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Objective To examine the validity and usefulness of pandemic simulations aimed at informing practical decision-making in public
health.
Methods We recruited a multidisciplinary group of nine experts to assess a case-study simulation of influenza transmission in a Swedish
county. We used a non-statistical nominal group technique to generate evaluations of the plausibility, formal validity (verification) and
predictive validity of the simulation. A health-effect assessment structure was used as a framework for data collection.
Findings The unpredictability of social order during disasters was not adequately addressed by simulation methods; even minor
disruptions of the social order may invalidate key infrastructural assumptions underpinning current pandemic simulation models.
Further, a direct relationship between model flexibility and computation time was noted. Consequently, simulation methods cannot,
in practice, support integrated modifications of microbiological, epidemiological and spatial submodels or handle multiple parallel
scenarios.
Conclusion The combination of incomplete surveillance data and simulation methods that neglect social dynamics limits the ability of
national public health agencies to provide policy-makers and the general public with the critical and timely information needed during
a pandemic.
Une traduction en français de ce résumé figure à la fin de l’article. Al final del artículo se facilita una traducción al español. .الرتجمة العربية لهذه الخالصة يف نهاية النص الكامل لهذه املقالة

Introduction
By 2006, many countries had responded to WHO initiatives
to update contingency plans to mitigate the consequences of
an influenza pandemic. However, some general concerns arose
in connection with these national plans,1,2 as it became clear
that there would be a shortage of antiviral drugs and vaccine 3
and that a pandemic would place new demands on public
health information systems. At the global level, WHO’s Global
Influenza Surveillance Network (FluNet) collects and processes
influenza data from 83 countries,4 but at the national level few
public health surveillance systems can either detect pandemic
outbreaks or warn relevant agencies and the public. This inadequacy persists despite a 2005 report to the Government
of the United States of America (USA) that identified public
health information systems as a priority area for restructuring
and investment to secure preparedness for pandemics and
bioterrorist attacks.5 The development of a National Health
Information Infrastructure in the USA had, at the time of
the 2005 report, been proposed to detect atypical patterns of
health-care use and to provide essential health information to
citizens.6 This recommendation, however, has not translated
into widespread practice, and many health information infrastructure projects remain in the planning stages.

Given that surveillance systems for collecting and
analysing pandemic data are not sufficiently robust as a resource for policy planning and decision-making, attention has
shifted towards computer-based simulation models. Using
artificially generated community models as a basis, workers
have forecast the effectiveness of different intervention strategies for containing or delaying the influenza pandemic at its
expected source (e.g. rural south-east Asia). Longini et al.7
found that if the basic reproductive number (R 0 ) − the average number of secondary cases that a single case is expected
to produce while still infectious in a completely susceptible
population − was below 1.60, a prepared response with
targeted antiviral drugs would have a high probability of
containing the disease. When prevaccination was introduced
into the model, targeted antiviral prophylaxis was found to
contain an outbreak with an R 0 as high as 2.1. Addressing
the same research question, but using an individual-based
stochastic simulation model, Ferguson et al.8 reported that
a combination of geographically targeted prophylaxis and
social distancing measures is feasible only if the R 0 is below
1.8. Simulation studies have also included international air
transportation patterns in the analyses of the early phases of a
pandemic. Colizza et al.9 reported that the large-scale therapeutic use of antiviral drugs in all affected countries would
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Table 1. Strategic pandemic response framework, based on the Haddon matrix,11 used for planning case-study simulations
Pandemic timeline

Factors influencing pandemic spread
Individual

Physical environment

Social environment

Agent/vector

Pre-event phase:
Underlying risk factors for viral
spread

Immunization status

Community structure:
- day care
- schools

Pandemic policies

Mapping

Event phase:
Determinants of viral spread

Nutritional state

Information infrastructure
Quarantine possibilities
Availability of first-aid kits

Social networking patterns
Sustainability of social order

Infectivity

Post-event phase:
Determination of final severity and
consequences of the epidemic

Self-care resources
Antiviral medication

Health-care facilities
Equipment and supplies

Mobilization of civic resources
Mobilization of industrial
response (production of vaccine
and antivirals)

Virulence

mitigate a pandemic effect with an R 0 as
high as 1.9 during the first year, if one
assumes the antiviral drug supply is
sufficient to treat approximately 2–6%
of the population and that case detection and drug distribution are efficient.
More recently, methods for representing specific social-contact networks in
analyses of local influenza transmission
have been developed. Using artificially
generated social networks grounded in
typical American community structures
in their analyses, Glass & Glass 10 have
suggested that high-school students may
form the local transmission backbone of
the next pandemic. Therefore, closing
schools and keeping students at home
during a pandemic would remove the
transmission potential in these age
groups and could effectively thwart
subsequent spread of the disease within
a community.
In the absence of reliable pandemic
detection systems, computer-based
simulations have become an important
information tool for both policy-makers
and the general public. In this study we
examine the validity and usefulness of
population-based pandemic simulations
from a national-level public health perspective. Specifically, we assess a simulated pandemic influenza outbreak in a
Scandinavian community using a nonstatistical nominal group technique.

Methods
Case-study simulation
The purpose of the case-study simulation was to investigate two intervention
strategies − antiviral drugs and public
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policy interventions − on influenza
transmission in a Swedish municipality. Specifically, we aimed to examine
the effects on simulated intervention
outcomes of variations in local sociodemographic data, such as alternative
population distributions and household
structures.
We simulated two different supply
situations for each drug and quantified
their respective effects as coefficients
that modify the basic transmission
probabilities assigned to mixing groups.
Public policy interventions aimed at
reducing the number of contacts were
represented as the probabilities that
individuals would withdraw from particular mixing groups. In our simulation
experiment, we closed schools in an
attempt to eliminate interaction within
such groups. The resultant information
was used to plan a public health response
based on the Haddon matrix 11 (Table 1).
Details of the simulator design, the case
study and the results are provided in Appendix A and Appendix B (available at:
http://www.crisim.org/documents).

Assessor panel
We formed a multidisciplinary group
of experts with skills in the realistic and
practical application of simulations in
public health policy-making to assess
the plausibility, formal validity and
predictive validity of the case-study
simulation.14 The panel of nine assessors was made up of an experienced
public health manager, a professor of
social medicine, a professor of computer
science, a professor of social and economic geography, a professor of medical anthropology, a former head of the

simulations section at a national department of defence, a software developer
with extensive commercial experience,
a social forecasting researcher and a
cognitive scientist. Two assessors (HE,
MM ) designed and implemented the
case-study simulation environment, and
two (TT, JJ ) contributed to its design.

Data collection
The nominal group technique was used
to assess the case-study simulation. A
nominal group analysis is the structured
use of group processes for systematically
soliciting a set of informed judgments
on issues described by limited scenarios
or case descriptions.
The health-effect assessment structure was used as a framework for data
collection.15 Specifically, we used an
adaptation of the scheme suggested by
Veerman et al.12 and focused the assessment on plausibility, formal validity
(verification) and predictive validity.
Further details of the framework used
for assessing the case-study simulation
are in Appendix C (available at: http://
www.crisim.org/documents). The experts
were instructed to “assess the case-study
methods and results with reference to
the health impact scheme”.

Data analysis
The experts provided the first round
of individual comments to the study
coordinator, who included them in a
case-study assessment document. The
data analysis proceeded in cycles during which the experts first individually
reviewed the assessment document and
then participated in telephone group
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conference discussions (12 sessions
lasting 90 minutes each). When new
analysis cycles did not yield significant
changes to the document, the assessment findings were considered to be
established. In the second step of the
analysis, the experts were asked to formulate the implications of the assessment results for simulation strategies
on the basis of their own expertise and
of the published literature. Specifically,
the instructions for the second task
were to “analyse the assessment results
with respect to practical implications
for the application of simulations in
public health planning”. The experts
first provided individual comments,
which were composed by the case-study
coordinator. Thereafter implications
continued to be formulated in a process
in which the experts independently
reviewed a preliminary case-study document describing the case-study implications. The comments thus gathered
were subsequently circulated to the
entire expert group, and a consensus
document was iteratively drawn up.

Results
Verification of social assumptions
The assessment came to focus on the
intersection between the simulations
of biological events and of societal
processes in the case-study, particularly
on the model of social order. When
assessing the formal validity of the
simulation, the assessors noted that
central aspects of the baseline situation
in the case-study community had not
been included in the models. The implementation of pandemic response plans
presumes a close collaboration between
many groups, including public health
organizations, commercial companies,
and law enforcement agencies, and the
successful operation of these plans is
critically dependent on the protection
of these coordinated processes. Although important lessons were learned
during previous influenza pandemics 16 and the 2003 epidemic of severe
acute respiratory syndrome (SARS),17
the interdependence among the broad
range of processes occurring in a society
under true stress (such as a pandemic)
is not fully understood. In other words,
even relatively minor breaches of the
social order may significantly affect key
infrastructural elements underpinning

current pandemic response strategies.
This frailty in the response strategies
was not reflected in the description of
the baseline situation in the case-study
community.
For instance, assumptions were
made about an efficient and sustained
distribution of available antiviral drugs.
However, in the USA pharmaceuticals
are often distributed through retail and
food stores, whose employees are at
particular risk of becoming infected because of the large number of customers.
Moreover, many professionals involved
in the pandemic response may fail to
report to work during a pandemic for
reasons other than actually falling ill, e.g.
because of breakdown of transportation
systems, deficient law enforcement or
having to take care of children due to
school closures. 18
We do not know how an influenza
pandemic might affect logistics and staff
in the distribution chains for pharmaceuticals, hygienic supplies and sanitary equipment during a catastrophic
event.19 Unforeseen changes in behavioural patterns may also occur among
acute care and hospital workers,20 who
in particular may be prone to abandoning their tasks if they have shorter
tenure, high work stress and already
strained social relationships.21

Cumulative increase of predictive
validity
The global spread of an influenza pandemic has been estimated to accelerate
at an exponential rate from around
day 50.22 Thus, national governments
have a short window of time to plan
and implement appropriate response
measures. The expert panel concluded
that before the detection of an outbreak
threatening to become a pandemic,
effects on social order may not be predictable and the nature of the infectious
agent, the efficacy of vaccines, and the
availability of antiviral drugs can only
be estimated. Thus, the predictive validity of simulations at early stages of
a pandemic will inevitably be poor. To
increase the validity of the predictions,
the submodels used in simulations need
to be modified as more information
becomes available about factors such
as the virulence of the strain and the efficacy of intervention strategies. In the
case study, the simulation submodels
were rendered flexible by separating
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them from each other and from the
execution algorithms in the software.
This separation saved both considerable
programming and programme testing
time. However, a major drawback of
the flexible software identified in the
assessment was the length of time each
estimation took. For instance, a single
estimation of R 0 in the case-study community (140 000 population) lasted
approximately 5 hours on a standard
personal computer. This direct relation
between flexibility and calculation time
is a disincentive to using simulations
with high predictive value for nationallevel policy-making during a pandemic,
when time is critical.

Towards socially contingent
pandemic simulations
In the case-study simulation, questions
were formulated in a standard public
health framework under the assumption of a sustained social order during
the pandemic. A more valid strategy,
however, would have been to alter key
social structures and processes as a function of disease effect on the community.
Unfortunately, little is known about
the theoretical and practical means for
integrating the simulation of biological events, such as virus transmission
between human hosts, with dynamic
models of changes in population behaviour. Multi-level simulations based
on “synergetics” and game theory,23
simulations of policy strategies 24 and
simulations based on geographically
explicit data 25 are established fields
of population research. Similarly, the
simulation of virus dissemination in
stable societies is also an established
field of research on its own.26 Nevertheless, few frameworks are available to
support integrated modelling in these
conceptually discrete but practically
interrelated areas. Moreover, before
biological and societal factors can be
integrated, a valid common theoretical
basis must be established.
Time geography 27,28 captures concurrent social processes as they unfold
in time and space, based on the interaction between individuals and groups
within the constraints of the physical
and biological environment. This theory
can be applied to integrate biological
and societal tiers in pandemic simulations. In this way, questions analysed
in standard public health planning
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Fig. 1. Outline of a second generation framework for planning and analysing pandemic simulations a
Symptomatic person at home
Decision whether to stay at home
Medical consultations
Self-care resources
Health beliefs
Withdrawal
from normal
social
interaction

Asymptomatic person
- Susceptible
- Infected
- Immune

Epidemiological tier

Non-controllable factors
affecting pandemic spread

Controllable factors
affecting pandemic spread

Individual person
Sex
Age
Genetic constitution
Ethnicity
Formal education
Employment

Individual person
Prevention knowledge
Compliance to policies
Self-protective behaviour
Immunization status
Nutritional status
Physical environment
Health-care facilities
Schools
Workplaces
Sanitary standard
Information infrastructure

Physical environment
Climate
Urbanization level
Transport network

Withdrawal
from normal
social
interaction

Social environment
Community
Market and economy
Social capital
Family
Financial resources
Family structure and roles
Social network

Asymptomatic person at home
Decision whether to stay at home
Health beliefs
Mental models of pandemic
spread and society
a

Development of symptoms

Biomedical data and assumptions
about virus performance

Social environment
Community
Laws and regulations
Pandemic plans
Mass media response
Family
Family behaviour

Infected

Asymptomatic person
Interaction in social pockets,
e.g. at kindergartens, schools
and workplaces
Exposure to infectious persons

Not infected

Asymptomatic
infection

Social-geographical tier
Social-geographical data and assumptions
about social order

The Haddon matrix 11 is extended by representation of social-geographical progresses 27,28 to take into account changes of social order during the pandemic. Boxes with full lines
denote events in the epidemiological and social-geographic progresses, while broken line boxes represent structural factors affecting pandemic spread and/or potential targets for
interventions.

frameworks can be made dependent
on changes in the social order (Fig. 1).
However, execution of such two-tier
simulations requires even more complex
and time-consuming computations. To
save scarce planning time during a pandemic, generic (XML-based) software
specifications can be used to distribute
data and algorithms for parallel computing. Such computing arrangements
can technically be administered in routine public health settings in the form
of arrays of standard computers.

Discussion
Population-based simulations are important sources of knowledge when
planning national-level public health
responses to pandemic influenza. The
results of the case-study simulation assessment primarily apply to the “mixing
group” approach to population-based
simulations but can be extended to all
models in which societies are represented as “compartments” of identical
individuals mixing randomly. However,
308

we noted that the formal validity of
these simulations is challenged by the
failure to take into account the behaviour of people during a pandemic and
its effect on the social order. Additionally, the assessment led to questions
about how simulation models can be
adjusted to reflect dynamic changes in
preconditions, e.g. disruptions to drug
distribution routines.
Formal methods for macro-level
societal forecasting were introduced
early in the twentieth century.29 In this
research area, disruptions of the normal
social organization have been expected,
mainly when material resources are
scarce or misallocated. When societal
forecasting methods are applied to pandemic simulations, the lack of empirical
grounding for using formal methods
representing social processes in societies
under severe strain comes to constitute a dangerous source of error. For
example, the estimated effects from
quarantine measures in Toronto during
the SARS outbreak were diminished

because disruptions of the social order
led to compliance rates of only 57%.13
Furthermore, the application of
formal methods to analyse societies under pressure has been strongly
opposed by several prominent social
scientists. Weber 30 and more recently
Giddens 31 have argued that using poorly
validated models of social order leads
to misunderstandings about the social
world and how it operates. Although
a central belief during the Enlightenment was that the social order could
be controlled if science were sufficiently
strong, modern social science, despite
being more exact, no longer claims that
changes in the social order in societies
under severe pressure can be predicted.
Moreover, researchers have only just
begun to understand how disease shapes
behavioural norms, and through them,
social structures.32 The limitation of
societal forecasting to stable societies is
valid for time geography as well. In the
context of pandemic simulations, the
use of models and concepts from time
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geography may, however, facilitate the
identification of social structures and
processes that are likely to remain stable
during a pandemic, and those structures
that are at high risk of disintegration.
Another issue highlighted by the assessment was the direct relationship between computational time and flexibility
in simulation models. In the case study,
model flexibility was prioritized above
computational efficiency. This strategy
rests on the supposition that predictive
validity can be increased if assumptions
made early during a pandemic can
progressively be replaced by validated
observations and empirical data. In
such situations, however, it is essential
to “catalogue” the assumptions to permit accurate changes in the simulation
models as new data become available. For
example, in the case study it was assumed
that asymptomatic infected individuals
had a 50% lower risk of transmitting the
virus than symptomatic ones. This assumption, which was based on estimates
from previous simulation studies 33,34 is to
be replaced when empirical data about
an actual pandemic strain become available. For each such assumption to be
included in a pandemic model, a choice
must be made between re-examination
of available data and acceptance of a
previous estimate.
One possible way to systematically
improve the predictive value of pandemic simulations is to include explicit
scenario management in the methods.
A scenario makes explicit how forecasts
are concluded from hypothetical reasoning by overtly drawing out the expected
consequences of specific facts and assumptions.35,36 The use of scenarios is
well established as a basis for public
health responses to outbreaks of infectious disease.37 Explicit scenario management would make it possible to store and
display, at each point in time, the data,
information and assumptions employed
for a specific simulation model, together
with their sources. Flexible simulation
models combined with the ability to
trace the data included and assumptions

to their sources would make it possible to
maintain evidence-based scenarios as a
basis for improving predictive validity.
Our study has several limitations.
First, the expertise of the assessors may
not have been broad enough to cover
all areas of relevance associated with
pandemic simulations. For instance, expertise in legislative issues and statistics
might have been useful. However, we
kept the number of assessors (nine) to
the minimum required by the nominal
group technique (n > 8)14 to facilitate
telephone conferences, which we found
very useful in bringing together the
views of experts in very different locations.
Second, procedural factors may have
introduced bias during the case-study
review. Originally, we chose the nominal
group technique to avoid having particular individuals exert undue influence in
face-to-face discussions. However, other
researchers contend that participants in
a consensus process are prone to reach
an agreement if they are given time limits.38 This “bandwagon” effect may be
less likely when inspection documents
and telephone conferences rather than
questionnaires and graphic charts are
used for feedback. To avoid premature
conclusions, we continued the iterations until no individual group member contributed new comments upon
inspecting the documents. Despite these
measures, the nominal group procedure
cannot be regarded as a guarantee against
bandwagon effects or the dominance of
individual experts.
Third, the case study did not incorporate the entire scope of pandemic
simulation methods and techniques.
In simulations of social events using
multi-agent models, the behaviour of
the agents and the attributes of their
environment can both be modelled.39
These multi-agent simulations are
not intended to forecast or replicate
observables.23,40 Rather, their aim is to
explain the systematic effects of behavioural patterns in explicit “artificial
worlds”. Several of the issues raised

in the present study may not apply
to multi-agent simulations. However,
the latter might be able to contribute
important insights into the interplay between biological processes and changes
in population behaviour during planning for a pandemic if appropriate interpretation frameworks are developed.
Similarly, not all issues raised necessarily apply to the evolving infectious disease simulation paradigm with explicit
representations of empirically grounded
social networks.41,42 However, baseline
data on such networks are still scarce,43,44
and methods for progressively modifying the network models to represent
observed behavioural changes during
pandemics are needed.
Our results demonstrate that the
current methods applied for population-based pandemic simulations have
important shortcomings. Formal validity is poor because assumptions about
how human populations respond to
stress are not included in the simulation models. Predictive validity suffers
because simulation methods do not
support the dynamic representation
of the interaction between the microbiological, epidemiological and societal
progressions during a pandemic.
Pandemic simulation methods need
to be reformed to include representation of social dynamics and support for
rapid model changes if national public
health agencies are to provide policymakers and the general public with important, valid and timely information.
Such reformed methods will require
a change of analysis paradigm from
forecasting to “near-to-real-time” or
“nowcasting” and the use of surveillance
data for continual updating of simulation models and parameters. ■
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Résumé
Simulations en population d’une pandémie de grippe : validité et signification pour les politiques de santé
publique
Objectif Examiner la validité et l’utilité de simulations d’une
pandémie de grippe visant à informer les décisions pratiques en
matière de santé publique.
Bull World Health Organ 2009;87:305–311 | doi:10.2471/BLT.07.050203

Méthodes Nous avons recruté un groupe multidisciplinaire de
neuf experts pour évaluer une simulation d’étude de cas sur la
transmission de la grippe dans un comté suédois. Nous avons
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utilisé la technique du groupe nominal (méthode non-statistique)
pour obtenir des évaluations de la plausibilité, de la validité formelle
(vérification) et de la validité prédictive de la simulation. Une
structure d’évaluation des effets sanitaires a été utilisée comme
cadre pour recueillir des données.
Résultats Les méthodes de simulation ne prennent pas
correctement en compte l’imprédictibilité de l’ordre social pendant
les catastrophes : même des perturbations mineures de l’ordre
social peuvent invalider les hypothèses infrastructurelles clés à la
base des modèles actuels de simulation d’une pandémie. En outre,
on observe une relation directe entre la flexibilité du modèle et
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le temps de calcul. Par conséquent, les méthodes de simulation
ne peuvent, dans la pratique, tolérer l’intégration d’un ensemble
cohérent de modifications dans les sous-modèles microbiologiques,
épidémiologiques ou spatiaux, ou encore traiter des scénarios
parallèles multiples.
Conclusion Le manque de complétude des données de
surveillance et l’utilisation de méthodes de simulation qui négligent
la dynamique sociale limitent la capacité des agences de santé
publique nationales à fournir en temps utile aux décideurs et à la
population générale les informations indispensables pendant une
pandémie.

Resumen
Simulaciones poblacionales de las pandemias de gripe: validez e importancia para las políticas de salud
pública
Objetivo Analizar la validez y la utilidad de las simulaciones de
pandemias orientadas a fundamentar la adopción de decisiones
prácticas en materia de salud pública.
Métodos Organizamos un grupo multidisciplinario de nueve
expertos para que evaluaran una simulación de estudios de
casos de transmisión de la gripe en un distrito de Suecia. Mediante
una técnica no estadística de grupos nominales se generaron
evaluaciones de la plausibilidad, la validez formal (verificación) y
la validez predictiva de la simulación. Como marco de recogida
de datos se usó una estructura de evaluación de los efectos
sanitarios.
Resultados La impredecibilidad de los cambios del orden social
en las situaciones de desastre es un aspecto que los métodos
de simulación no abordaron adecuadamente; incluso ligeras

perturbaciones del orden social pueden restar toda validez a
algunos supuestos básicos sobre las infraestructuras empleados
en los actuales modelos de simulación de pandemias. Además,
existe una relación directa entre la flexibilidad de los modelos y
el tiempo de computación. El resultado es que, en la práctica,
los métodos de simulación no admiten cambios integrados de
los submodelos microbiológicos, epidemiológicos y espaciales, ni
pueden tampoco manejar varios escenarios paralelos.
Conclusión La confluencia de unos datos de vigilancia incompletos
y unos métodos de simulación que ignoran la dinámica social
limita la capacidad de los organismos nacionales de salud pública
para proporcionar a las instancias normativas y el público en
general la información crucial y puntual que se necesita durante
una pandemia.

ملخص

 مدى صحتها وأهميتها للسياسات يف الصحة العمومية:مناذج املحاكاة التي تعتمد عىل السكان لجائحات اإلنفلونزا

االجتامعي قد تخل بصحة االفرتاضات الرئيسية يف البنية التحتية والتي تدعم
 وباإلضافة إىل ذلك فقد لوحظ.ًمناذج املحاكاة للجائحات واملتوافرة حاليا
وجود عالقة مبارشة بني مرونة النموذج وبني الوقت الالزم للحساب؛ وهكذا
ال تستطيع طرق املحاكاة من الناحية العملية أن تدعم التعديالت املدمجة
 كام ال،ضمن النامذج الفرعية يف املكروبيولوجيا والوبائيات والفراغيات
.تستطيع التعامل مع سيناريوهات متعددة وموازية
 إن اجتامع كل من نقص املعطيات حول الرتصُّ د وطرائق املحاكاة:االستنتاج
التي تهمل الديناميكية االجتامعية تقلل من قدرة الوكاالت الوطنية املهتمة
بالصحة العمومية عىل تزويد أصحاب القرار السيايس وعامة الناس باملعلومات
.الهامة يف الوقت املناسب أثناء الجائحة

 دراسة صحة وفائدة محاكاة جائحة اإلنفلونزا التي تستهدف إلمداد:الهدف
.أصحاب القرار العمليني باملعلومات يف الصحة العمومية
 أدخلنا يف الدراسة مجموعة متعددة االختصاصات تتألف من تسعة:الطريقة
.خرباء لتقييم املحاكاة لدراسة الحاالت لرساية اإلنفلونزا يف مقاطعة سويدية
وقد استخدمنا أسلوب املجموعة الإلحصائية االسمية للحصول عىل تقييامت
ملدى مقبولية املحاكاة ومدى ما تتمتع به من الصحة عىل الصعيد الرسمي
 وقد استخدمنا بنية تقييم التأثري الصحي.(التحقق) ومدى صحة التنبؤ فيها
.كإطار لجمع املعلومات
كاف لتعذر التنبؤ مبا يحل
ٍ  مل تتعدد طرق املحاكاة بشكل:املوجودات
بالنظام االجتامعي أثناء الكوارث؛ فحتى االضطرابات القليلة األهمية للنظام
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