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EXECUTIVE SUMMARY

Cascading effects in crisis situations refer to the sequence of events in a crisis resulting in
physical, sociaor economic disruptions far beyond the initial impacts of the crisis. The
analysis of cascading effects, and the identifications of their triggers, can contribute to
enhancing the understanding of the complexity of cascading crisis situations, whiclucan

aid in addressing cascading effects. In this report nine historical crisis case studies are analysed
with regards to their cascading effects. The case studies selected wensdhede fireworks

factory explosion (the Netherlands), the Londonckgg UK), the Fukushima nuclear disaster
(Japan), the Galtur avalanche (Austria), the European Heatwave (focus on France), the MH17
plane crash (Ukraine), tHeyafjallajokull volcanic eruption (Iceland, but with a focus on the

UK), Hurricane Sandy (USA),nal the Central European floods (focus on Prague).

The chapters in which these case studies are analysed all pregeigcuss a visual overview

of the unfolding of the crisis. In these overviews, six columns outline: A) what happened during
the eventB) the time scale of the event, C) what actions in crisis management were carried
out, D) the direct negative effects, E) the sectors (e.g., infrastructure, communication) directly
affected, and F) the sectors indirectly affected. By using different clih@s and arrows, the
overviews also provide an indication of how entries in the different columns relate to one
another (se¢he example irFigurei below), for instance, how actions in crisis management
affected the unfolding of the disaster. In a s#hecolumn (the green column in Figupe
triggers of cascading effects were identified and classified by using the following
categorisation:

disruption of information relations;

disruption of supply relations;

disruption of organisational relations;
matffunctioning of legal and regulatory relations;
disturbance relations;

pre-disaster conditions.

= =4 =4 -8 -8 -9

[Triggers of cascading effects [ime (on refevant Unfolding of events n crisis (unfolding of) physical event over timd ga is tors di ndi
imescale) management (incl category and level { |(vertical cascasde) cascade) (horizontal cascade) (horizontal cascade)
authority involved)

LWZ: avalanche warnings lavel 4 and|
road blocks of whole Paznaun valley

[Economic sector (local): Ioss of
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bad weather: heavy snowfalls and sn] [changes of shifts of holidaymak
drifts were not possible —|

T
have o checkite exact [ sl / | Frches wer eporea]
date i ‘Aus’ma, France and Switzerland
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altlr had to be supplied with
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I
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condiion
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village and having gone through SRR ‘ 1 a port syst
Police Landeck reported to LWZ that

towards tourism
inevitably means that roads are
lgoing to be cut off and 23 Febryfry 1b0- 16:05  [avalanche ht the local area of Galtir
is damaged if an

lavalanche disaster happens.

[Air all uansport
[Vneiicopters in Austria were
laggregated

1
[LWZ: not possible to fly in assistants
the scene of the accident

Physical disturbance relatiardue

to extreme weather conditions
public transport system was
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by air

[Healthcare: hospitals were o
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i
\2 Bl
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not share a uniform telephone i had no uniform telephone line to
to mong mmunicate

Figurei Example of a visual overview



VL ENQTREEE
D3.1 Crisis case stugb of cascading and/or crelssrder disasters %{gi?@@ﬁ@é;u

The analysis of the nine case studies showed that three overarching categories of triggers were
most common. The firstategory was concerned with the disruptions of relations that should
have been functioning, including: the disruption of information relations, organisational
relations, and supply relations. Information relations were commonly disrupted by the
congestionof telecommunication networks, which created difficulties and delays in the
communication amongst crisis responders, or between crisis responders and the public.
Disruptions of organisational relations are often related to disruptions of informaticonglat

but are more than that. Rather, they refer to organising, making decisions, and making different
people or things function in emergency management. Confusion over responsibilities in crisis
management, or decisions taken that later turned out tortweeeus are examples of such
triggers. Disruptions of supply relations refer to the everyday supply of goods or services being
disrupted as part of the crisis. An example of this is the reduced supply of water as a result of
water used for firefighting.

A second category of commonly identified triggers was that of disturbance relations: the
unintended relations of interference that only come into being in a crisis. These are cases in
which the functioning of one system or actor becomes dependent orrasyggtem or actor,

whereas that was previously not the case. The Fukushima disaster provides an illustrative
example of disturbance relations as due to the failure of the pumps, seawater could not be used

to cool the reactors and firemen became charged thie task of providing water. The
firefightersd new responsibility caused furt
to the nuclear power station in a timely manner due to aftershocks.

A third category is that of prdisaster conditions e@erned with developments and the turn of

events prior to the crisis that lead to cascading effects during the crisis. This can be specific
decisions at a governmental level that cause changes in the behaviour of citizens. The case
study of the 2002 floods Prague clearly illustrates this as political decisions led to changes

in settlement patterns, increasing citizenso
the destruction of homes, goods and commercial properties during the 2002 floods.

The analysis of these triggers of cascading effects, presented several main findings:

1 Triggers of cascading effects can have their roots both in the turn of events during
crises, as well as in a pogisis context. The latter implies that crisis preparedne
cannot be viewed in isolation from the everyday life in a given society, country, or area.

1 Regulations and sanction in a falisaster stage have the potential to reduce cascading
effects in a crisis. However, the effectiveness of such regulatioepé&ndent on how
they are implemented and whether those subject to the regulations comply with them.
Compliance is not only the responsibility of those being regulated, but also of the
regulator.

1 Precrisis conditions, such as economic and political dgareknts, contributing to
cascading effects are more difficult to address by the means of preparedness measures.
Triggers related to prerisis conditions are frequently linked to gradual changes over
long periods of time and can rarely be pinned down tosorgde event or cause.

1 With regards to triggers that originate during a crisis, having separate communication
systems as well as pestablished plans of approach and clear divisions of
responsibilities could improve the organisational response to .crides could

8
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considerably reduce the cascading effects related to the disruption of information and
organisational relations, as well as those related to disturbance relations.

1 Cascading effects are not merely related to flaws in interdependent infrasruc
systems, but can be a result of various other factors such as human errors or a lack of
resources. In addition to physical or material solutions, strengthening human resources
plays a considerable role in planning for emergencies with the aim ofimgduc
cascading effects.

The approach usedlithin this report may be of use to others in extending this type of analysis
of pastevents. Such research could subsequently inform measures of preparedness aimed at
reducing the likelihood and/or intensity ofscading effects.



D3.1 Crisis case stugb of cascading and/or crelssrder disasters
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1 INTRODUCTION

Investigating and analysing cascading effects in crisis situations is dru@ahancing our
understandingf why certain hazards create extensive disastrous impacts whereas others do
not. How disastrous eventsifold and what factors trigger cascading effects are important
elementgo consider in such an analysespecially wherusing itas a basis for developing
platforms and tools to respond to cascading effddts report analyses cascading effects in
ninehistorical crisis situations that took place betweerfl®&d 2014 in various countridy

doing so, the authors aim to cresitéficient material to illustrate cascading and/or cilossier

effects in crises. This material serves to inform later wotkisand other Work Packages

the FORTRESS projecAs defined inD1.1 (Interdependencies and cascading effects in crisis
situations), cascading effects are understood as the dynamics present in disasters when the
impact of a physical event, or the deymhent of a principaechnological or human failure,
generates a sequence of events that result in physical, social or economic dighigotanmder

et al. 2014)It must be noted that as this report focuses on cascading effects, and therefore
largely onnegative aspects in crises enabling cascading effects to occur, it does not present a
adequateictureof all features of each respective crisis.

1.1 METHODOLOGY

Theselection of case studiess informed byan analysis ofhe Emergency Events Database
(EM-DAT)? crisis datecarried out as part of the COSM(The COntribution of Social Media
In Crisis managementroject? As part of the latter project an overview of crises most
commonly occurring in Europe between 2003 and 2013 was developedlist featired
floodsas the most commonly occurring csidiollowed by extreme temperatures,ratg, and
transport accidents. Whilst acknowledgitige frequency of these everits selectingcase
studiesthe selections not an exact representation betmost commonly occurring crisg in
Europe. This is becaugartners working on this repadtd not want to excludenore recent
and/ornonEuropean case studid¢isat are importanwith regards toour understanding of
cascading effects. Additionallgartnersvantedto account for case studies with a crbssder
component, as this commonly adds to the complexity of cascading efdids.careful
consideratiorand deliberatiothe case studies listed Tiable 1 were selected

Table 1 List of crisis case studies

Crisis and location Year
Enschede fireworks factory explosion 2000
The Netherlands

London bombing 2005
UK

Fukushima nuclear disaster 2011
Japan

Galtur avalanche 1999
Austria

Heatwave 2003
Europe focus of analysisFrance

MH17 plane crash 2014

1 EM-DAT was created with the initial support o&tkVorld Health Organisation and the Belgian Government. It
is maintained by the Centre for Research on the Epidemiology of Disasters since 1988.

2 COSMICnttp://www.cosmieproject.el) is a twoeyear project funded by the European Commission's Seventh
Framework Programme FFSEG2012 under grant agreement no. 312737

3 The case studiesre presented in the same order as they are presented in this report.
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D3.1 Crisis case stugb of cascading and/or crelssrder disasters

Ukraine
Floods 2002
Central Europe focus of analysis: Prague, Cze
Republic)
Hurricane Sandy 2012
USA
Eyafjallajokull volcanic eruption 2010
Iceland focus of analysis: UK

Considering FRTRESS6s focus on cascading effects,

limited to an investigation of such effects and their triggers. It is acknowledged that this at
times implies that rather complex events are presented in a simplified manddrat the
time-frame of the analysis does not always accounthi@anges inmpacts thatook place m

the longterm

The analysi®of the case studies is based on a study of existing academic literature, researc
and evaluatiorreports, event reports anews articlesEach of the crisis situationsere
analysed byhe means o visual overview, developed using Microsoft EXsele the template
presented irfFigurel. Each overview consists of seven columns. Onensoladdressesow

the crisis unfoldedit lists and briefly describes subsequent turns of evEotsexampleheavy
winds cause trees to fall onto poviiees, causing power outagé¥elated to this is a column

in which steps in crisis management are itktait lists what actions were takeand at times

the absence of steps tak&wor example, when did first responders decide to intervene in the
situation, and how did they do sA7olumn indicating a timacale aids in interpreting when
the aspects desbed in these two columns took plad&o other columns list sectors directly
and indirectly affected. &tors directly affectedreconsidered to be those sectors physically
impactedoy the disastrous event itséfor example, the London attadlsee Gapter 4) caused
direct damage to Londonds infrastructure

h

net

impacted as the result of something else being affected. An example of the latter is the impact

on the provision of drinking water after thagehede fireworks factory explosion (see Chapter
2), aslarge amounts of water had been used duringfifjiging. Direct negative effects that
could not be Ilisted as a O0sect orAfing dolunen. ,
in the modeis of a slightly different natur@end therefore has another colour: gre€his
column lists the identified triggers of cascading effedtghin each visual overviewres and
arrows ofdifferent colourgseeTable2) are used tindicate the relations betwe#mevarious
elements of the analysilh each chapter, the triggers of cascading effested inthecells in

the green colum(Cell A, B, C etc.)are discussed in detail in the ssdxctions that followtte
visual overview.

14
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D3.1 Crisis case stugb of cascading and/or crelssrder disasters

(incl category and ley [time (vertical cascasde) cascade) (horizontal cascade) (horizontal cascade)

Triggers of cascading effects time (on relevant Unfolding of events in crisis (unfolding of) physical event over Negative effects (horizontal Sectors directly affected Sectors indirectly affected
of authority involved)

[ |
X XX

Figure 1 Template of visual overview

Table 2 Arrows and lines used in the visual analysis of the case studies

Bl aer ow direct causal relation (e.

arvrow of influence on (e.g., X i
Gr eleinn e Subeequ steps but not a ca
Reldi ne connects trigger in green

To ersurea consistent approadf identifying triggers or cascading effedtsoughout this

study, a categorisatiorof triggerswas developedThe varying natures ohé case studies at

times resulted in the identification of new triggers, and the creation of categories was therefore

a process of discussions and revisidhswing on Becker et al. (2012), Rinaldi (2001), and

Voogd (2004), he final categorisation used tdentify and labe& | | C a staggesstolu di es 0
cascading effects is presentedable3. Where possible subategories are identifiedvhere

applicable these will be referred to in the discussion of cascatfes and their triggers.

Table 3 Categorisation of triggers of cascading effects

. Sub-categories Further explanation and/or example
Categories of (where
triggers applicable)
The disruption of the exchange of informati
Disruptionof an Faceto-face between two or more people without the use
information relation* technologies
The disruption of a relation between two act
Tele )
. that takes place via technology such as
communication | .
internet or phone

15



D3.1 Crisis case stugb of cascading and/or crelssrder disasters

Datainvolving
machines

The disruption of a relation between tv
machines or a machine and an actothat
automatically share data

Disruptionof a
supply relation**

Physical media

The disruption of a relation concerning t
dependency on the supply of a resouresy.(
water, gas, electricity, heating) through
physical, permanent infrastructure (e.qg.,
pipeline, grid, wire).

Delivery
relation

The disruption of a relation concerning tl
dependency on the supply of resosrtdeough
transportation infrastructufe.g.,road, rail, ship
air).

Service relation

The disruption of a relation wherein t
functioning of a system element or organisat
depends on a service provided by anol
organisation or system element.

Disruptionof an
organisational
relatiort**

Example:due toa lack of overview in the contrg
room, there are flaws in the coordination thie
first responders.

Malfunctioningof a
legal and regulatory
relation

When regulations are not respected or le
responsibility are not acted upofriggers of
cascading effects that fall in this category larg
concern the malfunctioning of this relation in
pre-disaster stage.

Disturbance
relation****

Geospatial
relation

Components are located in close proximity to
another and therefodamage to one magffect
the other. Example: Water flowing from
ruptured pipeline damages electrical wiring.

Physical

A mobile system element affects another.
particular relevance
as adverse metemogical conditions aa cause
systems (e.g.nfrastructurgto malfunction

Other

Political

Political conditions that contributed to th
occurrence of cascading effects. Example
gover nme ntidcease theousekdarn
on the upstream sectis of riverswhilst the
downstreamis heavily populatedThis largely
concerns prerisis conditions.

Cultural

Cultural conditions that contributed to t
occurrence of cascading effectghis largely
concerns prerisis conditionsExample: an are

16
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D3.1 Crisis case stugb of cascading and/or crelserder disasters

Conditions suhect to flooding has not experienced floods
many years. As a result thereof, its citizg
gradually stopped adopting precaution
behaviours.

Economic conditionsthat contributed to th
Economic occurrence of cascading effectBhis largely
concerngre-crisis conditions.

refers to a relation in which system elements or actors are dependent

communication of information.

- refers to a relation in which system elements or actors are dependent on
activities ly other system elements.

xxx  refers to a relation of organising, making decisions, and malkifegent people o
things work It is the case when actor X is dependent on decisions made by a
and not only on information.

=+« refers to mintendedrelations ofinterferencethat only come into being in eisis.

Unlike the categories above, where-prasting relations were disturbed, disturbat

relations did not exist before.

In addition to the visual overview of the identification of triggers of cascadiegtef each
chapter presents a simple problem space, developed as part of General Morphological Analysis
(GMA) (see the template presentedrigure2). The columrheadings used in the problems
space were identifteand discussed during workshops part of Deliverable 1.3: Morphological
Analysis: Developing a conceptual model of the project problem space (Ritchey 2014).

Case Types of hazard Principal nature(s) of|Scope of impact Onset of crisis Scope of CM Cross border? Principal involved  |Directly affected Indirectly affected  [Triggers/ causes for
impact actors in CM sectors sectors cascade

Tsunami-FukushimafNatural Physical International & cross|Sudden Global Yes Police Transportation Transportation Disruption of

Japan, 2011 border .GROUND .GROUND Information relation

Firework factory Social Social / PsychologicaNational Rapid (Hours/days) |International No Fire Transportation AIR- |Transportation AIR- |Disruption of supply

explosion (2000) - WATER WATER relation

London attacks (2004)rechnological Economic Regional Slow (Weeks) National Health Energy production  |Energy production |Disruption of
organisational
relation

Heatwave 2003 |Antagonistic Political Local Creeping Regional Local admin. Energy issi tioning of

(France) (months/years) Municipal govt. and distribution and distribution legal and regulatory
relation

Malaysia MH17 plang Local National/central \Water provision \Water provision Disturbance relation

crash (2014) [government

Avalanche Disaster National security Public communicatio|Public communicatio|Relational condition

Galtiir, AT (1999) (telecom)

Central European i &biochem  (Waste & biochem

floods (focus on
Prague) (2002)

Hurricane Sandy, UY Civil protection Healthcare Healthcare

(2012) authorities ics) ¢ inics)
Eruption of MACC, CMC, etc. T services
Eyjafjallajokull in and national security|and national security|

Iceland (2010)

Civil society services services
organisation
Cq ity based it sector |Government sector
lorganisations (Decision & (Decision &
continuity) continuity)
Intergovernmental  |Social Social
organisations sector(Education,  [sector(Education,
, icon) icon)
Companies/ industry|Residential housing |Residential housing
sector sector

Natural environment|Natural environment|

Figure 2 Template problem space GMA
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D3.1 Crisis case stugb of cascading and/or crelssrder disasters

1.2 REPORT OUTLINE

The purpose dthis report is to illustrate cascading effects whilst identifying their trigders.
doing so,the remainder of this report has ten chapters: nine case study chapters followed by
the conclusionn which all case studies are analysed, compared, and caorgloioservations

are presented o enhance comparisonrass case studies, each of the nine case shapters
follows the same approach and structliee conclusion analyses and discusses all triggers of
cascading effds listed in the nine case studi@sd providesrecommendations for research
based on the insighgained.
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2 ENSCHEDE FIREWORKS FACTORY DISASTER

Smallenbroek Enschede (SE) Fireworks was a major importer of fireworks, located in the city

of Enschede in the Netherlands. Situated in theegapart of the country, Enschede lies six
kilometres from the Germaporder (sed-igure 3). Built in 1977, the factory was originally

located outside the city, but as the city expanded it became surroundettiegtigishousing.

On 13 May 2000, approximately 177,000 kilos of fireworks, of which 40,000 kilos could
potentially create mass explosions, were stored in the factory. This exceeded the maximum
kilos that was permitted to be stored. In addition, the firkaavere of a more explosive nature

t han t he penatallpved gndl ot alvasstored in adequate facilities (COV 2011

60). Thatday, at 1503 a patrolling police officer repo
control room (regionale alarmmieale (RAC)) that explosions were heard at the factory. This

was followed by a call from local citizens reporting a fire one minute later. Within half an hour

of the fire first being reported, theinfactor
the death of 1®eople,including four firemen. An additional three bodies were never found

again and have been presumed dead, makimgotal number of casualties.28ound 950

people were injured, Z0houses comletely destroyed, a further 23®uses were made
uninhabitable, and 1500 houses were damaged. 1250 people lost theilG@%We2001, 27
Additionally, almost 50 commercial buildings were heavily or irreversibly damaged (COV

2001, 18).

Figure 3 Map (left) showing the location of the city of Enschede (source: ANWB), and photos taken durii
(top right) and after (bottom right) the disaster (source: ANP).
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2.1 THE EVENT IN MORE DET AIL

The Enschede fireworksadtory disaster can be referred to as an industrial accident. It is
therefore classified as a oO0technol ogi cal h a
hazards or being related to crises of a social nature, such as the 2005 London Bombings
discused as part of this Deliverable. It is a disaster of a rapst nature, and could even be
described as being instantaneous: there was little time for warning and precautionary measures.
Although the most adverse impacts of the disaster were confinea tequare kilometres in

the city of Enschede (Voogd 2004), the disaster is not classified as a local or regional crisis.
First responders from across the Netherlands were called to the aedmaeans of transport

(e.g., helicopters) from across the ctwynwere usedAdditionally, German rescuers and
medics were present, emergency helicopters flew in from Germany, several casualties were
treated in a hospital in the German city of Gronau, and several first response units from the
GermanOsnabrtckvere onstandby (Inspectie voor de Gezondheidszorg 2001). Considering
this international responsbeo,r dtelred doinsea s tlenr aids
direct negative impacts this crisis had on the citizens living in the area surrounding the
fireworks factory, the crisis impacted on other sectors including the economic, housing,
transport, communication, energy, and the water (both drinking water and waste water) sector
(MINBZK 2000), adllustrated inFigure5. Many of these sectors were associated with the
predominately residential nature of the affected area. Nearly eight years after the fireworks
factory disaster, the reconstruction of the residential arsacempleted and the area was
officially re-opened (Eén Vandaag 2008).

Figure 4 (below) provides asimplified representation of the complexity of teeent, by
presenting important information in a simple problgpace.
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Foresight Tools for
Responding to

cascading offocts

Case Types of hazard Principal nature(s) of|Scope of impact Onset of crisis Scope of CM Cross border? Principal involved  [Directly affected Indirectly affected  |Triggers/ causes for
impact actors in CM sectors sectors cascade

Tsunami-Fukushima|Natural Physical International & cross|Sudden Global Yes Police Transportation Transportation Disruption of

Japan, 2011 border GROUND GROUND Information relation

Firework factory Social Social / PsychologicgNational Rapid (Hours/days) [International No Fire Transportation AIR-|Transportation AIR- |Disruption of supply

explosion (2000) - WATER WATER relation

Netherlands

London attacks (2009)rechnological Economic Regional Slow (Weeks) National Health Energy production |Energy production |Disruption of
organisational
relation

Heat wave 2003 Antagonistic Political Local Creeping Regional Local admin. Energy transmission|Energy transmission|Malfunctioning of

(France) (months/years) Municipal govt. and distribution and distribution legal and regulatory
relation

Malaysia MH17 plang Local National/central Water provision Water provision Disturbance relation

crash (2014) government

Avalanche Disaster
Galtur, AT (1999)

National security

Public communicatio|
(telecom)

Public communicatio]

Relational condition

Central European
floods (focus on
Prague) (2002)

Insurance companie

tWaste & biochem

Waste & biochem

Hurricane Sandy, US
(2012)

Civil protection
authorities

Healthcare
(hospitalsé&clinics)

Healthcare
(hospitals&clinics)

Eruption of
Eyjafjallajokull in
Iceland (2010)

MACC, CMC, etc.

Emergency services
and national security|

Emergency services
and national security|

Civil society Economic services |Economic services

organisation

Community based |Government sector |Government sector

organisations (Decision & (Decision &
continuity) continuity)

Intergovernmental  [Social Social

organisations

sector(Education,
aggregation, icon)

sector(Education,
aggregation, icon)

Companies/ industry|

Residential housing
sector

Residential housing
sector

Natural environment;

Natural environment;

Figure 4 Problem space overview of th&nschede fireworks factory explosion
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2.2 CASCADING EFFECTS AND THEIR TRIGGERS

This section provides an analysis of the cascading effects that ocourted Enschede
fireworks fatory explosion, along with identifying the triggers of these effeleigure 5
(below)presents a visual overview of the unfolding of events in the Enschede fireworks factory
disaster. The first column indicatesetimain triggers or interdependencies tbatised
cascading effects tocour. The remaining columns illustratdat happened at certain times

and what effects are associated with this. The second column indioatese timescale on
which the unfolding othe crisis (column 4) and the actions in crisis management associated
with that (column 3) occurred. Direct negative effects that occurred are described in column 5
and sectors directly and indirectly affected in column 6 and 7. It must be noted tingpaloe

of the crisis described here is largely concentrated on those impacts associated with cascading
effects as well as those related to the ctmmsler nature of this crisi€ach ofthe following
subsectionsaddress onef the boxes listed in the een columrof Figure5. For each box it

is illustrated what type diigger it concerns, along with describing what kind of cascading
effects it caused.
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FeFORTRESS 525

7
|

Triggers of cascading effects

Unfolding of events in crisis
management (incl category and le:
of authority involved)

time (on relevant
timescale)

(unfolding of) physical event over
time (vertical cascasde)

Negative effects (horizontal
cascade)

Sectors directly affected
(horizontal cascade)

Sectors indirectly affected
(horizontal cascade)

>

Malfunctioning of a pre-crisis legal
and regulatory relation due to
negligence local (muncipality of
Enschede) and national (IMH, DMK
RVI) governmentshould carry out
inspections in SE Fireworks. They
not done so, which enabled SE
Fireworks to avoid meeting legal
obligations.

Malfunctioning of an organisational
relation: pre-crisis preparations witl
regards to the organisational
response to crisis showed
considerable flaws.

o

m

Malfunctioning of a supply relation
(service relation): due to a shortage
of firemen present, firetrucks going
to the site were equipped with onl
a small number of firemen

Disruption of information relation
due to witholding of informatior
Despite being asked, S.E. Fireworl
(industry) did not inform the fire
fighters of the illegal, heavy
explosive fireworks stored on site.

Dutch regional: RAC and RMC are
notified of fire by patrolling police

officer and citizens
13 May 2Q00- 15:03

Fire in fireworks factory

Dutch Local: Notified by RAC, local
firefighters (Korps Enschede) and
OvD go to site

Dutch Local: Firefighters arrive-
iKSe KAyl GKSe@(
fire and that there is no risk of
explosion

Disruption of organisation relation

Dutch local: firefighters focus on

due to information being witheld S
Fireworks witheld information whic|
resulted in inadequate

factory alone

decisionmaking and operational
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P ——
\E§'§ Responding to

Triggers of cascading effects

time (on relevant

Unfolding of events in crisis

(unfolding of) physical event over

Negative effects (horizontal

Sectors directly affected

Sectors indirectly affected

24

to debrees

timescale) management (incl category and le time (vertical cascasde) cascade) (horizontal cascade) (horizontal cascade)
of authority involved)
Fire expands
F|Disruption of organisation relation Dutch Local : Firemen therefore thi
due to information being witheld the situation is controllable and tak|
Despite being asked SE Fireworks actions based on that.
not communicate to the firemen th
the firesafety of the factory did not 15:27
meet the regulations. Incorrect
emergency response decisions we|
made based on that.
Two containers outside the factory
catch fire
i Dutch Local: Fire brigade tries to
15:28 extinguish the fire, but fails
Container 1 explodes Windows, roof-tiles of nearby
15:33 L—lhouses scatter
Dutch Local: Firemen, policemen
(and general public) evacuate en
masse (stop trying to extinguish th
fire)
Pieces of the c8ntainer hit other
containers. Chain reaction of
15:34 H . e .
exploding containers: a fireball witl
a diameter of 85m
Fire in main factory expands
Main factory explodes: a fireball wi casualties and fatalities Transportation ground:
15:35 a diameter of 135 meters roads damaged/inaccesible d
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7
|

Triggers of cascading effects

time (on relevant

Unfolding of events in crisis

(unfolding of) physical event over

Negative effects (horizontal

Sectors directly affected

Sectors indirectly affected

G|Disruption of information relation

(telecommunication) due to
increased volume of callphone
lines are overloaded. This impaire
the telecommunication between th
RMC and first responders.

Disruption of organisation relation
due to shortage of staffRMC does
not have enough manpower to deal
with all incoming calls and develop
accurate emergency management
actions.

timescale) management (incl category and le time (vertical cascasde) cascade) (horizontal cascade) (horizontal cascade)
of authority involved)
\ 200 houses destroyed Housing: 1250 people become]
homeless
300 houses heavily damaged
50 commercial buildings heavi Economic sector (local)
damaged
mental health: PTSD, anxiety
disorder (short- and long-term
Energy transmission: gas pipe|
damaged, power lines damag
Telecommunication: phone
lines damaged
Waste/biochem: sewarage
systems damaged
Commander fire-department notifig
15:38 RAC asking for all aid possible

RAC does not respond adeqgautely
this: very minimal (almost none)
firefighting takes place until 16:10
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Figure 5 Visual overview of Enschede fireworks factoy disaster
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