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Resumo

SILVA, Brundiirr Goncalves daSupport for plan adaptation in unforeseen complex
situations. 2016. pp. 179 f. Tese(Doutorado em Informaticay, Instituto de Matematica,
Instituto Tércio Paditde Aplicacdes e Pesquisas Computacigrisversidade Federal do Rio
de Janeiro, Rio de Janeiro, 501

As pessoas e organizacOgsecisamlidar com diferentes fendmenos que variam
desde a total organizac&do e controle até o caos e desconfpal® atngir seus objetivos.
Quanto mais proximo umfendémeno esta do extremo em que € possivel garantir certa
organizacéo e controle, mais facilitado é o seu planejamento préwatamento. A medida
em que se afasta desse extremuovas dificuldades s@o impostas o planejamento e
tratamento se tornan mais difieis

Apesar de usuais, ndo é trivial identificar mecanismos que possibilitem o tratamento
de fendbmenos irregulares, onde nao se tem conhecimento total de seus detalhes
previamente, comumente sao enfrentadesentosimprevistos e € requerido criatividade na
execucao de acdes e tomadas de decthdante otratamento.Avariedade de opcdes e suas
combinacdes podem gerar uma série aleernativasdificeis de serenelencadasem tempo
de planejamentoAlém disspas caracteristicas imprevisiveis e incertasudienterevelam
novas variaveig eventosnao previstosapenas em tempo de execucdss decisdes e acdes
realizadaslurante o tratamento tambénafetam asituagdo observadafazendo com ques
equipes de respostanfrentem estados néo planejadoslais do que issomesmo paraas
situacBesprevistas, podem ser identificados resultados diferentes dos esperados quando as
acOes planejadas sédo aplicaddssim, € possel notar que taifsendmenospropiciam a
ocorréncia de situacdes imprevistas, isto €, condicdes onde a evolucéo esparsitiaagao
nao corresponde a evolucdo observada na realidésknfaz com que o planexistentese
torne inadequado a seaplicado

O objetivo geral da tese &uxiliaras equipes de resposte diagndstico de situacbes
imprevistas e realizacdo de ajustes durante a execucdo do plano escdhidimposta a
abordagem paraadaptacaoon-the-fly do plano utilizandoconhecimento explicito ¢acito
sobre ofendbmena Ela envolveo monitoramento do plano selecionado, considerando a
situacdo observada do fendmer® um conjunto de parametros préstabelecidos, para
avaliar se o plandesenvolvido previamentainda pode ser aplicado ou se algumaatao
imprevista foi identificadaEm caso positivoa situagdo imprevista énterpretada para
determinar se a mesma produziu urdesruptionno plano, isto é, um problema que dificulta
o plano prosseguir da forma como espera@uando umalisruptionocorre, a adaptacao do
plano permite a geracao e selecdo de solucbes alternativas paraseng que devem ser
aplicadas durante o tratamentoArgumentase que a abordagenproposta prové um
tratamento mais sistematicdas situagdes imprevistaglém de um raior apoio a tomada de
deciséo, ao lidar com a adaptagéethe-fly de planos em ambientes complexos. Ela oferece



mecanismos que auxiliam o diagndstico e tratamento de eventuais situacfes imprevistas,
fazendo com que o plano se torne mais aderente a radbdatual e seja efetivo para o
tratamento do mesmo.

A avaliacdo deabordagem proposteé feita utilizando o dominio de gestdo de
emergénciasSustentase que 0s questionamentos, experimentacdes e analises realizadas
nesse dominio permiterabservar o impaat da aplicacdo da propostachegar a conclusdes
que podem ser aplicadas, expandidas ou generalizadas a outros dominios conuolexos
caracteristicas semelhante®s resultados iniciais dessa avaliagéticam a viabilidade da
proposta para lidar com sitgées imprevistas a@nfrentar fenbmenos irregulares em
ambientes complexas

Palavraschave Situacbes imprevigs. Plans. Adaptacdo on-the-fly. Gestdo do
conhecimentoImprovisacéao.



Abstract

SILVA, Brundiirr Goncalves daSupport for plan adaptation in unforeseencomplex
situations. 2016. pp.179 £ Theds (Ph.D. in Informacs) ¢ Instituto de Matematica, Instituto
Tércio Pacittide Aplicacbes e Pesquisas Computacigndisversidade Federal do Rio de
Janeiro, Rio de Janeiro, 2016.

People and organizationdeal with different phenomena ranging from total
organization and control tehaos to achievetheir goals.Handlingphenomenacloserto the
extreme in which it is possible nsureorganization and contranakesprior planning and
treatment easiet As we move away from this extremeegw difficulties are imposed and the
planning anchandling activitiedbecome more difficult.

Although usual, it is not trivial thnd mechanismdor handing irregularphenomena
which do notshowtheir detailsin advancecommonlyfaceunpredicted eventsandrequire
creativityin performingactionsand decsiorrmakingduring treatment.The variety of options
and their combinationrmay generateseveralalternatives difficult to deal with at planning
time. In addition,the unpredictable and uncertain characteristics of the environment reveal
new variables andunexpected eventsonly at enactment time. Decisions and actions
performed during handlingalso dfect the observed situationleadingthe responseteam
towards facinginplannedor unpredictablestates. More than that, evefor knownsituations
not all possible outcomes can be identifi€bhus, suciphenomenaenablethe occurrence of
unforeseen situions, i.e., conditions where the expectedituation evolution does not
correspond to the evolution observed ireality. It makes the existing plan becomes
inappropriate tobe applied

The overall aim of the thesis is to assist response teanin diagnosing unforeseen
situations andadjusting prior developed plansat runtime. An approach foron-the-fly
adaptation of plasby usingexplicit and taciknowledgeabout thephenomenons proposed
It involves monitoring the selected plan, considgrthephenomenon observed situaticemd
a set of predefined parameterto assessf the prior developedplan can still be appliedr
some unforeseensituation was identified. If so, theunforeseensituation is interpreted to
decideif it has caused a digption in the plani.e., a problem that makemore difficult to
applythe plan as expectedhen a disruption occurshe planadaptation allowslevisingand
selectingan alternative treatment for the disruption faced, which musbe applied duing
handling.It is claimed that the thesis approaghovides a more systematiway to handle
unforeseen situationdesidesawider support to decisiormaking whenhandling aron-the-
fly adaptation ofplans in complex environments. It provides mechanisms support the
diagnosis and treatment of unforeseen situations, making the plan adherent to the current
reality and effective fothe phenomenonhandling.

The proposed approackvaluation usegshe emergency management domailt.is
argued that inquiriesexperimentsand analysisin this domain allow to observe the proposal



impact and to reach conclusions thrataybe applied, expanded or generalized to other similar
complex domaindnitial resultsindicate the feasibility of the proposal to deal with unégeen
situations while handling irregular phenomena in complex environments

Keywords Unforeseen situations Plans. Onthe-fly adaptation Knowledge management
Improvisation.
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1 Introduction

1.1 Motivation
In a complex, dynamic and unpredictable world, people and organizations must be
prepared to handle different phenomehdFigure1-1). Thesephenomenamay range from

regular phenomena, where therare a certainorganization and controbeing easer to
identify thedetails of whatmayhappen to irregular phenomenawhere a definition of what

will occur is not cleafCOURTNEY, 20KEMSLEY011 WESTRUM, 2006
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Figurel-1: Conceptuatiescriptionfor phenomena

In the extreme where it is possible to establish certain organization and coitti®l,
easier toidentify, in advanceall possible events that may occur addtail the situations
assumedduring phenomena The regular penomenacount on weHdefined premises,
variablesand phases to achieve the desired goals and outcomes. In addition, asisrere
specific and detailed pattern, grevious planning and repeated execution is easily
accomplished. Moreover, all posilsituationscan be identified in advance, with enables
planning alternative actions to be followed during the execution (HAMACHER; RAMDAS, 2011,
SWENSON, 201WESTRUM, 20p&Examples afegularphenomenaare purchases at online

stores, equipment assembly on produmtilines, flights cheek etc.

L Definitions ofall terms usedhroughoutthe thesisare found in Glossary sectiohhis sectioraimsto
standardize the understanding tifie adopted terms since there is no consensus aboutthe
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As we move away from this extrenfghenomenabecome lsssystematizecand more
complex.In irregular phenomenat is also possible tmlentify a set of premisesariablesand
phasesto achieve thedesired goalsand outcomes. However, the level of organization and
control are not the sameas inregularphenomenallt is faced agreater level of dynamism,
unpredictabilityand uncertainty that may lead tothe identification of neweventsonly at
runtime. Planning cannot be entirely detailed since the variety of options and their
combinationsmay generate severalsituations which are difficult to detailin advance In
addition, creativity and improvisatioare necessary tmentify analternativetreatmentwhen
the prior planning become inadequate (HAMACHERFSTEDE; POWER, 2002; RAMDAS,
2011; SWENSON, 20MESTRUM, 20D@&ducation, medical care, lawsuits and emergency
managementare examples oflomains wherghesephenomenacan be found

When reachinghie extreme of chaos and lack of contriblis usualthat a prior model
for handlingthe irregularphenomenacannot be developedincethe environmentconstantly
faces eventsthat are new, unknown, unexpected andifferent from the usual It inhibits an
advanceplanningand makes difficult tgoredictall possible situationshat mayhappen as in
epidemiological phenomena, climatighenomenaand economic movementsThus, itis
necessarymore creativity and improvisation to identifglternative treatments during the
phenomenonhandling(HAMACHERJOFSTEDE; POWER, 2002STRUM, 2006

Therefore, acloserasaphenomenonis from theextremethat it is possible te@nsure
organization and controlfs treatment is easier As we move away from this extreme,we
difficulties are imposegand planning and¢handlingactivitiesbecome more difficult and nen
trivial. Irregular phenomenaoften have subjective and tacit definitions; possess dynamic
execution; require creativity in execution and decismaking; face unexpected restrictions;
generate unpredictablelecisions and evolve based on experienagainedby the response
teams Althoughthese phenomenaare usual,the identification of mechanisms thaallow
planning andhandlingthem is not a trivial taskDE MAN, 2009; FRANIKE al, 2010;
LAKSHMANAG@t al., 2012; RICHTBRON HAGE®I al., 2005; SWENSON, 2010; WHITE, 2009).

1.2 Problem statement
The presentresearch focuses oitregular phenomena(Figure1-2). While planning
alternativesfor handlingthesephenomenaa planning teantriesto devisea plan that details

the different eventsthat may be facedand describe whashouldbe donewhile handlinga
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specificexpectedsituation (HADDOW et al., 2011; PENADES et al.,)28tbiveverthis task

can be hard The planning teamdentifies premises variablesand phases to achieve the
desired goalsand outcomesput the lack of knowledgabout the irregular phenomenon
detailsmakesdifficult to generatea plan that specifies wetlefined procedures to address all
contingencies that may arise durititg evolution (observed situation)it is common thathe
planning teandoesnot considerall possibleeventsthat may happerbecausat musthandle

a wide vaiety of options and their combations This simplificatiomakes difficult to detall

all possile situationsin advanceln addition,the planning teammay decideto leave out a
specificsituationin the developedplan, even if it i®ccurrence is possibleither because it is
necessaryto simplify the plan or because the occurrence of such situation may be rare
Moreover,the planning teanmayprovideaninadequate treatmenfor a specifievent, either
becauseéhe situation caused by its occurrenbas never been experienced oedause of the
unpredictability and uncertainty associategth it (GIL, 2015; HADDOW et al., 2011; PENADES
et al., 2011. RAMIREZ et al., 2012; SAWYER et al., 2010eS4KE813)

During phenomenahandling the use of a prior developed plan is not always
straightforward(ALEXANDROU et al., 2009; BARDEIEANOE et al., 2014; BOHRINGER, 2010;
GIL, 2015 AKSHMANAN et al., 201LEY et al., 2014IENDONCANnd WALLACE, 2007
SAWYER et al., 2010; SYKES et al.,).2008 lack of knowledge about thigregular
phenomenonmay lead tothe discoveryof new variables andnexpectedeventsto handle
only at enactment time In addition,the decisions and actionperformed also affectthe
observed situationleadingthe responseeam towards fadng unplanned states. Moreover,
even for knownsituations different outcomesmay be identifiedwhen the planned actions
are applied in thipartially knownenvironment.

Thustheseirregularphenomenaare enabing environments founforeseensituations
occurrence.Such situationsnay arise due tothe lack of knowledge during planning, the
application othe planned actionsduringthe phenomenorhandlingand/or bythe occurrence
of events that are not expeed during the execution. Aesult, the prior developedplan
becomes inappropriateio be applied Thus, i is necessary to observéhe operatbn
conditions, identify thenew set ofgoalsto be achieved, use creativity and inggisation to
identify alternativetreatments and male decisionsat runtime, to deal with the identified
unforeseen situation antb handlethe ongoingphenomenonBARTHIELANOE et al., 2014;
BOHRINGER, 2010; LAKSHMANAN, étCdl2;LEY et al., 20141ENDONCAnd WALLACE,
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2007).All gathered information provides feedback about the phenomenon handling and may

be used as input for a plan evaluation.
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Figurel-2: Conceptual description for irregular phenoneeplanning and handling

Given this context, it is possible to identify research opportunitielsatih planning
handlingand evaluatioractivitiesin complex environmenté~igurel-3). Researchon planning
aimsto designmechanismgo handleirregularphenomenaplan) thatallow the definition or
adaptationof these phenomenat runtime. This is necessary because it isatwayspossible
to determinein detailhow theirregularphenomera will evolve whie beinghandled Thus, it
is necessary tproposeways(a)to describe thesarregularphenomena as definig meta-
models fortheir representation, and (bfo facilitate plan adjustmentsat runtime, asdevising
plansthat showpoints that require attention or are more likely to change duringakien.
Therefore,the response teanmay anticipate the needfor adaptation and facilitate the
inclusionof newactionsto the existing plan.

Research on handling aims to apply, monitor adgusta prior developedblan tothe
ongoing irregularphenomenon It is necessary to proposeechanisms (ap identify inputs
that showa need for defining or implementing relevantasiges in the plan and () adjust

the existing plan so lbecomes suitable fdnandlingthe phenomenon observedituation.
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Research on evaluation aims to collect information from phenomenon hantding
havefeedback about ttsirregularphenomenonand u® the success and failures as input for
the planadjustment ancevolution. With this, the planning team may provide a more suitable

plan for handling future irregular phenomena.

Irregular phenomena

L> Planning >—> Handling >—>E\£Ie%&;)t£;/>J

Plan SJcoess/ Failures

Figurel-3: Research opportunities in irregular phenomena

This thesis focuses on the handliagtivity (Figurel-3). Thus,considering this scope,

the problem addressed by th@resent researclis

the difficulty in diagnosing unforeseen situations and adjusting prior develop
plansat runtime

The problem confirmation is important for the research continuity, thus interacting
with groups who deal with unforeseen situations and adaptation of plans at runtime is
necessary. Therefore, interviews with physicians and Civil Defense agents were @atrt@d
confirm the problem existencadentify methods used to diagnose and handle, at runtime,
eventsand situations that were not foreseen in the plan, and list the main difficulties faced

while carrying out these tasks

1.3 Solution approach

In complex environments, the rephenomenathat needto be addressedecome
clear only duringhe phenomenonhandling Thepossibleevents and faced situationare
presented at this point, which allows concluding the plan development. It is also posible
evaluate if theprior developed plans still suitable for handling thehenomenon observed

situation. If not, it is necessary to perform adaptatioasruntimeto adjust thsplan.
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The main goal of fis thesis is to assighe response teanin diagnosing unforeseen
situations and making adjustments whégrior developed plams being applied. For this, the
thesis aims to provide mechanisms to suppbe identification of possible problems arige
adaptation of theselected plan at runtimeThus, to support the otthe-fly adaptation of plans
when unforeseen situation®ccur, it is proposed the use dhe knowledgearising fromthe
phenomenonevolution (Figurel-4). This knowledgecan be identified from prior or current
knowledge about thgphenomenon comprising(a) its observedsituation, (b) plans, guides
and reportsdescribing priothandling and (c) experience déamsinvolvedwhile handling
similar phenomena It is claimed that the analysis of this knowledgallows a better
understandingof the ongoingphenomeron and devisingsolutions thatmay inspire or be

applied tothe identifiedunforeseen situation.
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Figurel-4: Conceptual description of knowledge arising from irregular phenomena evolution

1.4 Hypothesis

The hypothesis to be validatadthe present research is

the use of the knowledgarising fromthe phenomenorevolutionhelps the orthe-
fly adaptation of the existing plan when unforeseen situations occur
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1.5 Proposed solution

It is proposed an approacfor on-the-fly adaptation of plans when unforeseen
situations occukDIIRR et al, 2015) he approachsupport decisionmaking byproviding the
response teamwith information and tools that allow identifying when thghenomenon
observedsituation does notcorrespond tathe expected one, diagnosing the plan adequacy
to handle ths unforeseensituationand, ifnecessary, adjustg the plan to meet the current
phenomenonevolution.

Bymonitoring the selected planconsidering thgphenomenon observed situaticend
a set of preestablished parameterdhe response teanctan establish aconformity degree
between what was planned and what is happenih@llows assessinfthe prior developed
plancan stillbe applied or if anunforeseersituation has been identified and requires further
analysis. If an unforeseen situation has occurred, ierpretation of the unforeseen
situationis required. According to a set of criteria, it is possible to charactér&zenforeseen
situation and determine if ihasproduced a disruption in the plafisruptionsindicate the
needto adapt the selected plarihe plan adaptationallowsdevising and selectg alternative
solutions to the identified disruptian The adapted plan should be appliedduring the
phenomenonhandling

It is argued that the approach provides a more systematiy to handleunforeseen
situations besides a wider support to decisiomaking when dealing with othe-fly
adaptationof plans in complexnvironments It provides mechanisnfer using explicit and
tacit knowledge about thérregularphenomenonto supportthe diagnosng and handing of
unforeseen situationsmaking the plan become momraiitableand effective for handlinghe

real situation faced

1.6 Methodology

At first, a characterization of the different types gdhenomenathat need to be
addressed in complex environments was performed. From thpelsenomena special
attention was given tarregularphenomena Thisdecision was madeecause, although usual,
theidentification ofmechanisms thaallowhandlingthesephenomenas not trivial They also
prove an enabling environment for unforeseen situati@esurrence

A literature review in conferenceand journals allowed identifing methods used to

diagnose and handjeat runtime, events andsituations that were not foreseem the plan
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and the main difficulties facedhile carryingout thesetasks Interviews with physician®IIRR
and BORGES, 2018)d Civil Defense agenpsovided extra informatiorto the same end.
Then, it was specified an approach that supports the diagnogignforeseen situations and
performingadjustments imprior developedplans duringheir execution. The approadbor on-
the-fly adaptationof plans in unforeseen situations uses explicit and tketdwledge about
the phenomenorto identify unforeseen situations, interpret their impact on the existing plan
and, if necessaryadaptthe planto address the problems identified.t8ol was also specified
and developedo support the approach application

The proposed approach wiéisstly illustratedthroughits application in the Healthcare
domain (DIIRR and BORGES, 20a6) thenevaluated through an experiment in the
emergency management domain. This domain was chosen becaus&uhgonsdiscussed
in this thesis are commonly identified, and it is considered a complex domain, more complete
and with different characteristics when compared to other domaiftse experiment aimed
to investigate how the approaclaffects the responseteam@ performance during the
identification and diagnosis of unforeseen situatiaatsruntime. Initial results indicate the
feasibility of the proposal to deal with unforeseen situations while handling irregular

phenomena in complex environments

1.7 Thesis structure

The thesis igrganized as follows: Chapter 2 discusses the diffepehomenathat
mayoccur in complex environments. It also characterizes the unforeseen situations, common
in these environments, and details the difficultieeed todiagno® andhandle them

Chapter 3 proposes the use of knowledge about the event for diaggaadhandling
the identified unforeseen situationdt alsodetails strategies forthe identification and use of
the existingknowledge to solva@ew problems. In additionit presents ad discussepapers
whose researchfocus has similaity to handling unforeseen situations in complex
environments.

Chapter 4 describes the proposed approach fottlogfly adaptation of plans when
unforeseen situations are identified duringhe phenomena handling in complex
environments.

Chapter Sspecifies thecomputationaltool to support the proposed approach.
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Chapter6 details the experiment developed fewvaluatingthe proposedapproach It
presents theexperimentplan, stateghe research questions, defisghe mechanisms useor
the data evaluation details the emergency management domaimd discusssthe obtained
results.

Finally,Chapter7 discusses theonclusions, contributions, limitations and suggestions

for future researchtopicsand researclextensions
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2 Phenomera management in complex environments

This chaptemtroducesthe differentphenomenahat occur in complex environments,
focusing onrregularphenomenalt also characterizesnforeseen situations, common in these

phenomenaand detais the difficultiesfaced to diagnose and handleese situations

2.1 Fromorganizdion to chaos

Everyday people and organizations must handle diffeptr@nomenato achieve their
goals.Examples of Ipenomena usually faced afaiying products, going on trips, products
manufacture emergenes medicalcare, lawsus, epidemcs economic movementstc.

In regularphenomena people and organizations can identify wedifined premises,
variablesand phases to achieve the desired goals and outcoineaddition althoughthese
phenomenado not occur exactlyn the same way, there ssimilaritybetween theirinstances.
Thisallows identifing a specific and detailed pattern that enablas advane planning and
repeated execution each timethat such phenomenaare identified. Moreover, as the
possibilities of evolutioran be listedn advanceit is possible tglan alternativeactionsto
be followed duringexecution Furthermore knowing these phenomenadetails allows the
analysisand measuref their operationand impactwhich provides input$or optimizingthe
phenomenahandling(HAMACHER; RAMDAS, 2BBWENSON, 201WESTRUM, 2006

During products purchaséor instance at online stores, customersavigate through
different sectionsand add the desired items itheir shopping list.Thesecustomes must be
registered and pausingone of the paymentmethodsprovided by the storéo complete their
purchase When the purchase isompeted, customerscan trackthe order status,from the
paymentapprovalto the productdelivery.Online storegpredictand provide mechanisms to
deal with different possibilities thamay be faced duringoroductspurchase, as rediing
customers to a0 & A Ay adrlifiey ale NdB registered in the storeyet, inactivation of
products that are not instock, messages in case of problempagment etc.

When going on trips, passengers eaeethe online service or g the airline counter
to confirm thatthey willtravel on a specificflight. Duringthe checkin, passengershowthe
necessary documents (identificatidicketnumber, etc.), definéheir seat in the ajplane and,
if necessary, dgatch their luggageln caseof problems such asoverbooking, flight delays,

damaged or losluggageetc., the airlinehasaset ofpre-defined procedures for thiesolution
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In hiring service providers, for instance through bidding, applicants must meet the
established requirements and follow the proagds specified by the law 8666/93 (BRAZIL,
1993).After the envelopeSdelivery and openingthe candidate with thdowest costbid is
declaredawinnerand can provide the resources or requested services.

During products manufacture and distributiorfactories purchaseor produce
internally the required components The assembly of the finaproduct follows a
predetermined ordeto achieve the best efficiency during this process. The distributialsds
defined to reduce costs. Alternative solutions to the problems faced duringptbducts
manufactureand/or distributioncan be prelistedas all required steps are known

All the phenomenacited above enablean advanceplanning, which can easily be
preserted through a plan When facing a specific phenomenon people can follow the
guidelinedetailedin this plan (walkthroughguring phenomenon handling

However, it is not always possible handle regular phenomena which require a
systematic treatment. In a complex, dynamic and unpredictable world, people and
organizations must be prepared tieal withphenomenaranging from total organization and
control, where it is easier to identify the details of what may hapgerchaos ad decontro]
where a definition of what will occur is not cle@@OURTNEY, 20KEMSLEY, 201(Eigure
2-1). As we move tward the latter extreme planning andhandlingactivitiesbecome more

difficult and nontrivial (SWENSON, 2019/ESTRUM, 20D6

PHENOMENA IN COMPLEX ENVIRONMENT

Organization
fpweudiq
|o1uolIag —soeyd

Control —Similarity
Planning— Repetition — Optimization
faneals - fgepipasdun

Figure2-1: Phenomenadentified in complex environments

Irregular fnenomenado not allow aneasier identiication ofall possible events that
may occur and detailgthe situations assumed during phenomeimaadvanceAs we move

away from the extreme of organization and controit is found irregulampphenomenathat
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count on a set of premisesariablesand phases to achieve the desired goals and outcomes
However, the level of organization and contisinot the same of theegularphenomena
mentioned above. It is faced a greater level of dynamisnpredictabilityand uncertainty

that may lead o the identification of neweventsonly at runtimeand destabilize parts of the
prior developed planThus, panning cannot be entirely detailed since the variety of options
and their combinations may generate sevesalations which are difficult to b detailed in
advance. Therefore, creativity and improvisation are necessary to identify alternative
solutionswhen the prior planning become inadequa(elAMACHER; HOFSTEDE; POWER,
2002; RAMDAS, 2011; SWENSON, ; 20/ HE5TRUM, 2006

Phenomenawith these characteristics may be identified in different domains. The first
domainis the emergency management. Its main goal is to establish policies and actions to
reduce the vulnerability of a population tre negative impact and consequences of adeer
events(HADDOW et gl2011; KHAN et al2008; VUSSC, 2008he planned actions to deal
with emergen@gsmust be followed by teams durirthe responsephase However, according
to the emergencyevolution, teamsmay need b changewhat was plannedit is necessary
because (a) planning cannttally predict the wide range of possibfaced situationgDIIRR
and BORGES, 2013; LEY et al, 2013) and (b) the actions described for handliefifres
situationsmay be geneal, to not compromiseand specialize theresponse or very specific,
making the plarbecome inadequate to major variations.

Another domain is the medical care. When a patientadmitted toa hospital for
medicalcare,physiciangollow a set of proceduret treat the patient. Thesgrocedures are
listed based on the guidelines established by the hospital, the knowledge obtained during
medical training and the experience that tpaysicianhadwhen treatingother patients with
similar symptoms However the way thatthe treatment will beappliedvaries according to
the patient being treated. Issuess the facedlisease, which is onljeterminedby analyzing
the symptoms described by the patient and conducto@mplementaryexamns, and the
patient characteristicsas amily history, preexisting diseases allergies etg. specify the
adoptedtreatment. In addition another factor thateads tothe need fortreatment changeis
the LJ- ( A SgpanSedo the procalures adopted by thephysician According to tis
responseall or part of theadoptedtreatment shouldbe changel.

A third domain is the lawsuits. Despite kEbal actionsare guided bywell-defined

standard procedures, such as laws, regulatioT@ms etc., eachlawsuitis a case that has
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specific characteristict. mayevolvein avery different waywhen comparedo other lawsuits
with similar characteristichkecause ofthe material obtained by thepeople involved the
argument used by both defense and prosecutiagreements made etcltus, theway of the
lawsuit is handleaill only beclearafter the 2 dzR HeiSlan

The last domain is education. At a high level, it is possibtéescribe thatteachers
perform three steps during a courselass preparationteaching and learningassessment.
However, detaihgthese steps varies and is influenced by those involved in eagtse i.e.,
teacher and studentsTeaches arefree to choose among the different methods and
techniques that can bappliedin each of these steps, a metho@thnique suitable tdheir
preference ando the studentsin the course. €aches mayassess studen® T S Sdreach O |
method or technique applied and changewhen there is such aeed. Thus, there is no
guarantee that a successful dynamic roarse which hasa specificonfiguration ofstudents,
will lead tothe sameresultswhen the course is offered again.

When reaching the extreme of chaos and lack of control,usislthat a prior model
for handlingthe irregularphenomenacannot be developedrheirregularphenomenafound
in this extremeconstantly faceeventsthat are new, unknown, unexpected and different from
the usual It inhibits any planning in advancand makes difficult to predictall possible
situations that may happernThus, it is neessary more creativity and improvisation to identify
alternative solutionsfor handlingthe observed situatiofHAMACHER; HOFSTEDE; POWER,
2002). Epidemiological phenomena, climatghenomenaand economic movements are
examples ophenomenawith these chaacteristics.

Considering the variety gbhenomenaencounteredin complex environments, sa
closerasa phenomenonis from the extreme that it is possible emsurecertain organization
and control, its treatment is easier. As we move away from this extreme, new difficulties are
imposed. It is necessary to deal withegularphenomena whichhave subjective and often
tacit definitions; possess dynamic execution; ugq creativity in execution and decision
making; face unexpected restrictions; generate unpredictable decisions; and evolve based on
experienceggainedby theteamsinvolved(DE MAN, 2009; FRANKE et2010; LAKSHMANAN
et al, 2012; RICHTBRON HAGEN et., 2005; SWENSON, 20 ESTRUM, 2008YHITE,
2009). Thus, thefaced phenomenaare very singular,and planning and handlingctivities

become more complicated.
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2.2 Managingirregular phenomena
Althoughusual, it is not a trivial task to plan and execute actions for handatiegular

phenomenan complex environmentg~igure2-2).
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Figure2-2: Plamingvs.Handlingof irregularphenomenan complex environmerst

During planningRigure2-2a), the planning teantriesto devise a artifact plan) that
details the differentevents and situationthat may be faced durinthe irregular phenomena
handling. To achieve the desired goals and outcorttes,planning teamuse the existing
knowledge onpremises, variables and phases to design norms and procedures that, if
followed, should make therregular phenomenonevolve to an expected situation. &h
planning teamalso identifes the requiredresponseteam, equipmentand information for
handling theexpected situatios (HADDOW et al., 2011; PENADES et al., 2011).

Ideally, when a simildarregularphenomenonis identified, it is possible to retrieve the
prior developed plan and use it to handle the ongopfggnomenon(Figure2-2b). According
to the ongoingsituation characteristics, a set of procedures described in the plan will be
defined as suitable to be adopted duritige phenomenonhandling. These procedures are
performed sequentially until thehenomenongoal is reached. Thus,is possible tasay that
executing a plan resembles a business process execution (COERIZA et al., 2014;
CHANDRA e KRISHNA, 2011; SELL e BRAUN, 2009).

However, the use of a prior delaped plan is not always straightforwardigure2-2c)
(ALEXANDROU et al., 2009; BARDJHEANOE et al., 2014; BOHRINGER, 2010; GIL, 2015;
LAKSHMANAN al., 2012; MENDONCA e WALLACE, 2007; SAWYER et al., 2010; SYKES et al
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2013. The lack of knowledge about theegular phenomenondetails makes difficult to
generate a plan that specifies weléfined procedures to address all contingencies that may
arise duringts evolution. It is common thathe planning teanonly identiiesa subset of all
possibleevents that may happebecausehis teammust handle a wide variety of options and
their combinations. This simplification makes difficult to detail all posssiigations in
advance.n addition the planning teammay decide to leave out a specifituation in the
developed plan, eveif its occurrence is possibleither because it is necessary to simplify the
plan or because the occurrence of such situation may be Mogeover, the planning team
may provide an inadequate treatment for a speaifient, either becauséhe situationcaused

by its occurrencehas never been experienced or because of the unpredictability and
uncertainty associated with it. Besides that, the plan may also be described at a higher level
of abstraction to not specialize haotive responséeamwill act.

Therefore, the lack of a wellletailed plan may lead to the discovery of new variables
and unexpected eventshat need to be handlednly at enactment time In addition, the
decisions and actions performed also affect tserved situationleadinghe resporseteam
towards facing states that may not correspond to the states defined during planning.
Moreover, even for knowsituations different outcomes may be identified when the planned
actions are applied in this partially known environment, either becahsse actions were

poorly executed or because they could not reach the expected effects.

2.3 Unforeseen guations

More complex, dynamic and unpredictable environments comméadg eventsthat
affect the prior developed plarthese events may lead to anforeseensituation, which in
its turn, may lead to a disruptiofFigure2-3). The disruption makes more difficult tbhe prior
developed plamproceed as expecte@nd, as resultit may becomeno longer applicabléo

handle the ongoingrregularphenomenon

event

Observed situation L.mfofes

Expected situation

Figure2-3: Unforeseen guation
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Unforeseen situations may arise dueddferent causesThe first causeoncernshe
lack ofcompletenessof the prior developedplan. As discussed above, the lackidéwledge
about theirregularphenomenonduring planningnaylead toa planthat does notdetail all
possiblesituations and events that may baded and/or describehandling inan inappropriate
level of details For instance, considethe phenomenon shown in Figure 2-4. This
phenomenonmay facethree differentsituations dSituationAs, éSituationBe and ¢Situation
C. FordSituation A, the proceduredetailedin the plan is adequate and cdre followed
duringthis situationhandling FordéSituation. gthe plandetailsa procedure to be followed,
but it lacks some detailabout the required information and equipmentt is necessary to
analyze and infer these details so the procedure caapgied duringhis situationhandling
For éSituation/ £no procedure has been detailatliring planning.Thus, ti is necessary to

devisea procedurefor handlingthis situationat runtime.

Plan

Situation B

Current
phenomenon

Situation B

Figure2-4: Unforeseen sBuation caused bynappropriateplandetailing

An unforeseen situation may also arise by the plan application in the ongoegglar
phenomenon During handling, the plan application mayake the responseteam face a
situation evolution and achieve results that do nanhatchthose defined during planningit
happens becausehe decisions and actionperformed duringhandling also affectthe
observed situationIn addition, the lack gbrior experiencean the irregularphenomenonand
the unpredictability and uncertainty associated with the environmeatylead todevelopgng
proceduresthat only showthemselvesnappropriate at runtimeForinstance consider the
hypotheticalirregular phenomenonhandling shown irFigure2-5. Theprior developed plan
applicationbeging: {1 @t /il &k decisions and actions taken the responséeammake
the observedsituationevolution matchts expected evolutionlt allowsthe useof the existing

plan.However, | (i @& desisioEmakesthe situationevolve to a statéhat wasnot expected.
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Thus, it is not possible tapply the procedures diailed in the plan @dtause the

observedsituationevolution ismuchdifferent from its expectecdevolution.

Team decision

|

Expected situation

Observed situation

0 t 2 3
» b N >
Figure2-5: Unforeseen situation caused lojecisons and actions performed during handling

Besides facingituationsand results that do not matctie situationand resultdefined
during planning, the plarapplication mayalso lead to unforeseen situations related to
proceduresconcurrency Handlingphenomena in complex environmenisvolve acting in
response todifferent events which often occurs simultaneously It may lead to the
unavailability of prerequisitesecause they are being usedhandleanother situation(s).For
instance consder the procedures adoptefbr the two situationsshown inFigure2-6. At ct2¢,
one responseteam allocates the necessaryesources fomperforming thesecond actiorfor
Kl y Rt ASftaation! Ké&hich was originated frorthe first event while anotherresponse
team still performsthe first action planned foéSituationBe, which was originated from the
second eventWhenthe responseli S Y N&B a LIJSiuatiord ¢S GMNANaa (2
necessary resources for performing the second act@nhandlirg thissituation at &3¢, it
discoves that one resourceis unavailable. If () it is not possible to provide the necessary
resource, folinstance there is noextra resourceor (b) theresourceprovisionwill need more

time thanthe availablejt is notpossible tocontinuehandlingli K Situation. £
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Expected situation

: : : : Observed situation
0 t1 £2 t3

S | X ’ X
D ¥ ¥ N

Figure2-6: Unforeseen situation caused lyavailability oforerequisites

Another cause for unforeseen situations concerns the occurrence of unexpected
events. Theynay makethe responseeam face situationsthat do notmatch thesituations
defined during planningFor instance consider thehypothetical irregular phenomenon
handlingshown inFigure2-7. The prior developed plaapplicationd S3Ay a G aGdné o
GiHéT GKS RSORA&A 2 yha redpofiseteam Oniki the ébservddsitustign 6 &
evolution match its expected evolution. It allows the use of the existing jplamever, the
observedsituation evolution does not correspond to thexpectedevolution I &  .Atd o €
happensbecause an everttaschanged one of the necessary conditions betwete and
¢t3¢. Asthis event was nofpredictedin the plan, it is not possible tocontinue theirregular

phenomenonhandling

Unexpected
event

Expected situation

: : : : Observed situation
t0 t1 t2 £3

[ 3
Figure2-7: Unforeseen situatiortaused bynexpectedevents

When an unforeseen situation occurfhie responseteam should observe the
operation conditions, identify thenew set ofgoals to be achieved, use creativity and
improvisation to identify alternative treatments and ne&klecisiors at runtime Thus, the

identified unforeseen situationcan be solvedand the ongoingphenomenon handled
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(BOHRINGER, 2010; LAKSHMANAN @0D4aPR;LEY et al., 2012EY et al., 2014ENDONCA
and WALLACE, 2007All gathered information provides feedback about the phenomenon
handling and may be used as input for a plan evaluation.

However, handling unforeseen situations that occur in complex environments at
runtime is not a trivial task. Identifying unforeseeruations occurrence is not always
obvious. In addition, diagnosing the impacts they have in the response procedures and
demanding a possible adaptation can prove a difficult task. Moreover, plan adaptition
runtime itself must be systematized to handlafareseen situations properly and make the
plan suitable to what is happening.

Thus, the problem addressed by this research is

the difficulty in diagnosing unforeseen situations and adjusting prior develop
plansat runtime

2.4 Problem confirmation:.Laborsand Emergeng response

Interacting with groups whaconstantly deal with unforeseen gifations and plan
adaptationat runtime is necessanyp a betterunderstandof how it occurs Ttus, interviews
with professionalswere carried out to confirm the problem existenead identify usual
methodsusedto diagnose and handliese unforeseermituations

The first interaction was with physiciarabgtetriciars and aneshesiologiss) who are
used to handle labor in emergenoyoms.Emergency roomprovide immediate medical and
surgical care to patients arriving at the hospital without prior appointm&vtenworking in
these departmentsphysicians must treat a broad spectrum of pregnant women, who may be
facing cases ohormal labor, preterm labor, abortion, preeclampsia, uterine rupture,
LINRf I LJASR dzYoAf AOFf O2NRXZ RSIR FSidza Sid0d
recommended treatment application. For instance, a history of poor blood clotting may
require a blood transfusion during labor. This diversity of characteristics generates many
alternatives to handle. In addition, decisions may be made with incomplete information, since
the patient may not be able to provide (e.g. unconsciousness) or may not havdaekgof
prenatal care) the necessary information for adequate care. More than that, there is pressure
to make quick and critical decisions to treat difgeatening cases faced. Furthermore, any

OKIy3S Ay LIGASYEQa O2yRA G VAuAIonNBOYIEA ROB1A & S
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DEERING, 200ESKANDARI et al, 2011; LEZZAR et al, 2012; MOON and KIM, 2013; PEREIR/
et al, 2014;PUNDT, 201IVRBASKI and PETRIU, 20B8sides medical procedures detail a
broad spectrum of labor possibilities, they often nee®adjusted to handle specific cases
faced in emergency roombecause of their variety and unpredictabili@@OYLE, 2011;
DEERING, 200BUNDT, 201 SELMAN and JOHNSTON, 20m3usphysiciars must capture
and analyzethe availableinformation about the patient(historical and current conditions)
make claims abouhe application anceffects ofall procedures alreadgidoptedin this specific
case identifyalternativetreatmentsfrom literature andprior experience in similar casesd
make cecisions at runtime to adjust recommended procedure#hi® specific caséaced.

The second interaction was with Civil Defense ag®its work in the control team,
managing the information coming from different sources and cofitrgbeople working in
the affected aregoperation teams, governmental agencies, rgavernmental organizations,
the private sector and society)These agents must handle a wide varietynafural threats,
such asflooding, landslides, windstorms etavhich can occur at any timand evolve in
unforeseen ways Besides adopting procedures thadrovide initial treatment for an
emergency the dynamic and complexharacteristicof emergenciesmay lead several
alternatives to handl¢hat were not foreseen befordn addition Civil Defase agents usually
make critical decisiondn the spur of the momentsince thefaced emergenciesare life
threatening and need immediate attention. Moreovethese decisionsare made with
incompleteor partialinformation, bearing impacts oemergencyesponse. Furthermore, any
change iremergency evolutiomequiresa reevaluaton of the selected treatmentThus, Civil
Defense agents must capture and analyze the availati@mation about the emergency
evolution, make claims about the effects of aditions already appliednd decisions already
made identify alternative treatments fronprior emergency responseand make decisions

at runtime to adjusthe existingprocedures to theemergencyfaced.

2.5 Final comments

This chapter has detailed the diffete phenomena that mayoccur in complex
environments. By identifying phenomena ranging from total organization and control to the
chaos and decontrol, it was discussed that, as we move away from the extreme of organization
and control, new difficulties aremposed and the planning and handling activities become

more complicated. The dynamism and unpredictability of the environniender a well
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detailed planning since it is not possible to know all thregular phenomena details in
advance or to list all ents that may happen and possible situations arising from them.
Furthermore, different unforeseen situations may occur durthg irregular phenomena
handling, which makes the plan become inappropriate to be followed. It requires greater
creativity and impovisation to identify alternative solutions and make decisions at runtime
(Figure2-8).

Irregular phenomena

Handling

\ Plannin Bvaluation/
: 9 Feedback

Success! Failures

Figure2-8: Probleminside thesis scope

The difficulty in applying prior developed plans while handiiegular phenomena
suggests the need to provide a wider support to decigimaking when dealing with
unforeseen situations. It isecessary tanake availablenechanisms that allow, at runtime,
identifying and diagnosing unforeseen situations and, if necessary, adjusting the plan to
address the problems identified. Thus, the identified unforeseen situation can be solved and

the ongoirg phenomenon handled.
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3 Knowledge arising from phenomenon evolution as input

for managing unforeseen situations

This chapter presents the benefits obtained from the analysis of knowledge arising
from the phenomenon evolution for the unforeseen situatidiagnosis and handling. It also
details strategies for identification and use of the available knowledge to solve new problems

at runtime. Finally, it presents proposals for managing unforeseen situations.

3.1 Diagnosis and solution of problem from knowledge about the

phenomenon

As explained in the previous chapter, thaor developed plans will noalwaysbe
suitable for handling irregular phenomena The dynamism and unpredictability of the
environment in whichrregularphenomenaoccur hinder a weltletailed planning makinghe
real situation that needs to be addresskeecomes cleaonly duringthe phenomenaandling
Thepossibleevents and faced situatioare presented at this pointyhich allows concluding
the plan developmentit is also possible to identifysbmeunforeseen situatiomasoccured
and assess if the existing plan is still suitable for handlinghle@omenon observed situation
If not, the responseteam must decile and perform adaptationsat runtime to solvethe
unforeseensituations makethe plan becoms properto what ishappeningand continuethe
irregularphenomenorhandling

The difficulty in applying prior developed plans while handiinegular phenomena
suggests the need to provide a wider support decisionrmaking when dealing with
unforeseen situationsThe main goal of this thesis is to assig response teann diagnosing
unforeseen situations and making adjustments while the selected plan is being applied. For
this, it is proposed the use dhe knowledgearising fromthe phenomenonevolution. This
knowledgecan be identified from prior or current knowledge about ghleenomenon(DINIZ,
2005) It is claimed that the analysis ofdeeknowledge allows betterunderstandingof the
ongoingphenomenonand devisingsolutions that may inspire or be applied to the identified
unforeseen situation.

Using the knowledgearising from thephenomenonevolution for diagnosng and

handlingnew situations is quite common. Fmstance it is identifiedin strategy games like
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chess. Thgoalof chessis cornering the kingFor this,it is necessary tonove the pieces on
the board according to a strategy defined in advance. This strategy considgvestten of
both playeQand higher opponenQ & LX¥heéSv@l& df each piec@ecessargacrificesthe
momentto movethe pieceforward or backwardthe boardoccupationetc. However,during
the gamethe player may facsituationsthat confronthisstrategy. Fomstance the opponent
made a move that was ngiredictedin the strategy adopted by the playeFhus,the player
mustanalyze theboard configuration after his’/heg LILJ2 Y Boleit@identify which piece
should be movedo win the game.For this, the playemay use hisher experience in other
games orthe strategies knowrby chess players to respond K S 2 LI d8oyeSAftér Q
moving the piece, the player also evaluate&/her opponenQQ & NXBd¢ ddadid&ifzhg new
strategy is the most appropriate for the ganienot, the playercanusehis’her experience in
other games or otheknown strategyto changethe strategy adoptedn this game

Another example is the identification of treatments for diseas@é$en a patient
describeshigher symptoms, thephysiciantries to identify the disease that isausingthem.
The disease can be identified through the analysis ofsyraptoms antbr results ofthe
performedtests. When the disease is confirmed, thleysicianrecommend a treatment to
be appliedby using hifher medicaltraining and experiencehentreatingother paientswith
similar symptomsSometimes, physiciansdentify that theLJl (i A rBspdngadthe treatment
does not follow the usual pattern of the disease. In these case/she may consult the
medical literature to identify reportdescribingsimilarsituations In addition,physiciangnay
also applyindirect treatments, i.e.treatments that do notcurethe LI A §wipiofagout
lead the patien® condition to a state where it is possible tieintify a propertreatment.

These examples show that the use of the knowledgsing fromthe phenomenon
evolutionfor diagnosing and handling nesvents andsituationsfollows a process similar to
the decisioamaking procesgFigure3-1) (SIMON, 1977)irst, it is neessary to identify the
need fora decision i.e.to understand what is different in thenvironmentthat may be
considered a prolem that needs to baddressed (intelligence phaséter that, it is possible
to analyze theidentified problems thus providing a diagnosis for the and generaing
alternativesto be applied (design phaselrinally,the most appropriate solutiorfor the
problem is selected from thpossiblealternatives (choicgphasg. Eachphasefor decision
making is also considered a decisioaking process, which may generate new problems that

have phases of intelligencdesignand choice.
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—

Intelligence Design Choice

" |
Figure3-1: Decisionmaking pocess

3.2 Strategies for solving problems using the existikgowledge

Different strategies may be adoptefbr using the knowledgearising from the
phenomenon evolution for diagnosing and handling newents and situations Theg
strategies range from organitzan, storageand retrieval of knowledge through documents;
may adopttechniques forautomaticcomparison and modification ahe existing knowledge
beforeusingin the currentphenomenon andmayinvolve creativity to defin@ow theexisting
knowledge can support thebserved situationThe following subsections detadme of thee

strategies.

3.2.1 Lessons learned

The documentation ofessons learned helptdiscover he project strengths and
weaknesses. It allows members &dpartners ofthe project team to discussthe project
successes, the unexpecteditcomesor results that did notmeet the initial expectations,
possible recommendationtor future projects what could have been done diffently, the
causes of problems that have occurred and ways to prevent these problems from occurring
again(BUTTLERNd LUKOSCH, 2012; BUTTaBRLUKOSCH, 2013; DUFFIBhMDWHITTY,
2012;WHITEand COHAN, 2010).

There are different mechanisms or processsed to collect, verify and disminde
lessons learned. In general, tipgocess for documentindessons learned can be defined
through the following stepgFigure 3-2) (BUTTLERnd LUKOSCH, 201BUTTLERNd
LUKOSCH, 2013; WHé&rg COHAN, 2010):

1 Project cefinition: The project teamdentifiesthe need for documenting the lessons
learned establisheshe procedure for documentatioand definesthe members that
will provide this knowledge;

1 Collection The project teamcaptures information through structured and/or not
structured processes, as criticgcumentationand meetingsto identify both positive
experiences, which has reached the organizatymals,and negative experiences,

which has generated undesirable outcomes. It may occur integrated to the project,
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when lessons learned are identified regularly and consistently through project reports;
or post-facto, when the project requires an analysis after @ad;

1 Verificaion andsynthesis It is used to verify the accuracy, correctness, understanding
and applicability of the identified lessordeterminingif aspecifidesson is relevant or
not for other projects, exclusive to a single departmenspecificproject, or may be
applied to thewhole organization;

1 Storage The lessons learnedire storedinto a knowledge management system or
database for futuredisseminatim. They should contain information about the
problem, the adopted solution, the expectedand obtainedresults,the factors that
may have influenced these resultse recommendations of what should or should not
be donethe challengedacedetc.;

1 Dissemiration: Past lessons or best practices are disseminated. It may be necessary to

review processeandconducttraining.

Figure3-2: Process for documenting lessons learned

When necessary, teams involvedtire project may use the lessons learned to solve
problems in the project they are workirmgy. They may use these lessons to change standards,
guidelines,norms and processes; create awareness about an issue describadesson
learned; monitor and prevdnproblems in projects; or proactively prevent problemben

implementing an approach described in a lesson lear(BdT TLEBd LUKOSCH, 2013).
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3.2.2 CaseBasedReasoning (CBR)

Research o€aseBasedReasoning (CBR) argubat the analysis of past cases allows

identifyingsolutions that can be adapted and applied to a new problem féloexligh a cycle

comprising four stepsfgure3-3) (AAMODT anBLAZA, 1994; KOLODNER, 1993; LOPEZ, 2013;

DEMANTARAS et.aR005; RIESBE&#Kd SCHANK, 1989):

[Case library

— I

m

Figure3-3: CBRcycle

1 Rarieve: When a newproblemis faced,a set of potentiakimilar cases igetrieved
from a library The caseand problemare compared to rejecthe cases that differ

greatlyfrom the problemfacedand determine thecasethat is the most similar to té

problem faced. The similarity of cases depends on how well each comparison

dimensionshave matchedand the importance of eacbomparisondimension

1 Reuse The solutions described in the selected case are applied as a solution to the

problem. There is noaed to make any modification on them. l.e., what was done in

the case is the correct thing to do the current problem
1 Revise When the recovered case differs in some aspects ofctiveent problem, it is

necessary to list what is differebetween theselected casend the problem faced

andchangethe solution described in this casedddresssuch differences. Sometimes,

the selected case requiramly simple change®ther times, tis casediffers greatly

from the problem ancdhot all necessary adjustemts can be performed automatically

Whenit happenshuman experts must analyzke case

1 Retain Experience in solving the problem faced is stored as a new case in the library,

so it can ke a reference in futureccasions

3.2.3 Improvisdion

Improvisationderives from the Latimword dimprovisg6ithé ¥ RSy ALt 2 F

azy

Gorovisd > aUGA LIz  GAYy3 0STF2NBKIYRXEZ LINSBRAOGO® L

continuous and sequential process, which runs with little or no preparation or prianjolg,
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and involves the interpretation, articulation and design of something while it is being
performed CEWIS and LOVATT, 20Q1BY et al, 2012; OXFORD; WEICK, 1998). Improvisation
becomes necessary wh&ventsconsidered important or impactful are facesd require an
immediate response. Although relevant, susrentscould not be anticipated and, because of
that, there are no plans for handling them (LEY et al, 20EX, et al., 2014,0NG and YU,
2009).

During improvisation, the resources available tat time are retrieved and
recombined to generate new outcomes and solutions that meetditgation arising froma
specificevent (LEY et al, 2012; LONG and YU, 2009; MENDONCA and WALLACE, 2007,
PRESSING, 198#N and HALLO, 2008; WEICK, 199®yovisrs need a divergerthinking,

i.e. coming up with a manypossible solutions for apecifictask ora given problem as
possible to continuously think of something new in a flexible manner (CARR and BORKOWSKI,
1987apud:LEWIS and LOVATT, 2013).

As improvsation occurs during the execution of something, the solution design and
execution seem to occur simultaneously and in gpeirof the moment LEWIS and LOVATT,
2013;LEY et al, 2012; OLSSON and BACKSTROM, 2012; WEICHK\i898), despite the
improvisation seerma totally adhoc process, wittmo mechanism to support it, it is not true.

G, 2dz OFyy2i AYLINROGAAES 2y FyeldKAYIKRNAELDA & V
1995apud:WEICK, 1998When improvising, peoplactivatereferentdschemasto provide a

basic template for themselves solvethe problem facedNew ideas can then be integrated

into thesereferentgdschemaswhichallows devisinglifferent solutionsfor the problem faced

Thus, dferent improvisations may be generated frothis referenfschema (LEWIS and
LOVATT, 2018/ENDONCA and WALLACE, 2007; PRESSING, 1988).

Improvisation can be performed at different levels and treated as an individual or a
group phenomenon (MOORMAN and MINEB9§. Improvisation levels are related to the
depth of change used in the improvised object. For instance, jazz musicians may use
AYLINRPGAALFI GA2Yy §S@Sta NIyYyIAYyI FNBY dGAYydSNLIN
YSt 2Re& 0O0U0KNRdAdAK { KESO a0 ihE ddicaickarigesf ihe oridingl R
YSEt2R&@ O0GAYLINE OA &ldpid2W4 U YE. e dly b Ibw 3¢ Kndp dork y U
when people take small liberties with the melody as when choosing new accents or dynamic
as they perfformwhatiswilii Sy @ ¢ KS aSYo Sttt AAKYSYyGé Aygd2f

anticipating or delaying whole sentences of the original melody. The melody is changed but
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aiGAtf NBO23aAYyAT I 6ftSd ¢KS &GO NAIGAZ2YyéE 200dzNA
original melody, butthSA NJ NBf I GA2YAKAL)I ¢ A GK IYILENE A NN FiMy2
transformsthe melody in something that has little or no resemblance to the original melody.
When analyzing the different improvisation levels, iplsservedd K G & R i & S WEINS i
minor adjustments depend on the models from which they have started, while the extreme
improvisation depends on past experience and memory (DYBA, 2000).

The classification of improvisation as an individual or a group phenomenon concerns
the peoge involved and the resources used during this process. When only one person
improvises,this individualwill use higher own knowledge and experiences lived other
occasionsbesidesthe available physical resources, while improvising. Whegroup of
people improvisesthey shouldcombinethe knowledge skillsand experiences lived by each
of these individuals to generate a new result.

Thus, improving improvisation requir@sprovingthe group or individual memory. It
is achieved by providing a wider range of resources for improvisation, which allows a greater
possibility of creating new relationships between the resources available at the time of
improvisation and between these reslDS& | YR AYLINEGA&ASNEQ SELIS
(LONG and YU, 2009; MENDONCA and WALLACE, 2002; WEICK, 1998). Moreover, it i
necessary that individuals or group understand what is being developed and why

improvisation efforts are beingpent(OLSSORNNd BACKSTROM, 2012).

3.3 Proposls for managing unforeseen situationsby using the existing

knowledgeabout the phenomenon

Literature presents different proposabn the use of existing knowledgabout the
phenomenonto handle unforeseen situations at runtimegardinghe identification and
diagnosis of unforeseen situatiorstudiespropose the use of the emerging data to compare
what was planned and what is being observed dutigndling It allows assessing if the
existing plan is still valid and relevant to handle tugrent observed situationComes et al.
(2012) work with new or updated information received by the emergency response teams.
Fromthe informationthat details the currenemergency evolution, managers have inputs for
updating the previously established scenarios. They use this information to decide if the
scenario handling is still valid and relevant for its purposes or if the new informatesents

sufficiently important facts to ensure the scenario updatingartens et al. (2012) argue that
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case management systems allow some level of visibility and control of processes with
unstructured segments of activities and reactions to exceptional situations. The authors
proposea system that analyzes the execution traces and cases data to improve efficiency,
ensure compliance androvide guidance forpeopleinvolved. It allowsestimatingthe case
health, i.e an estimate of how well the case is progressing based oanlag/siof its current
status. If the case evolution is not appropriate, actions to adjust the case are necessary.
Alexandrou et al. (2009nd Moon and Kim (2013)argue that the standard procedure for
treatingthe sameRA A4S aS @I NA Sa I OO&adtRistifshnditre sitiakich LI {
faced. The authors provide mechanisms to capture information about the current situation of
the patientundertreatment. This information serves as input to assess if the standard medical
procedure is suitable to be applieahd, if not, which changes are needed. Thus, healthcare
professionals can provide personalized treatment to the patient. Baltelanoé et al. (2014)
gather data coming from both the field and the monitoring of workflow to deduce
automatically additional nformation about the current conditions of th@henomenon
handling. The deduced information helps identify mismatches in the existing plan and
supports the decisiomaking process for adjusting this plan.

Regarding the adaptation of plans at runtimersoworks suggest the use dfimilar
previousphenomenafor identifying solutions to be appliedLi and Ma (2009) propose the
concept of flexible blocks to describe uncertain factors before running processes. This flexible
block runs in an attoc wayand, after some repetitions, an internal process structure is
obtained by mining the processoperation history. Ater that, the application scenarioare
combined and theprocess model of thdlexible blockare orgaized and storedn bases,
enabling its use orfuture occasionsChakaborty et al. (201@ropose a system to identify
similar cases to work in domaimghere there is nd enoughunderstanding that enables the
prior development of an irdepth handlingmodel, as in firBghting. Managers may retrieve
set of cases that have similar characteristics to the current conditmfne fire These cases
are adapted todevisea solutionfor handing the current fire.Minor et al. (2011) propose a
system for creating and adapting workflows by reusing automatic changes. When a request
for workflow changeoccurs, managers retrieve experience on previous adaptations from a
case library. These cases are assesaed themost appropriatealternative is applied aa
solutionto the problemidentifiedin the current processlhe system proposed by Martens et

al. (2012) also provides mechanisms for adaptasibruntime. The system allowdentifying
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other caseghat havesimilar characteristicsn the current caseThus managerscan learn
what has been done and propose solutions from the actions taken in each case.

Other studies provide recommendations on the next action that should be performed
to achieve the expected goaloin the analysis of what is happening at any given time of
execution. Schonenberg et al. (2008) provide recommendations to the end users of a process,
allowing them todeal with a partial case, i.eases that have started but have not yet been
completed. Tiese recommendations are generated based on past performance of similar
processesnd contain information on how to achieve a certain goal (optimize profit, cost, time
etc.). As different users aim to achieve different goals, the recommendations offeeed ar
different for each of them. Dorn et al. (2010) propose an approach femcadprocesses
treatment oriented to people. Information describing these processes execigiamalyzed.

This understanding enables the recommendation on the next action to match the current
situation of the process execution. Comfort et al. (2013) propose a model that uses existing
information aboutthe evolution toassess&nd offer options to hadle urgent events. From a

set of options, the model calculates which one may achieve the most effective result to protect
the community. The response teams should adopt the most appropriate option.

Understanding the contexand the emerging data from exetion are also used to
configure or instantiate a prior developed plan. Studies on processes adaptation at runtime
(BUCCHIARONE et al., 2011; HERMOSILLO et al.,, 2010; NUNES et al., 2011; SANTOS et ¢
2011) propose to perform modifications when any dewtiis identified during the process
model instantiation to a specific context. The object of adaptatioawgll-defined process
repeatable, little complex and with little possibility diange It makes modification be more
easily designed and controtleThe goakito modify the existing modet® thattheir instances
reflect andare suited to thefacedcontext. Rychkova and Nurcan (2011) propose an approach
for adaptation and control of dynamic, unstructured and knowledgensive processes.
After the planning phasayhereis defined what can be done to execute the process and what
is required for it, the approach follows the customization phabkat focuses on what should
be done to execute the process in a specific context and what is availaltlefaring the last
phase (execution), the process is configured at runtime based on the emerging data. Thus, the
processes will match the conditions of the context in which they occur. Alexandrou et al.
(2009) propose the adaptation bkalthcareprocedures at runtime. During these procedures

execution, the proposed system uses an ontology, which describes the necessary knowledge
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of treatment. Thus, the executn of healthcare procedures for each patient is customized and
based on his medical condition and response todpgpliedtreatment. Moon and Kim (2013)
propose an integrated architecture that detects the current situation of the patient under
treatment using ubiquitous devices. This information assibte healthcare professionals to
provide personalized treatment to the patient since the standard medical procedurtador
samedisease varies according tbe patientQ éharacteristics andhe faced situaion. The
proposal from Barthdelanoé et al. (2014) for automatic deduction of titeserved situation
from data provided by field teams and workflow monitoring also allows the plan adaptation.
When the need for adaptation is identified, tdeducedinformation allows prowinga range

of adaptation solutions to support the decisiomaking process.

Improvisation may also be used to generate solutions to the identified problems.
Mendonca and Wallace (2007) propose a cognitive model for improvisation in enwrg
management. This model helge obtain a referent fromthe declarative and procedural
knowledge when a contingency that blocks the execution of a planned procedure occurs. This
referent is modified, making it consistent with the existing goals andabla resources. Ley
et al. (2012) claim that improvisation is a helpful resource to be used by crisis management
teams, but itmaybecome achallengngtask if the magnitude of the emergepteadsto the
collaboration of different organizations. Theseganizations need to improvise in an
interorganizationalevel and the IT infrastructure is not always prepared for this. Thus, the
authors propose the migration to an IT structure that supports the informal information
exchange and generian of opportunities for informal collaboration between the different
organizations involved. Dyba (2000) and McGann kayytinen (2010)etail the benefits
obtained from the application of improvisation in software organizations. Improvisation helps
to identify alternatives that allow dealing with the inherent unpredictability, dynamics,
uncertainty and unknown of the systems development process.

Although these studies describe proposals that could Helpnanag unforeseen
situations in complex environmentdjis research claims that there is a lack of suppothe
decisionmakingprocess for handlingnforeseersituationsas a wholel.e.from identification
of unforeseen situationsgoing through diagnostic aheir impacton the existing plans, to
perform adustments to make the plan suitable for handling tbbenomenon observed

situation. Besides that, facing unforeseen situations requires handling both explicit and tacit
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knowledge.Using explicit knowledgallows identifying eventsthat were not predicted ad
provides inspiration for defining actions to handhe situations arising frorthem. However,
some events andunforeseen situations may not have relations with any past explicit
knowledge, being necessary to provide mechanisms for identifying, haratlith@ising tacit

knowledgetoo.

3.4 Final omments

Using theknowledgeelements about thgghenomenonmaybring benefits fothe on-
the-fly adaptationof plans in unforeseen situation€urrent knowledge allows understand
what is actually happening durinthe irregular phenomenon handling and identifyng
potential unexpected events andnforeseen situationsPrior knowledgeallowsidentifying
succeshlil pastphenomenathat may be relevant fohandlingthe ongoingphenomenonand
possibleunforeseen situatios. It is also possible to identify the failures on otheenomena
whichsuggess strategies that should ndie followedsothe same errodoes not occuagain.
Moreover, even if it is not possible to establishannectionbetweenthe existing knowledge
and the unforeseen situation, this knowledge serves as infutcreaie new connections
between the resources availablé.e. new connectionsbetween the existing knowledge
and or between this knowledge angrior experiences oinvolvedteams Thus.a newsolution
to handle theunforeseen situatiortanbe developed

Theefore, thehypothesis to be validated in the present research is

the use of the knowledgarising fromthe phenomenorevolutionhelps the orthe-
fly adaptation of theexisting plan when unforeseen situations occur
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4 Plan aaptation in unforeseensituations

This chapter details the approach for-the-fly adaptation of plans when unforeseen
situations are identified duringregularphenomenéhandling. This approaahnakes use of the
available explicit and tacit knowledge about tineegularphenomenonandsupports decision
making in complex environments from the identification of unforeseen situations, going
through the diagnosiof the impact of such situations in thexisting plan, to the plan

adaptation for propely handling theirregularphenomenorobservedsituation

4.1 Approach foron-the-fly adaptation ofplansin unforeseensituations

As highlighted before, thexactapplicationof plans in complex environmenis a
difficult task. RPansusually become inadequate and adjustments are often demandée.
approach for orthe-fly adaptationof plansin unforeseen situations (DIIRR et al., 2015)
providesthe response teamvith information and tools that allowhe planadjusimentwhen
the phenomenonobservedsituation does notcorrespond tothe situation describedin the
plan. It supports the identification of unforeseen situatioribe diagnosis of the impact on
the existingplan and the adjustment ofplans that becone inappropriatefor handlingthe
phenomenon observed situatioRor thisjt is proposed thaiseof the knowledgearising from
the phenomenonevolution, which is identified duringthe phenomenonhandling and/or
concerns theprior experience irsimilarphenomenaFigure4-1).

During the plan monitoring the response team monitors the selected plan,
considering the phenomenon observed situation and a set ofgstablished parameters. This
analysis allows estabhing a compliance degree between what was planned and what is
actually happening during the phenomenon handling. Thus, it is possible to assess if the plan
can still be applied to the phenomenon observed situation or if is required a more detailed
analyss of what is not working anymore.

Theunforeseen situation interpretationaims to determine if the unforeseen situation
that wasidentified during plan monitoring has produced a disruption in the plan. Disruptions
makethe planmore difficult to proceed asxpected, making it become no longer applicable
to handle the phenomenon observed situation. According to a set of criteria, the response
team characterizes the unforeseen situation that has occurreddeuidesif there is a need

for adjusting the seleetd plan.
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The response team performspdan adaptationwhen the identified disruption leads
to the nonapplicability of the existing plan. According to the required adaptation level, the
response team uses all available knowledge to develop and select alternative solutions for
handling the disruption faced.

The result of the orthe-fly adaptation the adaptedplan, is applied during handling,

thus initiating a new cycle of the approach application.

Irregular phenomena

Evaluation/
Feedback

Expected situation

supports

Approach for on-the-fly adaptation of plansin unforeseen situations

Unforeseen
situation
|nterpreta1|on

: : RSN NN
...... )D >6‘5‘\‘?\\ )D )D

: . Diagnostic Adapted

Plan
adaptation

monitoring

..... ) : o plan Success/ Failures
i i L '
. Prior L
E ) H formal . ﬁ
an Stuailon Parame[ers Characteristics Dependency knowledge . Speculation
oo awar eness map : guide

Figured-1: Approach foron-the-fly adaptation ofplansin unforeseersituations

4.2 Plan nonitoring

During handlingthe responseeam makes decisions and perforgiactions using the
prior developed plan. When using this document, teeponse teanknows who caries out
specific actions, what swurces (people, equipment, information étare available for use
and how all actions should be coordinatéd.parallel the responsgeam constantly update
the current conditions of handling with informaticabout the phenomenonevolution and
arisingout from the planapplication This informatiormepresents the phenomenon observed

situation andsupports theprior developedolanapplication
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The step of plan monitoring comprise®llowing the plan, considering the
phenomenon observed sittian and a set of preestablished parameters. When these three
components are combinedplan, phenomenon observed situation and preestablished
parameters) it is possible t@assess how far the expectaituationis from the facedreality.
Combining thesecomponents allows identifying unexpected events andunforeseen
situations besidegdecidngif the plan can still be useduringhandling Thus, it is necessary
to understand the following components for performitige plan monitoring anddentifying

unforeseen situationgFigure4-2):

Unforeseen
situation

Situation
awareness

Figure4-2: Componentdor planmonitoring

1 Plan Guidesthe decisionmaking andhe execution of actionsluringhandling

i Situation awareness Allows understanding the current conditions othe
phenomenonhandling It hasinformation aboutthe phenomenon observed situation
and the impacthat the planapplication has oii;

1 Parameters: Help to evaluate if what is described in the plan is suitable for handling

what isactuallyhappening in realityphenomenon observed situation)

4.2.1 Plan structure
The plan guides all actions and decisions takgnthe response teanduring the
phenomenonhandling.Even with the diversity of representations used and the difficurty
formalizingplans in complex environments is possible to identify a set of common elements.
Thus, this approach proposes the ¢olling main elements for describing plafsgure4-3):
9 Action, which is an atomic task performed to achieve a goal. It aims to take the
phenomenonfrom one state to another by changing the state variablakiesand
uses different resources. It is expressed through the task to be performed, the goal to

be achieved and theecessaryesources to execute;it
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1 State which characterizes thgghenomenonat a specific moment. The state is
expressed through a set of variableshich has associadevaluesthat may change
over time The state variables comprise people involved, required information,
required systems, required material resouregjsting restrions, estimated elapsed
time at that point of handling, estimated cost at that point of handlargl expected

action result

1 Resource, which comprises a set of elements thahecessaryto perform an action. It
comprises people, information, systenegjuipmentand restrictions
1 Eventwhich may occur durinthe phenomenorhandlingandhasimpact on the state
variables
1 Goal which defines what should be achieved durthg phenomenorhandling. It may
havesubgoals
-
PLAN
y s ~\ s ~y
Goal eee GUIdES Lo Action .":::::.Egnsfg‘em ......... ,{ State
héUE ”-_‘95 chcmge:_s desrr'r'ibed&y
¥ v ' i
' ™ s R ' ™ s ~
{ Subgoal { Resource }1 desfﬂbesstateof.-'-'"'ﬁ[ 51,312 %"--fmpacﬁ---[ Event
variable
_____ is4 ) tisA
People ‘ Information ‘ System ‘ ‘ Equipment ‘ Restriction

.,

Figure4-3: Conceptualfameworkof plan elements

4.2.2 Situation awareness dracterizdion

The plan monitoring also requires attention to the current conditions tloé

phenomenonhandling. Bang aware of thephenomenonevolution allowshe responseeam

to decidewhat isthe appropriate reaction in response the observedsituation. I.e. the

observed situations used to determine which parts of the plan shouldgeformedat a

specific momento handlethe phenomenon The impact of the@lanapplicationand possible

unexpected events should also be considered.
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Thus, the following informatioshouldbe captured for apecificanalyzednomentto

characterize the situation awareness

T

]

= =2 =4 =2

performed actions, to present the actiomisat have beentaken and the actions that
still needs to be performed;

people involved, including informatioabout the existing skills, available quantity,
locationand allocation;

information, including whiclinformationarerequired besidegheir update, reliability,
completeness and availability;

systems, including whickystemsare necessary anavailaility;

material resources, including whicmaterial resourcesare necessgy, available
guantity, locationand allocation;

currentrestrictions;

currentduration of thehandling

the realcost of thehandling

the result of the last action, taassess iits expected results have bedully, partially
or not attended

status of thefinal goal, to present if it waachievedor not;

the occurrenceof an unexpectedevent.

Thisinformation allows the responseeam havinga broad view of thgghenomenon

observed situatiorand assesngif what is happening can still be handled by the selected plan.

4.2.3 Plan parameterizing

Identifying inconsistencies between what is describedaiplan and what is actually

happening uses prestablished parameters that ensure the treatment validity. Thus, it is

necessary to determine these parametéosensure that the suggested treatment is adequate

to the facedreality. The proposed approach suggethe establishment of a set offiticalstate

variablesfor the ongoingophenomenon

Plan parameterizing also involves defigialidity ranges.The responseteam must

balance the strictness level adopteldiring the validity range establishmenif the \alidity

range is too rigorous, it can generate mareforeseen situationgnd adaptation demands

than actually necessary. If the validity range is too flexible, slectedplan may not be
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effectivewhen applied to the ongoingghenomenon It is also argue that the validity range

of non-critical variables can be more flexible than that established for the critical variables.
Both tasks are ideally performed during planning. However, it is importantttieat

response team also revistteese definitions dungthe phenomenorhandling Thusthe state

variables and the established ranges remaatidfor the currentfacedreality.

4.2.4 Unforeseen situationsdentification

Unforeseen situationare identifiedoy comparing the values state variables defined
in the plan (phenomenon expected situatiomnd their actual valuesidentified in the
phenomenon observed situatiorEach of these variables must bemparedto determine if
they are or are not defined within thestablishedvalidity range.

It is prgposedthat thiscomparison starts from the critical state variables because they
may generate more negative effects if not properly handled. After that, the valoies
noncriticalvariablesshould also be compared.dignificant (as defined by the plavdriations
are identified between the expectedalue and the observedvalue of the state variables, a
more detailed analysis is required to determiméhere is a need to adapt the plan.

An importantobservationis made about the state variable valueShesevaluesare
not always used at the timéhey are collected There may be an elapsdine between
collectng,receiving and usgsuch values§INIZet al., 2005)Thus there may balifferences
between the knownstate variables value, i.e.the one used forthe unforeseen situations
identification, and thar actual valueTherefore,the identification of unforeseen situations,
and consequent diagnosis aadaptation,might bebasedon incorrect informatiorfrom the

beginning Solving he highlightedssueis beyond the scope of this thesis.

4.3 Unforeseen situationmterpretation

An unforeseen situation occurs when tpéenomenon observed situatiodoes not
matchthe phenomenonexpectedsituation. Thus, when an unforeseen situation is identified
during the plan maitoring, theresponseteam must understand whathis new situation is
and decide what actions need to be undertaken handlingthe ongoingphenomenon

The interpretation comprisethe analysisof the identified unforeseen situation to
understandif and howit affects the plan application in the ongoimhenomenon It is

necessary to understand the variations identified betwdea values definedh the plan and
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in the unforeseensituation, besidesverifying if the current conditionscan handle sut
variations.Thus, it is possible tdetermine if adaptation procedures need to be triggered

The unforeseen situation interpretation follows tipeoposed stepgFigure4-4):

Unforeseen
mprehensiv
situation analvsis
aracierlzatl y
nforeseel .
stuation .. e . D >a s‘\?\\

X Unforeseen X Diagnostic
i situation i
Characteristics Dependency
map

Figure4-4: Unforeseen situatiomiterpretation

1 Unforeseen situation chracterizaion: Identifying variations between the values
estimated in the plan and the valués the unforeseensituation to determine the
impact and type othe unforeseen situation

1 Comprehensivanalysis Assessing the dependency that a state variable has on others
variables toevaluate if the current values of the related variables can handle the
variation identified. Such analysis will indicétthe plan isstill applicable or notn the

unforeseensituationfaced

4.3.1 Unforeseen situation chracterizdion

Theinterpretation begins witlthe characteriation ofthe unforeseen situations that
have affected a state variable. This characterization involves the retrieval of the state variables
presenting variations between the valuttsat areexpected in the plan anthe valuesn the
unforeseensituation. After that,the responseeam determines the type of the unforeseen
situation affecting the discrepant state variable. In addition, the impact that the unforeseen
situation has over a state variable is also definddforeseen situations may generate both
positive and negative impacts on state variabl€able4-1 shows the templateadopted to
characterize the uforeseen situations that may affect the state variables.

By considering the state variable (the first column of the talthe template showsa
non-exhaustive lisof possible unforeseen situations that may affect the state variable (the
third column of the table) anthe positiveor negative impact that this unforeseen situation

hason the state variabl¢the second column of the table). For instance, consideringttite
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@1 NR PedfleSnvalved, the table showsix possible unforeseen situatioraffecting this
variable@ CS ¢ LIS2 L) S¢ > dab2 NBI dzA NER,GDRAIT (ReaxyNRBe f
LIS2 LJX S¢ I YR &9 FoNthednfoR&entsiftugtidd @S @ yighetalde shéws
that this situationwill cause a negativeimpact on this variablsinceif there are insufficient
people,the responseteam will have extra work to do and it will be harder handle the
phenomenon.For the unforeseensituationd 9 I NX & R Sthef tdbR SHowvisAttythis
situationwill cause a positive impact ondlstatevariablesincethis personcanbe reallocated

in another actiorthat may requirean extra help

Table4-1: Unforeseen situations affecting state variables

State \ariable Unforeseen guation State variable Unforeseen situation

- | Few people - |Absence

- | No required skill - |Allocated by another action
People - | Allocated by another action ; - [Broken
involved - | Not found Reqw_red - [Not found

M I material Lack of - n

ore people . - - [Lack of requirements
+ | Early deallocation - [Out of date
- | Absence +[More material resources
_ - | Out of date + |Early deallocation

REgUIEE - | Unstructured Estimated - [Expired
information stimatec p.

- | Incomplete elapsed time | + |Available

- | Not reliable . - [Lack of money

Estimated cos

- | Absence +|More money
Required - | Not working Expected - [% lower than expected
s;sc'zg::les - | Lack of requirements action result | + (% higher tharexpected

- | Out of date Existing - [Unable to perform action

+ | More systems restrictions | - [Unable to use resource

4.3.2 Comprehensive analysis

After the unforeseen situations characterization, a comprehensive analysis of the state
variables is performed. ltonsiders the impact that the state variables affected by the
unforeseen situations have on other state variables and is supported by a dependency map
shown inTable4-2.

By considering the state variableat was affected by some unforeseen situation (the
first column of the table) and the positive/negative impact that this unforeseen situation has
(the second column of the table), the dependency map shows the positive or negative effects
that the variationin the affected state variable has on other state variables. ikstance
O2y aA RSN Y Requifedrh GISNR I 6 { SBrdusfaaddeS sitdatiobayisitca
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negativeA YLJ OG 2y GKAA&A QI NAIFIofSsE (GKS Glofpe aK2g
Ay @2t GEmtedd 4195 SR @OW\SIA YI G SR O2GliAé2 yI yNIF acd# HiLs
there are insufficient material resources, people involved will have extra work to doatiche
costto handle thephenomenonwill be greater, and it will be leler to achieve the expected
action results.

A disruption is reported whesome related variable is critical or the observed values

of the related variables cannot handle the variation caused byuhi®reseen situation

Table4-2: Dependency map

Related state wariables
Requireq Material| Existing
systemsjresourcelrestrictiong time

Action
cost result

People | Required
involvedinformation

People
involved
Required
information
Required |+
systems
Material |+
resources
Existing
restrictions

Elapsed |+ + +
time - - -

Estimated
cost

Action
result

Affected state \ariable

4.4 Plan aaptation

Whenever the identified unforeseen situation leads to a disruption in the existing plan,
adaptation procedures become necessdriie plan adaptation aims to develop and select an
alternative solution to deal with the reported disruption. According to this disruption,
different types of plan adaptation may be demanded, ranging from making specific changes,
where existing plan elemestare repositioned or new elements are incorporated into the
plan, to a complete plan revision, when the existing plan is no longer valid.thbussponse
team uses the available knowledge for devising and selecting an alternative solution for

handlingthe unforeseen situation
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The plan adaptation follows the proposed stépgyure4-5):

Solutions Solutions
>In|C|al|zat|on > > desgn evaluation
. Pnor
g
: < - -
i Y Prior L.

Stuation formal
. awareness knowledge . Improvisation
: strategy

g
6

Figure4-5: Plan adaptation

1 Initialization: Understanding the disruption identified in the plan and tkrowledge
availableto provide a solution for this disruptign

1 Solutions design Devising alternative solutions for handling therdiption based on
the knowledgearising fromthe phenomenonevolution;

1 Solutiors evaluation: Evaluating the impact of using thdentified solutions and
selecting the most suitable solution to be appliedhe ongoing phenomenan

1 Solution organization Transforming the selected solution according to the proposed

elements for plans representation.

4.4.1 Initialization

Initialization involves making visible the disruptions identified in the plan to the
responseteam. Theresponse teanmalso need to be aware of he knowledge available for
adaptation It comprises the selected plan, the situation awareness opttemomenon plans
developed for similaphenomena reports that describe how paphenomenawere handled,
personal experience in dealing with simifgirenomena etc. This information may be stored
at a supporting tool or external knowledge base, besioesg provided by the members of

response team

4.4.2 Solutions design
The responsedammayapplyan existing and evaluatgalanto provide a solution for

the faceddisruption. This alternative plan may be retrieved from a prior formal knowledge
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base(Figure4-6). The definition of the best strategy used to recover satternativeplan is

beyond the scope of this thesis.

Figure4-6: Retrieving plans from a prior formal knowledge base

However,it is not always possible to find an existing plan thegsents asolution for
the faced disruptionWhen theprior formal knowledgdasefailsto provide a solution for the
disruption, improvisation is adoptedt.will be performeduntil providing a solution that allows
(a) achieving the established goal or (b) reaching a kretuationthat enables thause ofan
existing plan that may be applieBor this,the responsdeam should be able t@reate new
connections between the available resouscand between these resources aitd own
experience in othephenomenao devise a set of possible solutions for the disruptibig(re
4-7). The definition ofan improvisation strategymechanismto provide a solution for the

identified disruptionis beyond the scope of this thesis.

—

Improvisation R
strategy/mechanism Solution
2

Solution
3

Figure4-7: Alternative solutiongmprovisation

4.4.3 Solutions evaluation

The responsedam evaluates the identified solutions toselect the most suitablene
to beadopted For this, the approach proposes to make visible the consequemisasgafrom
solutionsapplication. Based on the requirements foerforming somesolution, the impact

that this solution ha on the phenomenon observed situatiowill be presented tothe
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responsdgeam. Ths teamwill beresponsibldor evaluating angelectingwhich solution is the
most suitable to be applied

During thisevaluation the responséeammay determinehat a given solution will not
provide the expected effectdf it happens, this solutiosan be discarded. If none of the
identified solutons is adequate for handling théisruption, it is necessary to return to the
6solutionsdesigrd  LIK Hidd®ewiways to handle thdisruption

It is important to highlight that defining the mostiitablesolution is influenced by who
is evaluatinghe available optionsThis person may consider that the best solution is the one
that will lead tofewer future adaptationsthe first developed one et@.hus, the criteria used

for thisevaluationisbeyond the scope of this thesis.

4.4.4 Solution organization

A solution for the faced disruption may be identifisdm existing plans that, as
mentioned before,are described through a varietyf representationsBesides thatjt may
also beidentified from prior experiences, i.e. tacit knowledgehich may make this solution
incomplete andor lackngthe appropriate structure fothe immediateapplication. Thus, the
chosen solution must be organized according to the plan elements before it is apphied
response team should analyze this solution so they can ifyetfie proposed plan elements
and represent the solution through them. Therefore, the adapted plan is produced and can

be applied in the faced disruptigfrigure4-8).

O O
: Goal
o e [ o

State 1 State 2 State s
Organization
=

Resource

Figure4-8: Organizing the improvised solution using the proposed plan elements

4.5 Final comments

The proposed approach suggests the usetlé knowledge arising from the

phenomenonevolution, which is identified during execution and/or concerns the prior
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experience in similaphenomena for the onthe-fly adaptation of plans in unforeseen
situations. This knowledge allowise responseteam to adjust prior developed plans when
the phenomenonobservedsituation does not match theexpected one It supports the
identification of unforeseen situations, the diagnosis of their impact on the existing plan and
the adjustment of plans that become ippropriate for handling the ongoingjtuation.

It is argued that the approach provides a more systematic way to hamdt@eseen
situations besides a wider support to decisiomaking when dealing with the ethe-fly
adaptationof plans in complex enviranents. It provides mechanisms for using explicit and
tacit knowledge about théregularphenomenonto supportthe diagnosing and handlinof
unforeseen situations, making the plan becomes more suitable and effective for handling the

real situation faced



64

5 Computational support

This chapter details the tool to suppdtie on-the-fly adaptation of plans when
identifyingunforeseen situations duringegular phenomenohandling. It describes the tool

design and available features.

5.1 Introduction
The &st chapter has presented the approach fon-the-fly adaptation of plans in
unforeseen situations. To support the proposed approactomputational toolis required.

Such tool must provide mechanisms that addregségure5-1):

O_. Action |__| Action |__| Action O Unforeseen situation interpretation
1 2 { 3
i

Field messages: A 4
- HH:MM Message 1 25 | op [rea || D | oo | reat || & | oo [ reat || 7 | B0 | Bea
= BIELLE L==ggen Pl X X " 51 X Y M1 X X 11 X Y
- HH:MM Unforeseen situation
P2 X X | M2 X X 12 X X
- HH:MM Message 3
M3 X X 13 X X
14 X X
Plan monitoring ‘
Xe)\
. Lot
6\5‘\9‘
O_. Action |, Action | _| Action
1 a 3
(]
Field messages: ﬁ ~N
- HH:MM Message 1 ¢ YT
- HH:MM Message 2
- HH:MM Unforeseen situation
Plan adaptation - HH:MM Message 3

Figure5-1: Features provided by the computational tool for-tre-fly adaptation of plans in unforeseen
situations

1 Plan monitoring The response team monitors the existing plan and is aware of
updated information about the irregular phenomenon observed situation to identify
unforeseen situations;

1 Unforeseen situation interpretation The response team uses the available
information to diagnoe if the identified unforeseen situation has produced a

disruption in the existing plan;
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1 Plan adaptation The response team uses the knowledge arising from the irregular
phenomenon evolution to design a solution for the reported disruption and make the

plan able to handle the unforeseen situation.

5.2 Plan monitoring

During handlingthe responsdeam makes decisions and perforgiactionsaccording
to the prior developed plan and thehenomenon observed situatiofhis informatiorhelps
the response teanto assess how far thehenomenorexpectedsituationis from theobserved
situation, thus identifyingunforeseen situations Tterefore, considering the explanation

provided in sectior.2, a supporting tool mustneetthe requirements detailed ifable5-1.

Table5-1: Requirements for fan monitoring

Feature Description

The tool stores the plan details using the proposed elers:
(actionsstatesresourceseventsgoal). Besides that, to ensure th
Plan configuration the suggested treatment is suitable for the observed situation,
tool also allows the establishment of the set of critical state varia
and the validity range for this plan.

The tool stores information about the scenario used in
experiment and its praefined unforeseen situations.

The tool shows thplanso that the response team can use it to gui
the actions and decisions takenrihg handling.

The tool shows the information about the phenomenon obsen
Situation monitoring situation so that the response team can identify unforese
situations and plan incompatibilities.

The tool performs a coparison between the plan, thehenomenon
observedsituation and the preestablished parameters and shoy

Scenario configuration

Plan monitoring

Generation of situatior

awareness the result of this comparison to the response team.
The tool stores the unforeseen situations identified during (a)
Unforeseen situations geye[opment of the scevnarioA used in theve?fperivment and (b)
oroposal u_SO_K;/)\OI-f aLJSO)\I-f)\auQa_ ]-yl-f
situation. The tool presents these unforeseen situations to |
response team.
Unforeseen situatior| The tool stores the uoreseen situations identified by the respon
recording team.

When accessgthe tool, theresponse teaniindsthe monitoring screerfFigure5-2).

On this screenthe responsdeam has access to the pladetailsandinformation aboutthe

phenomenon observed situatién

2l examples use the scenario adopted in the experiment. For more detadssectiorb.3.
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[Civil Defense coordinator informs that the team has reached the pre-attention stage
Alerta Rio informs that there is an increase in rain intensity

Figureb-2: Themonitoring screen

Regarding the plarthe responsdeam finds details of theplannedproceduresto be
applied duringthe phenomenonhandling This plan follows the elements proposed by the
approach (actionstatesresourceseventsgoal), although not all lements are explicitly
visible on the tool interface. The tool displays {haint of the plan being executedcurrent
running acton ¢ Figureb-3a), besidesan overview of what waperformedimmediatelybefore

the current action(Figure5-3b) and whatwill be performed right after this action conclusion
(Figureb-3c).

&) TrabIC - X

@ Total time: 0:1:50
@) Time in action: 0:0:22

Offline C""‘a.“
responsible
Send team to heck alarm
Alerta Rio and Seck a
Control room status
online Monitor
meteorological
£& conditions
Fl=E VAN

(a) (©)

S,

Team has been informed that the alarms in some regions are off-line

-The team has arrived at Alerta Rio and Control room

Civil Defense coordinator informs that the team has reached the pre-attention stage
Alerta Rio informs that there is an increase in rain intensity

Figure5-3: Overview of the existing plan
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If the responsdeamwantsto access the full plant, can click on the button located on
screen Figure5-4a). The tool shows the existing plan, highlighting the point of the plan being

executed (current running actionfrigure5-4b).

Total bene: 0:1:%0

h

Plan

(b)
D x
-4
-4
ot - x
~Team hi % |
The teal
~Civil Del
-Alerta R . a? Camadt:
- J +
I S
A O

Figureb-4: Full plan visualization

The responsed¢amalso finds additional information about the current action by using
the buttons located below it, such as textual description, people involved, required systems,
required material resource and required informati¢fiigure5-5a). Whenthe responsdeam
clickson these buttonsit finds out the state variables monitoreduringthe acton execution

besideghe expectedand realvaluesof each state variablegi{gure5-5b).
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&) TrabIC

@ Total time: 0:2:47
@ Time in action: 0:1:20

X

m Cuntag
responsible
Send team to
Alerta Rio and ~ ————— Check alarm
Control room status
Online Monitor
meteorological
& 7
[ ald ;] ,—A I conditions
—
(@) Jesperacol wear < | (D)
[ [ bisp [ Disp | :

Team has been informed that the alarms in some regions are off-line

-The team has arrived at Alerta Rio and Control room

Civil Defense coordinator informs that the team has reached the pre-attention stage
Alerta Rio informs that there is an increase in rain intensity

Figure5-5: Additionalinformation about the current action

When decidng that the current running action habeen completed the response

teamcansetthe plan to the next action to be performe#&igure5-6).

&) TrabIC - X

@ Total time: 0:1:50
(@ Time in action: 0:0:22

Offline Contact
responsible
Send e o Check alarm
Alerta Rio and ~—————
Control room status
Online Monitor
< ——> __meteorological
& conditions
D% :

Regarding thgghenomenon observedituation, the responsegeam in control room

Figureb-6: Moving within the plan

receives information sent bythe responseeams on the fieldsituation awarenessFigure
5-7). These messages provide an overview of what is actually happening dbheng
phenomenonhandling and helghe responseteam in control roan to decide what is the

appropriate reaction in response to thEhenomenonobservedsituation.
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&) TrabIC - X

N (@) Total time: 0:6:28
(@) Time in action: 0:0:21

Monitor Send SMS Send SMS to
meteorological =t e
i to citizens ACS and leaders

Civil Defense coordinator could not be reached to authorize the SMS sending

Heavy rain over regions XII-Tomds Coelho, XIII-Lins and XV-Vaz Lobo

Moderate rain over regions IV-Laranjeiras, V-Copacabana, VI-Vidigal, XXVII-Rocinha, X-Olaria,

I-Penha, XXIX-Alemdo, XII-Tomas Coelho, XIII-Lins, XIV-Vila Kosmos, XV-Vaz Lobo and XVIV-Itanhanga

Alerta Rio publishes the rainfall data at 18h
Alerta Rio informs that the city has reached the attention stage -
It was not possible to contact the responsible company. Number is out of coverage area
Call to: 99999-9999

Joam hac haan infarmad that tha alarme in eama raainanc ara aff_lina

Figure5-7: Overview ofphenomenon observed situation

These messages also help to ensure whether the suggested treatment is still suitable
for the phenomenonobserved situationor an unforeseen situation was identifiedhe

responseteam can identify unforeseen situatiortarough this messagerea(Figure5-8).

+Civil Defense coordinator could not be reached to authorize the SMS sending

rHeavy rain over regions XII-Tomas Coelho, XIII-Lins and XV-Vaz Lobo

rModerate rain over regions IV-Laranjeiras, V-Copacabana, VI-Vidigal, XXVII-Rocinha, X-Olaria,
XI-Penha, XXIX-Alemdo, XII-Tomas Coelho, XIII-Lins, XIV-Vila Kosmos, XV-Vaz Lobo and XVIV-Itanhanga

rAlerta Rio publishes the rainfall data at 18h

rAlerta Rio informs that the city has reached the attention stage

~It was not possible to contact the responsible company. Number is out of coverage area
rCall to: 99999-9999

[Taam hac haan infarmad that tha alarme in eama raninnc ara nff.lina

Figure5-8: Proposed unforeseen situations in message area

The huttons belowthe current action also provide additional information about the
phenomenon observed situationWWhen clickng on these buttons, theesponse teanfinds

out the actual values of each state variable monitored by this agfayure5-9).
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&) TrabIC - X

() Total time: 027226
(@) Time in action: 0:0:59

Monitor
meteorological SendSMS > Aggndgl;'lsl;o
conditions to citizens and leaders

L K

[ [Esperado] Real | *
Disp Dis
| pisp | Dis
Disp | Dis

Civil Defense coordinator could not be reached to authorize the SMS sending

Heavy rain over regions XII-Tomds Coelho, XIII-Lins and XV-Vaz Lobo

Moderate rain over regions IV-Laranjeiras, V-Copacabana, VI-Vidigal, XXVII-Rocinha, X-Olaria,
XI-Penha, XXIX-Alemdo, XII-Tomas Coelho, XIII-Lins, XIV-Vila Kosmos, XV-Vaz Lobo and XVIV-Itanhanga

Alerta Rio publishes the rainfall data at 18h

Alerta Rio informs that the city has reached the attention stage

It was not possible to contact the responsible company. Number is out of coverage area
Call to: 99999-9999

LTaam hac haan infarmad that tha alarme in eama raaianc ara affilina

Figure5-9: Additionalinformation about thephenomenon observed situation

The responsegamalso needto control how much time tts team isspending orthe
phenomenon handling. The tool provides information about thetal duration of the

phenomenonhandling and for performing a specific actidhgure5-10).

(¥ Total time: 0:7:6
() Time in action: 0:0:59

Figure5-10: Control of handling duration

Aset of critical state variables and thalidity rangeor the planare establishedThese
values will be used during the automatiemparison between the plafexpected valuesjhe
phenomenorobserved situatiorfactual valuesandthe pre-established parametert® ensure
that the suggested treatment is still suitable for tledservedsituation According to he
comparisonresult, the tool providesperception mechanisms to evidence the occurrence of

an unforeseen situationHjgure5-11).

Monitor Send SMS Send SMS to
meteorological €] —>
s to citizens ACS and leaders

Figure5-11: Perception mechanisms

The toolalsostores theproposedunforeseen situations
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5.3 Unforeseen situation interpretation

After identifying an unforeseen situatiothe responsedeam must understand what
this situation is and decide if and how it affects the plan applicafidus, considering the

explanation provided in sectiof.3, a supporting tool must meet the requirements detailed
in Table5-2.

Table5-2; Requirements for unforeseen situation interpretation

Feature | Description |
The tool provides recommendations for unforeseen situat
characterization anthdicatesthat this situation has produced or n(
Prediagnosis assessment | disruptions in the plan to the response team. Besides that, the
also supports the response team to assess the available inform|
and adjust them if something is incorrect/inappropriate.

The tool stores the diagnosis of the unforeseen situation, compri
(a) the unforeseen situation faced; (b) if this unforeseen situa
hasledor not to a plan disruption; and (c) if so, what should be di
to solve the disruption.

Diagnosis recording

The response teantanclick on the perception mechanism to access the unforeseen

situation analysis screefigure5-12).

€3 TrablC - x

Unforeseen situation analysis

- x
Expected Real Changed Expected Real Changed Expected Real Changed Expected Real Changed
L3 .
Disp Disp Disp wo | Pré-ate |Préate | Pré-ate Disp Disp Disp Disp Disp Disp
Disp Indisp Indisp 55 12 12 £ Disp Disp Disp Disp. Disp Disp
Disp Disp Disp
= on Off off
Unforeseen situation: |
Does it produce a significant plan change? [v] Yes
Solution:
[ o | (G

Figure5-12: Theunforeseen situation analysis screen

On this screenthe responseeam finds out the expected and actual values of each
state variables monitored by the actiqRrigure5-13). This information providean overview

of what is actually happening during tpenomenon handling
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Expected Real Changed Expected Real Changed Expected Real Changed Expected Real Changed
g, " " " Ld z
& Disp Disp Disp wo | Pré-ate | pré-ate | Préate Disp Disp Disp Disp Disp Disp
Disp Indisp Indisp 55 12 12 S Disp Disp Disp Disp Disp
Disp Disp Disp
= on Off off

Figure5-13: Overview of theexpected ad actual values of state variables/resources

According to these valuethe responsdeam can diagnose the unforeseen situation
l.e.,definingthe unforeseen situation faced,; if this unforeseen situation leabor not to a
plan disruption; andif so, whatshould be done to solve the disruptioffrigure5-14). The
response teanmay also decide that, despite the unforeseen situation occurrenoghing

needs to be changed.

Unforeseen situation: |

Does it produce a significant plan change? [v] Yes

Solution:

T owa | (SN

Figureb-14: Unforeseen situation diagnosis

The tool also stores thanforeseen situatiordiagnosis comprising the unforeseen
situation faced; if this unforeseen situation Had or not to a plan disruption; and the solution

provided to continue the handlin@Frigure5-15).

Cena atual: 1.4.1-VerificerSirene

Data atual: 2016.11.11 11:28:53 AM

Tempo total: @ : 1 : 44.@3737

Tempo na cena atual: & : @ : 31.4@317
Situagdo identificada na cena: 1.4.2-ContatarEmpresa
Na data/hora: 2016.11.11 11:34:39 AM

Tempo Total:@ : 7 : 38.36876

Sirene ndo funcionando

Sim

Agente no local fazer um acionamento manual se for necessdrio E avisar os voluntdrios da
comunidade sobre a aproximacdo de chuva mais forte e se necessdrio direcionarem para ponto de
apoio e casa de amigos.

Pessoas envolvidas na operacdo

Ideal: Disp | Real: Disp | Corrigido: Disp
Ideal: Disp | Real: Indisp | Corrigido: Indisp
Ideal: Disp | Real: Disp | Corrigido: Disp
Ideal: Disp | Real: Disp | Corrigido: Disp
Ideal: 5 | Real: 5 | Corrigido: 5

Ideal: 8 | Real: 8 | Corrigido: 8

Sistemas envelvidos na operacdo

Ideal: Disp | Real: Disp | Corrigido: Disp
Ideal: Disp | Real: Disp | Corrigido: Disp
Ideal: Disp | Real: Disp | Corrigido: Disp
Ideal: Disp | Real: Disp | Corrigido: Disp
Ideal: Disp | Real: Disp | Corrigido: Disp
Ideal: Disp | Real: Disp | Corrigido: Disp
Equipamentos envolvidos na operacdo

Ideal: Disp | Real: Disp | Corrigido: Disp
Ideal: Disp | Real: Disp | Corrigido: Disp
Ideal: Disp | Real: Disp | Corrigido: Disp
Ideal: Disp | Real: Disp | Corrigido: Disp
Ideal: Disp | Real: Disp | Corrigido: Disp

Figure5-15: Diagnosis stored in the tool log



5.4 Plan adaptation

Whenever the identified unforeseen situation leads to a disruption in the existing plan,

adaptation procedures becomeecessary Thus, considering the explanation provided in
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section4.4, a supporting tool must meet the requirements detailedTiable5-3.

Table5-3: Requirements for plan adaptation

Feature Description

Plan navigation

The tool allows setting the plan monitoring to the most appiate
point of the plan for handling the disruption faced.

Available knowledge
awareness

The tool shows to the response team the disruptions and
knowledge that support adaptationjncluding the resources
available, the situation awareness, plans developed for sin
phenomena, reports that describe how past phenomena have
treated, personal experience in handling similar phenomena etc

Existing solutiong
identification

The tool suppod the identification and evaluation of the existil
and evaluated plans, besides the selection of the most approp|
plan to be followed.

Solutions improvisation

The tool supports the recombination of available resources thro
improvisation to providea set of possible solutions for th
disruption. The response team evaluates these solutions and se
the most appropriate to be followed during the phenomen
handling.

Solutions organization

The tool supports the organization of selected solutionoaging to
the proposed plan elements before applying it.

Plan update

The tool stores thedaptedplan, which should be followed durir
the phenomenon handling.

At this moment, the provided features for the plan adaptation are restrictethto

description of possible solutions for disruptiosgure5-14) andthe modification of values

assumed by the state variables monitored by the actiigure5-16). For the latterthe

responseieam can suggest newalues tothe state variables according its analysis of what

is actually happening durintpe phenomenonhandling These new valueare used while

performing next actions and decisionaking.
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Expected Real Changed Expected Real Changed Expected Real Changed Expected Real Changed

b

& oisp Disp Disp mo | pré-ate |préate | Pré-ate Disp Disp Disp Disp Disp Disp

Disp Indisp Indisp 55 12 12 & Disp Disp Disp Disp Disp Disp

Diﬁp Disp Disp

On Off ofr

Figure5-16: Modification ofstate variables values

Besides thdeaturesdetailed abovethetool must also provide othefieaturesto fully
support the approach for othe-fly adaptation of plans. The firdieature is the plan
navigation. The response é¢am should be able toset the plan monitoringto the most
appropriate point of the plan for handling thisruptionfaced

Besides diruptions, resources available amthenomenon observedituation, the
responsgeammust also have access to otharowledge thatsupports adaptation,including
other plans developed for similgsthenomena reports that describe how pagthenomena
have been treated, personal experience in handling singilE@nomenaetc. This must be
stored in some knowledge badéus allowing their retrieval, evaluation and use as a possible
solutionfor the disruption faced

Solution improvisation is also a task ibe supported.The response éam shouldbe
ableto recombire the available resourceghus providinga set of possil@ solutions for the
disruption,evaluaing the developedsolutions and seleatgthe mostsuitableto be applied

The tool must also support the organization of selected solution according to the
proposed plan elements and store the adapted plan, which should be followed dineng

phenomenonhandling.

5.5 Final comments

This chapter has detailed the computational tooktapportthe onthe-fly adaptation
of plansin unforeseen situationsSuch tool provides mechanisms to support the identification
and interpretation of unforeseen situations in the ongoinmggularphenomenon besides an
initial attempt to adjust the plathat become inappropriate to be followed when a disruption

was identified. A summary of the main features can be fountaible5-4.



Feature

Plan configuration

Table5-4: Tool main features

Description

The tool stores the plan details using theposed

elements (actionstatesresourceseventsgoal).
Besides that, to ensure that the suggest
treatment is suitable for thebserved situationthe
tool also allows the establishment of the set
critical state variables and thalidityrange forthis
plan.

Yes
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Developed?

Scenario
configuration

The tool stores information about the scenario us
in the experiment and its prdefined unforeseer
situations.

Yes

Plan monitoring

The tool shows th@lan so thatthe responseeam
can use it to guide the actions and decisions ta
during handling.

Yes

Situationmonitoring

The tool shows the information about th
phenomenon observed situationso that the
responseteam can identify unforeseen situation
and plan incompatibilities.

Yes

Generation of
situation awareness

The tool performs a comparison between the pl3
the phenomenonobservedsituation and the pre-
established parameters and shows the result of ¢
comparison to theesponseeam.

Yes

Unforeseen
situationsproposal

The tool stores the unforeseen situations identifi
during (a) the development of the scenario useg
GKS SELSNAYSY(d FYyR 006
analysis of thephenomenon observedsituation
The tool presents these unforeseen situatioashe
responseteam.

Yes

Unforeseen situatior
recording

The tool stores the unforeseen situations identifi
by the responsdeam.

Yes

Prediagnosis
assessment

The tool provides recommendations for unforese
situation characterization andndicates that this
situation has produced or not disruptions in the pl
to the responseteam. Besides that, the tool als
supportsthe responsdeamto assess the availab
information and adjust them if something
incorrect/inappropriate.

Partially

Diagnosis recording

The tool stores the diagnosis of the unforese
situation, comprising (a) the unforeseen situati
faced; (b) if this unforeseen situation hiasl or not
to a plan disruption; and (c) if so, what should
done to solve the disruption.

Yes




Feature

Plan navigation

Description

The tool allows setting the plan monitoring to th

most appropriate point of the plan fdrandling the
disruption faced.

No
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Developed?

Available knowledge
awareness

The tool shows to the response team t
disruptions and the knowledge that suppd
adaptation, including the resources available, th
situation awareness, plans developed for sim
phenomena, reports that describe how ps
phenomena have been treated, persor
experience in handling similar phenomena etc.

Partially

Existing solutions
identification

Thetool supports the identification and evaluatia
of the existing and evaluated plans, besides
selection of the most appropriate plan to I
followed.

No

Solutions
improvisation

The tool supports the recombination of availah
resources through improwagtion to provide a set o
possible solutions for the disruption. The respor
team evaluates these solutions and selects the nj
appropriate to be followed during the phenomeng
handling.

No

Solutions
organization

The tool supports the organization afelected
solution according to the proposed plan elemet
before applying it.

No

Plan update

The tool stores thedaptedplan, which should bg

followed during the phenomenon handling.

Partially
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6 BEvaluation

This chaptempresentsthe experiment conductetly the researcheto evaluate the
approach for orthe-fly adaptation of plans in unforeseen situatioliestablishes the research
questions, dataourcesand metrics for the approaatvaluation The chaptealsointroduces
the selected domaiand déails the protocol for conducting the experimerBesides thatti

details the results interpretation and findings.

6.1 Experiment design

Theplannedexperiment aims to investigate how the proposed approach can thelp
responseteam to identify andinterpret unforeseen situations at runtimé-igure6-1). The
selection of these two phases was due the Civil Defensagents hae consideredthesethe

most important phases to be evaluated.
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Figure6-1: Approach evaluation scope
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The information obtained during the experiment must answer the following research
question:
1 RQ1:How the decision support mechanisms affect thgponseeamQ performance
during theidentification of unforeseen situations, considering the task difficult
f RQ2I 296 GKS RSOAAAZ2Y &dzZlLI2NI YSOKIYyAAYaE

during the interpretation of unforeseen situatiomsnsideringhe task difficuly?

Thedecision supporimechanismsomprise the mechanisms detailed in the approach
for onthe-fly adaptation of plans in unforeseen situations, such as the proposals for plan
representation, plan parameterization, unforeseen situation characterization and
dependency map, whiclrarelated to thediagnosiof unforeseen situation@dentification +
interpretation). Theteam performancewill be measured in terms of effectiveness, i.e. the
overall quality or amount of work accomplished by tlesponseeam, and efficiency, i.e. the
output provided by theresponseteam per unit of effort(GU and MENDONCA, 200Both
effectiveness and efficiency can be measured by analyzing the main outcahagobsisi.e.
the unforeseen situations. Measuring thesponseeamQ @erformance will casiderthe task
difficulty, which is thdevel of difficulty to identify or solve the proposed unforeseen situation,
i.e. an easymediumor a hard situationconsidering theneededtime, required effort and
associated uncertainty (GRILL and HJ@R@6apud:Ll et al., 2011)

Therefore Table6-1 presents the variables adopted in the experiment.

Table6-1: Experiment variables

Variable Description
Decision  suppor| The mechanisms present in the proposed approach for
mechanisms the-fly adaptation of plansoncerning thedentification and
(Approach/Process| interpretation of unforegensituations

Comprises a set of variables that enables to evaluate
Team performance| response teamQ Performance duringidentification and
interpretation ofunforeseen situations.

The level of difficulty to diagnodbe proposed unforeseer
situation (easy, medium or hard situation).

Task difficulty

Table6-2 detailsthe dependent variablen terms of metrics used to evaluatehe

research questios
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Table6-2: Evaluating the identification and diagnosis of unforeseen situations

Variable Measurement

Percentage @ of  propose| The ratio between the number of proposed unforesec
unforeseen situations situations and the number ofipnnedunforeseen situations
The ratio between the number of identified unforesee
situations and the number of proposed unforese
situations.

Time elapsed between the unforeseen situation occurre
and the identification of this situation by the participants.
The differencédetween the expected and observed values
the state variables that characterize an unforeseen situaj
demanding further analysis.

Time elapsed between the unforeseen situation
Duration of diagnosis identification and the establishment of a disruption by t
participants.

Comparison between the expected result of t
comprehensive analysis of the proposed unforess
situation and the result g¢ablished by the participants.
Number of solutions provided by the participants for tt
disruption.

The ratio between the number of solutions which conten|
related to the identifieddisruption and the number o
solutions.

Percentage  of identifiec
unforeseen situations

RQ1

Duration of detection

Discrepancy degree fc
unforeseen situation analysis

Quality of disruption
establishment

RQ2

Total of solutions

Proximity factor betweer
solution and disruption

6.2 Evaluation eobmain: Emergency management

The domairseleced asthe objectof study and evaluation of thapproach proposed
in this thesis is the emergency managemdainergency management is more than just a
response to a hazardous event; it is a systematic process that aimsimizethe negative
impact and consequences of adverse events on people or properties. l.e. it is not always
possible to prevent the occurree of emergencies, but its effects can benimized An
emergency is a complex, unforeseen and ommpletelyanticipatedphenomenon(LEY et al.,
2014;VUSSC, 2008l begins with an actual or imminent occurrence of an event, which
requires immediate attation, and usually mobilizesianypeoplethat may be geographically
dispersed, are from differenbrganizations use a variety of resourceand must deal with
heterogeneous and often incomplete or partidhata (DI MAIO, 2008LEY et al., 2014;
MARCHESE ek, 2008; STEEL et al., 2008)

The emergency management can be presented as a cyclic proeggse(6-2)
composed of three phases: (pJje-disaster, which starts before an emergency event; (b)
response which starts when a dangerous situati@rises from the emergay event,

requiring immediate actionand (c) post-disaster, which starts when the emergency is
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controlled(HADDOW et al., 2011; KHANakt 2008; VUSSC, 2008; WAUGH, 2@ty phase
of the cycle does not have tbe completed for the next phage begin several phases may

occur simultaneouslipVUSSC, 2008)

Pre-disaster

Figure6-2: Emergencynanagement cycle

During pre-disaser, policies and actions to reduce the vulnerability of a population or
minimize the adverse effects of future emergencies are def{irt®DDOW et al., 201KHAN
et al., 2008PENADES et al., 201EYr this, it is necessary to perform actionsnafigation
andpreparedness

During mitigation, planning teams prospect longerm actions to prevent the
occurrence of emergencies. It includes identification of potential emergencies, equipment
procurement,obtainingfinancial resources, vulnerability analysis, etc.

During preparednessthe planningteam plans how a specific emergency should be
handled It devisesand generats an emergency plan by usitige prior knowledgethisteam
has about a potential emergency. €planningieam is responsible for the identification and
prioritization of all applicable hazands events This prioritization is necessary because
organizations have limited funds, so their full spectrum of equipmessyurcesand trained
staff need to focus oemergencieghat might actually happenTheplanningteam desigrs
norms and procedures that, if followed, should make the emergency evolve to an expected
situation, returning the affected environment to a stablendition with minimum losses. It is
also necessary to identify equipment, resources and trained staff that may be recruited when
an emergency occurs. This includes the identification of outside resources that may be called
upon in times of need. In additigrnt is important to understand the vulnerabilities. It helps

the planningteamto understand why emergencies occur, where they are most likely to have
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the greatest impact andhat should bethe proper respons¢HADDOW et al., 2011; PENADES
et al., 2011)

In addition to the emergency plan development, the preparation countsraiming
activities. These adfitiesaim to asseskow the proceduresresourcesand emergencyeams
respond tothe imaginedsituations From exercisessuch as the exercisgerformed by
Eletrobras 2013) and Civil DefensqgSUBDEC2016a) it is possible todetermine if the
procedures for aspecificsituation are the most appropriate and effective to control the
emergency andf all addressedevents and situationare describedn the plan.Thus training
allows identifying the need for changes in proceduragsourcesacquisition orperforming
newtraining(HADDOW et al., 2011)

During theresponse the responseteam perforns actions to reduce the negative
effects caised by theemergency. Firsthe responsdeam carfesout a phase otlert. They
apply actions to preverthat the identified event does not turn into an emergen&yeventive
actions are stimulatedfor instance window coverings in hurricanes, sireastivation in
hazardous areas durimginstorms roadsinterdiction incaseof windgorms, etc.

If the emergency evolves to dangerous situation, causing negative effects and
requiring immediate action, theesponseis effectively initiated. In this phase, theretie
involvement of governmental organizations, nrgavernmental organizationghe private
sectorand society. They may act on (a) the emergency control team, whaitages the
information coming from different sources and people working in #féectedarea; and/or
(b) the operation team which is in the field tdhandle the emergency, as firefighters,
paramedics, bystanders etHADDOW et al., 2011; PADILHA et al., 20@ emergency
teams make decisions and perform actignehich may be strategidactic or operational
(LINDELL et al., 200Based on thelevelopedemergency plaiGOMEZ et al., 2012; HADDOW
et al.,, 2011; KHAN et al., 2008; LLAVADOR et al.,.20bé)decision to use a specific
emergency plan is based upan assessmentf the potenial impacts of the emergency and
the courses of action needed to eliminaig at leastmitigate this impac(MENDONCA et al.,
2003) In addition to the emergency plarthe emergency responsteam also basetheir
decisions and actions on what is happenouringthe emergency evolution. This is provided
by the analysis dhe situation awarenessformation. As there is a gap between retrieving,

analyzing and using the information about emergency evolufidiNIZ et al., 2005}he
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emergency responséeam decides what should be done to handle the emergency by
gathering a view of what is happening (observed situation).

During thepost-disaster, the responsdeam ainsto return what has been affecteid
the conditionsthat it hadbefore theemergencyand toevaluate the actions taken duririje
response(HADDOW et al., 201KHAN et al., 200ENADES et al., 201Therefore, it is
necessary to take actiaror recoveryandreplanning

Duringrecovery the responsdeam perforns actions to repair and rebuildhat was
lost during the emergencyit can take weeks, months or even yearsb® concluded For
instance in Hurricane Katrinawhich occurred in 200%actions forthe establishmentof
normalty in the affected regiorwere still being performedn 2011 (KLEIN2013; NOLAN,
2011).

During the replanning, the responseteam assesss the actions taken during the
emergency response. Ehteamaims to identify what needs to be revised and improvieu
future responsdn similar emergencies.

Based on this explatian, this thesishighlightsthat the emergency management cycle

(Figure6-2) could be detailed andepresented byFigure6-3.

Pre-disaster

Preparation
(Planning + Alert
Training)

Mitigation Response Response

Replanning
Recovery

Post-disaster

Figure6-3: Emergency management cycle detailing

Given the volatile environment found during emergencies, whbheeresponsdeam
must constantly adapitsef to unforeseensituations the use of an emergency plan is not
always straigtiorward. Developing emergency plans is a challenging task, due to the great
number of possibilities to be considered during content generatidihile elaboraing the
plan, theplanning teantriesto predict all possiblevents facedand the information neded
to characterize and handléhe situations arising fronthem. This is particularly difficult for

situations involving unpredictable emergency evolution or unexpected consequences of
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plannedactions.Thus, it is common thathe planning teamonly identifies a subset of all
possibleevents that need to baddressedIn addition the planning teammay decidenot to
includea specificpossibility in the developedmergencyplan, even if it is knowrMoreover,

the planning teanmay provide an inadequa treatment for a specifievent, either because
the situation caused by its occurrendes never been experienced or because of the
unpredictability and uncertainty associated with Rurthermore the emergencyplan may
also be described at a higher l¢w¢ abstraction to not specialize hawsponse teamshould
act.

Such decisions may prove inadequate only when the plan is appliedsfecific
emergencyThereforethe response team may discoveew variables andnexpected events
that need to be handld only at enactment time In addition, the decisions and actions
performed also affect themergencyobserved situationleadingthe responsdeamtowards
fadngstates that may not correspond to the states definedhe emergency plarMoreover,
even for knownsituations different outcomes may be identifieds result, the emergency
plan becomes inappropriate to be followed, making more difficult to handle the ongoing
emergency.The esponse team should observe the response operationditions, identify
the goals to be achieved, use creativity and improvisation to identify alternative treatments
and male decisions at runtime¢o handle theongoing energency(BARTHIBELANOE et al.,
2014;LEY et al., 201MENDONCANdWALLACE, 200Q7)

Thus, the emergency management domaeemssuitable for theproposedapproach
evaluation This domain was chosen because it is considered a complex domain, more
complete and with different characteristics when compared to other domaimsreirregular
phenamena are identified It is claimed that the questiongxperimentsand analyzes in
emergency managemeiigad toconclusions that can be applied, expanded or generalized to

other domains

6.3 Experiment execution

The proposed approach was evaluated by simulating the application of a plan to handle
rains in Rio de Janeiro. This city is a region usually exposed to heavy rains and associated
consequences due to its geographical characteristics. Furthermtaseametropolisthat has
suffered from disordered growth, having several constructions built in areas at elevated risk

to landslides, such as hills and slopes. Damage is particularly acute during the summer months,
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when heavy and/or prolonged rains hit the cipgroducing floods and landslides. Thus, the
Civil Defense has established procedures for a quick and safe evacuation in case of rains to
ensurethe safety of people living in highsk areasSUBDEQR01%). Such plan wsorganized

according to the proposedlan elementsKigure6-4 and Appendixl).

( )
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_C) alarm
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during heavy rains

Figure6-4: Contingency |an for heavy rainsising BPMN (OMG, 2011)

To guarantee the validity of trghenomenorand the adopted plan within the selected
domain, the researcherinterviewed a team of domain expers for detailing ths plan and
devising ascenariobefore running the experimentThesetwo interviews occurredat (a)
Coordenacéo do Sistema de Defesa Civil (COSIDEC) on 09/Aug/2016, and (b) Centro de
Operacgdes Rio (COR) on 12/Aug/2016

During the plan detailing, tte® domain experts assumed thele of planness,
providing additional informdion about what is usually done to handle the negative impact

and consequences of heavy rains in Rio de Ja@uBDER015b;SUBDEQ015cAnnex 1
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and Annex 2)The goals to achieve, the actions to take, the necessary resources and the
expected andesulting states from the actions execution were discusggmhendix ldetails
the contingency plan for heavy rains considertigollectedinformation.

During the scenariaevising these domain experts assumed the role sfenario
devises, describng events and situationfound during heavy rainsbesides detailing a set of
unpredicted events andnforeseen situations thanight cause incompatibility of the existing
plan. Theg alsodiscussegroblems thatwere facedby teamswhile handlingheavy rainsn Rio
de Janeirpbesidegroviding historical information about rairtkat have hit Rio de Janeiro in
the past(Annex 3 and Annex 4)he esearcherganized all collected informatigmlevising
the scenarig described in Appendix,&and the panned unfaeseen situationsdetailed in
Appendix 3 The toolwas configuredvith such information.

Experiment prticipants werealso experts in theemergencydomain They work at
Secretaria Municipal de Defesa Cde Niteréi or are members of Mestrado em Defesa e
Seguranca CivilThese participantassumedhe role of the responseteam in control room
required for handling the emergency described in the scenario

Besides participants, esearchersand a technical specialist also attead the
experiment. Researchg were responsible forconducing and obsering the experiment,
collecing data for later analysis and remioygy doubts concerning the experimeniThe
technical specialisprovided the technical information thatvas necessary for running the
experiment andproposed unpredicted events that lead tanforeseen situationdor the
participants Theseevents andunforeseen situationsvere those previously planned by the
scenariodeviset

Table6-3 summarizes the roles involved during the planning and execution of the

experimentand details their responsibilities.

Table6-3: Roles and responsibilities during the experiment

Roles Responsibilities

Applying the plan
Diagnosing unforeseen situations (identification and interpretatic

Scenario deviser 1 Detailing the scenario

1 Suggestinginpredicted events andnforeseen situations
Planner 1 Devising the plan
Participant 1 Monitoring the scenario

1

1
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Roles Responsibilities
Researcher Conducting and observing the experiment
Collecting data for later analysis
Removing doubts

Providing technical information for running the experiment

=A== =1

Technical specialis

Two experimenswere conducted one experimentt Secretaria Municipal de Defesa
Civil de Niteroi orll1/Nov/2016 and another atMestrado em Defesa e Seguranca Civil on
25/Nov/2016 Both experiment$ollowed the steps shown iRigure6-5. Experimentstarted
with a brief introduction Researcherpresented an overview of the thesisitrodudng the
tool that supportedthe experiment. They expla@a that the tool enables the visualization of
the previouslydeveloped plan for handling the ongoisgenarioand the current conditions
of the scenariohandling Participantsshould use this tool tosupport the decisiormaking
during the scenariohandling. Researcherslso detailed the initial context of the scenario

handled and what was expected with the emergency handling.

Introduction

Thesis Tool Scenario
introduction presentation description

Simulation

‘l’—b{ Interpretation H Dlagno.sls
recording

‘

Feedback

Questionnaire

Figure6-5: Experiment steps

After this brief introductionthe simulationbegan meaning thaparticipants stared
monitoring thescenarichandling For this, participants had accessatstep by step situation,
so they were aware of the current conditions of the scenario handlithgerved situation)
With this information, participnts decided how to apply the existing plan for handling the

scenarioobserved situatiorand assessed the plan adequacy for its purpose
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During thesimulation the unforeseen situations, which were defined by goenario
deviser(Appendix3), wereproposed. These situations occurred at specific moments that were
pre-determinedduringthe scenario devigsg. For instance, thecenariodeviserdefined that
a specifiaunforeseen situation should occ@0 secondsfter the beginning of thaimulation
or that anotherdzy F 2 NS &aSSy aAlddz GA2y &aK2dzZ R 200dzNJ |
described in the planParticipantswere responsible for identifying the proposeslient and
unforeseen situatiorarising from itanddiagnosing if these situations reqed or not a plan
adaptation

The tool performed acomparison between theelectedplan, situation awareness and
predefined parametes to assess the adequacy of ttptan to the reality faced. If any
inconsistency was identified, perception mechanisms evidenced it. When participants clicked
on these mechanisms, the tool showed details of the unforeseen situatadlowing
participants to analyze/interpret this situain. Asa result of the interpretation, participants
provided a diagnostic of the unforeseen situation, comprising (a) the unforeseen situation
faced; (b) if this unforeseen situation hkesl or not to a plan disruption; and (c) if so, what
should be doned solve the disruptionFor the latter item,n some casesthe unforeseen
situation could be easily solved the elements present in the existing plare. the situation
was evolving to a different pattern from the one defined at that point of the plbart,actions
that allow handling this different evolutiomvere described at a later point of the plan. Thus,
participantsmight decide tomove to the appropriate point of the platdowever, in other
cases, a solution to the problewasnot so trivial. When the plan did not establish actions for
handling thescenarioevolution, participantdad toadapt the plan Participants night apply
an existing and evaluated plan to provide a solution for the faced disruptiomhen the prior
formal knowledge fail to provide a solution for the disruption, participants should improvise
actions. Plan adaptation is beyond the scope of the planned experiment, and it will be
evaluated through a future experiment.

The experimentwould end after the last predefined unforeseen situation was

proposedor 60 minutes after the beginning of theimulation

6.4 Data analysis
The proposed approach evaluation was made through the identificaibdata

gathered from the experiment that would allow answegthe research questionand assess
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the applicability of the approach for ethe-fly adaptation of plans in unforeseen situations
This datawas gathered fromrecordingsmade by researchers during the experiment
Complementing the recordingthe systemlogs and any extra documentation (reports and
notes) produced by the participantsere also retrieved. Besides that,questionnairewvas
answered(Appendix4), thushelpingi 2 A RSY GATFTE& LI NIAOALI yiGaQ
and limitations otthe approach.The obtained resulta/ere summarized and presented to the
participantsso that theycouldhave a feedback about the benefits and limitations of the ideas
proposed in the approach.

The following subsections detail the analysis, based on datairdatafrom the

experiments, to answer the research questions.

6.4.1 First experiment:.Civil Defense of Niterdi

Theexperiment was conducted at Secretaria Municipal de Defesa Civil de Niter6i on

11/Nov/2016 This secretariat is responsible fapplyingsimilarproceduresto the selected
contingency plan andounts onprofessionals who constantly deal with tadoptedscenario.

This experimentlasted1h30 and had 3 participants.

6.4.1.1 Team profile

The response team was formed these3 professionals from Secretaria Migipal de
Defesa Civil de Niter6i. All of them hsaime relatiorwith the adoptedscenariosuch ascting
in training communities to minimize disasters, condungf a preventiveand reactiveanalysis
of areas withlandslde risk, and performing meteorological monitoring. They also had

different levels ofexperience in thiscenario(Figure6-6).

Relation with emergency Experience
domain 3

Less than 1 year Between 1 and 3 years
Between 3 and 5 yearsa Between 5 and 10 years

Yes No More than 10 years

Figure6-6: Response team profile

LJ



89

Thus, despite being a small group, iarguedthat this teamadequately represents
the structure and required roles for a response team in control roshile handling the
emergency described in theasnario. Theyften deal withhigh-pressureevents,being able

to handlea scenario describing 1h event whoseactualduration was about 8h.

6.4.1.2 How the decision support mechanisms affect the team performance during the
identification of unforeseen situationsconsidering the task difficuit?

Goal Assessing howhe decision support mechanisms, terms of plan presentation
and detailing, and mechanisms adopted to indicgian problems affect the team
performance during the identification of unforesesituations.

During the experiment, 5 unforeseen situations planned by $leenariodeviser
(45.45%) were proposed. The oth@unforeseen situations were not proposed because the
experiment reached theplanned lhduration. The percentage of identified umbseen
situations was 100%, with all proposed unforeseen situations being identified by participants.
l.e., participants analyzed the 5 proposed unforeseen situations.

The average detectionutlation was almost immediately. As soon a® unforeseen
situation was proposegparticipants identified it as a probleto be solved

In this group the dscrepancy degree for unforeseen situation analwss 0, meaning
that any difference between the expected and observed values of the state variables
demandced further analysis

Besides the system log analyslse questionnaire provided extra information about
LJ- NI A OA LI y abaudthelidSnhificefidrlof Airfoyeseen situationRegarding the plan
presentation through the proposed elemen(Bigure6-7), the participants had a positive
opinionaboutthe planpresentation through a flon2Xparticipantsagree andl partiallyagrees
with such statement)2 participantsagreeand 1partially agres that the plan presentation
through the proposed elements facilitates actiomsderstanding 2 participantsalso agree
that this representation facilitates actiomaonitoring, but the most experiencegarticipant
partially disagrees withit. He repored that dThe sequence is interesting. However, the
presented scenario is characteristic and particilar? participants also had a neutral
perceptionand 1partially agresaboutthe planpresentation through theproposed elements
to be less confusing than oth@tan presentations. All participantsartially agree that they

had difficulties taunderstandthe planpresentation.
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Plan presentation

Facilitates actions Facilitates actions More confusing than  Difficulties to Positive opinion
understanding monitoring other plan understand plan about plan
presentations presentation presentation
Disagree [ Partially disagree ' Neutral Partially agree @ Agree

Figure6-7:t I NIi A OA LI ¢hiplan@resenfaiion Sidgh proposed elements

Also regarding the plan presentation through the proposed elemehtg, now
focusing on extra information about actisieing performed(Figure6-8), the participants
had a positive opinioon it (2 participantsagree andl partially agrees with this statemenj.
They all agree that this information is relevant to understand theoadieing performed, and
2 participantspartially agree that this information is relevant to understand the current
situation ofemergencyesponse?2 participantsalso disagree that this information is excessive
to understand the actin being performed and the current situation emergencyesponse,
but the most experiencedparticipant partially agrees with an excess of information to
understand the actin being performed and the current situation eimergencyresponse.
Participants als had a neutral perception or partially agree twol not providing all the
required information for understandng the acton being performed 1 and 2, respectively)
and the current situation oemergencyresponse 2 and 1, respectively). The difficulty of
understandingthe plan was more distributed than the previous question, with participants
agreeing, partially agreeing or disagreeing with this statement. Both participants with more

and less experience in the field reported this difficulty (agree origilyrtagree, respectively).
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Plan detailing

Positive opinion
about plan

detailng

Figure6-8:t I NIi A OA LI ghié&xdr&informatios dbdlBactions

Regarding the perception mechanistws indicaing plan problems (Figure6-9), all
participants had a positive opinioon it (they allagree with this statement)2 participants
agree and 1 partially agrees that these mechanisms redudbe requiredtime to identify
problems, andall participantsagree that these mechanisms helpo identify whatwere the
problem causes The most experienced participant considered that the mechanism for
indicatingplan problems was not so cleanddifficult to understand. However, he points out

that GAllprovidedinformationda Yy SOSaal NBE F2NJ RSOA&A2Y YI1AY

Mechanisms for problems indicato

3
2
1
0
Reduce required time Help to identify Lack a clear goal Difficulties to Positive opinion
to identify problems  problem causes understand problems about problems
indication indication

Disagree @ Partially disagree ' Neutral Partially agree mAgree
Figure6-9:t I NIi A OA LJI ghinadeanismgar indicitidiy planproblems

6.4.1.3 How the decision support mechanisms affect the team performance during the
interpretation of unforeseen situationsconsidering the task difficujt?
Goal Assessing howthe decision support mechanismis, terms of information for
unforeseen situation anasys and characterization, mechanisms for indicating inconsistencies,
information for solutions generationaffect the team performance during thaterpretation

of unforeseen situations.
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Duringthe experiment the averageliagnosisiuration was05:39minutes(Table6-4).
Easy tasktook 03:54 minutes medium tasks took 08:10 minutes and hard tasks took 08:23

minutes.

Table6-4: Unforeseen situation average diagnogisation

Un_foregeen Task difficulty Ident_lflcatlon Solutiontime Dlagn_03|s
situation time duration
1 Easy 11:28:53 11:3439 00:05:46
2 Medium 11:4311 11:5121 00:08:10
3 Hard 11:51:29 11:5952 00:08:23
4 Easy 12:07:21 12:08:10 00:00:49
5 Easy 12:10:33 12:15:41 00:05:08

Average diagnosis duratior| 00:05:39

For this groupthe expected result of the comprehensive analysis of all proposed
unforeseen situation and the result established by the participamése the samel.e.
participants judged that all unforeseen sitigns required further analysis

Participants also provet 10 solutions with more than 1 solutiofior eachdisruption
identified (Table6-5). Theproximity factor between solution and disruptiomas 100%, with
all proposed solutions contentbeing related to the identified disruption.There was no

disruption without a relevant sation for it.

Table6-5: Solutions for unforeseen situations

Unforeseen
situation description

Task
difficulty

Unforeseen :
Solution

situation

Field agens perform a manual activation
necessary

Warning community volunteers about th
strong rainfall and, if necessary, le
O2YYdzyAite G2 ar¥S N
Calling later

Trying to contact another person considering
No coordinator the authorization scale

authorization LT L O2dz Reysend woNtake e
personal initiative to send the message
Sending team to the affected community
Warning on loudspeakers

Send message tNUDEQ@roup onWhatsApp
when finding a Strong rainfall is coming
Sane solution as provided before

Agenthas already been notified to go to th
affected community

1 Easy Alarm is not working

2 Medium

No contact with

3 Hard leader

4 Easy No contact

5 Easy No contact
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Besides the system log analysis, the questionnaire provided extra information about
LI NI AOALI yiaQ Lisepietatidi éf 2nforedeénsitzitionsRédarding the
information for unforeseen situation analysis and characterizatigigure 6-10), all
participants had a positive opinion about this informatiahefy partially agree with this
statement). 1 participantagrees and 2partially agree hat the information for unforeseen
situation analysis and characterization facilitates the understanding of the current situation of
emergencyresponse, but all participantgartially agree that information does not provide
enough inputs for the unforeseesituation analysis The most experienced participant had
difficulty with such information. However, he points dbat the information provides a ged

for plan review andadjustment.

Unforeseen situation analysis

Facilitates current situation Lacks inputs for the  Difficulties to understand Positive opinion about
understanding unforeseen situation information unforeseen situation
analysis analysis

Disagree [ Partially disagree ' Neutral Partially agree mAgree
Figure6-10:t I NIi A OA LJI ghintorhatibnyfod unfBrissken situation analysis

Regarding the perception mechanisms for indicating variable inconsisteffitgse
6-11), all participants had a positive opinion it (they allagree with this statement). They all
agree that these mechanisms facilitate thianproblemsanalysis2 participantsagreeand 1
partially agreesthat these mechanisms reduce thequiredtime for identifyingproblems; ad
2 participantsagreeand 1partially agresthat thesemechanisms helfo identify whatwere
the problem causesThe most experienced participant considered that the mechanism for
indicating variablesinconsistencies was not so clear and all participants had difficulties to
understandsuch mechanism. One of the participants points out thiEtte images (pictures)

were small.lt would be bettemwith greater prominencé
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Mechanisms for inconsistencies indication

3
2
1
0

Facilitate plan Reduce required Help to identify Lack a clear goal Difficulties to  Positive opinion

problems analysime for problems problem causes understand about
identification inconsistencies inconsistencies
indication indication
Disagree [ Partially disagree ' Neutral Partially agree @ Agree

Figure6-11:t | NI A O A LI ghin&deanismgar indicitidiy variableinconsisencies

Regarding the informatiofor providingsolutions to theidentified problems(Figure
6-12), the participants had a positive opiniamn it (2 participantsagree andl partially
agreesy. 1 participsantagreeandl partially agree that the informatiofor providingsolutions
to the identified problems provids sufficient inputs foplanadaptation, butl disagree with
this statement.He points out that there wereé & 2 t dapdtiogsaat different stages 2
participants also disagresnd 1 isneutral about whether this information is excessive for the
plan adaptation. The most experienced participacdnsidereddifficult to understandthe
solutionsprovision He points out thatinformation always adds up. €lyreater difficulty may

be the rigidity that system generatés

Solutions provision

Sufficient inputs for plan Excessive inputs for plan Difficulties to understand Positive opinion about
adaptation adaptation solutions provision solutions provision

Disagree @ Partially disagree 1 Neutral Partially agree @@ Agree
Figure6-12:t | NI A O A LI ghintorfhatibnyfod proSidNdgsolutions to identified problems
6.4.2 Secondexperiment: Mestrado em Defesa &eguranca Civil/lUFF

The experiment was conducted d#lestrado em Defesa e Seguranca Cuwil

25/Nov/2016.This graduate program of Universidade Federal Fluminense duf$ Yotrain
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KdzYly NBaz2dz2NOSa (2 YS Sdlaboratbh pldnfingand attossRm Ay
Defense and Civil Security throughout the national territdrigis experiment lasted 1h and

had9 participants.

6.4.2.1 Team profile

Participants were divide into two response teamsThe first response team was
formed by3 graduate program studestand 1 graduate program profess8iparticipantshad
some relation with theemergency domainsuch as acting ithe regionaldepartment of Civil
Defensecoordinatingthe regional school of Civil Defenaad devising plan$or the nuclear
center, and lparticipantreported that hal no relation with this domain, besiddseing a
member of thegraduate program3 participantshad more than 10 yearsf experience in this

domainand 1 participant did not answer this questi@figure6-13).

Relation with emergency Experience
domain

O L N W~ O,

Less than 1 year Between 1 and 3 years
Between 3 and 5 yearda Between 5 and 10 years

Yes No More than 10 years

Figure6-13: First esponse tear jgrofile

Thesecondresponse team was formed Bygraduate program student8.participants
had some relation witlthe emergency domainsuch as acting ithe regional department of
Civil Defense, managing crisis and devising plans for hydroelectric dathg, participants
reported that had no relation with this domairbesides beig a member of thegraduate
program.3 participans had more tharb years of experience in this domdih participant had
10 years of experience ar®lparticipants had to 10years of experiengeand 2 participants

did not answer this questio(Figure6-14).
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Relation with emergency Experience
domain

w b~ O
O L N W b~ O

Less than 1 year Between 1 and 3 years
Between 3 and 5 yearsi Between 5 and 10 years

Yes No More than 10 years

Figure6-14: Second esponse tear @rofile

Thus, despite being a small group, it is argued twih teams adequately represent
the structure and required roles for a response team in control room while handling the
emergency described in the scenararticipants had many years of experience s t

domain,often dealngwith high-pressureevents.

6.4.2.2 How the decision support mechanisms affect the team performance during the
identification of unforeseen situations, considering the task diffiget

During the experiment4 unforeseen situations plannetly the scenariodeviser
(36.36%) were proposetb the first response team ar2lunforeseen situationsl@.18%)were
proposed to the second response teaifhe other unforeseen situations were not proposed
because the experiment reached thgailable timg40 minutes) The percentage of identified
unforeseen situations was 100%6r both response teamswith all proposed unforeseen
situations being identified by participants.

The average detection duration was almost immediatelyboth response teamsAs
soon as an unforeseen situation was proposed, participants identified it as a problem to be
solved.

In this group, the discrepancy degree for unforeseen situation analysis was 0, meaning
that any difference between the expected and observed values of tlae stariables
demanded further analysis.

Besides the system log analysis, the questionnaire provided extra information about
LI NOAOALN yGAQ LISNOSLIWIAZ2Y o2dzi GKS ARSYGATA
presentation through the proposed elements, the participaotshe first reqponse teamhad

a positive opinion about the plan presentation through a fldwpérticipant agres and 2
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partially agree withthis statement) (Figure6-15). 1 participantagrees and 2partially agree

that the plan presentation through the proposed elements facilitates actions understanding

but 1 participantpartially disagrees with i2 participants also agreend 1 partially agresthat

this representation facilitates actions monitoring, biitparticipantdisagrees with itThe

opinion about the proposed presentatidreing more confusing than other plan presentation
wasmore distributed, with garticipantpartially agreengwith it. Participantsagree, partially

agree or are neutral abouhaving difficulties to understand the plan presentatioifhe
participant with more cticisms about the plan presentation highlighted the main problems
initsopinion:at £ty fSHGa8KSAaz2avl Re&a y®add hdiiiog g G 2

information toanswers and & ¢ Kl&n shduld present icorfsr actions to be taken in each

situatiore.
Plan presentation
5
4
3
2
1
0
Facilitates actions Facilitates actions More confusing than  Difficulties to Positive opinion
understanding monitoring other plan understand plan about plan

presentations presentation presentation

Disagree @ Partially disagree 1 Neutral Partially agree @ Agree
Figure6-15: First response tea@answerson plan presentation through proposed elements

Participants ofthe secondresponse team had a positive opinion about the plan
presentation through a flow (2 participants agree ahgartially agree withthis statement)
(Figure6-16). 1 participant agresand 3 partially agree that the plan presentation through the
proposed elements facilitates actions understandiBgarticipants also agree ar&partially
agree that this representation facilitates actions monitoridigparticipants had a neutral
perception and 1 partially disagreeabout the plan presentation through the proposed
elements to be less confusing than other plan presentati@nmarticipantspartially diggree
and 1 participant iseutral about having difficulties to understand the plan presentatiout
1 participantagreeswith it. Participantspointed outthat éthe interfaceneeds to be more user
friendly and intuitive to further explore ¢hpossibilities that the plan offérand dinterface is

confued. However, they also highlightetie benefits of the proposed plan presentatiodit
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helps identify possiblplan changes and standardize possible solutions that may bec¢bene
standard operting procedure in the futuke and dThe aspect regarding the graphical

presentation of the plan was positie

Plan presentation

5

4

3

2

1

0

Facilitates actions Facilitates actions More confusing than  Difficulties to Positive opinion

understanding monitoring other plan understand plan about plan
presentations presentation presentation

Disagree [ Partially disagree ' Neutral Partially agree mAgree
Figure6-16:{ SO2 Yy R NI a higwessdh plan $rieserdadion through proposed elements

Also regarding the plan presentation through the proposed elements, but now
focusing on extra information about actions being performed, the participahtdhe first
response tear@ @pinion on itwere more distributed, withL participant @rtially disagreeing
with this statement (Figure 6-17). 3 participants partiallyagree that this information is
relevant to understand the action beirmgerformed and the current situation of emergency
response but 1 participant partially disagreewith such statementsHe repored that 6it is
still a tool that presents the obstacles, but not the ways to the soléitRarticipants disagree
that this information is excessive to understand the action being perforrf&garticipants
partially disagreeand the current situation of emergency responsz farticipants disagree
and 2 partially disagrée Participants also agree on tool not providing all thequired
information for understanding the action being performé8 participants agreeand the
current situation of emergency response farticipants agreeand 2 partially agreg 3

participantsagree about having difficulties to understand the ptetailing
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Plan detailing

Figure6-17: First response tea@answerson extrainformation about actions

Participants of the second response team had a positive opinion @piauticipants
agree and dartially agreewith this statemen) (Figure6-18). They agree that this information
is relevant to understand the action being performed (2 participants agree and 3 partially
agree) and the current situation of emergency response (1 participant agres 3 partially
agree).Participants disagree that thiinformation is excessive to understand the action being
performed and the current situation of emergency respongl®st of the participantsalso
disagree on tool not providing all the required information for understanding the action being
performed and the current situation of emergency respondd and 3 participants
respectively, but 2 participans agree with such statemertOne of themreported that is
necessary t@improve theinterfaces, with a different participant suggestirigcreens could be
better exploited as windows, not requirirtg closeone screen to open anothesnet. The
difficulty to understand the plan detailinggas smaller than in the first response teawith 2

participants agreeing with it.

Plan detailing

Figure6-18:{ SO2 Yy R NI a LJ2 y add extranfonn@tidn aboltzadtiénblz
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Regarding the perception mechanisms for indicatten problems,the participants
of the first response teanmad a positive opinion on iB(participantsagreeand 1partially
agreeswith this statement)(Figure6-19). 2 participants partially agree that these mechanisms
reduce the required time to identify problesnbut 2 participant partiallydisagree with such
statement. One of themreportedthat ¢ S OK LINRPo6f SY Ydzad LINBaSy
solutiong. 2 participants agreend 1 partially agregthat these mechanisms help to identify
what were the problem causebutthe participantwho did not have practical experience with
Civil Defensepartially disagree with such statemen?. participants considered that the
mechanism for indicating plan pr@ms was not so cleawhich included the participant who
did not have practical experience with Civil Defen3eparticipants partially agree about

having difficulties to understand problems indication.

Mechanisms for problems indicato

5

4

3

2

1

0
Reduce required time Help to identify Lack a clear goal Difficulties to Positive opinion
to identify problems  problem causes understand problems about problems

indication indication

Disagree @ Partially disagree ' Neutral Partially agree mAgree
Figure6-19: CA NB G NXB a hddwersos metHaniswi©far indicating plan problems

The participants of the second response team had a positive opinion 08 it (
participants agree and 2 partially agreeth this statemeni) (Figure6-20). All participants
agree that these mechanisms reduce the required time to identify problems, Znd
participants agreand 2 partially agrethat these mechanisms help to identify what were the
problem causesAll participants disagree that the mechanism for indicating plan problems
was not so clear and did na¢port difficulties to understand problems indicati¢B disagree
and 1 partially disageson it).t I NI A OA LI+ y (i dombid@divith ih& howkedga of
those who monitor the plan, the information acquired generates possible actions to be
adapted and &the mechanisms help to visualize problems that must be overcome by the crisis

teamg.
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Mechanisms for problems indicatio

O FRP N WM~ OO

Reduce required time Help to identify
to identify problems  problem causes

Lack a clear goal Difficulties to Positive opinion

understand problems about problems
indication indication

Disagree [ Partially disagree ' Neutral Partially agree © Agree

Figure6-20.{ SO2 y R NI & LI2 y ad meckahidme fr indigating 8aNJaroblems

6.4.2.3 How the decision support mechanisms affect the team performance during the
interpretation of unforeseen situationsgonsidering the task difficuit?
The average diagnosis duration wa%46 minutesfor the first response teanilTable
6-6). Easy tasks took4fl6 minutes, medium tasks took2®R6 minutes and hard tasks took

04:16 minutes.

Table6-6: Unforeseen situation average diagnosis durafionthe first response team

Un_fore;een Task difficulty Ident_lflcatlon Solution time Dlagn_03|s
situation time duration
1 Easy 17:45.01 17:50:15 00:05:14
2 Medium 17:53:54 17:56:20 00:0226
3 Hard 17:57:59 18:02:15 00:0416
4 Easy 18:03:10 18:06:20 00:0310

Average diagnosis duratior|] 00:03:46

For the second response team, tlawerage diagnosis duration wd$:57 minutes
(Table6-7). It is higher thanin the other groups because participants discusselbt about

both facedunforeseen situations and the benefits and limitationglo# proposed approach

andthe tool, before recordingtheir final decisiorinto the tool.

Table6-7: Unforeseen situation average diagnosis duration for the second response team

Unfore;een Task difficulty Ident'lflcatlon Solution time Dlagn_03|s
situation time duration
1 Easy 17:32:40 17:53:11 00:20:31
2 Medium 17:53:44 18:07:07 00:13:23

Average diagnosis duratior] 00:16:57
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The expected result of the comprehensive analysis of all proposed unforeseen
situation and the result established by thparticipants were the sam#&r both response
teams l.e. participants judged that all unforeseen situations required further analysis.

Participantsof the first response teanprovided B solutions, with more than 1
solution for each disruption identifiedr able6-8). The proximity factor between solution and
disruption was 100%, with all proposesblutions content being related to the identified

disruption. There was no disruption without a relevantusmn for it.

Table6-8:CA NB U N a ld2tirs Sr uif@ésee@situations

Unforeseen Task Unforeseen Solution
situation difficulty  situation description

Call responsible faalarm

Sendagens for manual activation

1 Easy Alarmoffline Mobilizecommunity agents

MobilizeNUDEC

Send messagdSMS oWHATS APP)

Use amateuradio

No contact using Use ars with sound systems

SMS Use popular and community dé stations
Mobilize community agents

Find updatedelephone numbefr(institutional
3 Hard Outdatedcontact website, friendsetc.)

Find required resources in other institutions
Open safety areas

Activate alarms

Coordnate the evacudion of affected areas
through Civil Defensegantsand community
agents

Alert other agenciegHealth systemSchools,
Transportation etg

2 Medium

Heavy rains in some

4 Easy regions

Participants of the second response team providedolutions, with more than 1
solution for each disruption identifiedr able6-9). The proximity factor between solution and
disruption was 100%, with la proposedsolutions content being related to the identified

disruption. There was no disruption without a relevant solution for it.
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Table69Y { SO2yR NBalLRyaS (GSFIYyQa az2fdziaAzya F2NJ

Unforeseen Task Unforeseen Solution
situation difficulty  situation description

No contact with Send team tocentral responsible for alarn
1 Easy responsible for off | maintenance
line alarms Request field support

Assessthe possibility to contact the CRA!

2 Medium Unable to send SMS (Centro de Referéncia em Assisténcia Socig

Besides the system log analysis, the questionnaire provided extra information about
LI NOAOALI yGAQ LISNOSLIIAZ2Y Fo62dzi GKS Ay dSNLNN
information for unforeseen situation analysis and characterizatios participans of the first
response teamhad a positive opinion about this informatio2 participants agreeand 1
partially agres with this statement)(Figure6-21). 2 participants agree and 2 partially agree
that the information for unforeseen situation analysis and characterization facilitates the
understanding of the current situation of emergencyspense, butLJ: NJi A Ovajodityy” (i & Q
agree that information does not provide enough inputs for the unforeseen situation analysis

(2 participants agree and partially agres). Participants alschad dificulty with such

information.
Unforeseen situation analysis
5
4
3
2
1
0
Facilitates current situation Lacks inputs for the  Difficulties to understand Positive opinion about
understanding unforeseen situation information unforeseen situation
analysis analysis

Disagree [ Partially disagree ' Neutral Partially agree mAgree
Figure6-21: CA NB G NX a addweroS infdrBation @unforeseen situation analysis

Participants of the second response team had a positive opinion about this information
(3 participants agree and Rartially agree with tis statement) Figure6-22). 3 participants
agree and 2 partially agree that the information for unforeseen situation analysis and
characterization fatitates the understanding of the current situation of emergency response
Participans disagree that information does not provide enough inputs for the unforeseen

situation analysigl participantdisagree and 3partially disagree) but 1 participantpartially
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agrees with it. The difficulty of understanding thenformation for unforeseen situation
analysisvas more distributed thaim the first response teanbut with 2 participantspartially
agreeing with this statementlowever, participants als@inforcedthat dmechanisms help to

visualize the problems that must be overcome by the crisiséeam

Unforeseen situation analysis

5
4
3
2
1
0
Facilitates current situation Lacks inputs for the  Difficulties to understand Positive opinion about
understanding unforeseen situation information unforeseen situation
analysis analysis

Disagree @ Partially disagree ' Neutral Partially agree [ Agree
Figure6-22.{ SO2 y R N a LJ2 y addinfir@ation @aunforgsaen Stdekon analysis

Regarding the perception mechanisms for indicating variable inconsistencies,
participantsof the first response tearhad a positive opinion on i2(participantsagreeand 2
partially agreewith this statement)(Figure6-23). 2 participants partiallyagree that these
mechanisms facilitate the plan problems analy&ist 1 participant disagres with it. He
reported that it is still necessargmore cleartoolst. The opinion abouthe mechanismdor
indicating variables inconsistencies helpréoluce the required time for identifying problems
was more distributed, with participant partially disagreeing with ile reporedthat it is still
necessaryt Y 2 QIS S | NJHawa\er2 gatticipants agree and 1 partially agsdbat these
mechanisms help to identifwhat were the problem causes and participadisagrees that
thesemechanisms lack acleargoal.Participantsalso reporteddifficulties to understad such

mechanisns.
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Mechanisms for inconsistencies indication

5
4
3
2
1
0

Facilitate plan Reduce required Help to identify Lack a clear goal Difficulties to  Positive opinion

problems analysime for problems problem causes understand about
identification inconsistencies inconsistencies
indication indication
Disagree [ Partially disagree ' Neutral Partially agree @ Agree

Figure6-23: First response tea@answerson mechanisms for indicating variable inconsistencies

The mrticipants of the second responsete®@d 2 LAY A2Y 2y YSOKI yA
variables inconsistenciesas more distributed, witl2 participants partiallydisagreang with
this statement Figure6-24). 2 participantsagreeand 2 partially agrethat these mechanisms
facilitate the plan problems analysis; 2 participants agree 2mmartially agree that these
mechanisms reduce the requireaine for identifying problems; and 2 participants agree and
1 partially agres that these mechanisms help to identify what were the problem causes.
However, 1 participant partially disagreewith mechanisms helping to identify problem
causes. He repoet that dvisualizdion needs improvementst is necessary to provide more
suggestions on solving problegngarticipants disagrees that these mechanisms lack a clear
goaland did not havdifficulties to understand such mechanis@ne of the participants
pointed out that é¢presentng the variables inconsistencies on screen helps to be aware of the

problent.

Mechanisms for inconsistencies indication

OFR, NWK~OGO

Facilitate plan Reduce required Help to identify Lack a clear goal Difficulties to  Positive opinion
problems analysime for problems problem causes understand about
identification inconsistencies inconsistencies
indication indication

Disagree @ Partially disagree 1 Neutral Partially agree @ Agree

Figure6-24:{ SO2 y R N & LJ2 y adh meckahisme fr indigating \&ulikhle inconsistencies
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Regarding the information for providing solutions to the identified problems, the
participants of the first response tea@a 2 LAY A2Y g a |parichpant®R A a 0 N
agreang, partially agreeing, disagreeiagdhaving neutral opinion on thistatement(Figure
6-25). Participants were dividedboutthe information for providing solutions to the identified
problems provithg sufficient inpus for plan adaptation One participant that partially
disagreegeported that it is still necessargt Y 2 NE O f &hd thd othe 8ne was one of
the participants who did not have practical experience in Civil Defeéhparticipants also
disagree and Dartially disagreesbout whether this information is excessive for the plan
adaptation. Participants considered difficult to understand the solutions provisiorhey
pointed out that the tool needsdo be flexible to introduce situations during the plan

executiort and &o allow participants feedback with informatién

Solutions provision

O P N W b O

Sufficient inputs for plan Excessive inputs for plan Difficulties to understand Positive opinion about
adaptation adaptation solutions provision solutions provision

Disagree @ Partially disagree 1 Neutral Partially agree @ Agree
Figure6-25: First response tea@answerson information for providing solutions to identified problems

Participants of thesecondresponse team had a positive opinion on it (2 participants
agree and? partially agree) Figure6-26). 1 participant agregand 4 partially agree thathe
information for providing solutions to the identified problems provides sufficient inputs for
plan adaptationParticipants also disagree whether this information is excessive for the plan
adaptation.Participants did notonsider difficult to undersind the solutions provisigrbut
one ofthe patrticipant that did not have experience in the emergency donwinsidered
difficult to understand the solutions provisio@ne participant reportedhat ¢the possibility
of recording the solutions adopted ihet crisis helps in decisiomaking for future crises by

providing inputs for learning from the experience gaied
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Solutions provision

5
4
3
2
1
0
Sufficient inputs for plan Excessive inputs for plan Difficulties to understand Positive opinion about
adaptation adaptation solutions provision solutions provision
Disagree [ Partially disagree ' Neutral Partially agree @ Agree

Figure6-26: SecondNB a LJ2 y & S (i SohiMf@raatidn §6&pioBdil solutions taentified problems

6.4.3 (Gonsolidationanalysisof experiments

All participantshad some relation with themergency domairfFigure6-27), either
workingin different scenarios within thidomain orbeing a member of th graduate program
focusing ontraining professionato act in such domainThey also had different levels of
experience in thiglomain, with most of thenoften dealing withhigh-pressureeventsfor
more than 5 yeardn addition, there is also a difficulty in convening able people for research
evaluation.Despite being a challenge tmnveneprofessionals withthisvery specific profile,
it wasrequired forgathering data as close as possible from reabtpropery evaluate the

proposed approach

Relation with emergency Experience
domain 9
8

9 7
: 3
7 4
6 3
5 1
4 0
3
2 Less than 1 year Between 1 and 3 years
é Between 3 and 5 yearda Between 5 and 10 years

Yes No More than 10 years

Figure6-27: Participantgrofile

Regarding the plan presentatidhrough the proposed elementsigure6-28), results
showa positive opinioraboutit, with participants considering that the proposed presentation

facilitatesactions understanding and monitorirf$j0 and 9, respectivelyHoweverjt was not
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so clear whether theoroposed plan presentation is or is not more confusing than ofitan
presentation(7 participants are neutral)in addition,7 participants reported dficulties to
understand the plan presentationThese results and opinions provided during the
experimentsshow a need for a training on proposed elements so that participants can
understand the perspective change about the plan representation. It atioates the need

for a more detailed training about the use of provided tool features before the beginning of

the experiment so that participants get the best out of them.

Plan presentation

9
8
7
6
5
4
3
2
1
0
Facilitates actions Facilitates actions More confusing than  Difficulties to Positive opinion
understanding monitoring other plan understand plan about plan
presentations presentation presentation
Disagree [ Partially disagree ' Neutral Partially agree mAgree

Figure6-28: Resultson plan presentation through proposed elements

Regarding the extra information about actions being performEdy(re6-29), results
show a positive opinion about it, with paitpants considering thatrovided information are
relevant for understandingthe action being performedand the current situation of
emergency respons€ll and 9 respectively and that was not provided an excess of
information for such end8 and 9, respectively).However,participantsreported that it is
necessary additional information for understanditfte action being performedand the
current situation of emergency respon$@ and 7, respectively) In addition, 7 participants
reported difficulties to understand the plawletailing Theseresultsand opinions provided
during the experimentseinforce theneed fora training on proposed elementndthe use
of provided tool features before the beginning of tegperiment In addition,it is necessary
to provide additionalnputs formonitoringthe performed actions and current situatipwhich
may impact theunforeseen situation analysis and decision makBegides that, it shows the
need for adjustments in the tool interface for better visualizatadrall provided information
atthesametim® LG AYLI OGa LI NIAOmdkhgyiaQ |ylFfeaaa
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Plan detailing

(=N NI SR T T =]

Positive opinion
about plan

detailng

Figure6-29: Resulton extrainformation about actions

Regarding the perception mechanisms fadicating plan problemsHgure 6-30),
results show a positive opinion about it, with participants considering ttege mechanisms
reduce the required time to iderfy problems and help to identify the problem cau¢&é@and
11, respectively)The difficulty to understand themechanisms for indicating plan problems
was lower than in the previous analyzed aspects, being reported by 4 particifizedpite
that, it isalso important to provide anore detailed training about the use of tool features so

that participants get the best out of them.

Mechanisms for problems indicato

9

8

7

6

5

4

3

2

1

0
Reduce required time Help to identify Lack a clear goal Difficulties to Positive opinion
to identify problems  problem causes understand problems about problems

indication indication

Disagree @ Partially disagree i Neutral Partially agree mAgree
Figure6-30: Resultson mechanisms for indicating plan problems

Regarding theinformation for unforeseen situation analysis and characterization
(Figure6-31), results show a positive opinion about it, with all participants considering that
provided informationhelp to understand the current situation of themergency response
However,7 participants reported that it is necessary additiomaputs for the unforeseen

situation analysisin addition,6 participants reported difficulties to undstand theprovided
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information. Theseresultsand opinions provided during the experiments reinforce tieed

for a training on proposed elementand the use of provided tool features before the
beginning of theexperiment Besides that, it shows aparid yiaQ ySSR (G2 &SS
for performing a better unforeseen situation analysis and decision making, being necessary to

provide additional knowledge for adaptation.

Unforeseen situation analysis

9
8
7
6
5
4
3
2
1
0
Facilitates current situation Lacks inputs for the  Difficulties to understand Positive opinion about
understanding unforeseen situation information unforeseen situation
analysis analysis
Disagree [ Partially disagree ' Neutral Partially agree mAgree

Figure6-31: Resulton information for unforeseen situation analysis

Regarding the perception mechanisms for indicating variable inconsistefigesd
6-32), results show a positive opiom about it, with participants considering that these
mechanismdacilitate the analysis of plan problems, reduce the required time to identify
problems and help to identify the problem caus@&s 9and 9, respectively)5 participants
reported difficulties to understand thenechanisms for indicating inconsistencidgese
resultsand opinions provided during the experiments reinforce tieed for a training on the
use of provided tool features before the beginning of thgperiment Besides that, it shows
the need for adjustments in the tool for better visualization of th

e variables. It impacts
LI NOAOALI yGaAQ dmgking.@aAa yR RSOAAAZ2Y
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Mechanisms for inconsistencies indication

9
8
7
6
5
4
3
2
1
0

Facilitate plan Reduce required Help to identify Lack a clear goal Difficulties to  Positive opinion

problems analysime for problems problem causes understand about
identification inconsistencies inconsistencies
indication indication

Disagree @ Partially disagree 1 Neutral Partially agree mAgree
Figure6-32: Resulton mechanisms foindicating variable inconsistencies

Regarding the information for providing solutions to the identified probldéRigure
6-33), results show a positive opinion about it, with participants considering that provided
information are sufficient for plan adaptatiomnd that was not provided an excess of
information for sich end (9 and 10, respectivelyhhe difficulty to understand the provision
of solutions was lower than in the previous analyzed aspects, being reportegasticipants.
Theseresultsand opinions provided during the experiments reinforce tieed for atraining
on the use of provided tool features before the beginning of éxperiment Besides that, it

shows the need for adjustments in the tdolfully support the plan adaption

Solutions provision

OFRP NWDMOUUIO N OO

Sufficient inputs for plan Excessive inputs for plan Difficulties to understand Positive opinion about
adaptation adaptation solutions provision solutions provision

Disagree [ Partially disagree ' Neutral Partially agree mAgree

Figure6-33: Resultson information for providing solutions to identified problems
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6.5 Comments about the experimest

The experiment presented how the Emergency Management domain demands several
kinds of adaptation, occurring at different stages of the emergency response. It may fac
problems from the beginning, or rather starts well and changes unexpectedly.

Besides that, the experiment showed need to collaborate, share knowledge and
negotiate for handling the scenario. During emergencyresponse, it is not only one expert
diagnosng and handling the unexpected events and unforeseen situations arising from them,
but a teamthat mustcollaborat and shae knowledge towards making the best decision for
the responseln addition, his team must negotiate and align differeviewpoints because
each member of the response team (@) is responsible for some information or is interested in
a certain perspective of the emergency response, and (b) has different training and experience
that may lead to a set of possible solutions to problenteth

In addition, the experiment provide@n opportunity for Civil Defensegentsto
simulate the use oh plan established by the Civil Defensem a different municipality.
Although both Civil Defense agentse responsible for acting in the same sceosr the
adoptedpractices are dierentin some aspects, either gpecificonunicipalitycharacteristics,
the existingstructure and limitations for actig, the responsibilitief involved peoplestc.
Thegoaland main actions are similar, but how thegalsare achieved and actions will be
performed and whois responsilbe for performingsuch actiongnay varyaccording to the
organization Thus, the experiment was an opportunity for participants to rethink tiirk
accordingto protocols normallyadopted during their duties in Civil Defenseof Niteroi.
Example were foundthrough phrasessuch asiWe need to rethink the procedures we have
beenadoptingin this situatiod, dWe havealready sentin agent to an event without the key
for manual activaibné and d cannot understand what is spoken at tlmidspeaker. It is
necessary to speak slow)ysaidduringa discussiorof possible solutions for some proposed
unforeseen situations

Participants from Mestrado em Defesa e Seguranca Civihalddhe gportunity to
rethink their workand assess in which wayhe proposed approach and tool could support
their dutiesand which aspects still need to be improved

The experimentlso helped tevaluate the effectiveness of the approadar on-the-
fly adaptationof plans in unforeseen situationg1 addition, it alloved observingthe impact

of the proposed approaclapplicationand any opportunities foits improvement and/or
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evolution. Furthermore it is claimed that questions and analysisoleducted during this
experimentiead toconclusions that can be applied, expanded or generalized to ditr@ains
whereirregularphenomenaare identified

However, sme challenges weralsoidentified during the experiment execution. The
first challengewvas the identification of plans that may be useégring the proposal evaluation
Despite the emergency managemetimainallowsrecoveing a greatnumber of plans for
different emergency eventshey are detailed at a very high level of abstracti@meyusually
provide very general information related to the environment for which they were defined and
the availableresourceslin addition, theydescribe a set of goals to be reachedile handling
aspecificsituation, but without detailing the actions taken achieve this goalt could impact
the planreformatting for the proposed elementsince some elements manot be filled only
with the information available in the plarMoreover, itmakes more difficult to identify
unforeseen situations in thplan, what maygenerae a greatnumber ofplan adjustments.
Interacting with domain experte&/as necessary so the pldre as complete as possible, thus
reducing incomplete information and unnecessary work.

The second challeregconcerns the impact of the participgsQexperienceand
viewpointsduring the unforeseen situatiomterpretation. Theunforeseen situationrmay be
considered a demand for adaptation or something that requires no further action depending
on participanQ a S E LISNA Sy OS da parkadagtatiohlwien RiS ¥hhegdRsary or
lacks thereof when there is such a neell.is necessary to understand that membefsthe
same teamdid not necessarily agree atiagnosing a demand for adaptatiaue to their
different viewpoints

The third challengeoncerns the plan adaptatio.he need for plan adaptation was
identified during the experiment, but it could not be dynamically implemented due to
limitations in the developed toatoncerning the knowledge supporting adaptaticupport
to improvisationand solution organizatianlt is necessary to finish the implementation of
thesefeatures so tle plan adaptatioraspect can be tested and the proposed approach be
fully evaluated Participants alstnighlight somereservations regarding toand plan usen
time of crisis, indicating the need fordedicatedprofessional to recora@ll decisions made in
the system. They reinforce that this professionalist have a proper profile to think about

something other than théacedemergency.
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The fourth challenge cé@dS Ny & LI NIAOA LI yiaQ GNFAYyAYy3IoD
there is still a need for trainingn the proposed elements so that participardanunderstand
the perspectivechange abouthe planrepresentation It also indicates the need f@ more
detailed training about the use of provided tool features before the beginningtloé
experiment so that participants get the best out of thne

The fifth challenge concerns the developed tool. Besiugeshingthe implementation
of featuresrelated o the plan aaptation, it is necessary to adjust thol interface fora
better visualization o$tate variables andll provided informatiorat the same timelt impacts
LI NOAOALI yGaAQ dmgking.@2aAa yR RSOAAAZ2Y

Research evaluation is another important aspect to discussgular phenomena in
complex environments, such d&mergency Managemenare not simple to simulate in a
laboratory. Thus, data from real cases was gatheredietsign a scenarj@s close as psgle
to the reality faced by emergency response team®rder toshowthe approach applicability
andhighlight the problems found during its applicationheavy rainand possible solutions
employed.

In addition, there is also a difficulty inviting able people forresearchevaluation.
Professionals with a very specific profile, whether from the emergency domain or other

possibledomains forresearch application, are required for the propesearchevaluation.
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7 Corclugon

This chapterevisits the main points discussed throughout the thesis, presenting the
results obtained with the proposed solution and tiesearchcontributions. In addition, it

details theproposallimitations identified during thexperimentexecution and future wde

7.1 Thesis summary

Being prepared for adaptation is important whamorking in complex environments,
especially wherhandlingirregular phenomena Characteristics as subjective definitipmas
variety of alternatives and combinationsgynamic execution,unexpected restrictions,
unpredictable decisionand incremental response impose new difficultiesidentifyinga
well-defined and viablevay to handlgehesephenomenaThus, duringhe plan applicationit
IS common to face unforeseen situations, which may arise due to the lack of knowledge during
planning, the application of the planned actions durihg phenomenorhandling, and/or by
the situation evolution ard the occurrence of events thatr@a not expected duringthe
phenomenonhandling Asa result, the prior developed plan becomes inappropriate to be
followed, beingnecessary to identify alternativeolutionsand male decisions at runtime to
solve the identified unforeseen situation and handle trgoingirregularphenomenon

As stated beforeirregular phenomenare a very rich context for researcproviding
different aspeds to explore Research opportunitiegare identified in both planning handling
and evaluatioractivities Researchon planningaims to desigm planthat allowsthe definition
or adaptation of the irregular phenomena at runtipmaay anticipate the need for adaptation
and facilitate the inclusion of new actions to the existing pResearchon handlingaims to
apply, monitor and adjust a prior developed plan be suitable for handlinghie ongoing
phenomenon Research on evaluation aims to collect and use information about the
phenomenon handling as input for a plan evaluation, thus allowing the planning team may
provide a more suitable plan for handling future irregular phenomena.

Within this scopethis thesis hasocusedon the handling activityMore specificallyit
has addressed the difficulty in diagnosing unforeseen situationgdjustingprior developed
plans during their application Interviews with physicians and Civil Defense agents were

carried out to confirm the problem existenadgentify methods used to diagnose and handle,
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at runtime, eventsand situations that were not foreseen in the plan, and liseé tmain
difficulties faced while carrying out these tasks

The approacHor on-the-fly adaptationof plans in unforeseen situationgas proposed
to assist the response teanBy monitoring the selected plan, considering ffteenomenon
observed situatiorand a set of predefined parametersit is possible to assesfsthis planis
still appropriate tobe appliedin the ongoingirregular phenomenaor if someunforeseen
situation has been identified and requires further analysis. If any unforeseen situation has
occurred, the interpretatiorallowscharacteriing the unforeseensituation and determimg
if it hasproduced a disruption in the plan. When a disnigptis reported, the plamadaptation
allows thedevelopmentand selection of alternative solutions to this disruption, which must
be applied duringhe irregularphenomenonrhandling.

A tool has been developetb support the identification and interpretatio of
unforeseen situations during the prior developed plan applicatibrwasused during two
experimens in the emergency management domain.eBleexperimens aimedto evaluate
the applicability contributions and limitations of the diagnosisaspect ofthe proposed

approach.

7.2 Results

The experiment resultmdicatethe feasibility of the proposal to deal with unforeseen
situations while handlingregularphenomenain complex environments. It provides a more
systematiovay tohandk unforeseen situationdesides a widesupport to decisiormaking
by providing mechanisms thdtelp the diagnosis and treatment of unforeseaituations,
makingthe plan becomeuitable and effective fathe actualsituationfaced Toconcludethis,
the resultsfor the followingaspects of the approachere considered

The first aspectoncernsthe identification of unforeseen situations in the existing
plan. The resultsndicate that all proposed unforeseen situations were quality and timely
identified. Participantsvere also satisfied with provided mechanisms (plan presentation and
detailing, and mechanisms for indicatinglan problems) for unforeseen situations
identification. However, it is still necessarypoovidetrainingon proposed plarelements and
usngthe provided tooffeatures

The second aspect concerns the interpretation of unforeseen situations in the existing

plan. The resultsndicate that all proposed unforeseen situations weggiality and timely
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handled. Participants were also satisfied wigrovided mechanisms (information for
unforeseen situatioranalysis andharacterization, and mechanisms for indicatwayiables
inconsistencies) for unforeseen situationgerpretation. However, it is still necessary to
provide training on proposed plarelements andusing the provided tool featuredesides
providing additional knowledge and making adjustments in tool interface for a better
unforeseen situatioranalysisand decision making.

Thethird aspectconcernghe adaptation othe incompatible planTheresultsindicate
that all disruptions have beeprovided with relevant solutions. Participants were also
satisfied withprovidedmechanisms (informatiofor providingsolutions) foplanadaptation,
although adaptation istill occurring in a limitedvay. Howeverit is still necessary to provide
training on ugg the provided toolfeatures, besides providing additional knowledge for a

better unforeseen situation analysis and decision making.

7.3 Contribuions

The main research combution wasthe approach for orthe-fly adaptation of plans in
unforeseensituations tq at runtime, diagnose unforeseen situations and adapt plans that
have become unsuitable for handling the ongoimggularphenomenon Although there are
other proposals to deal wh unforeseen situations that impadhe prior developed plans
which werecitedin this thesis, the purpose of theresentresearchdiffers from the others in
two aspects:

1 the support inthe decisionmakingprocess for handling unforeseen situat®as a
whole, fromthe identification of unforeseen situations, going throutyie diagnoss of
their impacton the existing plans, to perforimgadjustments to make the plan suitable
for handling theunforeseen situation

1 dealing withboth explicit and tacit knowledge toandleunforeseen situations, which
allows identif/ingand diagnosingnforeseen situations and providing a wider range of

alternative solutions for them.

Besides the main contribution, it is possible to highlightestbontributions resulting
from the thesis:
1 Systematization of the decisiemaking process for dealing with unforeseen situations

in dynamic environmentandwith high degree of unpredictability;
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1 If improvisation is unavoidabl@roviding amore structuredimprovisation since it will

include information hat guidesthe identification of alternativesolutions

Some products were also generated during this research:

1 Requirementselicitationand development of computational prototyge support the
proposedapproach;

1 Approachillustration andevaluationin example scenar®(healthcare domain and
emergency management domain);

1 Domain understanding andesearch tseminationthrough the papersDiirr et al.
(2013) Diirr et al. (2015andDiirr and Borges (201@ndresearchassociation tather

research inCordeiroet al. (in progress

7.4 Limitations and future work

It is expected thathe proposals presented throughout this thesigy be discussed
and explored in future researels that address the diagnosis arthndlingof unforeseen
situations in complex environnmés. Thesaesearchesill help tore-evaluate and evolvéhe
proposedapproach.

Some aspects of the proposed approach still needepth study Concerning the
procedure monitoring, the challenge is teformat the recommendegblanto the proposed
elements (actiorstate-resourceeventgoal). During reformatting, it is possible to identify
missing information sinceome elements cannot be filled only by the information available in
the existing planThisinterferesthe identification of unforeseen situations amdaygenerate
unnecessaryplan adaptationsResearch on planning phaskouldprovide mechanisms that
support a better systematization of plan development and evolu#otivities

Regardinghe unforeseen situatiomterpretation, thechallenge concerns the impact
2F GKS LI NI A OA LI y camPrenSrisidamaly sty TOeSunfiretmeh sitdhtion K S
may be considered a demand for adaptation or something that requires no further action
depending orparticipanQd SELISNASYy OSd ¢KA& YI& RSYIYyR |
or laclsthereof when there is such a neédis expectedhat theprovision ofa completeprior
knowledge base should reducthis problem since the response team case more

informationto baseits decision
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As forthe planadaptation,the challenge concern® design a mechanism to support
and systematize improvisation.speculation guidshould allowthe responsdéeam tocreate
new connections between the available resources and between these resources and their own
experiences in other phenomena to devise a set of possible solutions for the disruption
Structuring a mechanism that guides and helpsexternalization otacit knowledge is not a
trivial task. More than that, besides helping to externalize this knowledge, this guide should
alsoenablethe organization oknowledge, so it can be effectively appliedive unforeseen
situation. l.e. it is necessaryo identify mechaisms that facilitate the organization dfie
speculatedknowledgeaccording to the proposed elemenkefore incorporaing it into the
existing planA guide that reduces the need targanizethe speculated solutions into the
proposed elements is still redred.

The tool also requireturther features developmentin the current tool versionthe
plan is set internallylt is necessary to enabtbe recoveryof plans that are stored externally
to the tool andthe tool configuration from this plan. It is also necessary to develop
mechanisms thaallow the planredesign fromits execution In the current tool versionthe
information about the plan execution is storad the system log andf the planning team
needsto improvethe plan fromthis information, the planning teammust analyze tlis log.
Features relatedo planadaptation described in section 5,4lso need to be develope&uch
featuresdevelopmentwill allow the evaluation othe approachaspects that could not be
evaluated durig the planned experiment.

In addition new experimentshouldbe conducted An experiment focusing on the
plan adaptation proposal is required to fully evaluate the approach fetherly adaptation
of plans in unforeseen situations. In additi@xperimentsin other domainswould helpto
observedifferentimpacts of applying theproposedapproach. The results of such experiments
serve as important inputs to the assessment avdlutionof the proposed approach.

Finally,research on planningp irregular phenomenare is still openThe uncertainty
and lack of knowledge about the environment must be recognized from the beginning of the
plan development. From this perspective, demands for adaptation duringirtiegular
phenomena handlingre no longr adhoc, but something that can be minimally anticipated,
which facilitates their treatment. Planshould bedesigned tohighlight points that require

specialattention or are more likely to be changed durihgndling It allows anticipating the
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need foradaptation, predicting the impact that changes will have on the plan, and helping to

indudethe information that emerges duringandlinginto the existing plan
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Glossary

Thisglossarydetails the definitions of terms used throughout the thesis. Itsaim
standardize the understanding of the adopted terms since there is no consensus about them.

In addition, it provides a conceptual framework connecting these terms.

Term Definition
Action Atomic task performed to achieve a goal. It aims to take the phenome

from one state to another by changing the state variabalsiesand uses
different resources. It is expressed through the task to be performed,
goal to be achieved and the necesseesources to execute it (DIIRR et
2013).

Case A pieceof contextual knowledge that records an episode where a prob
has been totally or partially solved. In other words, it records
experience in dealing with a specific problem that contributesome way
with a better solution for it. It comprises (a) a description of the relev
aspects of the problem to be solved; (b) the description of the solu
associated with the problem in terms of procedure, sequence of acti
diagnosis, classifition, design etc.; and (c) an evaluation of the solut
used to solve the problem (KOLODNER, 1993).

Context A complex description of the shared knowledge about the physical, s
and historical conditions, within which actions or events oc
(BREZILLON, 1999). In other words, the context allows determining
where, when, what and why certain circumstance occurs (AB@WAD
1999). The context awareness provides greater insigitb the
phenomenon.

Critical state variables State variablethat are more likely to cause negative impact if not prope
handled and/or that must be considered aspeority during handling.
They can be critical for the whole plan or for a specific action.

Current knowledge Al knowledge generated by the phenomenevolution and the
consequences of the handling (DINIZ, 2005).

Disruption Disturbance or problem thainterrupts an event, activity or process t
continue in its normal way (OXFORD). The disruption makes more di
to the prior developed plan proceeas expected, and, agsult, it may
become no longer applicable to handle the ongoing phenomenon.

Event Something that can change things from a-tate to a posistate, thus
representinga possibletransformation from one situation to anothe
situationin reality (GUIZZARBNnd WAGNER, 2005).has animpacton
the state variables (DIIRR et al, 2013).

Goal What should be achieved during handling. It may be composedlamjoals
(DIIRR et al, 2013).
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Term Definition

Improvisation

Irregular phenomena

Lessons learned

Non-critical state
variables

Phenomena

Phenomenon
expected situation

Phenomenon
observed situation

Phenomenon
unforeseensituation

The procesthat involves the interpretation of the phenomenon observ
situation and the identified problems, the articulation of the availat
resources and the design of solutions for handling the disruptior
involves the recombination of the resources avasabfor the
phenomenon handling, including the selected plan, the situa
awareness of the phenomenon, plans developed for similar phenom
reports that describe how past phenomena were handled, pers:
experience in dealing with similar phenomena eto.develop a solution
for the identified disruption (LEWIS and LOVATT, 2013; LEY et al,
LONG and YU, 2009; MENDONGCA and WALLACE, 2007; C
PRESSING, 1988; TAN and HALLO, 2008; WEICK, 1998).

Phenomena that it is possible tmagine, but it is difficult to know all thei
details in advance, commonly face unpredicted events and unfore:
situations, and require creativity in performing actions and decis
making (DE MAN, 2009; FRANKE et al., 2010; LAKSHMANAN et al
RICHERVON HAGEN et al., 2005; SWENSON, 2010; WESTRUM
WHITE, 2009).

The learning gained from a project realization (DUFFIELD and Wi
2012; PMI, 2013), which helps to transfer the experience and knowl
gained from a specific pr@gt to new projects in order to improve futur
performance (BUTTLER and LUKOSCH, 2013).

State variables thado not cause negative impact if not properly handl
and/or does not need to be considered apr&ority during handling.

Something (fact or event) that happens or exists and that can be obse¢
or experienced (MERRIAWEBSTER; OXFORD). Events occur c
phenomena, changing the phenomenon observed situation to ano
situation. This new situan may be an expected situation or ¢
unforeseen situation.

The situation that is described in the plan.

The situation that is observed during the phenomenon evolution.

The situationwhere the expected situation evolution does not match t
observed situation evolution. They may arise due to the lack of knowl
during planning, the application of the planned actions during
phenomenon handling and/or by theccurrence of events that are nc
expected during the phenomenon handling, and may lead to |
disruptions.
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Term Definition

Plan

Planning team

Prior knowledge

Process

Referents or schemas

Regular phenomena

Resource

Response team

An artifact that defines a set of actions that must be followed to achie\
goal within a specific timeframe (SCHANK and ABELSON, 19
describes a set of possible events and situations arising from them
details what must be done, when, where, how and by whom, bes
being described scenarios related to the best, expected and worst
(BUSINESS DICTIONARY; OXFORD; THE FREEARILTIOMN:
information is elicited and can be described through natural langt
(textual documents), or informal (illustrations with steps) or formal (P
net and business processes) graphical representations.

A groupof people who are rgponsible for detailing a set of possible eve
and situations arising from them, and devising what must be done, w
where, how and by whom, to handfghenomenaoccurring in a comple:
environment.

Any knowledge that exists about the ghomenon before its occurrenc
and need for handling. It may be a formal knowledge, which is detailt
documents as planguidesand reports describing prior handling, or
personal knowledge, which exists in the mind of theponseteam and
was obtaired during past experiences in phenomena with sim
characteristicstrainingand simulations (DINIZ, 2005).

The sequencef dependent and interconnected actions, which consu
one or more resources (human, energy, equipment, money etc.
conveat inputs (data, material, components, etc.) into outputs. The
outputs serve as input for the next action until a known goal or re
(products or services with value to the client) is reached (BUSII
DICTIONARYDUMAS et al., 2013; RICHNEBN HAGENt al., 2005;
SHARP and MCDERMOTT, 2009).

General knowledge structures that people use daily to predict
understand what is expected in different problems (BARTLETT ap882
LEWIS and LOVATT, 2013; PRESSB¥8). Throughout lie, people
subconsciously build up a large array of schemas/referents that drive
expectations and organize their knowledge of the world.

Phenomena that allow an easier identification of all possible events
may occur and detailg the situations assumed during phenomena
advance. They are wekhown, possess a specific and detdipattern, and
allow an advanceplanning and repeated execution (HAMACH
RAMDAS, 2011; SWENSON, 2010; WESTRUM, 2006).

Aset of elements that is necessary to perform an action (DIIRR et al, Z

A group of people who are responsible for deciding and taking actior
handle phenomenaoccurring in a complex environment. These peo
may be organized into ddrent response teams, such as (a) the con
team, which manages the information coming from different sources
controls people workingn the field; and (b) the operation team, which
in the field to handle the phenomenon.
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Term Definition

Situation

Situation awareness

State

State variable

Validity range

Aset of circinstances (factg;onditionsand events) in which someone «
something finds oneself at a specific time and place (MERRVERSTEF
OXFORD).

The ability to identify, process and understand the information about w
is happening with the response team at any given time and space, be
predicting how this condition will change over time and how extel
factors might affect the circumstancaded(ENDSLEY, 1988; HADDOV
al, 2011; MERRICK and DUFFY, 2013; UNITED STATES COAS
1998).

Characteriation of the phenomenon at a specific moment. The state
expressed through a set of variables, which has associated values the
charge over time (DIIRR et al, 2013).

Variables that describes a state, comprising people involved, reqt
information, required systems, required material resource, exis
restrictions, estimated elapsed time at that point of the phenomer
handling, estimatedostat that point of the phenomenon handling ar
expected action result. It has associated values that may change ove
and can be classifieas critical or noncritical state variable (DIIRR et .
2013).

Range®f values within which the conditions for handling each (critica
not) state variables remain valid for the ongoing phenomena.

CONCEPTUAL FRAMEWORK OF GLOSSARY
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Appendix1 ¢ Contingency fan for heavy rains

This appendixises the elements proposég the approach for othe-fly adaptation
of plans to detaithe contingency plan for heavy raimstormation about the contingency plan
was obtained fronBUBDE@015a),SUBDE®015b),SUBDE®015c) Annex 1Annex Zand
meetings with agents at (a) ©mlenacdo do Sistema de Defesa Civil (COSIBEC)
09/Aug2016, and (b) Centro de Operacfes Rio (GORP/Aug2016.

Initial state | Action |
People involved
Civil Defens¢COR)

Requiredmformation:
| dzZNNIBeytdiRidistage
Current rain levéarea/hour
Radar information

Required sgtems: Monitor meteorological conditions
Site websirene.rio.rj.gov.br
Site riomidia.cor.rio.gov.be/externo/alertario

Required material resource
Internet infrastructure

Existing estrictions:

People involved:
Civil Defens¢COR)

Required information
/ dZNNBy i a! €t SNII wAz2é
Current rain level/area/hour
Radar information
Scale shift

Required systems:

Site websirene.rio.rj.gov.br Send team to Alerta Rio and Control roor
Siteriomidia.cor.rio.gov.be/externo/alertario

WhatsApp

Email

Required material resource:
Cellphone
Internet infrastrudure

Existing restrictions:




Initial state

People involved:
Civil Defens¢COR)

Required information:
/| dZNNBy (i ostageSNI I wA2é
Current rain levéarea/hour
Radar information
Alarmstatudarea

Required systems:
Site websirene.rio.rj.gov.br
Site riomidia.cor.rio.gov.be/externo/alertario

Required materialesource:
Internet infrastructure

Existing restrictions:

Check alarnstatus
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Action

People involved:
Civil Defens¢COR)
Responsible for alarm maintenance

Required information:
/ dZNNBy G a! €t SNI I wA2é
Current rain level/area/hour
Alarm statugarea
Contact information (telephone number)

Required systems:
Site websirene.rio.rj.gov.br
Site riomidia.cor.rio.gov.be/externo/alertario

Required material resource:
Telephone
Internet infrastructure

Existingestrictions:

Contat respongble
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Initial state Action

People involved:
Civil Defens¢COR)

Required information:
/| dZNNB y (i cstageSAtt@Ention wA 2 &
Current rain levébarea/hour
Radar information
Authorization of Civil Defese Coordinator
Recipient list (telephone number)

Required systems:
Site websirene.rio.rj.gov.br
Site riomidia.cor.rio.gov.be/externo/alertario
Site sms2.streamtel.com.br (SMS sending)

Required material resource:
Internet infrastructure

Existingestrictions:

SendSMSo citizens

People involved:
Civil Defens¢COR)
Agentes Comunitarios de Saude (ACS)
Community leaders

Required information:
| dZNNBy (i cstageSAtt@Ention wA 2 €
Current rain levéarea/hour
Radar information
Authorizationof Civil Defese Coordinator
Recipient list (telephone number)

Required systems:
Site websirene.rio.rj.gov.br
Site riomidia.cor.rio.gov.be/externo/alertario
Site sms2.streamtel.com.br (SMS sending)

Required material resource:
Internet infrastructure

Existing restrictions:

SendSMSo ACSand community leaders
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Initial state Action

People involved:
Civil Defens¢COR)
Agentes Comunitarios de Saude (ACS)
Community leaders

Required information:
/ dZNNBy i a! €t SNI I wAz2é
Current rain level/area/hour
Radar information
Alarm status/area
Recipient list (telephone number)

Required systems:

Required material resource:
Telephone number

Existing restrictions

Che& SMS

People involved:
Civil Defens¢COR)
Agentes Comunitarios de Saude (ACS)
Community leaders

Required information:
/| dZNNBy (i cstageSOxdisl wA 2 €
Current rain levearea/hour
Radar information
Alarm status/area
Community leaders ligtelephone number)

Required systems:
Site websirene.rio.rj.gov.br
Site riomidia.cor.rio.gov.be/externo/alertario
Site sms2.streamtel.com.br (SMS send)

Required material resource:
Telephone

Existing restrictions:

Mobilize community leaders
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Initial state Action

People involved:
Civil Defens¢COR)

Required information:
/| dZNNBy (i ostageSOxdisl wA 2 €
Current rain levéarea >55mm in 1h; >150mm i
24h and 5mm/h; >275mm in 96h and 5mm/h
Radar information
Alarmstatudarea

Required systems:
Site websirene.rio.rj.gov.br
Site riomidia.cor.rio.gov.be/externo/alertario

Required material resource:
Internet infrastructure

Existing restrictions:

The minimum period of the alarm condition will |
(a) 2 (two) hours, in case of alarm activation base(
the criteria of 1h accumulated rainfall; (b) 3 (thre
hours, in case of alarm activation based on |
criteria of 24h accumulated rainfall; (c)féyr) hours,
in case of alarm activation based on the criteria of ¢
accumulated rainfall.

Adivate mobilization alarm

People involved:
Civil Defens¢COR)
Agentes Comunitarios de Saude (ACS)
Community leaders

Required information:
/ dZNNBy i a! €t SNII wAz2é
Current rain level/area >55mm in 1h; >150mm
24h and 5mm/h; >275mm in 96h and 5mm/h
Radar information
ACS and Community leaderkst (telephone
number)

Required systems:
Site websirene.rio.rj.govtb
Site riomidia.cor.rio.gov.be/externo/alertario

Required material resource:
Internet infrastructure
Telephone

Existing restrictions:

Chek alarm
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Initial state Action

People involved:
Civil Defense (COR)
Communityleader
Civil Defense agent

Required information:
/ dZNNBy i a! €t SNI I wAz2é
Current rain level/area >55mm in 1h; >150mm
24h and 5mm/h; >275mm in 96h and 5mm/h
Radar information
Alarm status/area
Community leaders list (telephone number)
Nonworking alarm confirmation

Required systems:
Site websirene.rio.rj.gov.br
Site riomidia.cor.rio.gov.be/externo/alertario

Required material resource:
Internet infrastructure
Alarm area keys
Alarm

Existing restrictions:

The manual operation must be performed by tt
technical team, CiviDeferse agent or trained anc
authorized person of the community (preferably tl
community leader).

Manual ativation
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Initial state Action

People involved:
Civil Defense (COR)
Agentes Comunitarios de Sau@eCs)
Community leaders
Civil Defense agent

Required information:
/ dZNNBy i a! €t SNI I wAz2é
Current rain level/area >55mm in 1h; >150mm
24h and 5mm/h; >275mm in 96h and 5mm/h
Radar information
Alarm status/area
Nonworking alarm confirmation

Required systems:
Site websirene.rio.rj.gov.br
Site riomidia.cor.rio.gov.be/externo/alertario

Required material resource:
Internet infrastructure
Whistles

Existing restrictions:

Use alternative alarnmechanism

People involved:
Civil Defens¢COR)
Secretaria Municipal de Assisténcia Social (SM;

Required information:
/| dZNNBy (i ¢stadeSQUiEid wA 2 €
Current rain level/area >55mm in 1h; >150mm
24h and 5mm/h; >275mm in 96h and 5mm/h
Radar information
Alarm status/area
SMAS contact (telephone number

Required systems:
Site websirene.rio.rj.gov.br
Site riomidia.cor.rio.gov.besderno/alertario

Required material resource:
Telephone
Internet infrastructure

Existing restrictions:

Mobilize SMAS




Initial state

People involved:
Civil Defens¢COR)
Agentes Comunitarios de Saude (ACS)
Community leaders
Civil Defense agent
Secretaria Municipal de Assisténcia Social (SM;

Required information:
/| dZNNBy (i ostageSQEiss wA 2 €
Current rain levearea/hour
Radar information
Alarm status/area
Safety area location
Identified issuegvia 199)

Required systems:
Site websirene.rio.rj.gov.br
Site riomidia.cor.rio.gov.be/externo/alertario
Sitewww.sgrc.rio.gov.br

Required material resource:
Internet infrastructure
Telephone

Existing restrictions:

Action

Monitor safety area
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Initial state Action

People involved:
Civil Defens¢COR)

Required information:

/| dZNNBy (i cstageSQNiEiss wA 2 €

Current rain levéarea <2mm in 2h when alarr
activationin case of mnt; <2mmin 3h when alarm
activation in case ofnm/24h; <2mmin 4h when
alarm activation in case aim/96h

Radarmformation

Alarm list/Risk area

Weather forecast is rain <6mm/h

Required systems:
Site websirene.rio.rj.gov.br
Site riomidia.cor.rio.gov.be/externo/alertario

Requiredmaterial resource:
Internet infrastricture

Existing restrictions:

The demobilization alarm should ordg activated
after checking the following conditions: (a) when t
criteria used to alarm activation (mm/lmpm/24hand
mm/96h) is not being obseed; (b) when there i
enough natural light; (c) if the accumulated rain is
to 2 mm/h for: 2 (two) consecutive hours, in case
alarm activation by mm/h; 3 (three) consecuti
hours, in case of alarm activation by mm/24h; an
(four) consecutive how; in case of alarm activatio
by mm/96h; and (d) shofterm weather forecasi
(next two hours) in the region is rain lower than
mm/h.

Adivate demobilization alarm
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Appendix 2¢ Adopted scenario for kavy rairs

This appendighows the adopted scenaffior approach evaluatioriJseful information

was obtained fromAnnex 2 Annex3, Annex 4and meetings with agents at (a) Coordenacéo
do Sistema de Defesa Civil (COSIDEC) on 09/Aug/2016, and (b) Centro de Operacdes Rio (COF

on 12/Aug/2016.All messagesand meteorological conditions were provided to participants

along the experimentia support tool antbr datashow

Scenario description
January in the city of Rio de Janeiro. Historically, it is a peribdadyrains and hot weather. The
forecast indicates many cloudsver the city and the possibility of heavy rann the late
afternoon/early eveningSome rain showersvere identifiedin different areas of the citat 17h30
andthe current weather conditionsra:

Rainfall data - 17h30

Rain intensity: Light (0,2-5mm/h) - - Heavy (25,1-50mm/h) - Extreme (>50mm/h}
Sirenes Sirenes
Pluviometer Region District Pluviometer Region District
on/off e On/off .
1/0 |Guararapes 1 v Cosme Velho 1/1 |Engenho da Rainha 1 X¥Il  |Engenho da Rainha
1/1 |Santa Marta 1 IV |Botafogo 2/0 |Parque Nova Maracd 1 Xl  |Tomas Coelho

|_1/0_]vila Percira daSilva

Chapéu Mangueira 1

3/1  |vidigal 3 )il Vidigal
5/2 |Rocinha 8 (Laborieaux) ¥XVIl |Rocinha
1/1 |Cariril X Olaria

| 0/1 [Guaiba / V. Pequeril

2/2  |Urubu 2 X1l |Pilares
1/0 |Rua Bricio de Moraes 1 XI¥  |Thomas Coelho
1/1 |lardim do Carmo 1

Vila Kosmos

1/0 |Sitio Pailodo 1 Itanhanga

Beginning of theexperiment
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-——--after 10sin actiond a 2 y metedrbldgicaconditiong-----
¢ Alerta Ridnforms that there is an increasde rain intensity

----after 30s----
¢ Alerta Rio publishes the rainfall data at 17h45
¢ Light rain over regionB/Laranjeiras, \Copacabana, XTloméas Coelho, XVila Kosmos, XVaz
Lobo, X\fPraca Seca and XMtednhanga
¢ Moderate rain over regions fMaranjeiras, \Copacabana, -®laria, XPenha, XXk&leméao, XH
Tomés Coelho, Xllins, XIWila Kosmos and X¥az Lobo

Raiin intensity: Light (0,2-5mm/h) - - Heavy (25,1-50mm/h) - Extreme (>50mm,/h)
Sirenes Sirenes
Pluviometer Region District Pluviometer Region District
on/off E on/off E
1/0 |Guararapes 1 IV |Cosme Velho 1/1 |Engenho da Rainha 1 Xl |Engenho da Rainha
1/1 |Santa Marta 1 v Botafogo 2/0 |Parque Nova Maraca 1 ¥l |Tomas Coelho

1/0_[Relicério 1 Xil_[inhatima
2/0 |Cachoeirinha 1 XNl |Lins de Vasconcelos
1/0 |Cotia 1 X111 |Lins de Vasconcelos
0/1 |Nossa Senhora da Guia 1 Xl |Lins de Vasconcelos

1/0 |vila Cabugu 1 X111 |Lins de Vasconcelos

3/1  |vidigal 3 VI |Vidigal 1/0 |Matriz X1l |Lins de Vasconcelos

5/2 |Rocinha 8 (Laborieaux) KXVl |Rocinha 1/0 |Mineiros X |Pilares

1/1 |Cariril X Olaria 3/1 |58o0Jodo2 X111 |Lins de Vasconcelos

1/1 |Caracol 1 Kl Penha 2/0 |Morro do Céu 2 X1l |Lins de Vasconcelos

0/1 |Guaiba /V.Pequeril Xl Bras de Pina 2/0 |Ouro Preto 2 XNl |Lins de Vasconcelos

2/0 |MorrodaFél Kl Penha 2/2 |Urubu 2 X1 |Pilares

1/0 |Sereno 1 Kl Penha 1/0 |Rua Bricic de Moraes 1 XV |Thomas Coelho

1/0 |Adeus 1 HHIK [AlemEo 1/1 |Jardim do Carmo 1 XV |Vila Kosmos

1/1 |Piancé 2 XXX |[AlemEo

1/0 |Baianal HKHIK  [Alemd3o

2/0  |Alemdo 1 (Armando Sodre) XK1Y |AlemEo _

2/1 |loaquim de Queirdz 1 (Canitar)| XXIX |Alem3o

1/0 |Mova Brasilia 1 HKHIK  [Alemd3o

2/0 |Parque Alvorada 2 HHIK [AlemEo

2/0 |Palmeira 2 XXX |[AlemEo

2/0 |Vila Cruzeiro 1 HKHIK  [Alemd3o

1/0 |Sitio Pailodo 1 Itanhangd

after 30s
¢ Civil Defense coordinator informs that the team heached thepre-attention stage

—4 FGSNI mna Ay I OlA 2andCoftrANIR2-¥S | ¥ (2
¢ The teamhas arrived at Alerta Rio and Control room

----after 15sin actiondCheck alarm statids----
¢ Team has been informed that the alarms in some regionHrkne

--—--as soon as actiof / 2 gf iédponsiblé begin----
¢ Call ta 999999999

-----after 5s-----
¢ It was not possible to contathe responsible companyNumber is out of coveragarea
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-—-—-after 5sin actiond a 2 Y metedrbldgicatonditiong-----
¢ Alerta Ridnforms that the city has reached the attention stage

-----after 10s----
¢ Alerta Rio publishes the rainfall datakh
¢ Light rain over regions X¥Praca Seca
¢ Moderate rain over regions HWaranjeiras, \Copacabana, Widigal, XX\Rocinha, »Olaria, X
Penha, XXk&lemao, XHTomas Coelho, Xllins, XIWila Kosmos, XVaz Lobo and X\/ltanhangé
¢ Heavy rain over regions Xlbmas CoelhoXlItLinsand XWaz Lobo

Rainfall data - 18h

Rain intensity: Light (0,2-5mm/h) - - Heawy [25,1-50mm/h) - Extreme (>50mm,/h)
i;:;ﬁ Pluviometer Region District i;:::; Pluviometer Region District
1/0 |Guararapes 1 IV  |Cosme Velho 1/1 |Engenho da Rainha 1 X¥Il  |Engenho da Rainha
1/1 |Santa Marta 1 IV |Botafogo 2/0 |Parque Nova Maraca 1 XIl  |Tomas Coelho
0/1 |Tabajaras 1 v Botafogo 2/1 |Parque Silva Vale 3 ¥l |Tomas Coelho
1/0 |vila Pereira da Silva IV |Laranjeiras 1/0 |Relicdrio 1 Xl |Inhaima
2/0 |Cabritos 1 V') Copacabana 2/0 |Cachoeirinha 1 X1l |Lins de Vasconcelos
2/0 |Cantagalo 1 V' Copacabana 1/0 |[Cotial Xl |Lins de Vasconcelos
1/1 |Chapéu Mangueira 1 v Leme 0/1 |Mossa Senhora da Guia 1 X1l |Lins de Vasconcelos
2/1 |Pavdo-Pavdozinho 3 V') Copacabana 1/0 |Vila Cabugu 1 X1l |Lins de Vasconcelos
3/1 |Vidigal 3 Vi Vidigal 1/0 |Matriz Xl |Lins de Vasconcelos
5/2 |Rocinha 8 (Laborieaux) XXVII |Rocinha 1/0 |Mineiros X1 |Pilares
1/1 |Cariri 1 ® Olaria 3/1 |S3oJodo 2 X1l |Lins de Vasconcelos
1/1 |Caracol 1 Xl Penha 2/0 |Morro do Céu 2 X1l |Lins de Vasconcelos
0/1 |Guaiba /V. Pequeril Xl Bras de Pina 2/0 |Ouro Preto 2 Xl |Lins de Vasconcelos
2/0 |MorrodaFé 1 X1 Penha 2/2  |Urubu 2 X1 |Pilares
1/0 |Sereno 1 Xl Penha 1/0 |Rua Bricio de Moraes 1 XV |Thomas Coelho
1/0 |Adeus 1 XXX |alemao 1/1 |Jardim do Carmo 1 XV |Vila Kosmos
1/1 |Piancé 2 KXIK |alemdo 4/0 |[Juramento 2 XV |Vicente de Carvalho
1/0 |Baiana 1 KHIK  |Alemdo 0/1 |S3o Miguel Arcanjo 1 XV [Madureira
2/0 |Alemac 1 {Armando Sodre) XXX |alemao 2/0 |Sapel XV |Vaz Lobo
2/1 |loaquim de Queirdz 1 (Canitar)| XXIX |alemdo
1/0 |Nova Brasilia 1 KHIK  |Alemdo
2/0 |Parque Alvorada 2 KHIK  |Alemdo
2/0 |Palmeira 2 XXX |alemao
2/0 |vila Cruzeiro 1 KXIK |alemdo
2/0 |Rio das Pedras 1 XVIV |lacarepagua
1/0 |Sitio Pai lodo 1 VIV |Itanhanga

-----after 10sin actionéSendSMSo citizeng-----
¢ Civil Defense coordinator could not be reached to authorize the SMS sending

-----after 15sin actiondcSendSM3o ACSRnd community leaders----
¢ Some telephone numbers do not exist or are outdated.




148

---—-after 10sin actiond a 2 Yy metedriiigicd conditiorsé-----
¢ Alerta Ridnforms that the city has reached the crisis stage

-----after 10s----
¢ Alerta Rio publishethe rainfall data at 19h
¢ Moderate rain over regions fMaranjeiras, \Copacabana, -Blaria, XPenha, XXk&leméao, XH
Tomés Coelho, XVila Kosmos, X\Araca Seca and XMbednhanga
¢ Heavy rain over regions -DNaranjeiras, \Copacabana, XTlomas Coelho, XHLins, XIWila
Kosmos, X¥Waz Lobo and X\Hltanhanga
¢ Extreme rain over regions-Vidigal, XX\\Rocinha and Xillins

Rainfall data - 19h

Rain intensity: Light (0,2-5mm/h) - - - Extreme (>50mm/h)
il};jgﬁﬁ Pluviometer Region District i;;jﬁ Pluviometer Region District
1/0 |Guararapes 1 IV  |Cosme Velho 1/1 |Engenho da Rainha 1 X1l |Engenho da Rainha
1/1 |Santa Marta 1 IV  |Botafogo 2/0 |Pargue Nova Maraca 1 Xl |Tomas Coelho
0/1 |Tabajaras 1 v Botafogo 2/1 |Parque Silva Vale 3 Xl |Tomas Coelho
1/0 |vila Pereira da Silva IV |Laranjeiras 1/0 |Relicdrio 1 X1l [Inhadma

2/0 |Cabritos 1 Vi Copacabana
2/0 |Cantagalo 1 v Copacabana
1/1 |Chapéu Mangueira 1 1 Leme

2/1 |Pavdo-Pavdozinho 3 Vi Copacabana

1/1 |Cariri 1 X Olaria

1/1 |Caracol 1 Xl Penha

0/1 |Guaiba / V. Pequeril bl | Bras de Pina

2j0 |MorrodaFé 1 Xl Penha 2/2  |Urubu 2 Xl |Pilares

1/0 |Serenoc 1 Xl Penha 1/0 |Rua Bricic de Moraes 1 X1V  |Thomas Coelho

1/0 |Adeus 1 XXX |Alem3o 1/1 |Jardim do Carmo 1 XV |Vila Kosmos

1/1 |Piancé 2 XXX |AlemBo 4/0 |Juramento 2 XV |Vicente de Carvalho

1/0 |Baiana 1 XXX |Alemdo 0/1 |Sd8o Miguel Arcanjo 1 XY [Madureira

2/0 |Alemao 1 (Armando Sodre) XXX |Alem3o 2/0 |Sapel ¥V |Vaz Lobo

2/1 |loaquim de Queirdz 1 (Canitar)| XXIX |Alemdo 3/0 |Bardo1l ¥VI |Praca Seca

1/0 |Mova Brasilia 1 XXX |Alemdo 1/0 |Comandante Luiz Souto 1 XVl |Praga Seca

2/0 |Parque Alvorada 2 XXX |Alemdo 1/0 |Espirito Santo 1 XVl |Praga Seca

2/0 |Palmeira 2 XXX |Alem3o 1/1 |Rua Quiririm 1 X1 |vila Valgueire

2j0 |vila Cruzeiro 1 XXX |AlemBo 1/0 |lgnacio Dias 1 ¥V1 |lacarepagua
2/0 |Rio das Pedras 1 XVIV  |Jacarepagua
1/0 |Sitio Pailodo 1 ¥V [Itanhanga

--——-after 15sin actiond a 2 Gexdminlnity leadeés----
¢ Some telephone numbers do not exist or are outdated
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---—-after 10sin actiond a 2 Yy metedrbldgicaktonditiong-----
¢ Extreme rains hit the city, endangering people living in risk areas

-----after 10s----
¢ Alerta Rio publishes the rainfall data at 19h15
¢ Moderate rain over regions fMaranjeirasV-Copacabana, -®laria, XPenha, XXb&lem&o and
XIFTomés Coelho
¢ Heavy rain over regions-Maranjeiras, \Copacabana, X\¥raga Seca and XMtgnhanga
¢ Extreme rain over regions-Vidigal, XX\(Rocinha, XfTomas Coelho, Xllins, XIWila Kosmas
X\WVaz Lobo and X\Htanhanga

Rainfall data - 19h15

Rain intensity: Light (0,2-5mm/h) - - Heawy [25,1-50mm/h) - Extreme (>50mm,/h)
i;:;ﬁ Pluviometer Region District i;:::; Pluviometer Region
1/0 |Guararapes 1 IV  |Cosme Velho
1/1 |Santa Marta 1 IV |Botafogo
0/1 |Tabajaras 1 1" Botafogo
1/0  |Vila Pereira da Silva IV |Laranjeiras
2/0 |Cabritos 1 V') Copacabana
2/0 |Cantagalo 1 V' Copacabana
1/1 |Chapéu Mangueira 1 v Leme
2/1 |Pavdo-Pavdozinho 3 V') Copacabana

1/1 |Cariri 1 ® Olaria

1/1 |Caracol 1 Xl Penha

0/1 |Guaiba /V. Pequeril Xl Bras de Pina

2/0 |MorrodaFé 1 X1 Penha

1/0 |Sereno 1 Xl Penha

1/0 |Adeus 1 XXX |alemao

1/1 |Piancé 2 KXIK |alemdo

1/0 |Baiana 1 KHIK  |Alemdo

2/0 |Alemac 1 {Armando Sodre) XXX |alemao

2/1 |loaquim de Queirdz 1 (Canitar)| XXIX |alemdo 3/0 |Bardol ¥Vl |Praga Seca

1/0 |Nova Brasilia 1 KHIK  |Alemdo 1/0 |Comandante Luiz Souto 1 XVl |Praga Seca

2/0 |Parque Alvorada 2 KHIK  |Alemdo 1/0 |Espirito Santo 1 XVl |Praga Seca

2/0 |Palmeira 2 XXX |alemao 1/1 |Rua Quiririm 1 KW |Vila Valqueire

2/0 |vila Cruzeiro 1 KXIK |alemdo 1/0 |lgnacio Dias 1 ¥V |lacarepagua
2/0 |Rio das Pedras 1 XVIV |lacarepagua

----after 5sin actiondCheck alarré----
¢ Alarms on regionSereno, Engenho da Rairdwad Espirito Santevas not activated

----after 15sin actiondManual activatior-----
¢Some telephone numbers do not existare outdated

----after 5sin actiond a 2 cef & A §-€
¢ SMAShas teams to assi¢live) regbns at the same time
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—4+ FOGSNI pa Ay | OGA2yY dazyAildz2N 3
¢ Civil Defense has teams to assist 3 (three) regions at the same time theertomber of available
vehicles.

-----after 30s----
¢ Rua Quiririm safety area has not been open yet.

----after 3min-----
¢ Alerta Rio publishes the rainfall data at 19h45
¢ Light rain over regions {Maranjeiras
¢ Moderate rain over regiontv/-Laranjeiras, \Copacabana, -®laria, XPenha, XXk&leméao, XH
Tomas Coelho and XWila Kosmos
¢ Heavy rain over regions-Maranjeiras, XHlins, X\\Praca Seca and XMtgnhanga
¢ Extreme rain over regions-Vidigal, XX\(Rocinha, XfTomas Coélb, XIHLins, XIWila Kosmos
XM Vaz Lobo and X\Atanhanga

Rain intensity: Lizht (0,2-5mm/h) - - Heawy [25,1-50mm/h) - Extreme (>50mm,/h)
Sirenes Sirenes
Pluviometer Region District Pluviometer Region District
on/off E On/off E
1/1 |Santa Marta 1 IV |Botafogo
0/1 |Tabajaras 1 IV |Botafogo
[a/0 T |vila Pereiradasiva [T Lsranjeiras ] | 10 [Relicario 1 Xii_|inhaima
2/0 |Cabritos 1 v Copacabana 2/0 |Cachoeirinha 1 X1l |Lins de Vasconcelos
2/0 |Cantagalo 1 V') Copacabana 1/0 |[Cotial X1l |Lins de Vasconcelos
1/1 |Chapéu Mangueira 1 V') Leme 0f1 |Mossa Senhora da Guia 1 X1l |Lins de Vasconcelos
2/1 |Pavao-Pavaozinho 3 V' Copacabana 1/0 [vila Cabugu 1 Xl |Lins de Vasconcelos
1/0  |Matriz Lins de Wasconcelos
1/1 |Cariril X Olaria 3/1 |S30lodo 2 Xl |Lins de Vasconcelos
1/1 |Caracol 1 X1 Penha 2/0 |Morro do Céu 2 X1l |Lins de Vasconcelos
0/1 |Guaiba /V. Pequeril Xl Bras de Pina 2/0 |Ouro Preto 2 Lins de Vasconcelos

2/0 |MorrodaFel Xl Penha

1/0 |Sereno 1 X1 Penha

1/0_[Adeus 1 XXIX_|Alemgo

1/1 |Pianco 2 KHIK  |Alemdo

1/0 |Baianal XXX |alemao

2/0 |Alem3o 1 (Armando Sodre) KXIK |alemdo

2/1 |Joaquim de Queirdz 1 (Canitar)| XXIX |Alemdo 3/0 |[Bardo1l XVl |Praga Seca

1/0 |Nova Brasilia 1 XXX |alemao 1/0 |Comandanie Luiz Souto 1 XVl |Praga Seca

2/0 |Parque Alvorada 2 KXIK |alemdo 1/0 |Espirito Santo 1 ¥Vl |Praga Seca

2/0 |Palmeira 2 KHIK  |Alemdo 1/1 |Rua Quiririm 1 XVl [vila Valgqueire

2/0 |Vila Cruzeiro 1 XXX |alemao 1/0 |lgnacio Dias 1 XVl |lacarepagua
Rio das Pedras 1 Jacarepagua
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----after Imin-----
¢ Alerta Rio publishes the rainfall data at 20h
¢ Light rain over regions iMaranjeiras, Xlaria, XPenha, XXk&lemé&o, XHTomas Coelho and x|
Vila Kosmos
¢ Moderate rain over regions aranjeiras, \Copacabana, Widigal and XHLins
¢ Heavy rain over regions XXRibcinha, X{lToméas Coelho, Xllins, XIWila Kosmos, XVaz Lobo
XViPraca Seca and XMbenhanga
Rainfall data - 20h
Rain intensity: Lizht (0,2-5mm/h) - - Heavy (25,1-50mm/h) - Extreme (>50mm/h})
. Sirenes . 3 S
Pluviometer On/off Pluviometer Region District
1/1 |Engenho da Rainha 1 Xl |Engenho da Rainha
2/0 |Parque Nowva Maracd 1 X1l |Tomas Coelho
2/1_|Parque Silva Vale 3 XI1__|Tomas Coelho
2/0 |Cabritos 1 V' Copacabana 2/0 |Cachoeirinha 1 Xl |Lins de Vasconcelos
2/0 |Cantagalo 1 v Copacabana 1/0 |Cotia 1 Xl |Lins de Vasconcelos
1/1 |Chapéu Mangueira 1 V') Leme 0/1 |Mossa Senhora da Guia 1 Kl |Lins de Vasconcelos
2/1 |Pavdo-Pavaozinho 3 V' Copacabana 1/0 |Vila Cabugu 1 Xl |Lins de Vasconcelos
3/1 |vidigal 3 Wi |vidigal 1/0 |Matriz Xl |Lins de Vasconcelos
5/2 |Rocinha 8 (Laborieaux) Rocinha 1/0 |Mineiros Kl |Pilares
3/1 |530lJodol Xl |Lins de Vasconcelos
2/0 |Morrodo Céu 2 Xl |Lins de Vasconcelos
2/0 |Ouroc Preto 2 Kl |Lins de Vasconcelos
2/2 |Urubu 2 Xl |Pilares
1/0 |Rua Bricio de Moraes 1 ¥IV |Thomas Coelho
4/0 |luramento 2 XIV  |Vicente de Carvalho
0/1 |S3o Miguel Arcanjo 1 XV |Madureira
2/0 |Sapél XV |Vaz Lobo
3/0 |Bardo1 ¥WI |Praga Seca
1/0 |Comandante Luiz Souto 1 ¥V |Praga Seca
1/0 |Espirito Santo 1 XWI |Pracga Seca
1/1 [Rua Quiririm 1 XV1 [vila Valqueire
1/0 |lgnacio Dias 1 ¥V |Jacarepagua
2/0 |Riodas Pedras 1 KWV |Jacarepaguad
1/0 |Sitio Pailodo 1 KWV |ltanhanga
-----after Imin-----
¢ Field team inbrms that alarm from Mineiros has stopped working.
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----after 3min----
¢ Alerta Rio publishes the rainfall data at 20h15
¢ Light rain over regions iMaranjeiras, \Copacabana,-®laria, XPenha, XXE&lemao, XHTomas
Coelho and XIila Kosmos
¢ Moderate rain over regions HMaranjeiras, \Copacabana, Widigal, XX\(Rocinha, X{Tomas
Coelho, XHLins, XIWila Kosmos, XVaz Lobo, X\Rraca Seca and XMbenhanga

Rainfall data - 20h15

Rain intensity: Light (0,2-5mm/h) - - Heavy [25,1-50mm /h) - Extreme (>50mm//h)
Pluviometer i;:;ﬁ Pluviometer Region District
1/1 |Engenho da Rainha 1 X1l |Engenho da Rainha
2/0  |Pargue Nova Maraca 1 Xl |Tomas Coelho
2/1 |Parque Silva Vale 3 X1l |Tomas Coelho
2/0 |Cachoeirinha 1 X1l |Lins de Vasconcelos
1/0 |Cotia 1 Xl |Lins de Vasconcelos
0/1 |Nossa Senhora da Guia 1 Xl |Lins de Vasconcelos
1/0 |vila Cabugu 1 Xl |Lins de Vasconcelos
3/1 |vidigal 3 Vidigal 1/0 |Matriz Xl |Lins de Vasconcelos
Rocinha 8 (Laborieaux) Rocinha 0/1 |Mineiros Xl |Pilares
3/1 |S80Jodo 2 Xl |Lins de Vasconcelos
2/0 |Morro do Céu 2 Xl |Lins de Vasconcelos
2/0 |Ouro Preto 2 X1l |Lins de Vasconcelos
2/2  |Urubu 2 Xl |Pilares
1/0 |Rua Bricic de Moraes 1 XV |Themas Coelho
4/0 |luramento 2 ¥V |Vicente de Carvalho
0/1 |58o0 Miguel Arcanjo 1 XY [Madureira
2/0 |Sapel ¥V |Vazlobo
3/0 |BarSol ¥V |Praca Seca
1/0 |Comandante Luiz Souto 1 XVl |Praga Seca
1/0 |Espirito Santo 1 ¥VI |Praca Seca
1/1  |Rua Quiririm 1 X1 |vila valqueire
1/0 |lgnacio Dias 1 XV |lacarepagua
2/0 |Rio das Pedras 1 XNV |lacarepaguas
1/0 |Sitio Pailodo 1 XWIV  |Itanhanga
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----after Imin-----
¢ Alerta Rio publishes the rainfall data at 20h30
¢ Light rain over regions {Maranjeiras, \Copacabana, Widigal, XOlaria, XPenha, XXk&lemao,
XIFTomés Coelho, Xllins, XIWila Kosmos, XVaz Lobo, XMraga Seca and XMbenhanga

¢ Moderate rain over regions-ZopacabanaXXVHRocinhaand XW-ltanhanga

Rainfall data - 20h30
Rain intensity: Light (0,2-5mm/h) - - Heavy (25,1-50mm/h) - Extreme (>50mm,h}

Chapéu Mangueira 1 | v fieme |

Rocinha 8 {Laborieaux) | xvil [Rocinha |

|_2/0_[Rio das Pedras 1

-----after Imin-----
¢ Rainfall data published by Alerta Rio does not indicate significant changes
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----after Imin-----
¢ Alerta Rio publishes the rainfall data at 23h30
¢ Light rain over regions {Maranjeiras, \CopacabanaXXVHRocinha, XdlToméas Coelho, Xlins,
XViPraga Seca and XMgnhanga

Rainfall data - 23

- Heawy (25,1-50mmi/h) - Extreme
Sirenes
On/Off

Rain intensity: Light (0,2-5mm/h) -

Sirenes
On/Off

Pluviometer Pluviometer Region District

Parque Nova Maraca 1 Tomas Coelho
2/1 |Parque Silva Vale 3 Xl |Tomas Coelho
1/0 |Relicario 1 Inhalima

Chapéu Mangueira 1
|_3/1_vidigal 3 |_vi_lvidigal

1/1  |[Cariril X Olaria

1/1 |Caracol 1 Al Penha

0/1 |Guaiba /V.Pequeril Xl Bras de Pina

2/0 |MorrodaFél Al Penha 22 |Urubu 2 Kl |Pilares

1/0  |Sereno 1 Xl Penha 1/0 |Rua Bricio de Moraes 1 X1V |Thomas Coelho
1/0 |Adeus 1 XXIX |Alemdo 1/1 |lardim do Carmo 1 XV |Vila Kosmos
1/1  |Piancd 2 XXIX |AlemEo 4/0 |luramento 2 X1V |Vicente de Carvalho
1/0 |Baianal XXIX |Alemdo 0/1 |53o Miguel Arcanjo 1 XV [Madureira

2/0  |Alem3o 1 (Armando Sodre) XXIX |AlemEo 2/0 |Ssapél XV |VazLlobo

2/1  |loagquim de Queirdz 1 (Canitar)| XXIX |Alemdo

1/0  |Mowva Brasilia 1 XXIX |AlemEo

2/0 |Parque Alvorada 2 XXX |Alemdo

2/0  |Palmeira 2 XXIX |AlemEo

2/0 [Vila Cruzeiro 1 XXX |AlemEo
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----after Imin-----

¢ Alerta Rigoublishes the rainfall datat 0h30

¢ Light rain over region&-Olaria, XPenha, XXk&lemao, XHTomas Coelhand XI\/Vila Kosmos

Rain intensity: Light (0,2-5mm/h) - - Heavy (25,1-50mm /h) - Extreme (>50mm/h}
i;:‘e;::f Pluviometer Region District i;:‘e;;? Pluviometer Region District
1/0 |Guararapes 1 IV |Cosme Velho 1/1 |Engenho da Rainha 1 %1l |Engenho da Rainha
1/1 |Santa Marta 1 11" Botafogo 2/0 |Pargue Nova Maraca 1 XIl  |Tomas Coelho
0/1 [Tabajaras 1 IV  |Botafogo 2/1 |Parque Silva Vale 3 %l |Tomas Coelho
1/0 |Vvila Pereira da Silva v Laranjeiras
2/0 |Cabritos 1 v Copacabana 2/0 |Cachoeirinha 1 X1 |Lins de Vasconcelos
2/0 |Cantagalo 1 Copacabana 1/0 |Cotia 1l Xl |Lins de Vasconcelos
_ 0/1 |Nossa Senhora da Guia 1 X1 |Lins de Vasconcelos
2/1 |Pava@o-Pavaozinho 3 Copacabana 1/0 |Vila Cabugu 1 Xl |Lins de Vasconcelos
3/1  |vidigal 3 Wi [vidigal 1/0 |Matriz X1 |Lins de Vasconcelos
5/2 |Rocinha 8 (Laborieaux) Rocinha 0/1 |Mineiros KN |Pilares
3/1 |S8o0lodo 2 X1 |Lins de Vasconcelos
2/0 |Morrodo Céu 2 X1 |Lins de Vasconcelos
2/0 |Ouro Preto 2 Xl |Lins de Vasconcelos
272 |Urubu 2 K |Pilares
1/0 |Rua Bricio de Moraes 1 ¥V  |Thomas Coelho
4/0  |luramento 2 ¥V |Vicente de Carvalho
0/1 |S8o Miguel Arcanjo 1 XV [Madureira
2/0 |Sapel XV |Vaz Lobo
3/0 |Bardol XVI |Praca Seca
1/0 |Comandante Luiz Souto 1 ¥Vl |Praga Seca
1/0 |Espirito Santo 1 XVI |Praca Seca
1/1 |Rua Quiririm 1 XVl |Vila Valqueire
1/0 |lgnacio Dias 1 XVl |lacarepagua
2/0 |Rio das Pedras 1 KVIV  |lacarepagua
1/0 |Sitio Pailodo 1 XVIV |Itanhanga
----after Imin-----

¢ Alerta Rigoublishes the rainfall data dth30
¢ No rain in the city and the forecast does not show rain in the next hours

Rainfall data - 1h30

Rain int

Rain sity: Light (0,2-5mm/h) - - Heawy [25,1-50mm,/h] - Extreme (>50mm/h)
?:;;Ef;c:f Pluviometer Region District ?:;Lef;c:f Pluviometer Region District

1/0  |Guararapes 1 IV |Cosme Velho 1/1 |Engenho da Rainha 1 X1l |Engenho da Rainha
1/1  |Santa Marta 1 v Botafogo 2/0 |Parque Nova Maraca 1 Xl |Tomas Coelho
0/1 |[Tabajaras 1 IV  |Botafogo 2/1 |ParqueSilvavale 3 X1l |Tomas Coelho
1/0 |Vila Pereira da Silva v Laranjeiras 1/0 |Relicariol X1l |Inhadma
2/0  |Cabritos 1 v Copacabana 2/0 |Cachoeirinha 1 KUl |Lins de Vasconcelos
2/0 |Cantagalo 1 v Copacabana 1/0 |Cotial X1l |Lins de Vasconcelos
1/1  |Chapéu Mangueira 1 v Leme 0/1 |MNossa Senhora da Guia 1 KUl |Lins de Vasconcelos
2/1 |Pava@o-Pavaozinho 3 v Copacabana 1/0 |Vila Cabugu 1 X1l |Lins de Vasconcelos
3/1  |vidigal 3 Vi |vidigal 1/0  |Matriz KUl |Lins de Vasconcelos
5/2 |Rocinha 8 (Laborieaux) ¥XVIL |Rocinha 0/1 |Mineiros Xl |Pilares
1/1  |Cariril X Olaria 3/1 |S8olodo2 KUl |Lins de Vasconcelos
1/1 |Caracoll Xl Penha 2/0 |Morrodo Céu 2 X1l |Lins de Vasconcelos
0/1 |Guaiba / V. Pequeril Xl Bras de Pina 2/0 |Ouro Preto 2 Xl |Lins de Vasconcelos
2/0 |MorrodaFel Xl Penha 2/2 |Urubu2 Xl |Pilares
1/0  |Serenc 1 Xl Penha 1/0 |Rua Bricio de Moraes 1 X1V |Thomas Coelho
1/0 |Adeus 1 XXX |AlemEo 1/1 |lardim do Carmo 1 ¥V |Vila Kosmos
1/1  |Piancd 2 XXIX |Alemdo 4/0  |luramento 2 X1V |Vicente de Carvalho
1/0 |Baiana 1 XXX |AlemEo 0/1 |58o0 Miguel Arcanjo 1 XV |Madureira
2/0  |Alemdo 1 (Armando Sodre) XXIX |Alemdo 2/0 |sapél XV |Vaz Lobo
2/1  |loaquim de Queirdz 1 (Canitar)| XXIX |Alemao 3/0 |Bardcl ¥V |Praga Seca
1/0 |Mowva Brasilia 1 XXIX |Alemdo 1/0 |Comandante Luiz Souto 1 ¥YI |Praga Seca
2/0 |Parque Alvorada 2 XXX |AlemEo 1/0 |Espirito Santo 1 ¥V |Praga Seca
2/0  |Palmeira 2 XXIX |Alemdo 1/1 |Rua Quiririm 1 XV |Vila Valqueire
2/0 [Vila Cruzeiro 1 XXX |AlemEo 1/0 |lgnacic Dias 1 ¥V |lacarepagua

2/0 |Rio das Pedras 1 KWV |lacarepagua

1/0 |Sitio Pailogo 1 XVIV  |Itanhanga
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-----after 10sin actiondActivate demobilization alaréa----
¢ Alarms are disabled in all regions
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Appendix 3¢ Pannedunforeseen situations

This appendix clas®f theplannedunforeseen situationaccording to thelevel of
difficulty to identify or solve thm, considemngthe needed time, required effort and associated
uncertainty (GRILL and HICKS, 240&i:LI et al., 2011)

Task dfficulty | Unforeseen situation |

Easy Team has been informed that the alarms in some regions arkneff

Medium It was not possible toontact the responsible company. Number is out of cover
area

Hard Civil Defense coordinator could not be reached to authorize the SMS sendin

Easy Some telephone numbers do not exist or are outdated

Easy Some telephone numbers do not exist or areaated

Medium Alarms on regions Sereno, Engenho da Rainha and Espirito Santo was not a

Easy Some telephone numbers do not exist or are outdated

Hard SMAS has teams to assist (five) regions at the same time

Hard Civil Defense has team; to asdgsfthree) regions at the same time due to tl
number of available vehicles

Medium Rua Quiririm safety area has not been open yet

Medium Field team informs that alarm from Mineiros has stopped working
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Appendix 4¢ Questionnaire

This appendix details thguestionnaire answered by thexperiment participants to

gather informationthat supports the proposed approaekaluation.

Unforeseen situationdentification

1. Regarding theplan presentation (flow)

Partially Partially
Disagree disagree Neutral agree Agree

Facilitaes actionsunderstandng i - i i f‘
Facilitates actions monitoring - i i i i

It is more confusing than other plan presentatic 1 i i i i

| have difficulties to understand the plan preser e - - . -
tation

| have a positivepinion about theplan presenta- I I I I I
tion

In whichways do you think the plan presentation has helped andvamperedthe unforeseen situation identificatich

=
=

| i

2. Regardinghe plan detailing (additional information about actions being performep

Partially Partially

Disagree disagree Neutral agree Agree
Provides relevant information for actions under:
standing . f" . - r
Provides relevant information for understanding I I I . I
the current situation of emergency response
Provides excessiveformation for actions under- I I I I I
standing
Provides excessive information for understandi I e I I e
the current situation of emergency response
Do not provide all required information farc- IS s I I s
tions understanding
Do not provide altequired information for under-
standing the current situation of emergency re- 1 i i i i
sponse
I have difficulties to understand the plan detailir i i i i
| have a positive opinion about the plan detailin =~ i i i i

In which ways do you think the plan detailing has helped ankdénperedthe unforeseen situation identification?

B
E2

| 2



159

3. Regardinghe mechanisms for indicatinglan problems(alert)

Partially Partially
Disagree disagree Neutral agree Agree

Reduce theequired time to identify problems i - i i r"
Help to identify what were the problem causes 1 i i i i
Have not a clear goal - i i i i
I have difficulties to understand thglan prob- e - - . -
lems indication

| have a positive opinion about the mechanism: I - e . -

for indicating plan problems
In which ways do you think therovided mechanismbkave helped and/orhamperedthe unforeseen situation identifica-

10N’ i||
ET 2

Unforeseen situation interpretation

4. Regarding the information for unforeseen situaticanalysis

Partially Partially
Disagree disagree Neutral agree Agree

Facilitates the understanding of the current situ

tion of emergency response C e C C e
Do not provideenough inputs for the unforeseer e - - . -
situation analysis

I have difficulties to understanitis information O C - - i

| have a positive opinion about the information I I I . I

for unforeseen situation analysis
In which ways do you think thisformation has helped and/dnamperedthe unforeseen situation identification?

2]

i“
RV N
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5. Regarding thanechanismsfor indication variable inconsistencies

Partially Partially
Disagree disagree Neutral agree Agree

Facilitate the plan problems analysis i " " - "
Reduce the required time fadentifying problems ™ - i i i
Help to identify what were the problem causes - i i i
Have not a clear goal - i i i i
| have difficulties to understand theariable in- I e e I e
consistenciesndication

| have a positive opinion about the mechanism: I I I I I

for indicating variable inconsistencies
In which ways do you think these mechanisms have helped and/or hampered the unforeseen situation identificatic

RV N

Plan alaptation

6. Regarding the information for providing solutions to problems

Partially Partially
Disagree disagree Neutral agree Agree
Provides sulfficient inputs for plan adaptation i i i i i
Provides excessive inputs for plan adaptation - i i i i
I have difficulties to understand the solutions pr I e e I e
vision ' '
| have a positive opinion about theformation I I e I e

for providing solutions to problems
In which ways do you think this information has helped and/or hampered the unforeseen situation identification?

2]

i“
RV N
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Additional comments

7. Do you havesuggestions/criticisms about any relevant point that were not discussed alfdve

8. Inform your email if you agree to becontacted in case of dould and/or informed about
experimentresults

9. Do you have any relation with the emergency domaitt?is not necessary to act in rains/Ci
Defense
.

r-‘NO

If so, how are you connected to emergencies (role or connection)?

Yes

e b

-
o

10.How long do you work in this domaih
Less tharl year

Betweenl and3years

Between 3 and 5 years

Between 5 and 10 years

T D

More than10years
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Annex 1¢ ABC dachuva

PREFEITURA DA CIDADE DO RIO DE JANEIRO DEFESA CIVIL
P Secretaria Municipal de Conservacdo e Servigos Pablicos
- Ll R I 0 Subsecretaria de Defesa Civil ﬁ
S FREFEITURA

RIO DE JANEIRO

ABC DA CHUVA

Guia Rapido: <omitted for information security>

A) NUCLEOS DE CHUVA NO RADAR:

1. Ligar para quartéis e informar a chefia sobre a condi¢cao das chuvas.
2. Abrir Guia-Rapido, Websirene e sites de envio de mensagens.

B) PRE-ATENCAO

1. Equipe deve mandar alguém para sala do Alerta Rio e Sala de Con-
trole. Este, deve sempre informar sobre atualizacbes da meteorologia.
2. Pegar planilha de Sirenes por A.P. - Selecionar Sirenes (de acordo
com o deslocamento dos nlcleos)

Exemplo: nucleos de chuva vindo pela Baixada Flu. - selecionar A.P.
gue pode ser afetada, ou seja, AP3.1, 3.2 e 3.3.

C) INICIO DA CHUVA

1. Ao verificar volume de chuva forte, entrar em contato com os Nucleos
de Defesa Civil das areas de risco (Pontos de Apoio, Lideres Comunita-
rios) - verificar condi¢cdes da chuva e se ha ocorréncias.

2. Caso o volume de chuva se aproxime do indice de acionamento as
Sirenes, entrar em contato com Pontos de Apoio e solicitar sua abertura.

* COMUNICACAO: Preferencialmente, utilizaremos o grupo Whatsapp - DCMRJ. Caso ndo
haja consenso, por se tratar de um recurso pessoal, sera obrigatério a utilizacdo do supervi-
soroperacional@gmail.com.



mailto:supervisoroperacional@gmail.com
mailto:supervisoroperacional@gmail.com
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Annex 2¢ Guia rapido COR

PREFEITURA DA CIDADE DO RIO DE JANEIRO DEFESA CIVIL
Secretaria Municipal de Conservacdo e Servigos Pablicos
RI 0 Subsecretaria de Defesa Civil

PREFEITURA

()

Y e N\l
N

RIO DE JANEIRO

GUIA RAPIDO - COR

Conteudo: principais documentos e sistemas de apoio as atividades da Defesa Civil Rio

LISTAGEM PONTOS DE APOIO E ESTACOES SONORAS
CONTATOS

WEBSIRENE - ACIONAMENTOS

RADAR SUMARE

SMS - STREAMTEL / ZENVIA

SGRC

SIRENES POR A.P.

MENSAGENS SMS (MODELOS / PADRAO)
ESCALA DE PLANTOES

SISTEMA COMANDO

ACS- CONATOS

LISTAGEM PONTOS DE APOIO E ESTACOES SONORAS

<omitted for information security>

CONTATOS

<omitted for information security>

WEBSIRENE - ACIONAMENTOS

http://websirene.rio.rj.gov.br <omitted for information security>

RADAR SUMARE

http://riomidia.cor.rio.qov.br/externo/alertario/

SMS - STREAMTEL / ZENVIA

http://sms2.streamtel.com.br/ (<omitted for information security>)
https://goo.gl/b79cNe (Zenvia)

SGRC

https://goo.gl/oxBocz (<omitted for information security>).



http://websirene.rio.rj.gov.br/
http://riomidia.cor.rio.gov.br/externo/alertario/
http://sms2.streamtel.com.br/
https://goo.gl/b79cNe
https://goo.gl/oxBocz
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SIRENES POR A.P.

https://goo.gl/h5rvt0 (Cada Area de Planejamento com as suas respectivas Sirenes).

MENSAGENS SMS (MODELOS / PADRAO)

AVISO:
DefCivil: areas de instabilidade deverao provocar pancadas de chuva na Cidade RJ, nas
proximas horas. ACS/LidCom, figuem atentos (23/03) Emerg 199.

ACIONAMENTO:
DefCivil: chuva provoca risco de deslizamento/desabamento. ACS/LidCom mobilizar mora-
dores de areas de risco para pontos de apoio (29/02) Emerg 199.

GRUPOS PARA ENVIO DO SMS

AP 1.0 - Centro, Mangueira, Rio Comprido, San

AP 2.1 - Copacabana, Laranjeiras, Leme

AP 2.2 - Andarai, Grajad, Tijuca, Vila Isabel

AP 3.1 - Complexo Alemao, Illha Governador

AP 3.2 - Engenho Novo, Inhaima, Lins Vasconcellos
AP 3.3 - Iraja, Madureira, Toméas Coelho

AP 4.0 - Barra Tijuca, Jacarepagua

AP 5.1 - Realengo, Bangu

AP 5.2 - Campo Grande, Guaratiba

AP 5.3 - Santa Cruz

LID.COM AP 1.0 - Centro, Mangueira, Rio Comp, Sant
LID.COM AP 2.1 - Copacabana, Laranjeiras

LID.COM AP 2.2 - Andarai, Grajau, Tijuca, Vila Isa
LID.COM AP 3.1 - Complexo do Aleméao

LID.COM AP 3.2 - Engenho Novo, lhaima, Lins, Meier
LID.COM AP 3.3 - Iraja, Madureira, Tomaz Coelho, V
LID.COM AP 4.0 - Barra da Tijuca, Jacarepagua, Ita
LID.COM ILHA DO GOVERNADOR

Autoridades - Prefeitura do Rio
Defesa Civil - Funcionais
Defesa Civil - Particulares
Desenvolvimento Social - SMDS

ESCALA DE PLANTOES

<omitted for information security>

SISTEMA COMANDO

http://10.50.73.0:8080/comando/faces/home.xhtml (<omitted for information security>)


https://goo.gl/h5rvt0
http://10.50.73.0:8080/comando/faces/home.xhtml
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ACS- CONATOS

<omitted for information security>

BACIAS HIDROGRAFICAS / AP




Annex3 ¢ Warning system activation
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This annex shows only the data about the rain occurred on 1@§A4/(SUBDEC, 201&)hich wasadopted during the experiment. This

decisions due to the size dhe spreagheetthat SUBDEGses tacontrol allwarning systensimulaionsandactivation.

ACIONAMENTOS DE EST.AQE)ES SONORAS REALIZADOS em 16fjan/14

ORDEM NOME ORDEM NOME ORDEM NOME ORDEM NOME

1 ADEUS. 34 GUAIBA 67 PRAZERES 100 VILA JOSE DE ANCHETA 2
2 ALEMAD 35 GUARARAPES 63 PRETOS FORROS 101 VILA MATINHA
3 ANDARAI 6 INACIO DIAS £ QUETO 102 VILA FEQUIRI
4 ARRELLA a7 JAMELAD 70 RATO 103 VILA PEREIRA DA SILVA
3 AZEVEDOD LIMA 8 JARDIM DO CARMO 71 RELICARIO TOTAL 27
B BABILGNIA 39 JOAQUIM DE QUEROZ 72 RID DAS PEDRAS

7 BACIA 40 JOLIo oTONI 73 ROCINHA

8 BAIANA 1 JURAMENTO 74 RUA BRICIO DE MORAES

) BARZD 42 LADEIRA DOS TABAJARAS 75 RUA FREIGASPAR

10 BARRO PRETO 43 LIBERDADE 76 RUA LAUDELINO FREIRE

1 BARRO VERMELHO 44 MACACOS 77 RUA MIRA

12 BISPO 45 MANGUEIRA 78 RUA QUIRIRIM

13 BOREL 465 MATINHA 78 SALGUEIRD

14 CABRTOS 47 WATRIZ &0 e

15 CACHOEIRA GRANDE 48 MINERDS a1 SANTA MARTA

16 CACHOEIRINHA 49 MORRQ DA FE a2 SANTA TEREZINHA

17 CAIXA DAGUA =0 WORRO DO CEU 83 | SANTOS RODRIGUES (QUEROSENE)

12 CANTAGALO £ N. 5. GULA 84 540 CARLOS

19 CARACOL 52 NOWA BRASILIA 85 sioJodo

20 CARIRI (MERINDIBA) 53 NOW DIVINELA, ) SA0 MIGUEL ARCANJO

21 CATUMBI (MINEIRA) 54 OCIDENTAL FALLET a7 SAPE

22 CHACARA DO CEU sg OURD PRETO 28 SEREND

23 CHACRINHA =5 PALMEIRAS ) SO PAIJOAD

24 CHAPEU MANGUEIRA 57 PANTAMAL 90 SUMARE

25 COMANDANTE LUIS SOUTO 58 PARQUE ALVORADA 91 TELEGRAFOS

26 CoTIA 59 PARQUE CANDELARIA 92 TRAVESSA ANTONINA

27 DONA FRANCISCA 60 PARQUE JOAD PAULD I/ JK 93 TUILTI

28 ENCONTRO &1 PARQUE NOWA MARACA 94 UNIDOS SANTA TEREZA

29 ENGENHO DA RAINHA 62 | PARQUE PROLETARIO DO GROTAD 95 URUBU

30 ESCONDIDINHO 63 PARQUE SILVA VALE 96 VIDIGAL

3 ESPIRITO SANTO 64 PARQUE VILA ISABEL 97 VILA CABUGU

3z FAZENDA CATETE 85 PAVAD | PAVADZINHO 98 WILA CRUZEIRD

33 FORMIGA ) PLANCO 99 VILA ELZA
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Annex 4¢ Evolution of 16/jan/2014 rain

This annex showdata provided by Alerta Riabout the evolution of the rairthat
occurred in Rio de Janeiro on 16/jan/20T4isspecificrain was selected because (a) it was
the rain with the greatest impact in 201% Q h wt{al. 2015; (b) it has demanded the
activation of 27 alarms (the third largest alarm activation by Civil Defense, losing just to the
rain that occurredon 12/mar/2016¢ 36 alarms activated; and the rain that occurred on
11/dec/2013¢ 48 alarms activated); an¢t) the availability of a detailed data (rainfall data
from 17h until 1h30).

Identificacio Chuvas Alarmes |

N..1a Estagées Hora Leitura 15 min o1h 02h 0zh 04h 24h 96h NoMés| |TaxaemO1H| |Escorregame... | |
1| vidigal 16/01/2014 - 17:00:00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Baixo |
2 | Ura 16/01/2014 - 17:00:00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 !
3 Rocinha 16/01/2014 - 17:00:00 0.0 0.0 0.0 0.0 0.0 0.0 0.8 0.8 0.0 }
4 Tijues 16/01/2014 - 17:00:00 0.0 0.0 0.0 0.0 0.0 0.0 8.4 8.4 0.0 ;
5 | Santa Teresa 16/01/2014 - 17:00:00 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.6 oo T
6 | Copacabana 16/01/2014 - 17:00:00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 {
7 | Grajad 16/01/2014 - 17:00:00 0.0 0.0 0.0 0.0 0.0 0.0 30.2 30.2 0.0 ‘
e | Ilha do Governador 16/01/2014 - 17:00:00 0.0 0.0 0.0 0.0 0.0 0.0 .2 5.8 0.0 i
5 Penha 16/01/2014 - 17:00:00 0.0 0.0 0.0 0.0 0.0 0.0 16.4 17.8 0.0
10 | Madureira 16/01/2014 - 17:00:00 0.0 0.0 0.0 0.0 0.0 0.0 5.4 5.4 oo [
11 Irajd 16/01/2014 - 17:00:00 0.0 0.0 0.0 0.0 0.0 0.0 17.0 17.0 0.0 ;
12 | Bangu 16/01/2014 - 17:00:00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 14.4 0.0 1
13 | Piedade 16/01/2014 - 17:00:00 0.0 0.0 0.0 0.0 0.0 0.0 202 20.6 oo I
14 | Jacarepagud/Tanque 16/01/2014 - 17:00:00 0.0 0.0 0.0 0.0 0.0 0.0 13.6 13.6 0.0 {
15 | Sadde 16/01/2014 - 17:00:00 0.0 0.0 0.0 0.0 0.0 0.0 4.0 4.2 0.0 ‘
16 | Jardim Botanico 16/01/2014 - 17:00:00 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.2 0.0 i
17 | Barra/Barrinha 16/01/2014 - 17:00:00 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.4 0.0
18 | Jacarepagud/Cidade de Deus  16/01/2014 - 17:00:00 0.0 0.0 0.0 0.0 0.0 0.0 3.8 3.8 oo [
19 | Barra/Riocentro 16/01/2014 - 17:00:00 0.0 0.0 0.0 0.0 0.0 0.0 0.8 0.8 0.0 ;
20 | Guaratiba 16/01/2014 - 17:00:00 0.0 0.0 0.0 0.0 0.0 0.0 6.4 a8.2 0.0 1
21 | Est. Grajai/Jacarepagud 16/01/2014 - 17:00:00 0.0 0.0 0.0 0.0 0.0 0.0 13.8 15.6 0.0 \
23 Santa Cruz 16/01/2014 - 17:00:00 0.0 0.2 0.2 0.2 0.2 0.2 4.4 24.6 L] Baxo |
23 | Grande Méier 16/01/2014 - 17:00:00 0.0 0.0 0.0 0.0 0.0 0.0 230 23.0 0.0 i
24 | Anchista 16/01/2014 - 17:00:00 0.0 0.0 0.0 0.0 0.0 0.0 6.4 6.4 0.0 i
25 | Grota Funda 16/01/2014 - 17:00:00 0.0 0.0 0.0 0.0 0.0 0.0 1.6 9.4 0.0
26 | Campo Grande - 17:00:00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4.4 oo TN
27 | Sepetiba - 17:00:00 0.0 0.0 0.0 0.0 0.0 0.0 2.0 37.6 0.0 ;
28 | Alto da Bos Vista 16/01/2014 - 17:00:00 0.0 0.0 0.0 0.0 0.0 0.0 4.0 6.6 0.0 Baixo |
29 | Av. Brasil/Mendanha 16/01/2014 - 17:00:00 04 04 04 04 04 04 1s 42 S Bae |
30 | Recreio dos Bandeirantes 16/01/2014 - 17:00:00 0.0 0.0 0.0 0.0 0.0 0.0 1.8 1.8 u.ﬁi
31 | Laranjeiras 16/01/2014 - 17:00:00 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.4 0.0 ‘
32 | S0 Cristévio 16/01/2014 - 17:00:00 0.0 0.0 0.0 0.0 0.0 0.0 18.0 18.0 0.0 Baixo i
33 | Tijuca/Muda 16/01/2014 - 17:00:00 0.0 0.0 0.0 0.0 0.0 0.0 15.2 15.2 0.0



Piedade
14 Jacarepzgui/Tanque
l D
16 | Jardim Boténico
17 | Barra/Barrinha
18 | Jacarepagui/Cidade de Deus
19 | Barra/Riocentro

21  Est. Grajal/Jacarepagus
22 | Santa Cruz
23 | Grande Méier

\ \

| 25 | Grota Funda

! [

Sepetiba

Alto d= Boa Vista

16/01/2014 - 17:45:00

16/01/2014 - 17:45:00

16/01/2014 - 17:45:00

16/01/2014 - 17:45:00
16/01/2014 - 17:45:00
16/01/2014 - 17:45:00

16/01/2014 - 17:45:00

16/01/2014 - 17:45:00

16/01/2014 - 17:45:00

16/01/2014 - 17:45:00

16/01/2014 - 17:45:00

16/01/2014 - 17:45:00

0.0

0.0
0.0

0.0
0.0

0.0
0.0
0.0

0.0

0.0
0.0

0.0
0.0

0.0

0.0

Identificacio \ Chuvas | Alarmes
N.1a| Estacdes | Hora Leitura | 15 min 03h 04h \ 2sh | 96h NoMés | TaxaemO1H  Escorregame...
ﬂx | Vidigal | 16/01/2014 - 17:30:1;0 [ ﬂo.o 0.0 D.CI. 5.1; E.D 70.0‘ 7u.u. 75’:.0‘ E.u’ Baix =|
2 | Urea 16/01/2014 - 17:30:00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Baixo
3 | Rocinha 16/01/2014 - 17:30:00 0.0 0.0 0.0 0.0 0.0 0.0 0.8 0.8 0.0 Baixo
4 | Tijuca 16/01/2014 - 17:30:00 0.0 0.0 0.0 0.0 0.0 0.0 8.4 8.4 0.0 Baixo
5 | Santa Teresa 16/01/2014 - 17:30:00 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.6 0.0 Baixo
6 | Copacabana 16/01/2014 - 17:30:00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Baixo
7 | Grajad 16/01/2014 - 17:30:00 0.0 0.0 0.0 0.0 0.0 0.0 302 30.2 0.0 Baixo
8  1lha do Governador 16/01/2014 - 17:30:00 5.0 s.0 5.0 9.0 2.0 9.0 172 18.8 36.0 Baixo
s | Penha 16/01/2014 - 17:30:00 0.0 0.0 0.0 0.0 0.0 0.0 164 17.8 0.0 Baixo
10 | Madureira 16/01/2014 - 17:30:00 0.0 0.0 0.0 0.0 0.0 0.0 5.4 9.4 0.0 Baixo
11 Irsjs 16/01/2014 - 17:30:00 0.0 0.0 0.0 0.0 0.0 00/ 170 17.0 0.0 Baixo
| e ==
13 | Piedade 16/01/2014 - 17:30:00 0.0 0.0 0.0 0.0 0.0 0.0/ 202 20.6 0.0 Baixo
14 | Jacarepagus/Tanque 16/01/2014 - 17:30:00 0.0 0.0 0.0 0.0 0.0 0.0, 136 13.6 0.0 Baixo
15 | Saide 16/01/2014 - 17:30:00 0.0 0.0 0.0 0.0 0.0 0.0 4.0 4.2 0.0 Baixo
16 | Jardim Boténico 16/01/2014 - 17:30:00 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.2 0.0 Baixo
17 | Barra/Barrinha 16/01/2014 - 17:30:00 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.4 0.0 Baixo
18 Jacarepagud/Cidade de Deus 16/01/2014 - 17:30:00 0.0 0.0 0.0 0.0 0.0 0.0 3.8 3.8 0.0 Baixo
19 | Barra/Riocentro 16/01/2014 - 17:30:00 0.0 0.0 0.0 0.0 0.0 0.0 0.8 0.8 0.0 Baixo
20 | Guaratiba 16/01/2014 - 17:30:00 0.0 0.0 0.0 0.0 0.0 0.0 6.4 4.2 0.0 Baixo
21 | Est. Grajai/Jacarepagua 16/01/2014 - 17:30:00 0.0 0.0 0.0 0.0 0.0 00| 138 15.6 0.0 Baixo
| ‘ | | Baixo
23 | Grande Méier 16/01/2014 - 17:30:00 0.0 0.0 0.0 0.0 0.0 0.0  23.0 23.0 0.0 Baixo
24 | Anchiets 16/01/2014 - 17:30:00 0.0 0.0 0.0 0.0 0.0 0.0 6.4 6.4 0.0 Baixo
25 | Grota Funda 16/01/2014 - 17:30:00 0.0 0.0 0.0 0.0 0.0 0.0 1.6 9.4 0.0 Baixo
26 | Campo Grande 16/01/2014 - 17:30:00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4.4 0.0 Baixo
27 | Sepetiba 16/01/2014 - 17:30:00 0.0 0.0 0.0 0.0 0.0 0.0 2.0 37.6 0.0 Baixo
28 | Alto da Boa Vists 16/01/2014 - 17:30:00 0.0 0.0 0.0 0.0 0.0 0.0 4.0 6.6 0.0 Baixo
= EEe
30 | Recreio dos Bandeirantes 16/01/2014 - 17:30:00 0.0 0.0 0.0 0.0 0.0 0.0 18 18 0.0 Baixo
31 | Laranjeiras 16/01/2014 - 17:30:00 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.4 0.0 Baixo
32 | S3o Cristévdo 16/01/2014 - 17:30:00 0.0 0.0 0.0 0.0 0.0 0.0 18.0 18.0 0.0 Baixo
32 | Tijuca/Muda 16/01/2014 - 17:30:00 0.0 0.0 0.0 0.0 0.0 0.0 152 15.2 0.0 Baixo
Identificagdo | Chuvas | Alarmes \
N..1a Estacdes | Hora Leitura | 15 min oth | 02h 03h 0ah | 2ah 96h NoMés TaxaemO1H  Escorregame... |
| vidigal | 16/01/2014 - 17:45:00 | 0.0 00 0.0 0.0 00 o0 0.0 00 6.6
2 | Urca 16/01/2014 - 17:45:00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ] Bao |
3 Rocinha 16/01/2014 - 17:45:00 00 00 00 00 00 00 08 08 0.0 Baixo |
4 | Tijuca 16/01/2014 - 17:45:00 0.0 0.0 0.0 0.0 0.0 0.0 8.4 8.4 0.0 Baixo
5 | Santa Teresa 16/01/2014 - 17:45:00 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.6 0.0 Baixo
6 | Copacabana 16/01/2014 - 17:45:00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
7 | Grajad 16/01/2014 - 17:45:00 0.0 0.0 0.0 0.0 0.0 0.0 302 30.2 0.0
8  1lha do Governador 16/01/2014 - 17:45:00 7.6 166 166 166 166 166 248 26.4 30.4
s | Penha 16/01/2014 - 17:45:00 0.0 0.0 0.0 0.0 0.0 0.0 164 17.8 0.0
10 | Madureira 16/01/2014 - 17:45:00 0.0 0.0 0.0 0.0 0.0 0.0 9.4 9.4 0.0
11 | Irajd 16/01/2014 - 17:45:00 0.0 0.0 0.0 0.0 0.0 0.0, 17.0 17.0 0.0

0.0

20.2 20.6 0.0

0.0 13.6 13.6 0.0
Cse e

0.0 0.2 0.2 0.0

0.0 0.4 0.4 0.0

0.0 3.8 3.8 0.0

0.0 0.8 0.8 0.0

0.2 4.4 24.6 0.0

0.0 23.0 23.0 (]  sao |
=l =

0.0 1.6 5.4 oo I
)

0.0 2.0 37.6 0.0 Baixo

0.0 4.0 6.6 0.0

30 | Recreio dos Bandeirantes
31 | Laranjeiras

32 | Sdo Cristévio

33 Tijuca/Muda

16/01/2014 - 17:45:00
16/01/2014 - 17:45:00
16/01/2014 - 17:45:00
16/01/2014 - 17:45:00

0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0

0.0 1e 1.8 oo T
0.0 0.2 0.4 R sao |
0.0 18.0 18.0
0.0 152 15.2
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Identificacdo

Chuvas

| Alarmes

1a

Estacdes

Hora Leitura

| 0sh

1
2
3

vidigal
Urca

Rocinha

Grajal
Tlha do Governador

Est. Grajat/Jacarepagus

Anchieta

Grota Funda

Iiha do Governador
Penha
Madureira

Saide
Jardim Botanico
Barra/Barrinha

Jacarepagus/Cidade de Deu:

Barra/Riocentro
Guaratiba

16/01/2014 - 18:00:00
16/01/2014 - 18:00:00

16/01/2014 - 18:00:00

16/01/2014 - 18:00:00
16/01/2014 - 18:00:00
16/01/2014 - 18:00:00
16/01/2014 - 18:00:00
16/01/2014 - 18:00:00

16/01/2014 - 18:00:00

16/01/2014 - 18:00:00

16/01/2014 - 18:00:00

16/01/2014 - 18:00:00
16/01/2014 - 18:00:00

16/01/2014 - 18:00:00

16/01/2014 - 18:15:00
16/01/2014 - 18:15:00
16/01/2014 - 18:15:00

16/01/2014 - 18:15:00
16/01/2014 - 18:15:00

16/01/2014 - 18:15:00
16/01/2014 - 18:15:00
16/01/2014 - 18:15:00
16/01/2014 - 18:15:00
16/01/2014 - 18:15:00
16/01/2014 - 18:15:00
16/01/2014 - 18:15:00
16/01/2014 - 18:15:00

16/01/2014 - 18:15:00
16/01/2014 - 18:15:00

16/01/2014 - 18:15:00

16/01/2014 - 18:15:00

16/01/2014 - 18:15:00

16/01/2014 - 18:15:00

10.2
0.0

10.2

0.0

| 15 min oth | o2 o0zh
0.0 0.0 0.0 0.0

10.2

0.0

10.2

0.0/

15.0

0.0

10.2

0.0

0.0

10.2

10.2

0.8 0.8

10.2

24h | 96h  |NoMés TaxaemOIH  Escorregame
0.0 0.0 0.0 0.0 Baixo

o IR

15 min

| o1h

| 02h

| 03k

| 0ah

| 2ah

| 96h

| NoMés

[Taxa em 01H

158
9.6
16.4

5.4
18.2

15.8
19.8
16.4

11.4
18.4

15.8
19.8
16.4

11.4

18.4

15.8
19.8
16.4

114
18.4

15.8
19.8
16.4

11.4
18.4

15.8
19.8
16.4

11.4

15.8 15.8

19.8 19.8

17.2

11.8

B |
|
o= < IR

| Baixo

L
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Identificacio Chuvas Alarmes
N.la Estacdes Hora Leitura 15 min No Més Taxa em 01H Escorregame...
[ — ---—-—m
2 Ura 16/01/2014 - 18:30:00
e e s e —— |
4 Tijuca 16/01/2014 - 18:30:00 0.4 3.6 3.6 <} 3.6 3.6 12.0 12.0 1.6 Baixo
5  Santa Teresa 16/01/2014 - 18:30:00 0.4 11.8 11.8 1.8 11.8 11.8 12.2 12.4 1.6
& Copacabanz 16/01/2014 - 18:30:00 8.4 268 268 268 268 268 268 26.8 33.6
-—m
8  1ha do Governador 16/01/2014 - 18:30:00 0.2 5.5 186 186 186 186 268 28.4 BBl sao |
9 Penha 16/01/2014 - 18:30:00 4.0 21.0 21.0 21.0 21.0 21.0 37.4 38.8 16.0
10 Madureira 16/01/2014 - 18:30:00 192 37.0 37.0 37.0 37.0 37.0 464 464 768
11 Irajd 16/01/2014 - 18:30:00 17.0  45.4 454 454 454 454 624 62.4 8.0
12 Bangu 16/01/2014 - 18:30:00 3.6 5.2 5.4 5.4 5.4 5.4 5.4 19.8 14.4 Baixo
13 Piedade 16/01/2014 - 18:30:00 18.8 4206 426 426 426 426  62.8 83.2 752
14  Jacarepagud/Tanque 16/01/2014 - 18:30:00 62 104 104 104 104 104  24.0 24.0 24.8 Baixo
15 Saide 16/01/2014 - 18:30:00 0.8 22.2 22.2 22.2 22.2 22.2 26.2 26.4 3.2
16  Jardim Boténico 16/01/2014 - 18:30:00 164 354 354 354 354 354 356 356 555
17  Barra/Barrinha 16/01/2014 - 18:30:00 204 262 262 262 262 262 266 268 816
18 Jacarepagud/Cidade de Deus 16/01/2014 - 18:30:00 4.6 13.4 13.4 13.4 13.4 13.4 17.2 17.2 18.4 Baixo
19 Barra/Riocentro 16/01/2014 - 18:30:00 3.0 5.8 5.8 5.8 5.8 5.8 10.6 10.6 12.0
20 Guaratiba 16/01/2014 - 18:30:00 32 110 1.0 11.0 11.0 11.0 17.4 59.2 12.8 Baixo
B [ e e e e G | e e——a . |
22  Santa Cruz 16/01/2014 - 18:30:00 112  37.8  38.0 380  38.0  38.0 42.2 52.4 44.8
23 Grande Méier 16/01/2014 - 18:30:00 9.2  37.0 37.0 37.0 37.0 37.0 600 60.0 26
24 Anchieta 16/01/2014 - 18:30:00 0.4 12.8 12.8 12.8 12.8 12.8 19.2 19.2
25  Grota Funds 16/01/2014 - 18:30:00 136 152 15.2 1520  152¢ 152 16.8 245
27  Sepetiba 16/01/2014 - 18:30:00 1.2 1.2 1.2 1.2 1.2 3.2 38.8
(e e aaeaven | semzosiemons | = sama mE[ wmal sma wal el e
29 Av. Brasil/Mendanha 16/01/2014 - 18:30:00 11.6 16.0 16.6 16.6 16.6 16.6 17.8 20.4
30 Recreio dos Bandeirantes 16/01/2014 - 18:30:00 5.0 6.8 5.8 6.8 6.8 s 8.6 2.6 Baixo
31 Laranjeiras 16/01/2014 - 18:30:00 0.4 21.6 21.6 21.6 21.6 21.6 21.8 22.0 1.6
32  Sdo Cristévio 16/01/2014 - 18:30:00 1.4 3.4 3.4 3.4 3.4 3.4 214 21.4 5.6
33 Tijuca/Muda 16/01/2014 - 18:30:00 1.8 17.2 17.2 17.2 17.2 e 32.4 7.2 Baixo
Identificacio Chuvas Alarmes
N..la Estacées Hora Leitura A 15 min No Més Taxa em 01H Escorregame...

2 Urea /01/2014 - 18:45:00
4 Tijuca 16/01/2014 - 18:45:00 26 5.2 s 6.2 6.2 6.2
5  Santa Teress 16/01/2014 - 18:45:00 1.0 12.8 12.8 12.8 12.8 12.8
6  Copacabana 16/01/2014 - 18:45:00 3.2 300 30.0 30.0 30.0 30.0
‘8 Tlha do Governador 16/01/2014 - 18:45:00 0.0 2.0 18.6 8.6
Penha 16/01/2014 - 18:45:00 1.0 22.0 22.0 22.0 22.0 22.0 38.4 39.8

Alto o1h
Alto - 01h

12 Bangu 16/01/2014 - 18:45:00 ‘

14  Jacarepagud/Tanque 16/01/2014 - 18:45:00 15.4 258 25.8 258 258  25.8  39.4 39.4 61.6

15  Sadde 16/01/2014 - 18:45:00 2.0 224 242 242 242 242 282 28.4 i

16  Jardim Botanico 16/01/2014 - 18:45:00 5.6 410 410 410 410 410 412 |

18 Jacarepagué/Cidade de Deus  16/01/2014 - 18:45:00 14.4| =78 =278 278 =8 278 516

19 Barra/Riocentro 16/01/2014 - 18:45:00 27.8  37.6 376 376 376  37.6 384 38.4 111.2

20  Guaratiba 16/01/2014 - 18:45:00 13.0 220 240 240 240 240 304

22  Santa Cruz 16/01/2014 - 18:45:00 2.2 400 40.0 402 402  40.2

23 Grande Méier 16/01/2014 - 18:45:00 10,0 47.0  47.0  47.0 47.0 47.0 700

24 Anchieta 16/01/2014 - 18:45:00 5.6 17.8 18.4 18.4 18.4 18.4 24.8

25  Grota Funda 16/01/2014 - 18:45:00 1.0 26 262 262 262 262

27  Sepetiba 16/01/2014 - 18:45:00

29 Av. Brasil/Mendanha 16/01/2014 - 18:45:00 7.8 23.8 24.4 24.4 24.4 24.4 25.6 28.2 31. 2

30  Recreio dos Bandeirantes 16/01/2014 - 18:45:00 i8.8| 256 2s6| 256 256 256 273 27.4 75.2

31 Laranjeiras 16/01/2014 - 18:45:00 0.8 22.4 22.4 22.4 22.4 22.4 22.6 22.8 3.2 I
|

32 Sio Cristévio 16/01/2014 - 18:45:00 4.4 7.8 7.8 7.8 7.8 7.8 25.8 2s5.8 17.6

33 Tijuca/Muda 16/01/2014 - 18:45:00 4.0 21.2 21.2 21.2 21.2 21.2 36.4 36.4 16.0
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Identificacio Chuvas Alarmes

A Hora Leitura 15 min | 01h | 02h 0zh | 04h 24h ‘ 96h No Més

|Taxaem 01H Escorregame...
Alto - 01h
2 Urca 16/01/2014 - 19:00:00 3.6 164  26.6 26.6 26.6 26.6 Baixo

Alto - 01h

Tijuca 16/01/2014 - 19:00:00 5.0 9.8 11.2 11.2 11.2 11.2 o 2 Baixo
5 Santa Teresa 16/01/2014 - 19:00:00 3.0 9.8 15.8 15.8 15.8 B 2 4 8 Baixo

16/01/2014 - 19:00:00 1.0 16.2 23.0 23.0 23.0

16/01/2014 - 19:00:00 2.2 9.6 11.4 11.4 11.4 - 8 Baixo

Alto - 01h

16/01/2014 - 19:00:00

Alto - 01h

Guaratiba 16/01/2014 - 19:00:00 B 6 Baixo

Alto - 01h

Anchieta 16/01/2014 - 19:00:00

I

Alto - 01h

Baixo

16/01/2014 - 19:00:00

Laranjeiras

32 S3o Cristovio 16/01/2014 - 19:00:00 5.2 11.4 13.0 13.0 13.0 13.0 31.0 31.0
33 Tijuca/Muda 16/01/2014 - 19:00:00 6.8 23.8 28.0 28.0 28.0 28.0 43.2 43.2

Identificacio | Chuvas Alarmes

Estacbes Hora Leitura | 15 min NoMés |TaxaemO1H  Escorregame...

| 96h
Alto - 01h

16/01/2014 - 19:15:00 B « - « Baixo

Alto - 01h

4 Tijuca 16/01/2014 - 19:15:00

-——-------—
6 Copacabana 16/01/2014 - 19:15:00 5.8 34.2

Penha

16/01/2014 - 19:15:00 23.4 23.4

16/01/2014 - 19:15:00

16/01/2014 - 19:15:00

20 Guaratiba 16/01/2014 - 19:15:00 2.4 20.8 28.6 28.6 28.6 28.6 35.0 76.8 9.6 Baixo
BB T e I I s I T B I I
22 Santa Cruz 16/01/2014 - 19:15:00 1.2 16.0 42.6 42.8 42.8 42.8 47.0 67.2 4.8 Baixo

23 Grande Méier 16/01/2014 - 19:15:00 0.4 22.4 50.2 50.2 50.2 50.2 73.2 73.2 o Baixo

24 Anchieta 16/01/2014 - 19:15:00 1.2 9.8 22.2 22.2 22.2 22.2 28.6 28.6 o

| 29 Av. Brasil/Mendanha 16/01/2014 - 19:15:00 1.0 24.6 29.0 29.6 29.6 29.6

32 Sdo Cristévdo 16/01/2014 - 19:15:00 0.4 11.4 13.4 13.4 13.4 13.4
33 Tijuca/Muda 16/01/2014 - 19:15:00 0.4 13.0 28.4 ND 28.4 28.4
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Identificacio Chuvas | Alarmes
5 = 7 = T
N.1a Estagées | Horal ‘4 15min | O1h 02h 03h | 04h 24h | 96h | NoMés TaxaemOlH | Escorregame...
1 Vidigal 16/01/2014 - 19:30:00 1.4 20.0 74.8 74.8 74.8 74.8 74.8 74.8 5.6 Baixo
> Urca 16/01/2014 - 19:30:00 0.6 7.0 28.0 28.0 28.0 28.0 28.0 28.0 Baixo

| |
4 Tijuca 16/01/2014 - 19:30:00 0.0 8.2 11.8 11.8 11.8 11.8

34.8

16/01/2014 - 19:30:00
16/01/2014 - 19:30:00

76.0 106.2 106.2

16/01/2014 - 19:30:00
16/01/2014 - 19:30:00

|

16 Jardim Botdnico 16/01/2014 - 19:30:00 11.4 46.8

20 Guaratiba 16/01/2014 - 19:30:00 29.4 35.8

Santa Cruz 16/01/2014 - 19:30:00 43.6 47.8

22

23 Grande Méier 16/01/2014 - 19:30:00 0.2 13.4 50.4 50.4 50.4 50.4 73.4 73.4
24  Anchieta 16/01/2014 - 19:30:00 0.4 9.8 22.6 22.6 22.6 22.6 29.0 29.0
25 Grota Funda 16/01/2014 - 19:30:00 0.4 23.6 38.8 38.8 38.8 38.8 40.4 48.2

26  Campo Grande 16/01/2014 - 19:30:00 55.8 59.8

28 Alto da Boa Vista 16/01/2014 - 19:30:00 0.4 16.6 71.8 71.8 75.8
23 Av. Brasil/Mendanha 16/01/2014 - 19:20:00 0.6 13.6 29.6 2 30.2 31.4

| -
|
| ‘ | Baixo

32 S3o Cristovio 16/01/2014 - 19:30:00 0.0 10.0 13.4 13.4 13.4 13.4 31.4 0 Baixo

33 Tijuca/Muda 16/01/2014 - 19:30:00 0.0 11.2 28.4 28.4 28.4 28.4 43.6 43.6 0 Baixo

Identificacio Chuvas | Alarmes
1a Estacbes Hora Leitura 15 min 01h { 02h ‘ 03h ‘ 04h 24h ‘ 96h ‘ No Més Taxa em 01H ‘ Escorregame...
Vidigal 16/01/2014 - 19:45:00 0.2 7.2 75.0 75.0 75.0 75.0 75.0 75.0 0.8 Baixo

Urca 16/01/2014 - 19:45:00 0.2 5.2 28.2 28.2 28.2 28.2 28.2 28.2 0.8 Baixo
Rocinha 16/01/2014 - 19:45:00 0.6 10.2 82.0 82.0 82.0 82.0 82.8 82.8 2.4 Baixo
16/01/2014 - 19:45:00

1
2
3
4

5.8 12.0 12.0 20.4 20.4 8 Baixo

Baixo
Baixo

16/01/2014 - 19:45:00 76.0 106.2

16/01/2014 - 19:45:00 0.2 11.4
16/01/2014 - 19:45:00

76.0

0.4 5.6 68.8

Piedade 16/01/2014 - 19:45:00 0.2 7.6
Jacarepagua/Tanque 16/01/2014 - 19:45:00 0.2 206 464

78.2

Jardim Botanico 16/01/2014 - 19:45:00 0.0
Barra/Barrinha 16/01/2014 - 19:45:00 0.2 16.0 66.4 66.4 66.4 66.4 66.8 66.8
Jacarepagud/Cidade de Deus  16/01/2014 - 19:45:00 0.2 49.0

5.8 46.8

21.2

Guaratiba 16/01/2014 - 19:45:00 0.6
16/01/2014 - 19:45:00
16/01/2014 - 19:45:00

6.0 28.0

Est. Grajau/Jacarepagud 0.0 13.4 91.2 91.2 91.2 91.2 105.0 106.8

Santa Cruz. 1.8 5.2 45.2

25 Grota Funda

16/01/2014 - 19:45:00 0.6 13.2 39.4

16/01/2014 - 19:45:00 0.6 6.0 59.2 60.4 60.4 60.4

26  Campo Grande

28 Alto da Boa Vista 16/01/2014 - 19:45:00 0.2 7.6 72.0 72.0 72.0 72.0
23 Av. Brasil/Mendanha 16/01/2014 - 19:45:00 1.2 7.0 30.8 314 31.4 31.4
30 Recreio dos Bandeirantes 16/01/2014 - 19:45:00 0.4 12.2 37.8 37.8 37.8 37.8

| | { |
32 Sdo Cristévio 16/01/2014 - 19:45:00 6.0 13.8 13.8 13.8 13.8

33 Tijuca/Muda 16/01/2014 - 19:45:00 0.2 7.4 286 28.6 28.6 286
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Identificacio Chuvas | Alarmes |
N.la Estacdes Hora Leitura 15 min 01h 02h 03h

04h 24h 96h NoMés  TaxaemO1H | Escorregame...

Identificacio

Taxa em 01H
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