Ferreira, Dantas, Seville and Giovinazzi.

ORGANIZATIONAL OPERATIONS PLANNING AND DECISION-MAKING
DURING EXTREME EVENTS: THE NEW ZEALAND STATE HIGHWAY
ORGANIZATIONS CASE

—
SV oI InN A~ WD

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

29

30
31
32
33
34

Frederico Ferreira®

Department of Civil and Natural Resources Engineering,
University of Canterbury, New Zealand

Tel/Fax: +64 3 364-2987 Ext. 7313

email: fff10@student.canterbury.ac.nz

André Dantas

Department of Civil and Natural Resources Engineering,
University of Canterbury, New Zealand

Tel/Fax: +64 3 364-2238

email: andre.dantas@canterbury.ac.nz

Erica Seville

Department of Civil and Natural Resources Engineering,
University of Canterbury, New Zealand

Tel/Fax: +64 3 364-2232

email: erica.seville@canterbury.ac.nz

Sonia Giovinazzi

Department of Civil and Natural Resources Engineering,
University of Canterbury, New Zealand

Tel/Fax: +64 3 364-2250

email: sonia.giovinazzi@canterbury.ac.nz

" Corresponding author

Submission Date: 13™ November 2009.
Word count: 4246

Figures: 3

Tables: 3



—_
SO0 DN B W~

—_ e e = e e e e
O 001N DN B~ W —

Ferreira, Dantas, Seville and Giovinazzi. 2

ABSTRACT

Operations planning and decision-making research for emergency management have
increased in both academia and industry due to catastrophic events that have occurred in
the past two decades. Recovery and reconstruction are intrinsically dependent on events’
characteristics and how planning, preparation and response are performed. Numerous
transportation research have already focused on mathematical optimization, network
reliability, risk management, and decision-making. Findings are still to be combined into
common frameworks so better understanding of decision-making during emergency
events can be achieved by the transportation community. This paper presents an academic
approach to analyze extreme event decision-making within roading organizations using
data from practical experiences. An emergency exercise observation and game simulation
data collection method as well as a data analysis framework are proposed to study
extreme event decision-making. A series of case studies were conducted by rigorously
observing seven emergency exercises and simulating twelve game-based scenarios at
several New Zealand roading organizations. Data collected during such experiences have
proven the applicability of the framework, supporting two major findings: 1) Extreme
event decision-making is dependent on previous planning and experiences, confirming
Naturalistic Decision-making models; and i1) Emergency response and recovery can be
associated with two time frames (short and long terms objectives).
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INTRODUCTION

Natural and man made disasters affect communities on a frequent basis. Consequences
range from loss of life to economic disruptions. The International Federation of Red
Cross and Red Cross Crescent Societies estimate that the last decade alone accounted for
535,000 deaths and US$ 684 billion in losses from direct damage to infrastructures and
crops due to disasters (1).

In spite of great advances in various scientific fields, we still lack information on
how people make decisions during crises. Numerous disasters have been
comprehensively reported, e.g. the 1994 Northridge Earthquake (USA), the 1995 Kobe
Earthquake (Japan), the 2004 Sumatra Earthquake and Tsunami (Asia), and 2005’s
Hurricane Katrina (USA). However, decision-making factors and management strategies
are still poorly described and understood.

Many transport studies have focused on developing systems for emergency
management embedded with evacuation models and shortest paths algorithms (2 — 6).
There is also extensive literature on network reliability (7), risk management and
Information Technology applications (e.g. Geographic Information Systems for mapping,
Dynamic Data Bases for information sharing). Such approaches support the estimation of
traffic flows, route prioritization, hazards materials transportation, spatial and non spatial
data analyses. However, they cannot provide simple guidance and information to
facilitate decision-making in the immediate aftermath of extreme events. In this respect,
decision-making studies have become popular endeavors in order to fill gaps identified in
extreme event decision-making (8, 9).

Lack of information on how decision-makers manage transport networks during
stress-laden circumstances impairs a comprehensive understanding of emergency
operations planning and decision-making. It is ultimately associated with poor
performances or inappropriate responses, creating economic disruptions and loss of life.

An understanding of how decision-making activities occur during crisis may gear
organizations and governments towards the development of better infrastructure
management processes and response / recovery practices. Hence, transportation research
(10 — 12) and decision-making theories (13, 14) have been applied to study emergency
management. Regardless of individual approaches, researchers have been trying to collect
data sets to analyze decision-making processes during extreme events. A particular
research approach is the simulation of complex scenarios to collect comprehensive data
and identify new concepts (15, 16).

In New Zealand, emergency exercises have become a popular practice. The
rigorous observation and analysis of seven exercises in the country have proven that
exercises can emulate complexities observed in real events. Many learning opportunities
have arisen from the simulations and vast knowledge acquired as the involved personnel
acted as though the situation were real. Finally, the high complexity of decision-making
during emergency events, combined with limitations from the observation method,
indicated the need to design an additional experiment, in which specific situations could
be isolated and analyzed.

This paper proposes a combined observational and simulation approach to collect
comprehensive data about organizational decision-making during emergencies. After this
introduction, a data collection framework comprising emergency exercise observation
and game-based simulations is proposed. Thereafter, a series of case studies are presented,
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i.e. the observation of seven emergency exercises in New Zealand and simulation of
twelve game-based scenarios. Final findings as well as conclusions / future research are
respectively presented in the last two sections.

FRAMEWORK FOR OBSERVING AND SIMULATING EMERGENCY
EXERCISES

Combining both Emergency Management and Decision-making theories, we propose a
data collection and analysis method to understand organizational planning and analyze
decision-making during both simulations and real extreme events. Observations of
emergency exercises and real events, along with individual simulations, were designed to
collect necessary data for this study.

A comprehensive literature review consolidated the fundamental concepts needed
to develop the research framework. In this context, an Emergency Event is any happening
that causes loss of life, injury, illness, distress thus requires significant co-ordinated
response (17). Emergency Management is defined as a four stage process comprising
Mitigation, Preparedness, Response and Recovery / Reconstruction (1, 18 - 20). Finally,
Decision-making Theories indicated both Naturalistic and Normative Decision Models as
the most appropriate models to study decision-making during emergency events (21 —
27).

With this theoretical background, we set up a Data Collection and Analysis
Framework, in which emergency exercises are initially observed according to a five step
process, described as follows:

1. Search appropriate upcoming emergency exercises in the country;

2. Once an exercise is identified, contact organizations responsible for organizing
the exercise in order to check the possibility to take part as observers;

3. If participation is authorised, become familiarized with dynamics, individual
participants, objectives, major players, scenario and injects;

4. Arrange / define necessary surveying consumables / processes and conduct the
exercise observation focusing on knowledge elicitation and representation as
described in Table 1; and

5. Report the experience to fellow researchers to exchange and collect alternative
points of view.

TABLE 1 Activities and Expected Outcomes from Real Events and Exercise Observation

Step Activities and Expected Outcomes

Observation of decision making process during real and simulated
extreme events and tracing of the decision making stories

Knowledge Qualitative assessment of tangible/intangible vulnerabilities
Elicitation affecting the decision making

Debriefs and in-depth interviews with subject matter experts

2 following real and simulated events. Identification of the cognitive

elements that underlie decision making

Analysis and
3 | knowledge
representation

Extracting meanings from the acquired data and information and
displaying the results
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An assessment framework for decision-making activities performed during crises,
simulated by emergency exercises, was defined according to concepts acquired from the
literature review. Hence, key elements that play fundamental roles during decision
processes were defined as information sharing, decision makers’ expertise and experience
and individual and shared situation awareness.

We further identified the Defence Command and Control Research Program
(CCRP), popularly used in the USA for professional military training, to group the
abovementioned elements into four decision-making domains: physical, information,
cognitive and social (28). Thus, decision-making command and control operations were
individually specified and adapted for our particular research by identifying a set of non-
exhaustive tasks and sub-tasks for each decision domain as follows:

e Physical Domain: Response Actions — Deployment of Human Resources,
Deployment of Physical Resources, Temporary Traffic Management and Damage
Assessment and Management;

e Information Domain: Data Processing — Data collection, Data analysis / storing /
summarising, Data sharing / disseminating and Data maintaining / updating;
Communication — Communication intra-organizations, Communication inter-
organizations, Communication with media and Communication with public;

e Cognitive Domain: Situation Awareness — Perception of the evolving scenario,
Understanding of needs and Projection of future; and

e Social Domain: Collaboration and Coordination — Collaboration intra-
organizations.

Each sub-task refers to specific activities performed by roading organizations,
which ultimately contributes to set up robust and integrated management practices. For
instance, inter and intra-organizational communication processes are established so
information loss can be reduced. Positive information sharing contributes to better data
collection. The analyses of available data under human cognitive and organization’s
social domain support decisions on the physical level such as deployment of resources to
specific locations, implementation of traffic management routines.

The identification of decision-making sub-tasks along with general information
collected during the observations supported the assignment of successful indicators for
each domain. Successful indicators refer to main objectives intended to be accomplished
when road organizations are operating under crises.

e Physical Domain: Minimization of road closure duration and variability,
Maximization of accessibility to strategic services and places, and Minimization
of response and recovery costs;

e Information Domain: High degree of connectivity, Information richness, and
Extent of information reach;

e Cognitive Domain: Individual situation awareness, Level of training and
experience, and Good leadership and unit cohesion; and

e Social Domain: Responsiveness to the needs of emergency management
agencies, Technical advise to leading emergency management agencies and
lifeline groups, and Coordination of actions with all involved agencies.
Complimentarily to the observation method, a game-based scenario simulation

was developed aiming at analyzing specific aspects about the physical domain. Similar
techniques to those used in emergency exercises, i.e. an evolving dynamic scenario, were
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considered in order to develop the game-based approach. The experience was designed to
be conducted with a sole participant so a controlled research environment could be
created and specific data about decision-making could be collected. For this purpose, two
main tools were designed (namely, Prioritization Matrix and Board Game) to support
analyses aiming at the identification of response patterns. The combined observation and
simulation framework intends to overcome intrinsic limitations from individual
approaches in order to support comprehensive analyses of organizational planning and
decision-making during extreme events.

At operational levels, the game simulation is conducted by inviting and running
the emergency scenario with practitioners and academics. Figure 1 presents the two tools
abovementioned. The case studies are conducted by firstly asking participants to fill in
the Importance Matrix as illustrated. The matrix is based upon a multi-criteria process,
which provides data to estimate the importance of each response objective. This
technique also allows the data analyst to identify illogical weight assignment and avoid
the use of poor quality data. Subsequently, the game simulation takes place by simulating
an emergency scenario for a hypothetical city. Participants receive injects (or scenario
information) every seven minutes, which represents a full response day, and are required
to deploy available resources to damaged assets. Immediately after each resources
deployment, the game controller asks the participant to state the main motivations for
his/her decisions. A final semi-structured interview is conducted in the end of the
simulation in order to collect general qualitative data. Full specifications on both game
and scenario development can be found in Ferreira et al. (29). Note that Figure 1 only
intends to provide a simple illustration of the board game as a better resolution picture is
presented in the reference above.

The data analysis process focuses on scrutinizing individual resource deployment
along with declared priorities and road transportation network characteristics. Qualitative
data from interviews are used to fill possible existing gaps created by missing data.
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EXERCISE OBSERVATION AND GAME SIMULATION CASE STUDIES
Seven emergency exercises throughout New Zealand were observed according to the five
step process described in the previous section. Dates, locations and details are presented
in Table 2. The experiences comprise five earthquake events, one weather related disaster
and one volcano eruption. Although earthquake simulations were the majority, complete
experiences were acquired as weather and volcanic exercises were also observed.

The observation of exercises has provided a great deal of information about
organizational operations. Group settings, promoted by exercise simulations, contributed
to better understand the dynamics associated with extreme event decision-making. For
instance, it was noticed that organizational structures such as Coordinated Incident
Management System (CIMS) are implemented in order to reduce communication
disruptions, information loss, processes optimization, situation analyses. Observations
also indicated that decision-making is heavily dependent on individual hierarchy within
organizations and experience.

However, it has been found that collected data collected is potentially biased as
exercises were diverse in nature (i.e. introductory, complex, local, regional, national and
international) and participants had different backgrounds.

In spite to solid decision-making performances at most exercises, remarkable
deficiencies associated with Physical, Information and Cognitive Domains can be
described as follows:

e Physical Domain: insufficiency and/or difficulties in deploying human and
physical resources;

e Information Domain: lack of alternatives ways of communications and lack of
dedicated personnel to collect process and share information. Impossibility for all
the decision makers to have access to intra-organization information; and

e Cognitive Domain: lack of individual situation awareness combined with
deficiencies in decision makers’ training and experience.

Particularly for the Physical Domain, Dantas ef al. (30) scrutinize shortcomings as
well as propose a series of actions towards the improvement of resource deployment and
decision-making optimization.

Complimentarily, twelve game simulations were conducted in order to fill
research gaps identified in the observation method. Initially aimed at a wvast
comprehension of human cognitive decision-making processes, the game simulation has
proven to be very efficient in analyzing the Physical Domain. In this context, resource
deployment data and decision-making motivations were examined leading to a new series
of findings as follows.



(pueppony) 1931U9)
JUSWOTBURA] OJeL]
Kouody podsuel],
pue (a1oyeIe AN\
pue puepony
‘uoiuI[[o Ay ) SIOIUD)D)
suonerod( Aouagiowryg

20JO [pUOHEN
Kouody podsuel],

S910U93E [BUOIIRULIOIUL
pue [euorjeu ‘[euo13ar
‘[ed0] ‘UdIM]AQ SUOIIUUOD
pue sjuowo3ueLe
‘soniqisuodsor
‘S9[01 0) SNJ0J
Jenonsed ym 19isesip Jofew
& puodsal 03 sjuowo3uelre
uorjeu-Jo-[e 1S9 L

weiS01J 9SI0IOXF [BUONBN
juswaeurN AouagIowyg
pue 90udJa(T [IAID JO ANSIUTI
oY} HIM 9OUBPIOIIE UI ISIOIIX
[EUONOUN] [9AS[-[RUONIEU § JOL],

pueppOny
ur uondnid ouedjoA

pueppny
800C YOIeIN (€1
ISIIXY oynowreny

[1ouno)) [euoI3ay pue
$I0}0BIIUO)) ‘SjUB)NSUO))

‘[1ouno)) [euoI3ay pue
Kouady 1odsuel], usomjeq
SIUQMIOS UBLIE 9OUBSSTEUUOIDI
[eLIO® 150 ‘suonezIue3io
U92M}2q UOHEITUNWTIOD

Sururen
[enuue pa[npayds ZN Jsuel,

uoI3uI[ oM

uoI3uI[ oM

800C KeIN 11
ASIIAXY [T SnIed|

Kousde mmmwmm pue uoyeao[[e o Jo ed aS1210X0 [BUOHOUN] u xyenbed fofepy
sonuond {(anua)) suonerddQ UoJSUIO M
Kouadiowyg) DOY uIypm L00T _qUWLAON ,,CC
SO[OI IO} UI JJe)S Urel] ISNIIXY SnIed]
(wredy "SOI0U3 Y JUSWOTRURIA 9SIN0)) UOIONPONU] qoINyISLIy))
Ppaseq yoInyoIsuy))) Kouagrowyg [ed0T oddns (OVANN) uoneurpioo) YoINyoISLIy) L00T 1290100 ST
uonezue3iQ 01 osuodsai [euoneuIIUl PUE JUSWISSISSY 19)SesIq ur oxenbyaes Jofejy (OVANDN) dsPIxXy
PIV [BUOBUINU] ‘poIBuIpIO-09 N SUOTBN PoMu() oI1oeJ BISY Surure.], suoneN paju)
gy | oo ot | OION S s
A1D E.E [euo13oy sdnoin Q) [puoisor EmQO vqﬁ.& yInos [[& SUIA[OAUL ur oyenbyires ole Joquaydag G pue ]
! ! ! ! ! : 0 n

djenjeAs pue OUCO‘NHQ 0],

9SI1019X9 [euonouUnj [BUoISaY

ISIIIXY eIOpuURd

puepPNY ‘I0)Ud) IoJSueI) OJUL O} SNO0J YIIM dnoin souroyry SulvourSuyg puepPNy ul SUIpoory puepPNy
JUSWOTBURA] OJeL] D04 dnoin) oy ur sassaooxd puepny oy} £q paziue3io pue aSewep jueolIusIs L00Z dunf 8
Kouo3y 1odsuer], UOIBUIPIO-00 AN QUI[JI] as1010x9 dojoqes panqLusiq ursned ouo[o4o [eordoi], ASIIIXY TUOIIBIA
UOISUI[[9 M 193ses1p Jofew e Surpuodsal WAADIN uoI3uI[[OM
¢ : AT ’ uoi3uIfo M :
901JJO [euOITOY 10J sjuowoSueLie Uoneu oy Aq paziue3Io 9SI0IIX 9007 19qQUIDAON G / .71
ur oyenbyires oley -
Koua3y 110dsuelr], -JO-I[® S,pUB[BOZ MAN IS0 [BUOIIOUNJ QOUAJIP IAIO [BUOTIEN afen) rende)
suopezuesIo wi A3ojodA 1, 3s1a.a9x U9AJ pdjenuul uonedO| INe( dWe
PIAISqO v [0dA], oI q } paje[nulg Dedo] Aeq N

PUB[EIZ MIN UI SISIAIIXF AJUISIOWH PIAISqQ T ATIV.L

"IZZRUIAOIL) PUR J[[IAJS ‘SeIuB(] ‘BIIOLIO ]



—_
SO0 DN B W~

[\ I N T S R e e Y e T e e N e N
N — OO0 WnN A~ WN —

23
24
25

26
27
28
29
30

31

Ferreira, Dantas, Seville and Giovinazzi. 10

Game simulations were conducted over a 3-month period. Twelve case studies
were performed with local, regional and national roading authorities, consultants and
contractors.

Data collected were initially considered suitable for the study due to participants’
conduct. It was organized into two sets: qualitative and quantitative. Qualitative data
included audio records from interviews conducted at the end of each game simulation and
quantitative data response objectives prioritization and number of resources deployed to
each road link during the simulation.

After processing the data, Response Planning and Decision-making Response
were respectively analysed. Planning refers to cognitively structuring response prior to
the simulation. Additionally, Decision-making Response is the actual response process,
limited in the proposed game-based simulation to the deployment of resources to each
road link according to experienced damage.

Decision planning was initially analyzed using data collected by the Prioritization
Matrix presented in Figure 1. Response priorities were calculated for the eight objectives
using Equation 1. Results were plotted in a Box Plot Diagram as well as individual
priorities (Figure 2). The visual analysis of the Box Plot Diagram indicated a series of
possible outliers (observations that are numerically distant from a pattern or cluster of
data). Those values were then excluded from the data set and median values for priorities
were finally estimated as presented in Table 3. Finally, three levels of priority were
assigned to each Response Objective according to priorities distribution.

P(RO) = cgivenl =128 (1)

® ®
> (wy / > Wy
] il
M

Where: P(RO;) — priority estimated for the i”" response objective
i — row items
j — column items
n —number of row items or column items
w;; — importance or weights assigned by participant

TABLE 3 Final Median Values for Response Priorities

Priority Level Response Objective Response Priority
High Support Immediate Rescue 33.00 %
Enable Support from other Areas 17.00 %
Medium S}Jpport Lifelines 15.00 %
Repair Key Infrastructure 14.00 %
Facilitate Accessibility Between Communities 7.00 %
Low Protect Environment 6.00 %
Protect Private Property 4.00 %
Protect Economy 4.00 %
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Decision-making Response was analysed according to the number of resources
deployed to each link of the road network during the simulation. Each unit of resource is
considered to contribute towards eight response objectives presented in Table 2. Equation
2 was used to calculate Contributing Resources (CR) according to a weighting system
proposed for the game simulation. It considers the proportion of “response services” that
individual links can support during the response process. For instance, resources
deployed to road link “a” contributes 70% to “Support Immediate Rescue”, 20% to
“Enable Support for Other Areas” and 10% to “Support Lifelines”.

W) @)

Where: CR;— Contributing Resources for the " link
W, — Weighting System for the /" value
R, — Total number of resources deployed to 7" road link
[ — response objectives (1 </<8)
r —road links plus airport (1 <r < 15)

Percentual CR; results were plotted as shown in Figure 3, which points out to two
major findings. Firstly, resources deployment aligns with Response Planning as
participants ultimately aim at fulfilling planning strategies defined prior to the simulation
(i.e. priorities given in the Importance Matrix). We could also observe Naturalistic
Decision-making tendencies in emergency management. Although participants did not
have access to the weighting system and were not familiar with the scenario, they have
used previous general experiences and expertise to guide / justify their decisions. This
was confirmed during final interviews, when participants declared that potential benefits
from different resource deployment strategies were assessed according to response
priorities and personal experiences / expertise so the “most appropriate” response could
be identified and implemented.

Finally, a temporal data analysis has indicated two time frames. On one hand,
participants aimed at “Support Immediate Rescue” and “Enable Support from Other
Areas”. Those two objectives are dependent on an effective and short time responses so
lives can be saved by rescuing people and offering appropriate treatment. An urgency in
response is reported by rules such as the “Golden Hour” and the “Golden Ten Minutes”
(31). On the other hand, medium term response refers to “Support Lifelines” and “Repair
Key Infrastructure” due to contingency plans, i.e. resources would still be available for
some time to affected regions although at limited levels. This time frame provides the
“necessary gap” to finalise rescuing operations and re-mobilize resources for medium
term response. Finally, economic recovery and environment and private property
protection are mainly associated to recovery / reconstruction. This phase is usually
identified by human life not been endangered any more as well as affected communities
being able to experience liveable standards (e.g. economic trading, businesses, services
supply, tourism).
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FINDINGS

Some authors define decision-making as a series of actions that bring changes to the
environment or management processes. This research indicates that organizational
extreme events decision-making is a function of response planning and events’ unfold.
Information generated from exercise observations activities and game simulations can be
summarized into two findings as follows:

e Response planning matches decision-making (i.e. resources deployment).
Response priorities estimated from Importance Matrices are considered during the
simulation as resource deployment aim at fulfilling objectives accordingly to their
respective importances. This fact confirms the rational decision-making process
presented in the scientific literature by Naturalistic Decision Model, in which
expertise / experience, knowledge / memory and improvisation play key roles;

e Short and long term response patterns are figurative references to emergency
management response and recovery activities. Data collected have proven that
response efforts focus on immediate needs such as “Immediate Rescue” and
“Enable Support from Other Areas”, while recovery broadens emergency
management into longer time frames, resources scattering and building up efforts
towards long term demanding goals.

CONCLUSIONS AND FUTURE RESEARCH

This paper presented a new method to collect data and analyze organizational operations
and decision-making during extreme events. Based on Decision-making and Emergency
Management theories, an observation and simulation framework was conceptualized for
the specific case of roading organizations. The method has shown to be capable to
evaluate both general management operations and specific decision-making processes in
order to identify response patterns.

The observation of emergency exercises supported the identification of tasks and
sub-tasks for four decision-making domains commonly considered in the literature (i.e.
physical, information, cognitive and social). Each domain was further associated with
response objectives or successful indicators. Although general information could be
generated from exercises observations, specific decision-making processes were still
unclear. Therefore, specific knowledge was lacking to continue the research.

A game-based scenario simulation tool was developed in order to consider
exercises observations’ limitations. The game simulation gathered comprehensive data
about extreme events decision-making influencing factors. In this context, Response
Planning and Decision-making Response were found to be two key processes performed
when managing emergencies.

Response planning accounts for prioritization processing and the former for actual
resource mobilization and deployment (both physical and human). Experiences supported
us to define Extreme Events Decision-making as a Naturalistic Decision-making process,
in which situation recognition, pattern matching to memory structures and prototypical
situations play vital roles (17, 42). Finally, it was found a temporal pattern in response: 1)
short term and ii) long term. The “Support Immediate Rescue) and “Enable Support from
Other Areas” were identified as short term objectives. The reaming six response priorities
were classified as long term objectives with infrastructure repair and lifeline support
being flexibly arranged according to specific event’s circumstances. For instance,
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resources were immediately deployed to the industrial area and the main bridge as soon
as those places were near “collapse points” with dramatic consequences to the
community (e.g. water contamination, loss of major highway link). These actions also re-
affirmed the Naturalistic Process as well as highlighted decision makers’ improvisation
skills.

Finally, future research should target the development and test of decision support
tools for roading organizations. We currently envisage a dynamic system collecting real
time data to process recommendations to transport managers so decision-making can be
facilitated, response times reduced, resources deployment optimized and information
better shared among organizations.
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