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ABSTRACT

From a social science perspective it is wuseful to think of the
evacuation behavi or during energency, comonly referred to as emergency
egress, as having four distinct analytical dinmensions: the physical
environnment from which to evacuate, the hazard forcing the evacuati on,
the managerial policies and controls deployed at evacuation, and the
psychol ogi cal and social organizational characteristics inpacting the
persons that participate in the novenment. It is nmuch nore common in the
physics and engineering literature to find direct consideration of the
first three dinensions than of the fourth.

This article reports on a conceptual framework for incorporating
consideration of the latter dinmension into the simulation of the
pedestrian evacuati on behavior. This framework can be put to great use
by architects, engineers and computer scientists alike in determnning
the outconmes of evacuation processes. Such nulti-disciplinary precedent
can pronote highly beneficial and enduring collaborations between the
previous disciplines. The sections that follow describe the conceptual
framework and its potential account into sinulation software, and draft
sone concl usi ons.



| NTRODUCTI ON

From a social science perspective it is useful to think of the evacuation
behavi or during energencies, comonly referred to as energency egress, as
having four distinct analytical dinensions: the physical environnent from
which to evacuate, the hazard forcing the evacuation, the managerial policies
and controls deployed at evacuation, and the psychological and socia

organi zational characteristics inpacting the persons that participate in the
moverment. It is much nore common in the physics and engineering literature
and in sinmulation nodels of evacuation (Fraser-Mchell, 2001; Helbing,

Farkas, and Vicsek, 2000; Fahy, 1999) to find direct consideration of the
first three dinensions than of the fourth.

The awareness of the inportance of social organization has increased in
recent years particularly as a result of studies of panic. The ol dest view of
pani ¢ assunmed that people in dire energencies lost their hunanity and becane
overwhelned by fear. A second view, sponsored by Quarantelli (1954; 1977)
advanced a different conceptualization of panic as a social collective or
energent behavior whereas people attended to their own needs wth no
consideration for the fate of others. This view was superceded in the 1980s
and 1990s by the work of Norris Johnson and other scholars (Johnson, 1987
Johnson, Feinberg, and Johnston, 1994) who pointed out that people in
situations of great danger did not panic, and did not abandon their ties to
others. Instead, they continued to be social actors enbedded in social
organi zati ons, and deeply concerned for the fate of others so that they often
imperiled their own |lives on their behalf.

The social science literature provides an extensive coverage of the
i mpact of psychological and social organizational characteristics on the
energence of consensus in collectivities, albeit not necessarily at
evacuation. This body of know edge can be put to great use by architects,
urban planners, engineers and conputer scientists alike in determning the
outcomes of evacuation processes. Such multi-disciplinary exchange of
i nformati on can pronote highly beneficial and enduring coll aborations between
previ ous disciplines. The need for a study of crisis evacuation anchored in
social science is particularly keen nowadays as terrorist threats have
i ncreased.

This article reports on a conceptual framework from social science for
i ncorporating consideration of the psychol ogical and social organizational
characteristics of pedestrians into the sinulation of the evacuation
behavior. It affords a holistic and consistent neans of assessing the inpact
of these characteristics in spite of their inherent variability and the
complexity of their interactions. The variations in pedestrian social
organi zational characteristics, pedestrian facilities, managenent nitigation
policies and threat characteristics result in a conplex web of interactions
bet ween t hese di nmensi ons.

Pedestrian collectivities vary wdely in their mcro- and nmacro-
structural or gani zati on. M cro-structural characteristics include such
factors as the social bonds between i ndividual pedestri ans. Macr o
characteristics include the distribution of behavioral factors anong
individuals in pedestrian collectivities or the distribution of the sane
across space, in collectivities still. Pedestrian facilities vary in their
| ayout and throughput capacities, in their ease of navigation as facilitated
by di splays such as exit signs, and in their provision of tenporary shelters.

Variations exist as well in the nanagenent policies inplenmented at
evacuation and in the characteristics of the threat posed. Mtigation may
entail wvarious conponents that attenuate the inpact of the hazard, that
enhance hazard awareness and perception by pedestrians through the issuance
of warnings, or that guide pedestrian reactions through the deployment of



control agents. Threats vary in location and tinme of onset, nagnitude and
evol uti on anong ot her factors.

The sections that follow describe the conceptual framework, its
potential account into simulation software and present sone concl usions and
recomendations. The framework ensures that socially inbedded pedestrians
willingly form definitions and responses to hazards or managenment directives
in cooperation with social group nmenbers and especially those to whom they
hold primary ties.

CONCEPTUAL FRAMVEWORK_AN AGCREGATE PERSPECTI VE

Fig. 1 presents an overall schematic of the proposed conceptual framework as
inspired by the works of Quarantelli, 1980, on disaster evacuations. The
framework uses two distinct domains: that of the inherent global variables,
whi ch describe pre-existing information; and that of the l|ocal variables,
whi ch provide the basis for how an individual or a group reacts to a specific

hazar d. The global comunity includes all initial wvariables of the
evacuation, which are not affected by any kind of pedestrian or nanagenent
behavi or once the evacuation starts. This information is to be taken from
enpirical data gleaned from disaster-related literature, and conceivably

emer gency nmanagement agenci es.

The gl obal domain contains two main conponents, the community and the
hazard. The community enconpasses the physical building environnent, the
persons and organizations that evolve within the building, including the
buil ding managenent, and conceivably outside entities such as nearby
firefighter stations that nmay inpact the course of events. The hazard
component contains the possible hazard agents, such as fire, flood, hostage
situation or explosion and the physical effects of these hazards
(Quarantelli, 1980). Oher characterization paraneters specific to hazard
agents include onset paraneters such as probability of occurrence at given
| ocation, magni tude and probability of an evolution history.

The comunity is characterized by a social climte, inherent social
Iinks, and nunerous resources. The social climte, according to Quarantelli
(1980), consists of the social, psychological, political, econonic, l|legal, or

historical factors which can affect the evacuation process. Included in this
aspect of the nodel are the denographics of the evacuees, such as age,
gender, and ethnicity. This also accounts for whether or not the evacuees

have had past experience with simlar hazards. Research suggests that it may
be difficult for people to understand the hazard warning when they do not
under stand nuch about the specific hazard (Fitzpatrick and Mleti, 1994).

Various social 1links, or bonds, tie comunity individuals to each
other. Johnson, Feinberg and Johnston, 1994, docunent primary, secondary or
nested secondary social groups. Primary and secondary groups contain nenbers
with primary (spousal , friendship, famlial) and secondary ties,
respectively. Strong bonds relate primary group menbers whereas secondary
groups constitute nore loosely knit social organizations, such as those nade
up of co-workers or fellow travelers in a tour group. Nested secondary
groups enbed nenbers holding primary ties with nenmbers hol di ng secondary ties
and vice versa. For instance, a husband and wife pair fornms a nested
secondary group together with a vacationing tour group.

Included within the global conmunity are the tangible and intangible
resources available to organizations and individual or group of evacuees

(Quarantelli, 1980, 1984, Perry, 1994). Wthin the building environnment
tangi ble resources may translate for instance into surveillance, detection,
mtigation and comunications equi prent utilized by nmanagenent, and

intangible ones into the evacuation plan, the training of energency
personnel, the comunication processes, the available information and the
know edge of how to utilize the tangible resources. This know edge may reside
with persons or organizations.



The local domain concerns itself with the actual onset of a specific
hazard, the ensuing actual vulnerability and actual exposure, the actual and
perceived risk, and the end behavior. The global domain bears physically,
socially and psychologically on individuals or groups, delineating the I ocal
vari abl es. Wiereas the gl obal variables define how the group of evacuees can
potentially react to a crisis, it is the local variables that affect the
real-tine or actual behavior of the individuals.

Tangi ble or intangible resources help enhance the comunity’'s
preparedness and resilience, or its ability to cope with the hazard. It is
these available resources that formthe basis for the actual vulnerability of
the individual or group of evacuees, or the pedestrians’ preparedness to dea
with a crisis situation as it unfolds. Hence, the actual vulnerability of the
evacuee is related closely to the resources that are available through the
gl obal domain. The actual exposure of individual or group of evacuees can be
interpreted as varying with the distance to the hazard and the protection
from the hazard that is afforded by such things as walls, water or other
obstructi ons.

It is the interaction of the actual exposure and the actual
vulnerability that forms the actual risk inherent in the crisis situation.
This variable is a function of the probability of harm and the nagnitude of
the damage. The actual risk drives the social and individual processes that
define the perceived risk. The evacuation behavior ensues from the perceived
risk. Drabek’s findings suggest that those with high perceptions of risk, or
those who develop high levels of perceived personal risk, tend to evacuate
significantly quicker than others (Drabek, 1996). The evacuation behavior
reflects the effect of the hazard on the individuals within the comunity at
risk, and is a function of conmunication, coordination, and decision-naking
(Quarantelli, 1980).

CONCEPTUAL FRAMEWORK_A DI SAGGREGATE PERSPECTI VE

A schene outlining the relationshi ps between the individual, and the behavior
output is presented in Fig. 2. A prinmary notivator for the entire scope of
human behavior is stress level mnimzation, as inforned by the principles of
drive reduction theory. In terns of the current application, a nodel based
upon this principle ains to effectively replicate human behavior, wth a
focus on deci sion making and notivation

Many factors in the physical environment (ranging from a pedestrian’s
proxinmty to a loved one, to hazard-based endangerment, to adherence to
schedul ed activity agenda) cause varying |levels of stress in each individual
These stress levels are directly responsible for active problem solving
behavior, wth the imediate behavior directed towards the nost intense
stressor. If the problem solving is effective, this stressor becones of |ess
concern, and the process repeats.

Pedestrians afford a degree of know edge and experience (both pre-
assigned and accunul ated), that enables them to avoid raising their current
stress levels, in addition to just reducing them As a result, preventive
stress level optimzation and prescriptive stress level optimzation wll
simul taneously and conpetitively determne each pedestrian’s actions.
Prescriptive stress optimzation is primarily the notivator behind problem
sol ving behavior, while preventive determ nes exactly which solution strategy
i s chosen.

Each pedestrian is initially defined in ternms of her physical ability,

soci al bonds, personal space preferences, and assigned agenda. Physi cal
ability is defined here as one's athletic ability, and is infornmed by the age
and gender of the pedestrian. It outputs to the physical senses, defining



their level of acuity. Physical ability can only be altered by physical
damage sustained, the level of harm during hazard conditions.

An individual's personal space size is dynamic, varying primarily wth
age, gender, imediate environment, and social climate. Hall (1966) called
the study of interpersonal distance proxenics. From his observations of
Anericans, Hall concluded that four interpersonal distances were inportant in
our social interactions: intinate, personal, social, and public. Intimate
di stance ranges from O to 1.5 feet. W tend to avoid getting this close to
people we are not intimate with, and will try to escape if we do.

Per sonal distance ranges from about 1.5 feet to around 4 feet. Touch is
mnimal at this distance (except perhaps when shaking hands). This is the
di stance used for friendly interactions. Sonetinmes we allow strangers into
the outer limts, the inner linmts are reserved strictly for friends. Social
di stance extends from approximately 4 to 12 feet, and includes the space

required for nore formal social interactions. Social distance is often
experienced in the business environment, for exanple at a business neeting
or interviewing new applicants for enploynent. Finally, Public distance is

between 12 and 25 feet. After 25 feet, communication is al nbst non-existent.
This distance is utilized for public speaking situations, which is only one
way conmuni cation to an audi ence.

It is inportant to consider that the above distances are only optinal
when space is not limted. In crowmded areas, personal distance spheres vary
in size. For exanple, in a crowded elevator strangers may be very close, or
even touching; this is acceptable for that particular situation but is not
acceptable if there is room to nove apart. As applied to the simulation,
i nappropriate sphere occupancy is directly correlated with an increase in
stress, pronpting corrective behavior

Social bonds, as a function of their intensity, inform stress |evels
and gui de behaviors that keep loved ones in close proximty and out of harns
way. Each pedestrian’s agenda is user-assigned and includes a list of tasks.
Each task, besides containing a set of instructions, is characterized by a
time budget and a degree of inportance. A level of stress ensues from these
factors and inpacts wupon the pedestrian. Behavior always focuses on
satisfying the agenda, provided no greater stressor is present. When non-
agenda focused behavior does take precedence, behavior choices that are
congruent with the agenda are given priority.

An individual interacts with the environnment around her through three
basi ¢ processes: awareness, perception, and reaction. The physical senses
i nform awar eness, which includes the raw, objective data we extract from the
envi ronnment . This is where inter-pedestrian conmunication and warning
detection enter to be processed. Once aware of a stimulus, a perception, or
subjective interpretation, is fornmed. Perception is influenced by many
factors. Firstly, the know edge and experience of each individual will play
a strong role in how an event or stinmulus is perceived. Two other inportant
i nfluences on perception are personal space and existing social bonds. Both
contribute primarily to the interpretation of extra-pedestrian awareness.
Finally, a reaction follows from perception once notivation is introduced.
This notivation manifests itself through stress level optim zation

As an emergency situation devel ops, the nodel explained above remains
valid, though an additional elenent needs to be considered. An individual’s
perceived risk plays an inportant role in stress level fluctuation and can
becone the driving force behind behavior in a dangerous environment. Risk is
defined as the product of probability of occurrence and nagnitude of harm
(Harris, 2000). The highest risk occurs when a threat is unavoidable and the
consequences are great. The perceived risk of an individual is derived from
her personal interpretation of nmagnitude and probability, as this is what



i nfluences decision neking (as conpared to the actual risk which is
cal cul ated objectively). A pedestrian can be at high risk, but wth out
knowi ng it she won't consider corrective action. Perceived risk is a dynanic
variable that is constantly updated. It is prinmarily a function of proxinmty
to resources (exits, fire extinguishers, etc.), di saster experience,
know edge of the building layout, group nenbership, level of harm and
physical ability. Social bonds also play into perceived risk, as a spike in
perceived risk can be expected in a child who has lost her parents.
Additional perceived stimuli, like communicated nessages and warnings, wll
al so affect this neasure.

Perceived risk directly outputs to an individual’s stress levels, and

when it is noderate to high, perceived risk will generally dom nate. [If risk
| evel reaches a maxi num pani cky behavior can ensue. This will result in a
skewing of the individual’s general perception. External perceived risk

(perceiving the risk of a sibling, for exanple) can have a sinilar effect on
stress levels, and is a function of the same variables, but applied to the
target.

The selection of the behavior chosen by the pedestrian is based upon
preventive stress level optimzation, and taken from a catal ogue of possible

actions. Inter-pedestrian conmunication in the forms of mlling and
keynoting are possible outputs here. As the nodel is continuously engaged, a
chosen behavior will manifest until conpletion and/or stress |levels notivate

otherwi se. (The reader should note that the disaggregate nodel presented
here applies to both emergency and non-energency pedestrian behavior.)
FRAVMEWORK ACCOUNT W THI N SI MULATI ON

Fig. 3 presents a generic neans of accounting for the conceptua
framework presented above into sinulation software. Three sub-nodels,
paraneter updating, logistical and operational, interact to output the
pedestrian notion parameters under both, emergency and non energency
condi tions.

The logistical nodel takes as input the pedestrian’s activity demand
and the network representation. It outputs her activity schedule and her
route assignnment. Each pedestrian possesses an agenda of activities, to
conduct through the facility wthin a limted tine budget. The agenda
consists of compulsory or nmandatory activities and elective ones. A
particular activity can only be conducted at one of the multiple fixed areas
servicing the activity. Later areas may in turn service multiple activities.
The servicing of individual activities may be subjected to equal or differing
costs at differing service areas. In addition, a pedestrian typically incurs
servicing and waiting costs at service areas.

Based on the layout of the facility and based at tines on the
directives obtained from control or service agents, each pedestrian schedul es
a selected set of activities through the network. The activity schedule
derived nust satisfy all priority constraints in the execution order of
activities. For instance, an airline traveler may need to purchase her ticket
or check her luggage prior to being screened. Further, activity selection and
scheduling is intent on mnimzing the total pedestrian costs incurred during
activity conduct. Total pedestrian costs enconpass the running costs
associated with |loconotion, the servicing and waiting costs incurred at
service areas, and nunerous cost penalties associated wth violating

mandatory activities or violating a tine budget. In the absence of the
awareness of hazards by the pedestrian, this nodule executes her initial
activity agenda. Oherwise, it acts upon an updated activity agenda as

expl ai ned | ater.

Havi ng selected a schedule of activity, the pedestrian then chooses a
route to and fromactivities according to their schedul ed execution order. In
the absence of congestion, the route choices of individual pedestrians do not



i npact those of other pedestrians. In the event of congestion, however,
travel time increases nonotonically with increases in flow and pedestrian
route choices beconme interrelated. The marginal running costs induced by
i ndi vi dual pedestrians are incurred by all.

The operational nodel determines the imediate pedestrian’s notions
given her route assignnent, and the constraints or challenges posed by the
physi cal environnment and by other pedestrians in her inmediate vicinity. To
this end, the operational nodel optim zes her notion paraneters by naxin zing
activity and route abidance while avoiding other pedestrians and obstacles.
Mbtion paranmeters may include for instance pedestrian headi ng and speed.

Cccasionally, assumi ng hazard onset, nodel paraneters, including the
network, the activity agenda and conceivably the managenent plan, require
updating. It is the paranmeter updating nodel that undertakes the task of
updating these input paranmeters. It bases its activity updating function on
the concept ual framework earlier advanced. In essence, the stress
m nim zation behavior exhibited by the pedestrian translates into an updated
activity agenda.

It is the paraneter updating nodel that interfaces traditional nodels
of simulation of the -evacuation behavior and the proposed conceptual
framework. Hence, it constitutes the main object of the discussions wthin
the following sections. (Needless nention that the proposed franework,
notwithstanding mnor nodifications, can account for the notivational
pedestrian behavior within the logistical and operational nopdels as well;
t hereby enhanci ng the consi stency of her behavi or throughout the sinmulation.)
Par amet er Updati ng Model
Each time step, this nodule duplicates the processes undergone by managenent,
active hazards, pedestrians and their interactions to update, where needed,
the nodel sinulation parameters including: the active walking environnent,
the managerial plans and the pedestrians’ activity agendas. Updates nay be
needed 1) following the onset of hazards or 2) following the onset of
mtigation efforts by nanagenent until recovery. Update processes undergone
by nmanagenent include surveillance, detection, mtigation, nonitoring and
recovery. Those undergone by pedestrians include decision nmaking (awareness,
perception and reaction) conmunication and coordi nati on. The hazard processes
anticipated address the hazard onset and evolution until its renoval or
extinction. (Refer to Fig. 4 for a detailed display of the sinmulated
processes.)

Updates in pedestrian activity agenda ensue from the undertaken
pedestrian processes. The chief pedestrian reaction of interest consists in
the changes to the activity agenda. Updates in the network environnent nay
follow either from nmanagenent or hazard processes. Managenent nmay reduce the
use of portions of the walkable network as a mitigation strategy.
Alternately, the hazard through its presence and evolution nmay render
portions of the wal kable network unusable or nay threaten building structural
stability. (Depending on network representation, updates to the physical
environnent translate into the unavailability of space or into m ssing nodes
and links and possibly into the disconnection of network portions.) Only
managenment processes may directly result in managenment plan updates.

The various managenent, pedestrian and hazard processes interact as
further indicated in Fig. 4. Hazard and managenent processes nay engender
cues, em ssions or warnings which inpact pedestrian awareness, perception or
reaction and hence pedestrian processes. Managenment processes such as
mtigation nmay hinder the hazard evolution process. Alternately, pedestrian
reaction may include a nitigation conponent which also tackles the hazard
evolution. Finally, mnmanagement nay nonitor pedestrian reactions to reinforce
or counter them within mtigation. The paragraphs that follow describe the
i nner works of the anticipated nodel.



Pedestri an- Based Update Processes

Each time step, this nodule attenpts to predict the socio-psychol ogical and
soci o- organi zat i onal processes undertaken by pedestrians including the
awar eness of hazar ds or management directives and the energent
communi cati ons, perception and reactions. Following Sine, 1983, the nodule
mai ntains group ties in collective flight. Socially inbedded pedestrians form
hazard or directive definitions and responses in cooperation with social
group nenbers and especially those to whom they hold primary ties.
Unregul ated conpetition in collective flight occurs rarely (Quarantelli and
Dynes, 1972, and Keating, 1982) and under the nost severe of threats.

Following Fig. 2, the simulation endows pedestrians with vision, and
concei vably other sensorial capabilities. Pedestrian awareness nmay arise from
direct eye witness, synbolic interactions such as keynotes, or issuance of
warnings and evacuation path directives by managenent. The sinulated
pedestrians who directly wtness the hazard onset or evolution can be
determined based on gaze directions, locations relative to each other, to
obstacles and to hazards, and based on physical and visual attributes such as
hei ght, visual acuity, etc. Awareness nay then propagate using keynoting and
other synbolic interactions, potential disaggregate nodel outputs that ensue
fromstress mnimzation. Pedestrian threat perceptions could be sinulated as
erroneous deviations around a true nmean. They could be assuned independently
and identically GQunbel distributed thereby validating the wuse of the
multivariate logit nodel and allowing for the ease of calibration. (Needless
mention that the GQunbel distribution differs only slightly from the true
Gaussian distribution of errors.)

In forming a reaction strategy, individuals seek to maintain the
toget herness and the integrity of their group nmenmbers. To this end, they 1)
sel ect the action choices that mninmize the perceived riks of group menbers
from the threat and 2) resolve individual differences in reaction choices
within a group through synbolic interactions. Fig. 2 allows for consideration
of social links in the conputation of the stress |evel experienced by the
pedestrian. They inform her perception of risk; thus interpreted in ternms of
the social setting, the presence of children and el ders, etc.

O her factors inpacting on her risk include her exposure to the hazard
or her level of harm as measured by the proximty of the hazard and the
hazard severity, and her vulnerability that is not shaped by her social
setting such as the safety of the present |ocation as neasured by the
proxinmty of escape routes (Drabek, 1996, Sorensen, 1991; Ilkle, Quarantelli,
Rayner, Wthey, 1957). Different wvulnerability functions my apply to
pedestrians with different threat acceptance levels. The pre-cited |ocation
variables, proxinmities to the hazard and escape routes, facilitate the
interface with the | ogistical nodel.

Dr abek, 1996, describes the sequence of behavior that culmnates in the
evacuation of tourists and other transients from disaster areas, albeit not
building. This work further confirns that the transients responded as groups,
experiencing dissention and discussing decisions. The quasi totality was
involved in debates, with over one-third indicated extensive discussions.
O hers reported mnimal di scussion before reaching a decision. In
confirmation of the adequacy of the above cited vulnerability and exposure
vari abl es, decision topics catal ogued included severity of threat, safety of
| ocation, where to go, when to go, potential traffic congestion, or other.
The majority of respondents discussed nultiple topics. The differences in
views reflected variations in perceptions of risks anmong group nenbers.
Goups wth «children responded to warnings nore quickly and nore
protectively.

Following warning dissemnation, Drabek, 1996, catalogued the five
decisions nmade by transients. They enconpass the decisions to do nothing, to



await nore information, to confirm the warning, to leave imrediately, or to
do otherwi se. Following Drabek, 1996, pedestrian reactions wthin the
simul ation nmodel nmay sway the previous list of decisions short of |[ast.
Wthin the building environment, each previous decision directly translates
into an updated activity agenda. To do nothing is tantanount to retaining the
current activity agenda. To await more information is tantanpbunt to pausing
and putting on hold the current agenda. To confirm warning is tantamunt to
i ncluding one additional mandatory and high priority activity in the current
agenda, information gathering. This activity is typically performed at the
informati on desk. To leave immediately is tantanount to dropping the current
agenda in favor of the sole exiting activity.

Drabek, 1996, further catalogues the features and properties whereby
di sasters, herein hazards, differ. They include frequency, predictability,
controllability, cause, speed of onset, length and uncertainty of
f or ewar ni ng, dur ati on, magni t ude, uncertainty and scope of i mpact,
destructive potential, and accessibility of escape route. Depending on soci al
setting or phase in the hazard life cycle different features or properties of
di sasters natter. Relevant features during the response phase may not be so
relevant in recovery. Besides, different socio-environmental settings may
result in different perceptions of hazard features. As earlier stated,
representative hazard features within the simulation nodel could convey the
threat severity, as a surrogate for pedestrian exposure. Later feature
enconpasses the hazard destructive potential, the accessibility of escape
routes, the controllability, the magnitude and the scope of inpact. 1In
addition, the hazard duration should al so be consi dered.

Hazar d- Based Update Processes

This nodel conponent sinulates the onset and the evolution of hazards unti
their renobval or extinction. Past behavioral studies (Drabek, 1996) have
revealed the inportance to the evacuation behavior of the accessibility of
escape routes, as well as the proximty and severity of the threat posed by
the hazard. Further, awareness of hazard by pedestrians through eye
witnessing or even keynoting nuch depends on hazard |ocation over tine
relative to pedestrians. Yet, nost pedestrian evacuation simulation nodels
continue to ignore, and do not require as input, the characteristics of the
hazard that induces the evacuation given their lack of pedestrian behavior
consi deration. Hazard attributes specified by the user include the tine and
| ocation of onset and the shape and the dinmensions of the inpacted or
influence area at onset, and the destructive potential at onset still. To
nodel the hazard evolution, a prescribed hazard trajectory and hazard
di mensions over time can be input as well as the tinme of hazard renoval
Alternately, explicit nodels nmay describe or anticipate the hazard evol ution
gi ven the physical building environment, the nanagenment mnitigation plans and
even the pedestrian resources.

Managenent - Based Updat e Processes

This nodel conponent enables user enactnment of the mitigation plans derived
by managenent. These plans nay include 1) the issuance of warnings, 2) that
of activity or route directives to parts or to the totality of the
pedestrians at risk, 3) the deploynent of trained control agents to enforce
the warnings and directives or 4) the closure of sections of the physica
environnment. Warnings are characterized by six (6) key attributes: clarity
specificity, consistency, source, nunber, and content (Drabek, 1996). This
nmodel conponent nmay anticipate the plans enacted by managenent given hazard,
surveillance, detection and nmonitoring system characteristics, a plan catal og
and managerial constraints. Seven (7) constraints guide nanagerial executive
behavi or when disaster strikes: organizational mission nanagerial risk

10



perception, intra-organizational factors, nunber of |evels of supervision or
vertical differentiation, nunber of professional organizations in which an
executive hol ds nenbership, extent of disaster planning, and official message
source (Drabek, 1996). Assunming data availability from surveys or real
evacuation histories, a multiple attribute decision nmeking analysis could
establish a rel ationship between average behavior and pre-cited attributes.
CONCLUSI ONS

Because different communities differ in their vulnerability and exposure to
hazards and because it is the interaction of exposure and vulnerability that
forme the actual risk inherent in the crisis situation, the explicit
i ncorporation of these variables beconmes critical to the simulation of the
evacuation behavior. Exposure nust be specified beyond nere presence
including the manner in which it is manifest. Resources must be specified
whet her tangible or intangible and whether residing with organizations, such
as managenment, or with individuals or groups.

The study of building evacuation in physics and engineering (Fraser-
M chel I, 2001; Hel bi ng, Far kas, and Vicsek, 2000; Fahy, 1999) has
consistently ignored the nmanagerial and human resources including mitigation
and social processes and aspects of the hazard exposure that bear on the
noverment. Direct consequences of this oversight include the underestinmation
of the delays associated with the enmergence of the evacuati on behavior and
with the propagation of the awareness of a hazard. The Beverly Hlls Cub
Fire (Johnson, Feinberg and Johnston, 1994) illustrates the inportance of
awareness through formal comunication nmeans or through keynoting to the
out come of evacuation processes. A study of the 1993 evacuation of the Wrld
Trade Center illustrates the additive effect of group size and social |inks
on the timng of evacuation.

Typically, in fornmng a reaction strategy to a hazard, individuals seek
to maintain the togetherness and the integrity of their group nenbers. To
this end, they 1) select the action choices that mininmze the perceived risks
from the hazard to group nenbers and they 2) resolve individual differences
in reaction choices within a group through interactions. Only under the nobst
severe of threats do individuals abandon their social ties. Typically as
well, individuals within a conmunity do not becone instantaneously aware of a
hazar d.

This article proposes concept ual frameworks  for i ncorporating
consi derations of both resources, whether managerial or human, and exposure
in the sinulation of pedestrian behavior. The proposed di saggregate franework
seam essly interfaces with existing nodels of pedestrian dynami cs.
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