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Abstract

I [Hsedder Management (D, reusing Snowlecdge of best proctoes from et experiences is envisaged as the hed approach
for dealing with fature disasters. But analysizg and muisdelling processes imaolved s these expernences is o well-known chal-
leage, Bl the efficient siorxge of these processes 1o allow rewse by athers in feure DM eadeavoars iseven more challesp-
ing and less discussed, Without an efficient process i place, Db Enowledge redse becomes even moes remote s the effont
Il pets comsimiad as o hiodvanes o nee prossding sctivices sarieg the esceution of dizssien activinies. ERc ey hos
i s bex prrsued witheus compromising the effectivessss of the knewl edge analysis and reuse. I s imporient 0 ensure
that knowdesdge remnins meaningfinl and relesant after i is mansfarmed. This pager presens asd validsies a DM inosdedge
analysis framework (DMBEAF 200 thal caters Tor efficient trandormation of DM knecdedge indended for revse. The paper
demeasirales that undertuking knowledpe trnslormeation and sleeage 1 the comtext of it wse s crucial in D& for both, effec
tivemess und efficiency of the trunstommotion prooss Design Schences Research metiodalogy puide: the resench undemaken,
by anfer ming cnhancomen s md how the ramework is evaluatel, A poal cisc stuy of Tood T Eom the Stals B oy

Servioe of Yidtorin Sade Acssrabio is soccesslully wasd o validate thess emhianee me nts.

Keywords [zasier Monagemen - Bnowledge Analvais - Knowledge Managemenn « Sgent-Onented ModeHing .
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1 Introduction

A grosang body of literaivne recogmees that learmisg from
the best proctices of past experience has been cnvisaged
asan effective way in DM resilionce endesvoars (Eliz &
Margheriin, 200%; Lietal, 200%; Lin & Chang, 20305 In
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miny cases, this is also an elfhcient waloe propesitiiog s the
knewledee 15 already available ancd 15 resdy 1o be adopted
and addapied 1o recurring disaster sifumions (Weichzel-
pariner & Pigeon, 2013), The importunce of knowledge
reuse was ragically ohservec in B aftermank of the Inifian
ocean meegn carthguoke which wos followed by the woirst
tiunami disaster n 2H (Mo Adoo et ol 2006). People
i Sameulee sland, Aceh Province Indoresan, barnessed
D& knowledpe passed to them from easlier generations
(Eyatwinn. I014) and ahis kpowledge rense saved al mosl
the enbire populatisns of 1he island compamed 1o the hoz-
rovwing impact oo the mainland of the provines, Likswise,
im the sftermath of the Japanese Tosnami in 2011 which
cansed more than 25,000 casuslies in the mos disasier
wware aation on Earth (Satake, 20485, Students o both
elementary amd jimior high schools inthe affeced areas
could monkge o escape and save thedr lives, o they had
bezen pregrared wilh the similar prior knowledige (Parker,
JH 2, These imstances demson sieate 18t reuse of best prsc-
tices of post capenences can bs ngely significant in D,
Enowledge rease in #is conlext requires facihitation of
infermation fAow i enabile nmely remrieval and speedier
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imferaction wilh extant sourves developed Brom peast expe
rience. Bxch effcrte have been acknomdedged and insti
tutiomnalised by infemnationil commirmlies, for insance.
theoegh Sendii Framewark for Mzaster Rigk Redoction
200 5-2030 {UMIDGSER, 20055 This awsreness cascmially
provides the space bo parsie a process that hosiens fow of
information from past experiences and fasier formasion
fess within the current epdsode of & di saster management
Thix al the same lime haghlizhts the acote seed bo analyse
ined structure DA knmwledge in o way ilcan be easily vsed
o source information in the foure. To allow this o kp
pen, the exseminl ond relevint knowledge clenkenis necd
1 b ramaformeed imto a rousahle formum fe allow othors te
extroct and apply effectively

In documenis deseribing DM knowled ge, the esaenti ol
undd relevant knowledye elements are Lypically orpanised
in o semissirociuned formal Common examples of wch
incwments ane Disaster Managensent Plans (DESPLANs)
umd Situostion Fepons (SITREF), Although a DISPLAN
usuzlly includes bes proctices focused on scicnblic anfior
mition and iy seen 8 o dimely reference for siakeholdery
(lnan ex ok, 2008 Santiago ef al, 20060, 0 STTREP containg
real time knowledye aboot how a criss is oocwmring on the
ground end s impontom for first responders {SES Victoria
Amsiralia, 2004), These fwo typical docemeats provide <il-
ferent type of M stakeholders wath firsa-lhand and pivotal
knowledee elements in a disaster event, These particelar
clements should he i & conbel-based represeniation tha
vy P remiesed e fsl ploce By hese wiha gie on e
ground inneed. However, a5 similar D0 sctivities and oon-
corns dne commo acress different pars of the wold with
the different commamilies, geopraphic characieristics, .,
recogmsieg 1he local charactenistics where a cdisaster ocours
ix aluo critical fi hemness the power of reuse. This can ensune
that the krerwledipe can b well adapied by D sakcholders
For effective vk for all the hiennchy adnvingdndion leveks,
Processes m delinesting the reasable elements from those
that needd 1o be adapisd 1o the Jocal comexn hnve heen {or-
mululed in Inam et al. (20153 ). Those processes hove been
encapsulaied within the Disaster Management Knowledyge
Amnlyiis Framework version 1.0 {DMEAF 1.0p which is
part of ar lasger prgect which ix aims o comirbole G0 the
XM resilience endesvour DMEAT]D facilitales the analy
sas ani resse of Disaster Masagement Plon (DISPFLAMN ) by
wing Apeni-Based Mocels | ABMa) o csahle ifs sobsegeent
iransier and onification imo 2 wnited reposbiory, The reposi
tory can then be acoessed of any poing of the DM dmeline
ifetermined by the males requiring the secess, The reposi-
lory sructure is developed following Meta Céhjeca Facility
IMCYF s (ODAG, 200 5 that &5 represented in thoee layers:
M- -MT descritine the real world components, model
und the m sl mdclling longusge, respoctively, While
) i T these wien are dealing with the pechnical setivities
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om the groenad, M and 82 i for the planning process and
execnifive decision makers, respectively.

DM EAF E0F win succoesslully tested with two real cuse
studies of the 51ae Emergency Services (SES) frum the
Mew Soath Wales (MSW) Sinse of Anaralia. But these
tests highliphaed a mumder of sleorteomings theat s ite
pracuical applicahility. Firstly, the twoe Auwstzlion ceses of
Wippa-Wapps (Tnsn.er b, 20163 and Waollengeng (Inan &
Beydoun, 20 Th ) manicipalities, haghlighted the complex
ity in conversion of DISPLANS to o onafed Tanguage. In
particular, they exposed the probibibve cost of analyds and
modeling servins within the framesork. Secondly, &g
terls al=a highlighted fhiot as smalar DW= vocur in different
geng raghic oress and have comiext nesls, incorpomting such
coanexi-based charse teristics wilored into the frimework s
wery much needed Far this, relinnee cn extemal soorces to
wippoat the amalysis of the TISPLANs & needed. Thas is
w allow the stakeholders, pamiculas thiose who are on the
ronnel, fo pespond the situations more eflectiveby as ey ame
egupged with meee detxil knowledge eloments specifymyg
the local condext, Responding o tese o shoricomings,
reduing 1he comversion cosf and ieerporaing localized
extemal sources, ane the key contrbations oo be illustraed
im this poper. Cleady. porsuing & meore efficient fromework
should be done withoul compromising its efectiveness. To
evalunle pur resprase o lase two challenges in this paper,
we use o new case stody., This new case stucy will not caly
walidate the enhancements. But mare imgommtly, the eval-
ey ATl povve noway for the enhanced Tramnework ts he
meneralised Eor other similar case sfudies, Desipn Science
Research of Information Syaem (DSRIS) tHewer et al.,
2HEL) guides the res=arch cyele. Thas, ooce the mare efi
cienl framewirk 13 developed (we call the new verdon of
e framework ax DR AF 20001 developed, the valuda-
i will be comdwcd. Follawing DSE. the prodecey infior-
mialion sywtim artefact i= pob only specitied for o partioolar
issge bt should adsobe able for o class of prosdems (Gregor
& Heveer, 2015; Rossi e al., 2002,

This is how Lhe arlicle ix structired : The secomt sec
tow ineludes weeks from the existing literabsre. Section 1
dz soribes the sages inthe DSR mshodology andespin
ming this meseianch. Seclion & discosoes the evalmbion of the
new frmmewerk wath o oreal case sudy. Sectiom 5 conchudes
onad diseesses the research and Sect, 6 cutlings the future
research directon,

2 Related Work

In DB, Jessoms Jeirned are an integral part of the commuw

ity ban the nndgus dongers and comples Latume of scenorio
ulso make cfeetive documenting and sharing of previous
ex periences extrenely diffical o besi-practices nvwledps
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i= distribeiied ameny many stekeholders. In addition, glebal
change svacerbatec reverniny and likeliboods of haeandaus
evems, calling for comeisten) momtoring of rends in&ta
and models, and adaptive revision of D& phmning pro
vodures and (heir implemeniation o mnimize heses and
Inerease diapsier mesilience. For eapmiple, ke Fhilippines
in 20014 wrpririenéul 2o casuallics s the conptry pul e
ae kpowleclpe leamnt frem a previcsis gyphoon disasier, a
wesir eadlier which in contrast ad caused more thai 6,300
casualties {elasgoez, 2004 B comirasd, the respomse o the
earthcpake follewed by the fsaennn groke Palo City m Endo-
i ik 2HE (BEC Indsmesia, 20055, was ATy
imfarmeed by pror knoswledge and this has proven o be the
ieterminmng factor im Lhe oatcame (Widiamto, 2008 The
rigk af thi pomicular ores was no sufficiemly incorporwed
inin sebeequent plans (Finndis & Misssny, 2008), Aciually,
postamarkams of catnstrophe nesponses aften iblusinse the
presesce of sufficient knowledge but insdeguate knowl
iy Iransfer {Bray, 20071 This is also recognased throagh
lazpe effoets that focus om disemination af generic disaster
prepanzd nexs and plannang by anlernabional bodies sach as
cvaciation manusls (COCM Claster, 20065 Smharitaive
nEcicies olicm &t as cusoli ens of Db Ko badge (i seimi-
winschired e documents, For instance Stete Emergency
Services £8ES) is the nuharitative ageney o combat disas-
lers in Ausdralin. They are cestodians of Disaster Manage
mend Flas { DESPLAN) docaments [5ES NEW Awsiralia,
). Henpever, the DISPLAN ®welf is mo=tly wrilten in 2
baninee spociication frmat which is sobjocfialy perecimod
by the varows DM stakefalders (Weichselgarner & Pigean,
20130, Moreover, Providing representative Emowledge in a
time |y meanner is also another eritical igswe that needs o be
adidressed an the Db research e,

Wil DM knowled pe cocling 1= intended Jor mewse, it
s chollenging o dioosoo witheot & propes degree of conies
mabization and interaction of pmicue dissier chancien s
Lics. Furtbermore, extemmal sources thal could easly assist
in contexialising actons are often aol sufficiestly wilsed
au they may Bod be available tor reuse and sdapiation and
b0 ol easily tmegrote wish recomomendaiioms expressed in
tentugd [0 plons. For instance, an appropriasely calibrased
Floas] sirmdasivon cohl cesily Rghlight whichs pams of o flood
management plan can be safely ignoned, bul thess two exisl
ing kmowled g sources are seldom e grated i real time.
This Feads o accelerating costs of DA calling o cotsereni
digatnl knevwled pe servioes, which suppant deceniraliced
idevigion making in the fime and resowrces-eficieat man-
ner and whtich evelve as pew knowledge becomes available,

Scholarly contems reganding the above includs inve s
Ligating techmgues (kad can asisd the D0 uthorites with
waffic ienl and repeeseniative nowdedge dmely @md ompeey
ing the decisons making mechamizm in disaster evests (Elia
& Mlanghenti 2018; Sword=Danielset al., 20060 Hingever,

e do the enicue exisience of each cmasraphe, i3 impos-
cihike ta create o standardiced policy that soud be oweceae-
ful im all Dhisaster Managemend sfusdions. As the ling ind
crilical step iowanls these isoes is by lacklng the diffus
st issnes af the Db knowledge thal permeate in all FPRER
phases [ PrevenianMingatlcn Flaming; Freparsdnesg;
Husponss ind Becevory ), This is sccomplished by compre-
hesrcling rThape e w1, 10175 and prosciding (Adein & Pesara,
JOLF; Rivera eqal, 2005 DM imiplementation widh as much
applicahle bew prachice knowledge ax possble as a prereg
wisde for O resilience endeavoors. DM knowledee needs
il s o Checamprosea and avcailod Lo proieots o eler deti-
civas making mechamisms (Coppsla, 230115,

This paper essentiably extends oar work in (Inan et at.,
2l Ea) Prewicusly, we developed o Dismter Maonspemsent
Knowledps Analyss Framesash (DMBEAFLV {Inan et al,,
M &) fo analyse and model D] knowledpe betore sdor
ing i3 dnto o unified reposiiory, Dsaster Manogensent bets
mafe] (DB S (Chmem & Beydean, WAL This repository
key deature ix that 1t ahandons o dmelne series in favour of
umpesiricied seoess o every slep of the PPRRE phases. DM
itz is a collection of complele concepis and their relotiens
1 Do A Ives Lo represe i L organisational Knoea-
heire i the processes in D octivities. b was inatially built
comforming the structire that represents the DM domain
thamughly hased an the three modelling Livers of OMG
(CRMACH, ZOE3): MM -2 represenling real warld ohject,
the mede] and the modelling inguage, respectively

Apcni-Bascd Models (ABMx) anc otilisal fo Eisontan-
gle the DM knowledps and comples chansctensdics of the
dermein | Lopez-Lorca et al, 20161 The ABMs is used from
Apemi-Oriented Software Enpineering (ADSE) domnin,
ARMs are employed in 2 descripiive manner o disemtang le
the infertwmed knenadecge in DISPFLAMS using the elemends
In ench representative model as o reference. The ARMs
themselves ame constrocted w=ing a melamadel, FARML
[Framewask for Agent Modelling Language) {Beydoun
et al,, TG Henee, ihe converslon procesz of ABMs fo
DM 5 nheoretically derived asing FAML and DM and
i s consiroed s g meede| nans formetioin, thas is & nodel
trassfenred o cther masdels [ Mene £ Vo Goep, 3006, Sen-
dall & Kozacyymski, MHI51, This conversion process &ae
been fully described by O3 (OMG, 2013 ) through the
Meta Chject fabiies (MOF) framework. Thus, emplaying
MILIE tas pao missons: (1) mding ihe oormersion sages of
AR b e wified repusitary and (25 prowadiag the clesr-
eut oof the knowledoe stnectused in ARMS & it s provided
for the decision msking process - plamning md real-world
chject o, 301 7). Knowledgze from the repository can be
retrieved by virioas DM aakehalders. The knowledge ele
ments m MOF s layers are imterconmecied based oa their
semuntic knowladpn as they Rinlamanially conferm o the
wame meaming except in the different sitsations. Although
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previoms evalimions hove been sucoessfully condecied i
measxire the efficney and the efectivity of the developed
framewsrk, it alss highlighted furtber scoope for improve-
ments. In particalar, ensane that the analyss i morne efficent
indd that it alas applics toexternal sources beyoad the NS
PR Ms Theess are addivesssd i whis paper

3 Research Methodology

DERIS methodology guides this nsearch {Hevner et al..
2UNH Inon & Beydouin, ZHTa), bn DERLS, e cegime is s
“boaldimg” an “evaluating” activities, meaning cmee baili,
the mext go procead is the evaluation of the proaduced TS 2rie-
fact, The catpun reswting from the Bailding process could
b= pwethoal, or meoddel that eigha be tuamed indo @n in=son-
tufaom. They will then be validaled m the eviduabon sage.
This evalestion amas o discenn the efficecy, thai is, o what
thegree does the created ariefact’s fanchonalities oparatbe in
respoese 1y the formulsted reguizement: and the efectivity,
thal ix i what exient the artefact conlrbales 2 o solution
fiar the prodl emis the ariefact aims to addnsss

Fiar tluis a0 appen, the evalwe jon iherelore should be
euyuipped with the appropriae metrics (Gregor & Hevner,
2013 : Peffers es al, XM Venable ef ol X016, The aim is

previmely . Uz resenrch is por of @ lager
projecs aimed fo contribote o the DM recilience sndeav-
paurs, Therelome, in this research, we do midl showease the
comstnee bon of the arfefact from soratch. Instead, we wse
oy DIVIECATE 1A 34 dhe DSl or o fusther evaluatiorn Follow-
ing the propecl enhandements millined carlier, For this,
we engplay anodher real case stucy from the SES Yictorls
State. Althonghin eng conniny, sases in Ausiralia hive their
e govemments. Thas, even thamigh thene are olbvios cone-
mimalities between the states of NSW [where another case
sty wits execuied ) and ¥ictoria (e curreni case studyi:
tha hierarchy of gevermmaent siroctores, DM oponcies, the
sabehoddere, and ete., their dilferences are onivoidable (=0

£1 Speinger

the envirommesas, peographical areas, e b This will inevi-
tahly poee the spevific needs thas mighs chollenge the O
achivitizs an the preaind that differs betweeen the mandcipali

e under the stabe of Viclori, In addibon, _unhnl.'i.ng i real
cise stody selting from the 5ES Vicloria S4ale is oimed 1o
diszerm e 1icacy of ine develaped arefac i ik neal se5-
ting. Imother waordy, in the naturalislic sating, the confound-
ing wariahlss can be recopnised earlier represending the real
gnvironmest (Pries-Heje o al . 2008,

The evaluation fisell i an ilerative process. The ilera-
bve process essentally is the DSE per {livan, 2005, The
prirpss i5 o Suaranies Ml e prodecal ansfal mon oaly
o addmess the prebloms formulsed in particolar, buet it
should alsn contribute to the domais knowledge. Moarea
wer, the idea of erotive evaluations is also pimed o jus-
iy the generali ssbility of the developed anetae for othes
similar case wndies. The idea is that this prodeced anie
foct olse needs o address o just the partioulor probleam
at bamd, bt 2l o hroader class of fsoes This schaal of
thoaght is closely hinked o mmstber general agreement in
I8 research: ihat it ix nol o tackling the emerging isue
bait plsn contriming 1o the dooein krowladge (Gregar &
Hemer, 20030 Alipniag with improvieg ihe clfeciviay amd
efficiency the DMEKAFLD, indeed this is &l cor inlention
o discem on how dhis paper can clarify the generalisshiliy
of #he enhanced fmmewark in the BB cases through this
evalwahon

En the malestion slages, o D experts friom the Stake
Emergency Servicen (SES) off the alatex of Wictoria and
Mew South Wales in Avsraba are engaged. Their exper
tise prevides aseurance that the confent semanics of the
criginal DM plans are preserved when they pet comvened
by the framewnsk and that Lhe enhunced Framewark wirks
ax ingended. Two expens (rotker i one ) mitigse apainst
bins risk and incresses the relobilioy of the svaluation. We
minaged fo maintain the commamcatiog with Be experts
wilh an intimabe DM knowledge tn 1he whole cvcle of the
evaluation processes, Morsover, inihe evalustion siage, we
adopied the evalsation sratepy s proposed by Yesahle c1al,
(200060 1o pccouna For why, when, how and what 1o evalu
ot I oahver wowd s, these empincal l:rb:uwln_:dau evaluation
sirmepy guides its activity systematically, Particnlarty, this
employes] strutegy is o ensure thal the evaluation of the
develpped artefact 1s conducled ngoreasly and consistent
wiith the profleme fermalaied

Tin g these evalustion processs, we nbo mslanlise
the developed framework in g weh-based foal. This toal is
cacmially a prool of concepl constmicied 1o demoasirie
the principlss of methods, mudelling and constmucting the
framework. & master and two bachelor students of Man-
agement Information Sysem (MIS) depanment were leghdy
imveirbves] S riporosshy st ihe framework during the initiol
wnge alomy with the exper froom the SES NSW agency. The
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eviluations of the developed anefactis encenmpass all Seir
dimensions agninst the employed real cose sody. These aim
I nssertain the Fenctionality and nsahility, gt fit with the
prganealion, and olber nelated quality stiriboges (Hewner
el al., JHK).

4 Disaster Management Knowledge
ll‘ln]ﬂ'yl'ﬂl Framework Version 2.0 [DMEAF
2.

The enlenced framework, DMBEAF vZ0, (o be evoluared
i% shown in Fag. | (v20 ax 0t 3 the improvemenl sension
of the previous ane, DMEAF «1.0 dnan et k., 20082, I
penerully inelades thres sapes: ¢1) customising Agem Bwed
Model {ABMD sempl ses 125 crenting & nmgue DESPLAM;
i § 3] moving the DISPLAN imio the reposd oy, Ponethe-
less, previemsly indicied this comes with o cnhonoements
i glaﬂ.'n'h:tl ax frdlou:

First, as earlier explzined, instead of weven, the first
enhancement of the improved artefact only employs sis
ABM: (Stage- 1 of Fig. 1) gawl, mole, orgaminarion, e r-
wrcthenn, wpiehroine i gl seengrfo rededs, Edsestioly. Tyt
agaar nnel seeiirte medely, o this confext, ponay e spme
knowledge representation, i e, capturing the activities per-
fremed by agenis in redcting and pro-acting bused on per-
ceiving the environmenl changes. Both models pin dowr ifve
activilies I he perfomned, resounces needed, pre-condition,
pEnl-cimlition pror o prfrming the acbivilics, the rigper

e nalny neks

i bsrmchinr s

|

BCETRN TEydsd

R —— sy
Cumorriuing LBM smpbiss Gerscying npechc TSP LN ik
s ABME of 33 DSALIN
o ok [ Dottt apreach |
| il R ki

'ERDLA CER revEree

=2

1o rzac and 5o for e, by apenifs) based ona particelar meain
gaal, e.g. evacnation, provading Aeod indermation searees,
mainfain legistics. However, compared Lo the scendaria
madel, epent model Incuses on @ hower:lenz] aspecis which
cin make the knowledge less rensoble. Henoe, removing
11 achieyes 1o purpases; redinces ihe analysis brdsn and
ul=n mikes Lhe knesdedge more rowsable, 1L eaablos conexd
specific knowledge from external soarces o he ingegraged,
Thiz contexy dependent kiowledge is generally of opera-
el mefuse @2, eguipmend mamods, usige oohooks .
The retained seenamo mede! alsn imtegrates knowledge
glemnenis of ab inwolvel mebss (playcd by agemes The are-
marie seeddel aime o manage all the Enowledgpe elements
thart aze bieed on a specilied goalish o be pursued. And by
mimnazing gnd visalising the knowledpe elements For each
main goal in @ sesamro mede, e invalved stakebolders
[the agemts) who phy parbicula moles @ the D0 cim compne-
hezanc] the witale scenario they are in. Por instonce, what ather
agents an agenl needs i be conmdimied, negotinted and com.
mumzicided with to achoeve a particular goal; bew o isteract
wille each other as they all ikely come from differeni cegam-
eations and hierarchy bevels, what resownces ore needed in
prmEing 4 pasticular goal and o share among e otlic
ugenis, e, Thus, between beth sgent and scenano nwsd-
els. employing the ane thit is more complets is preferred
The set of ABM s = examined o ensme onby theee relevant
tor the ransfer are used. The lower level design model is
edeted Moreover, as noted here (YED of ad., 20040 these
imyuiries infirrm thed further domain dopembonsices are beticr
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served by exiernal sources wikich describe the specilic can
iest. This | fenher explained o the second enhmmcemen of
DMEAF in ks paper

Second, the secomd enhancemenst turgets al provicding
mure details o the actiwifies involved i D&, To this encd,
o knowledpe manster pathavay that refects kal characies-
istics s bomn imroducel, Any addifional infommastion is
nesedel hevond what 15 eeseible m the DISPLANE An
exannple of such am scrivity i the wse of Plood [meltigent
Cimd {FIC) ( Morgan et al., 20031, FIC is a prodoct of Nood
inlelli pent activibes istended 1o provide informidion relsted
tr Mol Dediavionrs and e Likely Impacis i a refcrence
irea from variouws sovrces G, medelling and lood sbdies,
reconnaissance, fiood hastories o the anecdatal evidences.
insurance company claam recond, e ) | Morgan et al., 2085]),
The FIC 5 aimeed b0 prosice detail and eelaied infanmsanon
fior @1 better decision=making prooess in managimg Boeod dis-
useer For o specific environmend. In FIC, all dato relating 1
v height= at o stream gauge and their implications within
the pawpe’s relerence region = awilable

An example af this is the Stopper river Floed Imel-
ligence Card {FHC) & Annes B of flood preparediess of
Wicparia SES [Conmmomvch iy of Ausarulia, 20D, AsCol
b sen Erom this anpex, tha this tppical record provides
A detail of the consequences for esch paint of the waer
heaghis For that pamicalar rives. The typical information
the cord does not only imerease Lthe preparedness level of
the autharities bol ake indorm the detail of koo e i
reapond o ool bohoviour and i effedd o the commmuni-
tiex. For mnstance. all the coasequences that maght impact
Lo the communities are presemted sinee the river heighi
i from |3 mjconsequences: “wated stans e beeak owr
of the stopper river; Haoding fow-lving formland to the
sannt of Nevapazumde: Ivesmek and eguipment meed ro be
redicated S bigher grosud "y o 120 m (consequence s;
* Prohobie macimam Flood (Pl Teveds 500 wesidentod
properiies and 120 businemres Seoded over-foor in old
Mevagiziann; TR resldennial propemies fooded srer-
Mo i sy bebghes | 5.5 ra 37 o deepy 230 bilaeases
oaded pvernloor o Nevegammda CROD) [ Cammyoiwealdls
of Amstralia, 200, This by pical information provides o tp
pdeg point fior @ misre confidence decision-making process
in massgmy food disaster event,

Mormally the FICs ane not part of the main by of the
PESFLAMN. This (& a0r] butabbe goothe tacr that they pro-
witle wonfelenl sl details repanding the impect of flomis on
privaely osvned land. Clearky, they ane crucial for & betier
floosd [P0, =0 the challenges of funher analysis (o incorpo-
rane them i ihe emploved ABMe are important. Analysis
Liasks mre needed io analyse the knowledge slements in all
FRC% and place therm indo the correspanding each af the sx
ABMe= thal descnbe the locolipecibe context of o Anod
A, These typicol knowledge elements will squip frontline

£1 Speinger

wintkers wih deiailed know-how of the sotividies. Thus. e
fnllewing mwo enhanesment s are sdded in e sages of
DMEAT v2.0 (they ane enhanced from the DMEAF»]1 0

Slage 11 Costomising ABM lemplistes: A DISPLAN
knomwledpge iemedots amd relaied exiersal relercmes are
uspd 2 inpuls fo the syetem, be FICs The FICs do ot
omly provide the srigpsr mechani=mes in the form of a
threstsald of the waler beight of b specific river, bal also
thee conseguences and the immediabe aciioes regoired for
# purticular hecal context. As such, inthe stepe of anadysis
andd model e DISPLAN wngplole wisl il FECS, a D
rpecialist with apesd-oriented pondigm sndemstancding
far a knowledee engineer with comprehensive D6 back
graunid) i invelved, subreguenily structures then inta
each of six i) represemative ABMs. These produce the
six ABM femplates describing the DISPLAN templise.
A described, the sk ABMs that ore onalysed and neod
elle] im this stnge consitutis the frst eshuncement of the
DM EAF v2.0, that needs o be thoroughly examined in
thiz paper.

Stage 2 Generating the specific DISPLAN: the ou-
coins ol e Saape 1is dhe cusonised ABRE Tn il suage
thiey become the ABM: 1o genernle Gnes for & particulas
DISPLAN, A case in poind, the costomised ABM: are
emoped o generate @ Bood DISPLAN of the SES Muin
Shire Mumicipahty of Victona Stale Anstralia

Stoge 3: Trumsferring the DISPLAN ints the reposis
porx: I dlsis stope, the sin ABMs deacribing o particulas
CHSFLAMN {an exanple from the Stage Tis the DISPLAN
generited fior the SES Moirs Shire Municipality of Viewo-
ria Seate Anstralin pre ronsferred o the snified reposi-
lary. The ransferred ABM= tontain the analyzed and
manbzlling of the specificatmn of exlemal soarces.

5 Evaluating the framework

The evaluation hese 13 based on il enhanced frumewoik,
DB AR w20, ax showiin Fig. 1. In this paper, this isovile
oted employ ing o ckes squdy from the Bend DISPLAMN lem-
plute of the Moira Shire SES Vigoria State of Australin
This typical template DISFLAN is chosen s il describes the
similar flood DM knowledge ax the one i the twa previows
evaluaions, Bul it 5 formulased for o diffenent seing. Ths,
this evaluabion al the Frameveork witl this partcelar real
cake slwdy is nat only about sscennining s erhancemsnts
bt de pravimg the wary for in i be peneralised,

5.1 Moira Shire Victoria Case Study

The Saate-of Viddoria 18 seapsnaihle for moisitaining E¥S-
FLAN for its comslilpenl regions anal momicipalities.
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There are 80 Mumcipalities administered in 1T regions
iRegional Development Victerta, 20065 The Sr_nle ol
Victoria SES {YICSES) 15 the DM agency in Lhe Siate
level dhat is esponsable to combat the Nood disaster. Ax
i the larger date in Avarala, N5W, here s olsoa Plood
FESPLAN temglate for the Stape: of Yicmria develape o
maintain thy con=stency for plunnems stuluwids a1 sanioos
muni cipalities, T ihe Tremenork presenied, this templaie
isused as the sarting imput for the enpnced frameswork
Lo privduce the codomised ABMs of the Tood DISPLAN
fior the Stzte of SES Vicona In the evaluation. the ABMs
of o] DTSPLAT of the Muira Shire Municipality ane
generaled oud of the templstes anid subseguently trans-
ferred inln ke repositoey. Bolh templote and the orgi

nal THEPLAN of the municipality con be pecesseld freely
from the BES Yictona websibe: hitps o w ses, vic goy
i’ Howeever, FECs are not publicly and requine permi s
sion from Jocnl planness.

The Moira Shire Municipality of the Yictona Siate
that 1= chosen to demonsirate that every city o the @me
level of hierarchy (in this conlext is any Municipality
of the State of ¥Wictorin | com efficienily generabe (5 own
DISPLAN confornsng e icmplac, In addivion, we b
good comaetwith one aof the local planpers in Melboorne
(Mr Andrew Shechan), Tn this comext, the DISPLAN
of SES Maire Shire inherits all the best lessons 1o learn
from the termplate bed for ite specific confext, Moreover,
in the enhanced frumework the kmowledge specilied the
lmal comten) thal chomcicriscs Lhe Moir Shire scibing
1% allowed fo be incorporated intoe the generted DTS-
PLAMN. Evensally, this poricular DISFLAN is deposiied
tis Ehe repasiory Lo be reosed as the bass of decision-
making reechanism for the Bood D of the Moin Shine

Municipality. The detnil evaluaion employing the case
aindy i this paper is elaborated in the following sections,

5.1.1 Stage 1: Customising the template of Six ABMS

Ui theks stage, e Hood FISPLAN SES Yiciania is cosiong-
izod. A previcnsly described, thene ane anly six ABMs thal
will he peed in theee cusiomising aciiviiies. A knoaledge
engineer analyses the focd DISPLAN wnplaie of the SES
Wittoria and meodels all the knowled ge elements into each
of the correspomifing ABM templyes. The result is the six
ciFomnizad ABM DISFLAN wemplatcs of the SES Vicio-
riai, These sx cuslomased A BMe of the SEE Viclonia Sood
DNSPLAN will be the fenencation i genesabe anmy loca] plin
tar Municipulines within the State of Viewria Dnthis pagpes,
this will e the SES Mo Share DISPLAN knowledge. The
frnmework privices adepth-Brst mechanism o guide the
berronw Leadige: engineer can fiorw g dio it o detzil. The deteils ae
elaknrmted 2 ol lowes:

Customising the goal model Customising the poal model is
withi the nim o prestuce o exstomised geal mods! of Bood
DISFLAN of the SES Vicoria as deawn in Fig. 2.

The cusiomised gow! swoded produced in this evahiation
is for the SES Vitoris ond thercfore it will be the basis
0 renerate a goo! model or any Municipality DESPLAN
under the Stale of Victorza A main goal “evecuadioa”
i= idemiifed a: anexample for the gosi moded Emplabe.
Fullowing the muoin pool wdemtilication, the < Mo fpel-
rhy = BT { Incadent Controller) as by mmbstor 15 sdentahecd,
All the sub-geals and the roles responsible for each of
them are the follewing io be identified. For instance, &
sub-ganl “Managing the evaluation procexs” and the

Fig 2 A costomiaed goad o o PR DA A T R i g P A
wosef of the DISPLAN of the it

SES Viciora fur = main gl
“Eririsdn

[ Hnnsine Managarmr© Ustarodal ENU] e s rjrsssaihe spoafory '|

‘ui’rl

f———
Ve e
\g— L

WEEEH rBagmage (0
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P, = Wik Prds
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Table 1 Cisloiiead smale muoded
ul the Moot DISPLAN 1esplas titanaid ikl M
ntthe SES ¥icora Seaie Rode mwdﬂ. MO Layes
fenle 1 R M
Feole M WICSES = leagionald = TH)
Dlesaigpizn I ke Rramadodzs anslvecd and nnslcBicd o fam Boch Esi Bzgine
area, then e < Begiond = basnmes Mot East Region D)
Fazs ol ity B, Comn i g the evacualos i R ]

L Develnpng the evacusann wammg

1, Assisfing the peacuanon prcess

4. Fegluenng the aileoiel sl evaounial peopls
L oaesaralin g

rales responsible for are VICPOL (YViciona Police and  Customising the role model Customising the rede model is
the = Misidcipalive = IC themselves. Once this mode] (s based an the previons customised gool sioded, Thus. inthis
completed, the knowledge engineer destgnames ssch of  insiomcs, sstemising the ade meds’ doown in Table | is
the knowledge clements in this mode] folbowing the MOGF - based on the ossiomised goa seded sketched inFig. 2 The
framewark a: either M or ML i i 10 produce the custoimized role seon'ed of the Bood

DISPLAN af the SES Vicoris. Evemually, the nveledge

TableZ Ciminmesed seemarke moded of oo DEEPLAM emploe of Be SES Voors Sue

BT R L

D o e ey i
S b kecalalf FCI [
Scmarn 5 Pl
Sore Huoression wrrone
Gl Etmnakin
leriman o Munmtpad iy = H
Tiigsr 1 Projecities s e picled be b Pocdesd L0
o P aw ap e b o ETTERAL, 3 MR R o s Wi O O e e
1. Plarnbig jiotesicoaildipod i pubdic headd
4 Cintial Tacibtes Rkt b ooignoniisd sl dmoiloage aoisilibe b juopii b, pnd (d o oo i is deved e il
S e ek PR R S
IMe-copdiien = Wlumkrpadity s W mconsbarion sk = Masicpshiy 2EBC < Masicymloy = B DR, D Hobd C%A B wnd
IO Bnike recumsen hsed ol rgpen
Pow oralikam Thet vl bt it s o sl ry -2 i B by == 0
Loscripian I'he v mai e 1 sl b proviec) peopde Drom ke rcda & an omape e = Thiz s oosduoiad B saacting reopls om o
il ity Sk @l Bl B Phceioned of Besputall, @ W o8 o i o O dae
Cimdiiem SEp iy ke Fesirmemzi
Ineiy
(LT | Reivaiwidnl Beg i ®d b foe chioa o 4]
2 Ll il o BEg Wie & ol W g ElLELEL R4 E14
] Dty o dviai il i s @vmiy ElEl El El
el Mhnapieg ke SvELIRIN PR KEix]
L] Aanang e crarudun prircas EL-HII
] Hipuned the sffeciad sed csusial mopk KlLE2 Elu
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engineer marks the knowledge elements inthe rofe model as
eittuer M 1 or M0 Tahle | dhows the custinmsed mole mode!
For only e role R2: VICSES < Regional = DO,

A thix is the cusbomased refe smoded of the Siate ol Yic-
loria DESPLAN knowledse, any instance of flis particalar
miide] for any Municipsality under the State can ihen be pen-
urptsl Eﬂ-ll.;i.lﬂl-:.' and ufectively from il as thoy conborm fo
ihis customised mod|

Cistomising the scenario madel As the space Timtation,
the thard nuodel foul off six) cuslomised in 15s paper s the
averrasdie avonel, The Riowledge clemeiss e cusimied
regrarre gpaded 2 hosed o other custommised moeels e soepl
fox the elements of trigges, pre-condilion and pod-condition,
as shawn im Table 2

Fior these three knowleafge elemems, the knowledae eigi-
neer fas o revisii the original BISPLAN lemplate of the
SES Vicwornia Stee of Ansmalio o ideatily snd simctune
them im the customised model. Onee shis model is com-
pleted all the subsequent knowledge elements in this medel
are merked as eitler MY or W representmg the knowl-
cidge inthe policy/plonning level or real -world activities,
respeaively,

5.12 Stage I Generating the cuttomised s ABMS

All the generaling processes in this stage ase based o the
cuatomiacd ABM: of the proviomes stage of the 5ES Moira
Bhire Municipality far a flood DISFL AN, In this process.
eachaf the ABMs from the cusomised stage produces the

Fig. 3 Tho gaai muoiel o the
Hosead DISFLAN ol he SES
Moirn Shiro Musscipsdily

%

O B Rl M e 00

umnkjue vnes for the Moina Shire DISPLAN. However, as
earlier discussed m S=ci. 5. the 'I'.“I].!H.A.F v, the sec-
end enbzincement in his evalulion is @ Largeting maore
tettnil describang the specific charocdensicy representing
the Moira Shire Municipality. 11 iakes place in this skage.
The specific knosedpe elements for speciTy mg e detoil
are peguaned e the exlormal sources that initiolly are not
part af the elemesis in the main hady of the DISPL AN,
The deralls of the generating processes ane el ahorated s
fodlovn:

Generating the goad model Tn s stage, all e kpowl-
edge vlement templates in each model are sebeniued
to the ones representing the Moira Shire Municipal-
iy, The pocess then results in the goof sicdel of Flood
CASPLAMN oof the Moirn Shire Municipality. & seen in
Fig. 3, The basis to generale this panl medel 15 based
o the customised goul mode! of the SES Yictoris as
shewn in Fig. . Al the Enowledge élemens in the cus-
tomised goal mede! meeds to be further scutinised that
are dfenlified by the knnwledge engineers (DM expert
whos has ABM= understanding or on engisees who bas
DB capertisae Dackgroundy, Bescd on Uis evalwation,
soime element gouls in the moded are requirsd to be more
drilled down 10 be mare comprehensively enderstond,
The knowledge exgineer then goes o idenialy Lhe exter-
nal resources thal are useful o complement the exisbing
poals in Lhe mode].

For mstance, ko the goal “ecommrepnling or waraing for
cvgrmaifon”, there shaold be sufficient infarmation reguimed
by the Moira Shire IC o make the decision. This will be

i s P e
ECs

J
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Tabid3 The e mioas! of [he

e 5
flewad DISFLAK af the 5ES Pt T siud
Foslie |02 R1 Ml
Fernler e WICSES Soath B Bogwm LK)
Dlesaigpizn I ke Rramadodzs anslvecd and nnslcBicd o fam Boh Esi Bzgine
e, ten e o B = becnmes Forth Eay Region 1H)
Bz poasibsd iy 1. Comaniinea g e oviu o wam s L1 11}
L Develapurg the fvacupmnn wammg
1, Ms=iziing the ovacuanon per sy
4. Reglsering the aftarial sl evaouaiedl poopls
L pasralin -

bazesd on he predicied gavge heights or likely sccur of the
Floos] amal fhe fimees 10 evacugie, In addivion, ones the evalu-
b warming i v, thore shoud be adetail oronpemeni
fro the evacietion Pused om the chorscteristics af the Maira
Showe Mundeipality, sch & routes 8o b taken, the lecations
ol the helter for himan and animalc, the svacuation kcation
fie the coravins.

Spewiliv local knswlodge clemsns ae idenlified [
the external cupplemsent decaments other than the main
elements of the DISPLAN, such as FICx. For iastance
ganet locations of river gauwgesan the Miira Shire Mumic-
ipality are mor avnibehle in the DISPLA Mz bat are evalu-
ihle in FICs. Their exact locaions wonld be needed Lo
execle decisioms for " Floed Evacucrion Arrergeimenr”.

Ta be able o provide operaticnd] knowledpe, related
eaiernal kmowiedge elemenis showld be thorcughly
lemlificd o be ineorporatcd ke each of generalcd modec]
pecirdingly,

Generating the role model As in the gesl mwded, penert-
ing a prowess of the nele madel means thig all the sulsEo-
able K ledgs clements i e sy groded ismplais will e
replaced with the tnes representing the local wizdom of the
hdira Share Mumicipulity. In Table 3 the mle medel af flood
DESPLAN kmowdedpe of the SES Motra Shire Muonicipal-
ity is show i B deseribes sll responsibiliies of the role B2,
YWICSES South-Fast Regiom DO being il ved in pamsuang
the ohijecuye.

Tabbed The oot moad of de Ooad ISPLAN of the SES Moas Shie Masscigaling

] b sprm oy iz
Sagi i biew ol pr MOF |y
Soamiars) L) Wil
S B na bl i i
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lertaen Sl e 0
RETT1 1 Fiopeeilics i capooiod e o fodod el
1 Profeitic éid i b bbvanir cigiepalidl. aid resade il ot Dl dalied W B divardlane s
3. Feankig peses admiger i paibdic eabh
4, Cniical {acikiin bass e mopromesd sl sene bngo couhk s o poputsson. aed rdocsnm
b el Lhe sl Appvop ke (i ek pe 0E R drakeg
Pre-comdiicn Binim Sarc U inoormekanon stk Boars Shine FEC. Slars Skie BERLL DES D0E Bofl OB HC
il VICITIL lor thee cvacustion huoed an ihe tngpers
Pirs-antihon The i milbid shecision b webea sl by Blod i S IO
e oy This satubd ol Bighi 18 el e 10 sl Rei coni s (docase |8 1 iesmr i Bl 1 s sl e
tackling ibozprrgieg meee b da cosinbumg ixthe domas kerskugs
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1 Hearrsaul rg or mreiep = ovacasinng Kl LH
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Knowledge System for Disaster Management (KSDM)
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Fog. 4 The Agees-Based Mode s of the Nood DISPLAN of the Moirs Shine oaessdermed mio the repiediony

Gaena rating the seenario madel The las ARM i hat under
goes the penerating proces: is the costemized seemnre
il nihds dhiml evalmiion, i1 is the Misirs Shire Munici-
pakiny, Tuble 4 shows the generating process b producs the
seenierta maded of the lood DESFLAN of the SES Mo
Shire Municipality. A knowledge enginees examines all the
elements in the model lEmplaie o sobstibole with the ones
repressnbing & parbicolar municipality.

5.1.2 Stage 3: Transferring the DISPLAN into the reposiiory

These ore 2 | twa) oetivities in this soge: 1 Preporing
the sepository. The reposilery remeine similar as the one
from the previowss evalualion as there is nothing 1o be
changed: amd: 1) Transferrng the ABM: of the Moira
Shire Mood PISPLAMN & the repository, Figare 4 shows
the Mlsira 5 hire Dol DISTLAN that is Uanaferred o e
repository. Fgore 5 shows how the Moire Shire flond
DISPLAN knowledpe siructured in the repository, A
pst-evalunton s also condueded in this evaluaion ax
the emhamcements of the frimevwork. This post-evaluation
is performed by a DM expen from the 3E5 Yictoria Sape
whese the caze sindy came from: This s discuseed in the
fodlnwing sectiom

5.2 Post-evaluation of the SES Victoria State case
study

As midicated earlier, this posl-evaluabon 1s condacted with
the i 0 Scoriain 1ha the new Enowladge represcniation
im the DM -toscd repository s anchanged sfler npros-
img the Frameswark. $lore imgpestantly. this stage & nimed 1o
walidase: dhet the Knowledpe reprosentation is faithful o the
coment of the DISPLAM, Iy also validates that the comteni
iz rensable by the mithorilabive agency as s decisnmmakang
medhanism.

The evaluntism is oxegcuted with lwo DM oxpers, one
frm Siale Emerpency Experd (SES ol Viclona and anatber
From SES af Mew Sauth Wales in Australia, The imvalsement
of the DA experie aims i emsars thar the ksowledge cle-
ments from the DESPLAN are fully exiracied and deposined
Imitir thie Db b -based reposinory withisal lising any meining.
Morenver, @ post-evulontion is cenducied o sscenein the
efficacy of the new Feajunes of the fnusework. The disparite
e erd review s represent o wider spectriem of stakeholders.
The pest-cvalsation employs an observational approsch
based 3 gdvocaed in DSE lresure Cvenshlbecral. (2006]),
Il cascaially pascees the value of the Eromework o il G-
et meer gromps.”. In condocting this post-evnluation, the
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Fg.5 The aructurne of Miin S ool TEEPLAN Knosdalge i dee rejuimanry

prototype GUL imerface beisg developed for this rsearch
ts utilised. The protoivpe allows the DM expens fo emsily
access anid browse the knirvledge elements gmoetured in the
reposiery by ‘clidcing” them.

The prel-rvaluntion beping by extamming whether the
resniant Enowdedge Mems and the way they melule o each
plber in he repositony remain the sime asin the original
DISPLAN, This is eritical fo ensure the contineing wsabil-
ity and beetefit of the ressltant knowledge in the repasitory
oo the DM stakeholders. This & checked for each of the
sin ABM: employed in Lhis reseorch. The overall reipoeser
from hedh experts in this regan] are positive. For isstance,
in the goal mecle] evaluation. while a DM esper from SES
WVictoria Stale states that “The knowledge meaming in the
CUSFLAN o da P AB ieodels 45 srill o yame T gels
rewrned in wame e ford fo eprastze the meaming T, The
eaperi from SES NSW also mboomne thm AN key op-fevel
gekais e heer elcled and lumaudared for fee pols pursi-
et rabefinddens . Similar podgements ame given by botl
experts for all pther live ABMs: mole madel, erpas sedior
madel, dmdermciion model, emeirommen model and ihe sce.
marta megdel, The enly coacern of the expon from SES NSW
im thas esaluation crileris ic that if the plan is not well pal
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bagether then this will cominue to propagate wo the nsalysis
amd miodelling stage. Ax siated by the expen that " The plan
vl does mor state ail inpgers similor e owdined i otker
rlemy above. Therr dare some actividter thar fenee very cler
o gamidative e rer ceasrainey aad e werk wepld
Taenehit fromw el g Heene dn dive futeee or olefarl, eg. dodi
fapers &f river frecpht end relefed worring deue friggers”.
This fezdback is related o the scenario model evaluation,
However, this i3 in line with oer ¢xpectalions & our purpdse
i mo bo rectify issues with the orginal plons and i is well
kmown that some knewde dge slements con not be explicidy
inclucled in the plas as they. for inslance. “previde coafider
tiel detaily regording Hhe fmpocd of feods ar privatedy ovmed
famd”™ (please see paragraphs 4-6 of 1he Subsection 3.1
The nexl Criterion to evaluase |15 1o gscertoin tha he
kmwlcdpr ramelermes] into the repratory is Faithful to the
conten of the SES DISPLAM of the Moira Shire Swnici-
paliny of the Yictorin Staie, This process confirms tha the
enhanced Eamewnork, which now vtilises the lemplale 25 o
sturting paind, is md anly mone efficient bul also effective.
Suhseguenily. the local chamciensnes can then he effec
tively synechranised fo the template to prodoee a complete
particulor DISPLAN. The mesponas from both experts ane
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ugain pasitive, For instance. while the expen from SES
Victona statss “Werlng fo mn appracch such asds pro-
pirmed frene wauld seable e compleniies of emergency
planming for foods o bebter plansed for, f wowld alve
support a model thert prnider fecibilice te be adopred
ret efiffe el Fik pudies acress mimicipalities”, the exper
From SES MEW monfions that ' Ter nviy stadraenr fr gene e
il apreed winh, The plans themgelves are wiinen usdag
remgdodes ol least within an agemcy for example whick
directhy veppordy Hey sieemen”. This posi-gvaloation then
conlimies oy ook ol other critena: L Whether the know]
eilge Aructnied in ihe reposilony san be casily comgre-
hended: 20, Whelther it i comprehensve; 35 Whether the
repasitory struciere allows incompletene s of knowledpe
Lo b idennified casily. snd finally whether the developed
framework contribies o furtkering she DM resilience
igendy for Victoaa State Covernament.

The lust criterion sims o obluin the response from the
exper| whether the framework folitses pdher siakeholdens
ter reuse the best proctice keowledge effectively and efi
cienlly in pther IR activities foe a2 smilar type of disasber.
Thez expent from SES Yitoria recmphasises and even goes
beyonnd i comprelcision by sating that ~The fromeweard
erasled relie provids o secho s oF areime ool o fedp D
capieree e o nicare with o es abo sivele risks
end’ el rriceed fevels of resilience in cowmmnrities ", This is
consixient with the respoese fom the SES NSW experl whi
conlirmes that “The smablement of doda-driven disester man-
irpenen i o faekarmemi! regaiineaenr foe wecesa i finee
rerilionce goaly, Tee complenity af oortesss orad paricipamin
requires o robist maded foe breahing down the peoblem ime
mtrageaie companears and i wae of ABMy by g wighly
appraprrale approge . The defail of the pest-evalition is
presentedl in Table 5§ m Appendia [

The responses from the spens of this posteval pation
are oll preatives. This illostrsed thid using omly <is ARMs
inslead al seven is adcient i the analysis and medelhng
e had lintle effect in capturing the comples koo ledpe
oot sl the DM dommn. [0 addition, shese evaluatons nat
only acseried tve swibhciency of the mumBer of nesdels beimy
ed hut gleo demsonsiroied the improved sfficiency in the
knewledas analysiz amd modelling proce sses comparned wo
the earlier version of the framework.

6 Discussion

This paper coniribuics 1o the endsncement of the DMEAF
i dramm in Fig. | This new DNEAF v 20 has two pew anid
sigmaficant improvements. The frst enhancement pursued is
ubiat redecing the nanmber of A B eanploved inthe analy

iy mbages. We dhewad thal the elemenis in the apent medel!
cian bhe well reprecented in ofher models. Tnoogher wionds,

alibougls thot particular model is excluded in the analysis
aml mindelling activities, the knowledge deposited in dhe
repreceniative repository Sl has the some meaning as the
priginal, even i it gels reswordedd. In the asalysis preparabon
phise, only =iz ABMs will be cusboamased in e analysis imd
modelling scrivities (rather Man the T ABMS n DMK AF
w1.i), Thas efficiency them propapates o the know]clps
eomversion stages, Thus, DME AF v2 0 is elearly more effi-
clean os it redeces the stages of Knowledge anolyeis sctivities
wilhout scarifyang the sermanios. This effcency guin afers
mfchitiona] anabysis bandwidlk which gets wsed 1ooenhance
the clficacy of s knowladee corpcied, Extersa] kimmedp:
wources thal are indlalty ned part af the main DISFLAN ame
maw recognized cduring the process. These affien contain
specific eperational knowledps crocial w those wihie ans on
the fromd lise 1o combal & disaster. This is evaloated in gen-
erating the DISPLAN knowledze of the SES Maoir Shine
Municipalay from the customised ABMs (Stege 2 of the
Fromewark). The evaluntion danws thal exleseal knowdedge
sourees can be successlulhy adopted and incorponsed within
the custamised ARk, This parboolas enfancemend mms to
aifleess the isemes tha the maors comglste ihe knowledge, the
beegier the TN acrivitiss, Froviding meose compleie Liow-
edipe with detals of the local coniext of one partculoer snea
(g, the envirommen), the resources, ede, b better squips
U whis are on the grousd and Jeacls o zn effeclive execw
e of DX activaties.

As indicated eorlier that the o imprmemenls are mobi
wadeel by the [ocdback from the provious evaloption, Puru-
img i mone efhcien) frmmework shouls) only be promoted
only if the effectivity of the enbanced framework pro-
duced can be maini nined. Therefore, puaraniecing tha the
wrmantic af the knmwledee i niet champed ox i tke origiaal
pne is crocial. Mareorver, ax thas activity is in the DM
domain, how' effectively the stakeholders in this partiou
lar domain comiprehend and leam froom the best pactice
knewledgze is the primary goal of this research. In ather
winrds, o meaore efficient (remeswork will be parsed anly if
it s atill effectve ot sddressieg (e mann issee, The cvalu-
ation was conducied by engaging two lood DM experis
of the SES Victorio snd NEW Stotes of Ausirolie. The
expers inalved in the evaliestion sre from (36 sigharig-
Live ugencics ia Amsiralia (5E5 ). The experts” invalvement
ensured that kaowledge extracied i s acowrale and removed
any inconsEReacy begween the kKnewledgs sorgeiured in e
repasitory ane the one in the DESPLAN lemplale, To case
the evaluation procedess, 3 web-Pased tonl 65 & prodoiype
of the framework is developed and used. The ool sup-
pns the wholks process of the improved framework. 15 s
operationalized by drosp-down menus and hyperbinks (25
exemplifed in Figs 4 amid 55 The toal iisel s descrobed in
deftail a= o porl-evaluation in Sucl, 5 This past-evalontion
examines whether the DMEAF v2.0 can ctil] be effective
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im the anulyss aed modelling the knewledee clemems in
the DHSPLAN walil lesing any meaming,

In addition to the enhancements un the concomitiant
Lol of DMEAF v2.0), another real caxe sindy can fur-
ther com{irm the generalisability of the whale approach.
This s eskerdially the ey objeciive ol DEE me hodol-
vpy i informiation systems (livari; 2005 b DSE bas beon
an impartan gaidance Tor this reseanch, as advwocated
i (Gregor & Hevner, 2003 Hewner et al., 20045, With
futore generaliszbility confirmation, this research wall
pive & way for the framework 1o be psed i, motb only
e Dlood DM ciscs. This has becn starned by cvalua-
ing the enhanced fmmework of DMEAF v2.0 in other
types ol DM such as the case of volcane eruption DM
for ML Agung in Bali lsdosesia, whens we hive demon-
stmbed the efficacy of the Tremewoek (Inan et gl 2013h)
In that case, Inan el al (201 &b ) demonsiraled that the
enhonced framework not only swccessfully sddressed
the kmowdedpe imnsler mechanism, but also il supporied
lowvards a better decision mulang for the dakesolders
al any poind of the timeline during DM, Further gener-
almakbility efforts will aleo pave the way for nsing the
approach in oaher countric: wah & similar lierarchy of
government stnsctares and in other DM cases. For exam-
ple, itenn be applicd in [ndenesin, where the povernment
hierarchy level wp diowns from the cenlral government
to provineial o momcipalities and distncts {the smallest
Iype of tke povernment]. Once Lthe DISPLAN template
ixavoilabic in the central povamment o be managad by
M authorily (BMPEMational Dismter Management
Ageney ). insgances for all ithe provineial levels con be
genenied oul of it This spproach lee applics to the
relationzhip belween the provincial and mumicipalities
and distsict povernmends o5 well,

T Condusion

Representing the knowledge elements in o way they
van b easily understood by the DM stakehalders in
o timely manner is challenging. From the perspective
of data-information-Eeewledge-wisdom pyramid, for
initance ax described in |[Rowley, 2007 ), pur research
sl ol to extend the mformation into a3 knowledge!
wiadomdinsigh. Informestion Rl 15 embodied of ihe
understanding of & relationsbip of some =0rl, possi-
Bly crpee and effect which simed to sddrecs “know-
who™, " know-whai”, " know-where”. “know-wleat =
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"krowewith" and ¥ know-when® questions (Bellinger
et al., 2005; Chen, HH 0L Ouwr paper's comribaiions do
sl amby provide answers b these questions but sub
wantially it also enriches 4he infofmation by adifiress-
ing the “kmws=how™ and “know-why” guestions. These
ampirical knoslefge clements thar are halisiically mp-
resenied can improve the decizion making process in
DM activities during all phases pnd a1 various levels,
Information that is not represented in a way it can be
Mully and easly understood, is parficolarly not oseful.
Information that is enciched o be the knewledge!wis
donwinsighs jo e users 1s envisaged &= critieal for a
beller decision making system by the stakeholders in
the M activities. Completing the information to be
maore meaningiol iz andertaken by anolysing and mod-
elling the related data, informetion asddor knowledge
elements using our enhasced framework, Disasies Man
ngemesd Knowledge Analysis Frome work 2.0 (DMEAF
w200} presented in this paper,

To facilizie comprekension, we embroce agent-hasad
moifels from Agent-Orienled Soltware Engineering
(ACSE] that lend themsael ves fo representing the D
peAivitics an any poinl of the timeline for varfoos roles
played by agents livvolved in the activides The presemnt
paper is pard of o larger research project pamisg g0 con-
Irifbufe b the DM resilience endeavours. The Fisl version
of the DMEAF v 1.0 published in this joermal in 2008
(Imzn et al, 200 Ba) did ol imcorposmte imfarmation from
eatermil soances owlsikle the ol fcial disaster manapcmenl
plans. With DM EAF »2.00 45 thas paper, we demonsirste
ow to incorporme the local wisdomioniexn which is
erucial in the D activities particalarly in the sesd-world
::u'!u:ll:'run. miis Lhe fisrmal knowledge structure. The new
framework sl redoces the analysis effort by amitling
ngent models that are nod critical thos improving the over
ull efficiency of OMEAF by reducing the analysis and
musclelling actwities.

This puper alse operstionalises the framework into
o prodotype which will enable deeper assessment. Caf
main focws in the previous version (DMEAF v L0 was
to emsure that thie framewark wes successfully develoged
il Thied it cam be materinlised Mo @ profsiype, @ web-
baseel ool Lo fEcililale s case of use by (ke slzkehald-
ers in the evaluation stages. NMevertheles:, a case siudy
with NE5W Siate Emergency Services documenis wis
enecuted (Tman et al, 2008a), The targel of this paper
it 0 measure the effectivesess of DMEAF 10 with

aciixl DM siakeholders. e.p. whesker the knowledge is
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siill meaningful 1o its users, whetler it can be under-
stond easly by the DM siakeholders particularly for the
decision making process, whetler it can be noavigated
pasily, etc. Ax aprelude iooa lield based trial, we pre

pure for this with both B8 expers in whach one ol Them
frony ihe pgency thin provided the case sy Viciorias
Blale Emerpeny Services], We approach the evaluaiion
using the Design Scienoe Research (DSR) methodology
descriptively (Hevner eq ol 20048 ) by sssessing the are-
facl with the expert from the DM anthorilative apenoy in
Australia. Generally, the exper evaluation &5 accepled
i prelinsinary cvaluation metsnd (Feifers eval, 2002).
Ay the cawe study is aboul Flood DM Trom the Yiem

ria Slate Australia, the expert iz selected from the xame
authoritative agency the cose siudy is (rom., e Vietoria
Stane. However, o ensure the reliability's evaloation,
uncther D expert from the SES NEW waalso inviolved.
Boah experts have intimote knowledge of flood. In par

ticulor, the Victorian expert was als highly myolved in
developing the flood DM document of the Victora Siate
employed as the case stucly im this research. Indeed, we
employ this qualitative evaluarion based on ISR meth-
odulogy over fhe olvers Lo casors thal {ie awpus of
framewerk b faithiel to the originally conceived plena.
In other words, the choice of this evaluation method is
driver by the artefact produced i this ressarch. (o5 ado

vaded in DSK hiterature plesse see for msiance | Venahle
et al, 2006: Pefersel al., 20120,

Tor checed mwore Light for parsuioge oor improved Trome-
wiark s pememlisatility, we bamcally have oleo evaluatod
itueing anotber case stody othver than flood [, that is a
walcono eruption DM of Moot Apang in Ball Indonesia
that fTuctuaited smoe late 2017 o ezcly 2018 (Inan et al..,
201EbY. In kot evalostion, we directly commanicated
the evaluntion activities of oor improved framework
with im expert from the Tndomesia Disasdter Mlanagemend
Agency (BNFB). The cxped there was the deputy Head
of Prevention and Preparedness BHPE whe was aleo
thee Mational Chief of Mt Agung DM W seccessfully
showed in that evalostion that non only can the kisow]
eclpe of Bt Agung DA be fally represented ond better
unierst oo meing the framewirk. hol mone imporasly. i
facililates bath balomeap and bop-down decison support
system Lhal can he ixed by the stakeholders ol azy level
and-amy phase in DM activitles (Flease refer o {Inai
elal.. 2018 for more detail cvalustions),

8 Fuiture Research Direction

As earlier describad in e paper. the case for knowledes rense
Frovm jpeest DM expeniences is coompel ling aad srong, Bur Dk
kninwledye rewsee is ectremely challenging. The besd practice
il padd experience maght be available, bot whether il can be
lmsly strastod reguins o systemmiti; and scnen cffon. In
uther woml, althoug b e b practices of past expericnces of
o [ are demensgmted o b useful in& pemicular DM cse,
thi & clioezs ot e theat they can be ad opted Sreesly and tmehy
Adthwsngh this paper conaribaiies fo thase isaies by achievmg
i more efficient and effective fmmewark, however, oaly the
knowledge that hos been codified in the DESEPLAM, tha is
formadised i o semi-struciured format and aushorsed by the
D apencaes (e.g., SES in Adwtradia, Indonesis Disaster Man

apement Agency (BNPR), Federal Emergency Management
AgencwFEMLA i NS0, will b the inpat o the framessecak,

Prasctically, theic s mmny coscs by which the unani-
tred knesledee anill ploys an impontont rede b simee Lives and
promerties during & disgster, A case in paind & in the desdly
bushdire coce that hit Ausiralia just recemtly (A, 2020;
Eichanlson & Gall, 20200 The knowdedipe reese as priner'y
souree of wisdom 15 poneiheless woriy sssking o comple-
menl authorities’ expertise, However, haamcsing them ina
fiormil DESPLAN that cwn be eisily compachendod by athers is
extmemely chalknging, We are aware tha eliciting mmd analys-
ing indormal knowlsdgs iz difficali and costly, & illosraed in
leere [Aadefney & Sdncher, 2017; Lin & Chang, 20000 Thas
witll b mlso warthy iveme Tor owr fusiore reseinch drscion os
i braden s the seoge of our Famework, ABMx ox Bo analysis
tncl mowleling boods employed in tos research pomeed effec-
lrve Jor kniwledye re-engizeering m the Db domam. ABMs
lend themselves 1o pepresen the complexiies of the engpiri-
cal knoovledpe elenseni= i X, A wider vse of AHEMs could
render sembssrooured DISPLAMN obsolete. Our futan: efiart
will @leo e AR M to elicit unsruoured knosdsfoe of hei
practices of past experiences.

Diespite the promising neswlis i dhos woek, concenes reman
ancd warrant further testing of the frumework in real-warld
wegtimgs, This his been poinbed oo iy the Posl-2valuation
Socl. 42 of the pagees. Whilst Tuble 5 i Appeoadis | showed
all eriderin in the svulostion by experb ars positive, there s
i remmining concern aboul DMEAF w20 gsability in a real
D] enviroemend. This is 2x mentioned by the exper —4 pitor
appreach workd be o swtable approant te fes ad validare
T a1 New PREcesr .
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