu aplikacie GIS v odozve na mi-
moriadne udalosti, prestudovali interdiscipli-
narnu literatiru z réznych priestorovo oriento-
vanych oblasti krizového riadenia a preukazali
pokrok v réznych aspektoch GIS a jeho aplika-
cie v odozve na mimoriadnu udalost’. Na zaver
odporucili zamerat’ sa viac na vyskum moznosti
aplikacie GIS v krizovom riadeni, nakolko
tento poskytuje Siroku paletu zdrojov pre no-
vych vyskumnikov v problematike GIS a via-
cero priestorovych perspektiv pre d’alsi vyskum
Vv oblasti krizového riadenia.

Yagoub [83] prezentoval viaceré Sstudie,
ktoré sa uskuto¢nili na dobrovol'nej baze vytvo-
renych a pontkanych geografickych informa-
ciach (VQGI) a diskutovali o r6znych aspektoch,
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marketing on the Internet. Customers can be
classified into three groups according to their
involvement from potential users to real custo-
mers. They presented an idea of public involve-
ment in community mapping in three levels:
"See"-almost any user; "Think"-potential con-
tributors; and "Do"-interested users. They also
introduced a case study implementing the See-
Think-Do framework as an awareness-based
approach used for The Crisis Map of the Czech
Republic. It is an Ushahidi-based crowdsour-
cing platform for sharing spatial and multimedia
information during crisis situations, e.g. disaster
floods in 2013. While the current crisis projects
use public mapping just at the onset of the di-
saster, according to See-Think-Do any user can
be considered as a potential contributor even
during the dormant period. The focus is put on
the "See" and "Think" groups of contributors,
which are currently ignored.

Netek [89] presented the design and deploy-
ment of Crismapp, an application assisting in
the elimination of loss of life and property, de-
veloped to support of decision-making pro-
cesses of the rescue services. It was designed for
strategic, tactical and operational management,
available in three levels: visualization, enhan-
ced editing mode and full administration. Tech-
nologically it was based on the WebGIS 2.0 pri-
nciple, defined as the combination of WebGIS
with Web 2.0 approaches. It supported a wide
range of Web standards and a hybrid approach
(GeoJSON). It was built under HTMLS5,
mapping functionality was supported by Leaflet
library. Besides basic map functionality it han-
dled with a number of advanced features, espe-
cially edit mode for editing both spatial and at-
tribute geographic data in real-time directly via
the web browser, connection to cloud storage
GitHub/Gist for versioning, complex adminis-
tration, four predefined default scenarios on va-
rious contexts (default, fire, flood, Vrbetice
blasts) as a real-life concept of adaptive car-
tography. The application was filled with real
data for real purposes, it allowed centralized
update and manage data in real-time by rescue
services. Currently, it is under the pilot phase of
testing by the Fire Department of the Olomouc
region.

Petrovski, Naumova and Geobalcanica [90]
proposed a model that will not allow drop links.
Each smart phone will have application in the
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ako st presnost’, pravne otazky a ochrana suk-
romia. Tento vyskum zahrtnal aj GIS, VGI, na-
stroje socialnych médii, hibkovii ananolyzu
udajov a mobilné technoldégie na vytvorenie
koncepcného rdmca na podporu ucasti verej-
nosti v Spojenych Arabskych Emiratoch (SAE).
Udaje ziskané prieskumom pomohli pri korela-
cii roznych aspektov VGI. Vzhl'adom na roz-
dielne nazory na tieto aspekty sa politicki tvor-
covia v mnohych krajindich nedohodli, ako
s VGI zaobchadzat. Postdenie pripadu SAE
prispelo k dlhodobej diskusii a prieskumu
ochoty verejnosti zicast ovat’ sa na dobrovol-
nom zbere tdajov.. Vysledky preukazali zaujem
verejnosti zucastnovat sa na zbere udajov.
Okrem toho sa skiimal aj potencial zapojenia
obc¢anov do procesu riadenia rizik a katastrof
prostrednictvom poskytovania dobrovolnych
udajov zhromazdenych pre aplikacie VGI.
Yamamoto [84] sa pokusil klasifikovat’ manaz-
memt rizik mimoriadnych udalosti v pripade zi-
velnych pohrém do troch faz — cas pokoja,
vznik mimoriadnej udalosti a ¢as obnovy a re-
konstrukcie — atiez implementovatvysledky
vyvoja a prevadzky GIS ako aj socidlnych médii
do kazdej z tychto troch faz. Dvojmesacné tes-
tovanie vyuzitia intergracie GIS a socialnych
médii aplikovali na obyvatel'ov starSich ako 18,
zijucich v Japonsku, v oblasti Tokama v Tokij-
skej metropole a susednej oblasti. Testované
systémy boli vyhodnotené na zaklade vysled-
kov online realizovaného dotaznikového prie-
skumu, prieskumu zameraného na prihlasova-
nie sa ucastnikov testovania do systému vycha-
dzajuc zudajov operacného dennika systému
a analyzy ucastnikmi/uzivateI'mi systému na-
hratych informacii. Na zaklade vysledkov hod-
notenia bolo mozné zhrnut’ opatrenia na zlepse-
nie rozvoja a prevadzky GIS a socialnych médii
do troch oblasti tykajucich sa: a) ucasti roznych
pouzivatelov a partnerstva s miestnymi komu-
nitami, b) ich vyuZiteI'nosti a ¢) dlhodobej pre-
vadzky.

Yasumiishi, Renschler a Bittner [85] sa za-
merali na aplikdciu tidajov o vyuziti mobilnych
telefonov na riadenie odozvy na mimoriadne
udalosti. Mobilné telefony funguji ako komu-
nikacné spojenie medzi osobami reagujucimi na
nudzové situacie a obetami pocas a po velkej
mimoriadnej udalosti/katastrofe. V ich studii
uviedli, ze existuju dva druhy mimoriadnych
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event of natural disaster and it switched due to
the change of the vital function of man in tro-
uble. This will help departments respond as
soon as they can and save lives as many as they
can and to reduce the percentage of people who
could not call for help. They highlighted the de-
sign challenges and required technical innova-
tions towards the goal of making GIS much
more useful.

Radulescu et al. [91] proposed a model of
how to involve the information system for man-
agement of emergencies, i.e. Emergency Man-
agement Information System (EMIS), an infor-
mation system built on GIS databases, adapted
to the conditions, possibilities and realities of
current Romania.

Raj, Thapa and Balakrishnan [92] presented
a technology for three real time applications of
prime importance such as post disaster infra-
structure-damage assessment using GPS, esti-
mation of building strength and building move-
ment. GPS sensor nodes installed on building
roof-top, provided with relative position infor-
mation from both pre-and post-earthquake peri-
ods and were superimposed on GIS. The
changes were used for damage estimation,
building movement scale, and parameters such
as stress, strain, when applied to ARX and
RARX helped to calculate damage precisely.

Xu et al. [93] introduced a participatory sen-
sing-based model for mining spatial informa-
tion of urban emergency events. Firstly, basic
definitions of the proposed method were given.
Secondly, positive samples were selected to
mine the spatial information of urban emer-
gency events. Thirdly, location and GIS infor-
mation were extracted from positive samples.
At last, the real spatial information was deter-
mined based on address and GIS information.
Moreover, their study explored data mining, sta-
tistical analysis, and semantic analysis methods
to obtain valuable information on public opi-
nion and requirements based on Chinese mic-
roblog data. Typhoon Chan-hom was used as an
example. Semantic analysis on microblog data
was conducted and high-frequency keywords in
different provinces were extracted for different
stages of the event. With the geo-tagged and
time-tagged data, the collected microblog data
could be classified into different categories.
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udalosti, jedna s upozornenim a jedna bez pred-
chadzajiceho upozornenia. Taktiez identifiko-
vali odlisné vzdialenosti pohybu uzivatel'ov
mobilnych telefénov pri dni s namrazou (pokro-
¢ilé varovanie) a dni s normdlnym pocasim.
V pripade scenara diia s vyskytom mimoriadnej
udalosti bez pokrocilého varovania (zemetrase-
nie) boli analyzované faktory, ktoré menia po-
hyby uZzivatel'ov telefonu. Napokon, v kombina-
cii oboch pripadov bol navrhnuty koncepény
model faktorov hybania sa I'udi. Pohyb I'udi po-
zostava zo Styroch faktorov, ktorymi su faktory
posunu, faktory zmeny pohybu, odvodené atri-
buty a obmedzujuce faktory. Odporucili tiez,
vzhl'adom na kazda kategoriu faktorov v pri-
pade vyskytu mumiriadnej udalosti pripravit’
rozne druhy planov krizovej odozvy, v zavis-
losti od charakteristik danej mimoriadnej uda-
losti.

Abdalla [86] poskytol multidisciplinarny po-
hl'ad na vyuzitie geografickych tdajov pre
ucely krizového riadenia v mestach s dérazom
na mimoriadne udalosti. Riadenie mimoriad-
nevh situdcii, ktoré prezentoval vo svojej praci,
je povazované za vSeobecne zname a predsta-
vuje vysoké riziko pre rdzne Casti sveta. Ciel'om
jeho studie bolo poskytnit’ koncepcné zastrese-
nie pre rieSenia aplikovatel'né v oblasti pripra-
venosti na rieSenie krizovych situacii a to po-
mocou priestorovej analyzy a GIS. Zdoéraznil,
ze medzi roznymi problémami, ktoré sa spajaju
S vyuzivanim priestorovej analyzy, je aj pres-
nost’ udajov a Casu spracovania, okrem kolek-
tivnej koordinacie zainteresovanych stran poso-
biacich v tejto oblasti. Z vysledkov jeho vy-
skumu vyplynulo, Zze problémom mozZného zni-
Zenia rizika je poskytnutie pristupu k informa-
ciam a metodikam krizovym manazérom, ktoré
im mozu pomoct’ pri analyze, hodnoteni a ma-
povani modelov ohrozenia.

Jefferson a Johannes [87] skimali novy pri-
stup krizovych manazérov, vhodny na to, aby
vyuzili schopnost’ systémov vedeckého mode-
lovania pri odozve na mimoriadne udalosti. Pri
odozve na mimoriadne udalosti potrebuju kri-
zovy manaZzéri dostatocnu situacntl informova-
nost’ na podporu kritického rozhodovania. Zis-
kanie schopnosti uvedomenia si situdcie je
tazkeé, pretoze existuje medzera medzi informa-
ciami, ktoré krizovy manazéri maji k dispozi-
Cii, a informaciami, ktoré realne potrebuju. Pre
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Correspondingly, public opinion and require-
ments could be obtained from the spatial and
temporal perspectives to enhance situation awa-
reness and help the government offer more
effective assistance.

Zhong et al. [94] developed a data analysis
model by analyzing the large amount of data ge-
nerated and collected from the previous ear-
thquakes. Then, based on the model, they integ-
rated all the necessary data and potential ear-
thquakes estimations that are likely to strike
Tokyo area in the near future, to calculate the
mobile service area with probabilistic availabi-
lity. Moreover, they could also predict the spa-
tial and temporal changes of the service avai-
lability areas by building them into the geo-
graphic information system (GIS). They deve-
loped model and simulation platform is helpful
for many decision-making bodies such as go-
vernments or network operators to assess the
vulnerability of communication infrastructures
and make better preparedness and fast response
for large-scale disasters.

Luchetti et al. [95] explored the use of social

networks for the management of disasters con-
nected to  meteorological/hydrogeological
events or earthquakes, but without emphasis on
the importance of an integrated system. The
main feature of the Whistland system proposed
by them is to make synergistic use of augmented
reality (AR), crowd-mapping (CM), social ne-
tworks, the Internet of Things (loT) and wire-
less sensor networks (WSN) by exploiting tech-
nologies and frameworks of Web 2.0 and GIS
2.0 to make informed decisions about the chain
of events. The system had been tested in the pro-
grammed maintenance of river basins, where it
is necessary to log maintenance activities in or-
der to keep the riverbank clean.
In Slovak Republic, there were also developed
several tools and methodologies involving GIS
to the particular crisis/disaster management
phases.

Vicek [96] introduced the CIPREGIS project
that was developed and approved in 2000. The
system is controlled and coordinated by the Sec-
tion of Crisis Management of the Ministry of In-
terior of the Slovak Republic. The aim of the
project was to build and operate an integrated
geographic information system that supports
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vytvorenie presnych odhadov fyzickych vply-
vov a poziadaviek na odozvu je vSak potrebné
komplexné situatné povedomie. Autori vo svo-
jej praci odporugili, aby sa aplikacie GIS pouzi-
vali na obmedzenie medzery medzi znamymi
informaciami a pozadovanymi informaciami.
Vyvinuli metodologiu na ziskanie spolo¢ného
prevadzkového obrazu zaloZzeného na Hazus
(Hazards U.S.), aplikacii zalozenej na GIS,
ktora vykonava hodnotenie strat a rizik na via-
cerych typoch hrozieb. Hazus kombinuje ve-
decké aj inzinierske poznatky a modeluje katas-
trofické udalosti.

Netek a Panek [88] predstavili systém See-
Think-Do, ktory bol pévodne pouzivany ako
pristup zamerany na marketing sluzieb a pro-
duktov na internete. Zakaznici mozu byt zara-
deni do troch skupin podl'a ich zapojenia od po-
tencialnych pouzivatel'ov az po realnych zékaz-
nikov. Autori predstavili predstavu o zapojeni
verejnosti do komunitného mapovania na troch
urovniach: "Pozri" - takmer kazdy uzivatel’;
"Mysli - potencialny prispievatel’; a "Urob" uzi-
vatelia so zaujmom. Uviedli tiez pripadovu Stu-
diu implementujucu ramec See-Think-Do ako
pristup zaloZzeny na informovanosti, ktory sa
pouziva aj v krizovej mape Ceskej republiky.
Je to platforma zalozena na Ushahidi zalozenej
platforme crowdsourcingu pre zdielanie pries-
torovych a multimedialnych informacii pocas
krizovych situacii, napr. katastrofalne povodne
v roku 2013. Zatial’ ¢o suc¢asné krizové projekty
vyuzivaju verejné mapovanie prave na zacCiatku,
po vzniku mimoriadnej udalosti, podla See-
Think-Do moze byt kazdy uzivatel’ povazovany
za potencialneho prispievatel'a aj poc¢as obdobia
pokoja. Déraz sa kladie najmé na skupiny pri-
spievatel'ov "Pozri" a "Mysli", ktoré su v sucas-
nosti ignorovang.

Netek [89] predstavil navrh a samotné nasa-
denie aplikacie Crismapp, ktora pomaha pri zni-
zovani strat na zivotoch a majetku. Tato bola
vyvinutd na podporu rozhodovacich procesov
zachrannych sluzieb. Bol vytvoreny pre strate-
gické, taktické a operacné riadenie, A JE do-
stupnd v troch trovniach: vizualizacia, zdoko-
naleny rezim Uprav a plna sprava. Technolo-
gicky bola zaloZena na principe WebGIS 2.0 de-
finovanom ako kombinacia WebGIS s pri-
stupmi Web 2.0. Podporuje Siroka skalu webo-
vych Standardov a hybridného pristupu
(GeoJSON). Bolo vyvinuta na baze HTMLS,
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decision making in crisis management and
integrated rescue system. It should be linked,
compatible respectively, with the central sub-
system at regional and local level and at inter-
national level. The established system provides
a visual analysis of the implementation of inter-
ventions in the space and allows access for all
management levels to substantial and necessary
information.

Blistanova et al. [97] published an article
pointing out the importance of preparing and
verification of input data for logistic modeling
of flood crisis management in GIS systems. Ap-
propriate data is essential for crisis management
operations. GIS systems offer a wide range of
possibilities for further data analysis, the results
of which can be used for decision-making pro-
cess. The purpose of these systems was to offer
wide range of possibilities, starting from com-
plex base of digital data available online when-
ever anytime in the field, through ordinary and
also specific spatial analyses, to the composing
of specific outputs required by particular units
of the Integrated Rescue System.

Majlingova [98] published methodology and
results of fire risk assessment for the area of
Slovenska Lupca forest management unit, situ-
ated in the center of Slovak republic. The fire
risk was expressed in terms of one of the risk
components - the susceptibility to fire. To assess
it, there were performed multicriterial analysis,
taking into consideration two basic groups of
factors — natural and social. The analysis of fire
risk, susceptibility to fire respectively, was au-
tomated via its processing in decision making
model built in NetWeaver environment. Link-
ing the NetWeaver environment with Ecosys-
tem management decision support system
(EMDS), there was obtained the spatial visuali-
sation of assessment results.

Majlingova, Buzalka and Galla [99] elabo-
rated, in detail, the procedures leading to the as-
sessment of individual components of risk in re-
lation to the occurrence of fires and floods in
natural and urban environment. The experi-
mental area was Banska Bystrica district. For
this area an assessment of the susceptibility to
fire in a forest area and vulnerability assessment
to the fire based on an example of a regressive
forest fire that took place in the cadastral area of
Stare Hory village in 2011, were carried out. In
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funkcie mapovania boli podporované kniznicou
Leaflet. Okrem zakladnych funkcii mapy sa po-
nuka cely rad pokroc€ilych funkcii, najméa rezim
uprav pre Upravu priestorovych a atributovych
geografickych udajov v readlnom case, priamo
cez webovy prehliadac, pripojenie ku cloudo-
vému ulozisku GitHub / Gist pre verziu, kom-
plexnu spravu, Styri vopred definované predvo-
lené nastavenia scenare v roznych kontextoch
(Standardné, poziarne, povodnové, Vrbetické
vybuchy) ako skutocny koncept adaptivnej kar-
tografie. Aplikdcia bola naplnend redlnymi
udajmi na skuto¢né ucely, umoznila centralizo-
vanu aktualizaciu a spravu udajov v realnom
Case zachrannymi sluzbami. V sucasnosti sa na-
chadza v pilotnej faze testovania vybraneh ha-
si¢skej stanice v Olomouckom kraji.

Petrovski, Naumova a Geobalcanica [90] na-
vrhli model, ktory zmozni padnutie telefonnych
liniek. Kazdy smart telefon bude mat’ aplikaciu
pre pripad vyskytu zZivelnej pohromy, ktora sa
aktivuje v désledku zmeny vitalnej funkcie ¢lo-
veka v tiesni. To poméze zachrannym sluzbam
reagovat’ ¢o najskor a zachranit’ zZivoty ¢o naj-
viac l'udi, a znizit pocet tych I'udi, ktori nemohli
poziadat’ o pomoc. Zdoraznili problematické
miesta v oblasti navrhu rieSenia a upozornili
tieZ na potrebu technickych inovacii, s cielov
budovania efektivnejsich GIS.

Radulescu et al. [91] navrhli model zapoje-
nia informacného systému do krizového riade-
nia. Islo o Informa¢ny systém krizového riade-
nia (EMIS), ktory je zalozeny na databazach
GIS a je prispésobeny podmienkam, moznos-
tiam a realite sicasného Rumunska.

Raj, Thapa a Balakrishnan [92] predstavili
technologiu pre tri aplikacie v readlnom case,
ktoré maju prvorady vyznam, ako napriklad po-
stidenie §kod po mimoriadnej udalosti v oblasti
infrastruktiry pomocou GPS, odhad pevnosti
a pohyb budov. Na strechach budov instalovali
jednotlivé uzly GPS senzorov GPS, ktoré boli
vybavené relativnou informéciou o polohe z ob-
dobia pred a po zemetraseni a boli implemento-
vané do GIS. Identifikované zmeny boli pouzité
na odhad $kod, stanovenie stupnice pohybu bu-
dovy a odhad parametrov ako zat'aZzenie, nama-
hanie, ktoré po vloZzeni do ARX a RARX, napo-
mohli presnejsiemu vypoctu poskodenia.

Xu et al. [93] zaviedli participativny model
zalozeny na hibkovej analyze priestorovych in-
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terms of flooding, there an assessment of the
risks associated with the district susceptibility
to floods and the impact of floods in the city of
Banska Bystrica was carried out. Results of
analyses represent very valuable input for deci-
sion support of crisis managers not only at local
level but also regional and national.
Majlingova and Hilbert [100] described the
fundamental aspects of viewing GIS as well as
opportunities for their wider application in cri-
sis management in the Slovak Republic, parti-
cularly in the process of risk analysis, identifi-
cation of causation with respect to the occur-
rence of potential domino effects, but also as
a tool for the spatial decision support in the ma-
nagement of rescue works in real time.

Tajftn Chan-hom bol pouzity ako priklad. Bola
vykonané sémantické analyza mikroblogovych
udajov a extrahované boli vysokofrekvencné
klai¢ové slova pouzivané v roznych provinciach
pre rozne fazy udalosti. Pomocou udajov ozna-
¢enych geografickou znackou a ¢asovych zna-
¢iek by bolo zhromazdené tdaje mikroblogov
mozné rozdelit do roznych kategérii. Tymto
sposobom je mozné ziskat’ informacie o verej-
nej mienke a poziadavkach vychadzajicich
z priestorovych a Casovych perspektiv, za uce-
lom zvysenia informovanost’ o situacii a pod-
pore vlady pre poskytnutie a¢innejsej pomaci.
Zhong et al. [94] vyvinuli model analyzy
udajov zalozeny na analyze velkého mnoZzstva
udajov, ktoré boli vytvorené a ziskané pocas
predchadzajicich zemetraseni. Potom na za-
klade modelu integrovali vSetky potrebné udaje
a potencialne odhady zemetraseni, ktoré prav-
depodobne v blizkej buducnosti zasiahnu uze-
mie Tokia, aby vypoéitali pravdepodobnti ob-
last’ dostupnosti mobilnych sluzieb. Okrem
toho, vd’aka zabudovaniu tychto tdajov do pro-
stredia GIS, mézu predpovedat’ priestorové
a Casové zmeny tykajuce sa oblasti dostupnosti
sluzieb. Ich rozvinutd modelovd a simulacna
platforma je uzito¢na pre mnoho organov s roz-
hodovacimi pravomocami, ako su vlady alebo
prevadzkovatelia sieti, aby posudili zranitel-
nost’ komunikaénych infrastrukttr a zlepsili pri-
pravenost’ a rychlu odozvu na vel'ké katastrofy.
Luchetti et al. [95] skamali vyuzivanie so-
cidlnych sieti na riadenie katastrof stvisiacich
s meteorologickymi / hydrogeologickymi uda-
lostami alebo zemetraseniami, ale bez dorazu
kladeného na vyznam integrované¢ho systému.
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formacii 0 mimoriadnych udalostiach v mest-
skom prostredi. Ako prvé boli uvedené za-
kladné definicie navrhovanej metody. Nasledne
boli vybrané pozitivne vzorky, aby sa vyhodno-
tili priestorové informacie mimoriadnych uda-
lostiach v mestskom prostredi. Potom boli
z tychto pozitivnych vzoriek ziskané informacie
0 polohe a doplnené o GIS udaje. Napokon boli
odvodené realne priestorové informacie na za-
klade informacii o adresach a GIS udajov.
Okrem toho sa autori zaoberali aj skimanim
met6d na hibkovii analyzu Gdajov, $tatistické
analyzy a sémantické analyzy, s cielom ziskat
cenn¢ informacie o verejnej mienke a poziadav-
kach zalozenych na udajoch cinskych mikrob-
logov.

Hlavnym rysom systému Whistland, ktory na-
vrhuju, je synergické vyuzivanie technik a tech-
noldgie rozsirenej reality (AR), mapovania da-
vom (crowd mapping), socialnych sieti, Internet
of Things (lIoT) a bezdrétovych senzorovych
sieti (WSN), a ramcov Web 2.0 a GIS 2.0, aby
mohli prijimat’ rozhodnutia vo vztahu k ret’azcu
udalosti. Systém bol testovany na priklade nap-
lanovanej udrzby povodi riek, kde je potrebné
zaznamenavat' ¢innosti spojené s udrziavanim
Cistych brehov riek.

Vicek [96] predstavil projekt CIPREGIS,
ktory bol vypracovany a schvaleny v roku 2000.
Systém je riadeny a koordinovany Sekciou kri-
zového riadenia Ministerstva vnutra Slovenske;j
republiky. Cielom projektu bolo vybudovat
a prevadzkovat’ integrovany geograficky in-
formacny systém, ktory podporuje rozhodo-
vanie v procese krizového riadenia a in-
tegrovany zachranny systém. Je prepojeny
s centralnym subsystémom na regionalnej
a miestnej trovni a na medzindrodnej Urovni.
Zavedeny systém poskytuje vizualnu analyzu
implementacie zasahovovej ¢innosti v priestore
a umoznuje pristup ku doélezitym a potrebnym
informaciam vSetkym troviiam riadenia. Tento
projekt je komplexny systém pre vizualizaciu,
analyzu a modelovanie internych a externych
datovych struktar v geografickom priestore.

Blistanova et al. [97] publikovali prispevok,
v ktorom poukazuju na doélezitost’ pripravy
a overovania vstupnych udajov pre logistické
modelovanie manazmentu povodiovych kriz
v systémoch GIS. Pre operacie krizového riade-
nia su nevyhnutné vhodné udaje. Systémy GIS
ponukaju Siroktl $kalu moznosti pre dalsiu
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analyzu udajov, ktorych vysledky je mozné
pouzit’ pri rozhodovani. Ugelom tychto systé-
mov bolo ponuknut Siroku skalu moznosti,
poc¢ntic zlozitou zékladnou digitalnych udajov
dostupnych on-line kedykol'vek v teréne pros-
trednictvom beznych a tiez Specifickych
priestorovych analyz az po zostavovanie
Specifickych vystupov pozadovanych jed-
notlivymi zlozkami integrovaného zachranného
systému.

Majlingova [98] publikovala metodiku
a vysledky posudenia rizika vzniku poziaru pre
oblast’ lesného hospodarskeho celku Slovenska
LCupca, ktory sa nachadza v centralnej Casti
Slovenskej republiky. Riziko poziaru bolo
vyjadrené ako jeden z komponentov rizika -
nachylnost’ izemia na vyskyt poziaru. Na ucely
posudenia rizika bola vykonana multikriteridlna
analyza, pricom sa zohladnili dve zakladné
skupiny faktorov - prirodné a socialne. Analyza
rizika poziaru, resp. nachylnosti na vyskyt
poziaru bola automatizovand pomocou spraco-
vania v rozhodovacom modeli vybudovanom
v prostredi NetWeaver. Prepojenie prostredia
NetWeaver so systémom na podporu rozhodo-
vania pouzivanym pre spravu ekosystémov
(EMDS) bola ziskana priestorova vizualizaciu
vysledkov hodnotenia.

4 Conclusions

The aim of the paper was to provide an over-
view on current state of GIS and geoinformation
technology application for disaster/crisis man-
agement purposes. To meet this objective one
hundred scientific works introduced in the Web
of Science Core Collection database were
found, studied and presented. Those provide the
world-wide information on GIS application in
disaster management. For disaster management
purpose not only GIS techniques, but also re-
mote sensing, global positioning systems, web
techniques and services are applied to support
all the phases of the disaster management.
Among the latest approaches to optimaze the
decision-making process based on the geospa-
tial information belongs the crowdsourcing, too.
This approach is used mostly abroad. In the con-
ditions of the Slovak Republic it still represent
a technique used mostly by research and aca-
demic institutions, but not the security practice.
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Majlingova, Buzalka, Galla [99] blizsie
rozpracovali postupy vedtice k postudeniu jed-
notlivych komponentov rizika vo vztahu
k vyskytu poZziarov prirodného prostredia a pov-
odni v prirodnom a mestskom prostredi. Exper-
imentalnym uzemim bol okres Banska Bystrica.
Pre izemie okresu bolo realizované postdenie
nachylnosti izemia na vyskyt poziaru v lesnom
prostredi a postdenie zranitelnosti izemia na
vyskyt poziaru na priklade spitnej simulacie le-
sného poziaru, ktory sa odohral v katastralnom
uzemi obce Staré Hory v roku 2011. Z hl'adiska
povodni bolo vykonané posudenie rizik spo-
jenych s nachylnost'ou uizemia okresu na vyskyt
povodne ako aj dopadov povodne na Uzemi
mesta Banska Bystrica. Vysledky analyz pred-
stavuju vel'mi cenné podklady pre podporu
rozhodovania krizovych manazérov nielen na
lokalnej urovni, ale aj regionalnej a narodne;j.

Majlingova a Hilbert [ 100] popisali zakladné
aspekty nazerania na GIS, ako aj moZnosti ich
SirSieho uplatnenia v krizovom manazmente
v Slovenskej republike, ato najmé v procese
analyzy rizik, identifikacie pri¢innych suvislosti
vzhl'adom na vyskyt potencidlnych domino
efektov, ale aj ako nastroja na podporu priesto-
rovoho rozhodovania pri riadeni zachrannych
prac v redlnom case.

4 Zaver

Ciel'om prispevku bolo poskytnut’ prehl'ad
o aktualnom stave aplikacii GIS a geoinformac-
nych technologii na ucely krizového riadenia.
Na dosiahnutie tohto ciel'a bolo v databaze Web
of Science Core Collection najdenych sto ve-
deckych prac. Tieto poskytuji informacie o ap-
likacii GIS v oblasti krizového riadenia z celého
sveta. Na ucely krizového riadenia sa na pod-
poru vSetkych faz krizového riadenia pouzivaju
nielen techniky GIS, ale aj dialkového prie-
skumu Zeme, globalne polohové systémy, we-
bové techniky a sluzby. Medzi najnovsie pri-
stupy k optimalizacii rozhodovacieho procesu
zalozeného na geopriestorovych informaciach
patri aj crowdsourcing. Tento pristup sa pouziva
prevazne v zahrani¢i. V podmienkach Sloven-
skej republiky stale predstavuje techniku pouzi-
vanu prevazne vyskumnymi a akademickymi
inStiticiami, avSak nie bezpecnostnou praxou.
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