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EXECUTIVE SUMMARY  

 

Cascading effects in crisis situations refer to the sequence of events in a crisis resulting in 

physical, social or 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, which can in turn 

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 were the Enschede fireworks 

factory explosion (the Netherlands), the London attacks (UK), the Fukushima nuclear disaster 

(Japan), the Galtür avalanche (Austria), the European Heatwave (focus on France), the MH17 

plane crash (Ukraine), the Eyafjallajökull volcanic eruption (Iceland, but with a focus on the 

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

 

The chapters in which these case studies are analysed all present and discuss a visual overview, 

of the unfolding of the crisis. In these overviews, six columns outline: A) what happened during 

the event, B) 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 colour lines and arrows, the 

overviews also provide an indication of how entries in the different columns relate to one 

another (see the example in Figure i below), for instance, how actions in crisis management 

affected the unfolding of the disaster. In a seventh column (the green column in Figure i) 

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; 

¶ malfunctioning of legal and regulatory relations; 

¶ disturbance relations; 

¶ pre-disaster conditions.  

 

 
Figure i Example of a visual overview 

 

Triggers of cascading effects time (on relevant 

timescale)

Unfolding of events in crisis 

management (incl category and level of 

authority involved)

(unfolding of) physical event over time 

(vertical cascasde)

Negative effects (horizontal 

cascade)

Sectors directly affected 

(horizontal cascade)

Sectors indirectly affected 

(horizontal cascade)

since 06.02.1999, 19:30

LWZ: avalanche warnings lavel 4 and 5 & 

road blocks of whole Paznaun valley 

bad weather: heavy snowfalls and snow 

drifts

changes of shifts of holidaymakers 

were not possible

Economic sector (local): loss of 

revenues in the tourism sector 

have to check the exact 

date

crisis management groups were installed 

in Innsbruck and Landeck 

numerous avalanches were reported in 

Austria, France and Switzerland

Food: Galtür had to be supplied 

with foodstuffs by air

09.02. - 28.2.1999 

BMI and BHeer: supply flights to Galtür 

with foodstuffs and medicines & 

exploratory flights on a regular base

Healthcare  (hospitals&clinics): 

Galtür had to be supplied with 

medicines by air

10.02. - 17.02.1999

temporary lifting of the road blocks temporary improvement of the weather 

condition

A

22.02. - 28.02.1999

LWZ: blockages of whole public 

transport system

weather conditions are worsening Galtür is cut off from the outside 

world 

Ground transportation: blockages 

of whole ground transport system 

23 February 1999- 16:05

Police Landeck reported to LWZ that an 

avalanche hit the local area of Galtür

an extreme avalanche hit the local area 

of Galtür

LWZ: not possible to fly in assistants to 

the scene of the accident

bad weather is continuing Air Transportation: all transport 

helicopters in Austria were 

aggregated 

 
B Physical disturbance relation: due 

to extreme weather conditions 

public transport system was 

blocked, Galtür was accessible only 

by air

LWZ: avalanche rescue group, avalanche 

search dogs, physicians, policeman and 

Red Cross helpers waited in Landeck for 

their assistance intervention 

planned surgeries (mediacl) for the 

upcoming days were cancelled

Healthcare: hospitals were on 

stand-by and high state of 

alertness

Helper teams in Galtür were on their 

own, searching for survivors

Emergency service: Large-scale 

operation to Galtür was not 

possible 

journalists and relatives called the LWZ 

continuously to get information

phone lines were temporarely disabled 

and blackout in Galtür

landline and mobile phone 

networks were threatened to fail 

because of overload

Public communication via 

telephone was threatend to fail

C Disruption of information relation: 

rescue organisations involved did 

not share a uniform telephone line 

to communicate among 

themselves

different organisations involved in 

rescue operation and crisis management 

had no uniform telephone line to 

communicate

Political relational condition: 

Galtür being an avalanche-prone 

village and having gone through a 

transformation towards tourism 

inevitably means that roads are 

going to be cut off and 

infrastructure is damaged if an 

avalanche disaster happens.
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The analysis of the nine case studies showed that three overarching categories of triggers were 

most common. The first category 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 

congestion of 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 information relations, 

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 to be erroneous 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 on another system 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 with the task of providing water. The 

firefightersô new responsibility caused further disastrous impacts as they were not able to get 

to the nuclear power station in a timely manner due to aftershocks.  

 

A third category is that of pre-disaster conditions concerned 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 in Prague clearly illustrates this as political decisions led to changes 

in settlement patterns, increasing citizensô exposure to floods, and subsequently contributed to 

the destruction of homes, goods and commercial properties during the 2002 floods.  

 

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

 

¶ Triggers of cascading effects can have their roots both in the turn of events during 

crises, as well as in a pre-crisis context. The latter implies that crisis preparedness 

cannot be viewed in isolation from the everyday life in a given society, country, or area.  

 

¶ Regulations and sanction in a pre-disaster stage have the potential to reduce cascading 

effects in a crisis. However, the effectiveness of such regulations is dependent 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. 

 

¶ Pre-crisis conditions, such as economic and political developments, contributing to 

cascading effects are more difficult to address by the means of preparedness measures. 

Triggers related to pre-crisis conditions are frequently linked to gradual changes over 

long periods of time and can rarely be pinned down to one single event or cause. 

 

¶ With regards to triggers that originate during a crisis, having separate communication 

systems as well as pre-established plans of approach and clear divisions of 

responsibilities could improve the organisational response to crises. This could 
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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. 

 

¶ Cascading effects are not merely related to flaws in interdependent infrastructure 

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 of reducing 

cascading effects. 

 

The approach used within this report may be of use to others in extending this type of analysis 

of past-events. Such research could subsequently inform measures of preparedness aimed at 

reducing the likelihood and/or intensity of cascading effects.  
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LIST OF ACRONYMS   

 

AAIB  Air Accidents Investigation Branch  

ACR Arm§da Ļesk® Republiky (Czech Republican Army) 

AMRS Bergretungsdienst (Austrian Mountain Rescue Services)  

AMUF Association des Médecins Urgentistes de France (Emergency physicians) 

ANSV Agenzia Nazionale per la Sicurezza del Volo (National Agency for the Safety 

of Flights)  

ATSB Australian Transport Safety Bureau  

BEA Bureau d'Enquêtes et d'Analyses pour la sécurité de l'aviation civile (Bureau 

of Enquiry and Analysis for Civil Aviation Safety)  

BFU Federal Bureau of Aircraft Accident Investigation  

BL Bezirkshauptmannschaft Landeck (District authority Landeck)  

BMI Bundesministerium für Inneres (Federal Ministry of the Interior)  

BHeer Bundesheer (Austrian Armed Forces)  

BRS Bezpeļnostn² rada st§tu (National Security Council) 

ICAO Civil Aviation Organization  

CHMI Czech Hydrometeorological Institute  

CNB Ceska Narodni Banka (Czech National Bank) 

COBRA Cabinet Office Briefing Room  

CPA Centrale Post Ambulance Vervoer (Central Post Ambulances) 

DCA Department of Civil Aviation  

DGS Direction générale de la santé (French Directorate-General for Health)  

DMKL  Directie Materieel Koninklijke Landmacht (Royal Armed Forces Materials 

Directorate) 

DSB Dutch Safety Board  

EAPC Euro-Atlantic Partnership Council  

EASA European Aviation Safety Agency  
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EIA Energy Information Agency  

FATA Federal Air Transport Agency  

FEMA Federal Emergency Management Agency  

FEPC Federation of Electric Power Companies of Japan 

GŚHZS 

CR 

Gener§ln² Śeditelstv² Hasiļsk®ho Z§chrann®ho Zboru ĻR (General Directorate 

of the Fire Rescue Brigades) 

HZS CR HasiļskĨ z§chrannĨ sbor Ļesk® republiky (Fire Rescue Service of the Czech 

Republic 

IAC Interstate Aviation Committee  

IATA  International Air Transport Association  

ICAO UN International Civil Aviation Organization  

IFRCRCS International Federation of the Red Cross and Red Crescent Societies 

IMH Inspectie Milieuhygiëne (IMH) (Environmental Hygiene Inspection) 

INVS Institut de Veille Sanitaire (French Institute for Public Health Surveillance) 

IRS Integrated Rescue System 

LBKE Lokale Brandweer Korps Enschede (local firefighters Enschede) 

LFTO National Forensic Investigation Team  

LWZ Landeswarnzentrale Tirol (National Warning Centre Tyrol) 

ME Mobiele Eenheid (mobile unit national police) 

NAME Numerical Atmospheric-dispersion Modelling Environment  

NATO North Atlantic Treaty Organisation 

NATS National Air Traffic Service  

NBAAI  National Bureau of Air Accidents Investigation of Ukraine  

NCTV National Coordinator for Security and Counterterrorism  

NHS National Health Service 

NDoJ National Diet of Japan 

NERH Nuclear Emergency Response Headquarters  
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NISA Nuclear and Industrial Safety Agency  

NMOC EUROCONTROL Central Flow Management Unit  

NOAA National Oceanic and Atmospheric Administration 

NTSB National Transportation Safety Board  

NTSC National Transportation Safety Committee  

NSC Nuclear Safety Commission  

NWS National Weather Service  

OvD Officier van Dienst (coordinator firefighters) 

PCR Policie Ļesk® Republiky (Czech Police) 

PE Politie Enschede (local police Enschede) 

PL Gendarmerie Landeck (Police)  

PPS Public Prosecution Service  

RAC  Regionale Alarm Centrale (Regional Control Room)   

RMC  Regionaal Meld Centrum Twente (Regional Control Room)  

RVI Rijksverkeersinspectie (National transport inspection) 

SE Smallenbroek Enschede (SE Fireworks) 

SPEEDI System for Prediction of Environment Emergency Dose Information  

SMM OSCE Special Monitoring Mission  

TEPCO Tokyo Electric Power Company 

TIRIS Tiroler Raumordnungs-Informationssystem  

UNEP United Nations Environment Programme 

UNESCO United Nations Educational, Scientific and Cultural Organization  

UNOCHA United Nations Office for the Coordination of Humanitarian Affairs  

VAAC Volcanic Ash Advisory Centre 
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1 INTRODUCTION  

 

Investigating and analysing cascading effects in crisis situations is crucial in enhancing our 

understanding of why certain hazards create extensive disastrous impacts whereas others do 

not. How disastrous events unfold and what factors trigger cascading effects are important 

elements to consider in such an analysis, especially when using it as a basis for developing 

platforms and tools to respond to cascading effects. This report analyses cascading effects in 

nine historical crisis situations that took place between 1999 and 2014 in various countries. By 

doing so, the authors aim to create sufficient material to illustrate cascading and/or cross-border 

effects in crises. This material serves to inform later work in this and other Work Packages of 

the FORTRESS project. As defined in D1.1 (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 development of a principal technological or human failure, 

generates a sequence of events that result in physical, social or economic disruption (Alexander 

et al. 2014). It must be noted that as this report focuses on cascading effects, and therefore 

largely on negative aspects in crises enabling cascading effects to occur, it does not present an 

adequate picture of all features of each respective crisis.  
 

1.1 METHODOLOGY  

The selection of case studies was informed by an analysis of the Emergency Events Database 

(EM-DAT)1 crisis data carried out as part of the COSMIC (The COntribution of Social Media 

In Crisis management) project.2 As part of the latter project an overview of crises most 

commonly occurring in Europe between 2003 and 2013 was developed. This list featured 

floods as the most commonly occurring crisis, followed by extreme temperatures, storms, and 

transport accidents. Whilst acknowledging the frequency of these events in selecting case 

studies, the selection is not an exact representation of the most commonly occurring crises in 

Europe. This is because partners working on this report did not want to exclude more recent 

and/or non-European case studies that are important with regards to our understanding of 

cascading effects. Additionally, partners wanted to account for case studies with a cross-border 

component, as this commonly adds to the complexity of cascading effects. After careful 

consideration and deliberation the case studies listed in Table 1 were selected.3 

 
Table 1 List of crisis case studies 

Crisis and location  Year 

Enschede fireworks factory explosion 

The Netherlands 

2000 

London bombings 

UK 

2005 

Fukushima nuclear disaster 

Japan 

2011 

Galtür avalanche  

Austria 

1999 

Heatwave 

Europe- focus of analysis: France 

2003 

MH17 plane crash 2014 

                                                 
1 EM-DAT was created with the initial support of the World Health Organisation and the Belgian Government. It 

is maintained by the Centre for Research on the Epidemiology of Disasters since 1988. 
2 COSMIC(http://www.cosmic-project.eu/)  is a two-year project funded by the European Commission's Seventh 

Framework Programme FP7-SEC-2012 under grant agreement no. 312737 
3 The case studies are presented in the same order as they are presented in this report. 

http://www.cosmic-project.eu/
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Ukraine 

Floods  

Central Europe- focus of analysis: Prague, Czech 

Republic) 

2002 

Hurricane Sandy 

USA 

2012 

Eyafjallajökull volcanic eruption  

Iceland- focus of analysis: UK 

2010 

 

Considering FORTRESSôs focus on cascading effects, the analysis of these case studies was 

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 manner, and that the 

time-frame of the analysis does not always account for changes in impacts that took place in 

the long-term.  

 

The analysis of the case studies is based on a study of existing academic literature, research 

and evaluation reports, event reports and news articles. Each of the crisis situations were 

analysed by the means of a visual overview, developed using Microsoft Excel (see the template 

presented in Figure 1. Each overview consists of seven columns. One column addresses how 

the crisis unfolded- it lists and briefly describes subsequent turns of events. For example, heavy 

winds cause trees to fall onto power lines, causing power outages. Related to this is a column 

in which steps in crisis management are detailed- it lists what actions were taken, and at times 

the absence of steps taken. For example, when did first responders decide to intervene in the 

situation, and how did they do so? A column indicating a time-scale aids in interpreting when 

the aspects described in these two columns took place. Two other columns list sectors directly 

and indirectly affected. Sectors directly affected are considered to be those sectors physically 

impacted by the disastrous event itself. For example, the London attacks (see Chapter 4) caused 

direct damage to Londonôs infrastructure network. Indirectly affected sectors are those that are 

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

on the provision of drinking water after the Enschede fireworks factory explosion (see Chapter 

2), as large amounts of water had been used during fire-fighting. Direct negative effects that 

could not be listed as a ósectorô (i.e., casualties) are listed in a separate column. A final column 

in the model is of a slightly different nature and therefore has another colour: green. This 

column lists the identified triggers of cascading effects. Within each visual overview lines and 

arrows of different colours (see Table 2) are used to indicate the relations between the various 

elements of the analysis. In each chapter, the triggers of cascading effects listed in the cells in 

the green column (Cell A, B, C etc.) are discussed in detail in the sub-sections that follow the 

visual overview.  
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Figure 1 Template of visual overview 

 

To ensure a consistent approach of identifying triggers or cascading effects throughout this 

study, a categorisation of triggers was developed. The varying natures of the case studies at 

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

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

Voogd (2004), the final categorisation used to identify and label all case studiesô triggers of 

cascading effects is presented in Table 3. Where possible sub-categories are identified - where 

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

 
Table 3 Categorisation of triggers of cascading effects 

Categories of 

triggers 

Sub-categories 

(where 

applicable) 

Further explanation and/or example 

Disruption of an 

information relation* 

 

 

Face-to-face 

The disruption of the exchange of information 

between two or more people without the use of 

technologies. 

Tele-

communication 

The disruption of a relation between two actors 

that takes place via technology such as the 

internet or phone. 

Triggers of cascading effects time (on relevant 

timescale)

Unfolding of events in crisis 

management (incl category and level 

of authority involved)

(unfolding of) physical event over 

time (vertical cascasde)

Negative effects (horizontal 

cascade)

Sectors directly affected 

(horizontal cascade)

Sectors indirectly affected 

(horizontal cascade)

X

xx

X xx

X xx

X xx

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

Blue arrow   direct causal relation (e.g., A causes B) 

Yellow arrow              of influence on (e.g., X influences how A causes B) 

Green line    subsequent steps but not a causal relation 

 

Red line   connects trigger in green column to the cascade it caused 
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Data involving 

machines 

The disruption of a relation between two 

machines, or a machine and an actor, that 

automatically share data. 
  

Disruption of a  

supply relation** 

Physical media 

The disruption of a relation concerning the 

dependency on the supply of a resource (e.g., 

water, gas, electricity, heating) through a 

physical, permanent infrastructure (e.g., a 

pipeline, grid, wire). 

Delivery 

relation 

The disruption of a relation concerning the 

dependency on the supply of resources though 

transportation infrastructure (e.g., road, rail, ship, 

air). 

Service relation 

The disruption of a relation wherein the 

functioning of a system element or organisation 

depends on a service provided by another 

organisation or system element. 
  

Disruption of an 

organisational 

relation***  

 

Example: due to a lack of overview in the control 

room, there are flaws in the coordination of the 

first responders. 
  

Malfunctioning of a 

legal and regulatory 

relation 

 

When regulations are not respected or legal 

responsibility are not acted upon. Triggers of 

cascading effects that fall in this category largely 

concern the malfunctioning of this relation in a 

pre-disaster stage.  
  

Disturbance 

relation****  

Geo-spatial 

relation 

Components are located in close proximity to one 

another and therefore damage to one may affect 

the other. Example: Water flowing from a 

ruptured pipeline damages electrical wiring. 

Physical 

A mobile system element affects another. Of 

particular relevance here is the system óweather,ô 

as adverse meteorological conditions can cause 

systems (e.g., infrastructure) to malfunction. 

Other  
  

 

 

 

 

 

 

 

 

 

Political 

Political conditions that contributed to the 

occurrence of cascading effects. Example: a 

governmentôs choice to increase the use of dams 

on the upstream sections of rivers whilst the 

downstream is heavily populated. This largely 

concerns pre-crisis conditions. 

Cultural 

Cultural conditions that contributed to the 

occurrence of cascading effects. This largely 

concerns pre-crisis conditions. Example: an area 
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Conditions subject to flooding has not experienced floods in 

many years. As a result thereof, its citizens 

gradually stopped adopting precautionary 

behaviours. 

Economic 

Economic conditions that contributed to the 

occurrence of cascading effects. This largely 

concerns pre-crisis conditions. 
  

*  

  

**    

   

***   

  

 

****   

 

 

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

communication of information. 

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

activities by other system elements. 

refers to a relation of organising, making decisions, and making different people or 

things work. It is the case when actor X is dependent on decisions made by actor Y 

and not only on information. 

refers to unintended relations of interference that only come into being in a crisis. 

Unlike the categories above, where pre-existing relations were disturbed, disturbance 

relations did not exist before. 

 

In addition to the visual overview of the identification of triggers of cascading effects, each 

chapter presents a simple problem space, developed as part of General Morphological Analysis 

(GMA) (see the template presented in Figure 2). The column-headings used in the problems 

space were identified and discussed during workshops part of Deliverable 1.3: Morphological 

Analysis: Developing a conceptual model of the project problem space (Ritchey 2014). 

 

 
Figure 2 Template problem space GMA  

 

 

 

 

Case Types of hazard Principal nature(s) of 

impact

Scope of impact Onset of crisis Scope of CM Cross border? Principal involved 

actors in CM

Directly affected 

sectors 

Indirectly affected 

sectors

Triggers/ causes for 

cascade

Tsunami-Fukushima, 

Japan, 2011

Natural Physical International & cross 

border

Sudden Global Yes Police Transportation  

GROUND

Transportation  

GROUND

Disruption of 

Information relation

Firework factory 

explosion (2000) - 

Netherlands

Social Social / PsychologicalNational Rapid (Hours/days) International No Fire Transportation  AIR-

WATER

Transportation  AIR-

WATER

Disruption of supply 

relation

London attacks (2005) Technological Economic Regional Slow (Weeks) National Health Energy production Energy production Disruption of 

organisational 

relation
Heat wave 2003 

(France)

Antagonistic Political Local Creeping 

(months/years)

Regional Local admin. 

Municipal govt.

Energy transmission 

and distribution 

Energy transmission 

and distribution 

Malfunctioning of 

legal and regulatory 

relation

Malaysia MH17 plane 

crash (2014)

Local National/central 

government

Water provision Water provision Disturbance relation

Avalanche Disaster of 

Galtür, AT (1999)

National security Public communication  

(telecom)

Public communication Relational condition

Central European 

floods (focus on 

Prague) (2002)

Insurance companiesWaste & biochem Waste & biochem 

Hurricane Sandy, USA 

(2012) 

Civil protection 

authorities

Healthcare  

(hospitals&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 

organisation

Economic services Economic services 

Community based 

organisations

Government sector  

(Decision & 

continuity)

Government sector  

(Decision & 

continuity)

Intergovernmental 

organisations 

Social 

sector(Education, 

aggregation, icon)

Social 

sector(Education, 

aggregation, icon)

Companies/ industry Residential housing 

sector

Residential housing 

sector

Natural environment Natural environment
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1.2 REPORT OUTLINE  

The purpose of this report is to illustrate cascading effects whilst identifying their triggers. In 

doing so, the remainder of this report has ten chapters: nine case study chapters followed by 

the conclusion in which all case studies are analysed, compared, and concluding observations 

are presented. To enhance comparison across case studies, each of the nine case study chapters 

follows the same approach and structure. The conclusion analyses and discusses all triggers of 

cascading effects listed in the nine case studies and provides recommendations for research 

based on the insights gained. 
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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 the eastern part of the country, Enschede lies six 

kilometres from the German border (see Figure 3). Built in 1977, the factory was originally 

located outside the city, but as the city expanded it became surrounded by residential housing. 

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 fireworks were of a more explosive nature 

than the companyôs permit allowed, and not all was stored in adequate facilities (COV 2011, 

60). That day, at 15:03, a patrolling police officer reported to the fire departmentôs regional 

control room (regionale alarm centrale (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, the factoryôs containers and central depot exploded, resulting in 

the death of 19 people, including four firemen. An additional three bodies were never found 

again and have been presumed dead, making the total number of casualties 23. Around 950 

people were injured, 205 houses completely destroyed, a further 293 houses were made 

uninhabitable, and 1500 houses were damaged. 1250 people lost their homes (COV 2001, 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 during 

(top right) and after (bottom right) the disaster (source: ANP). 

Enschede

e 
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2.1 THE EVENT IN MORE DET AIL  

The Enschede fireworks factory disaster can be referred to as an industrial accident. It is 

therefore classified as a ótechnological hazardô, opposed to incidents resulting from natural 

hazards or being related to crises of a social nature, such as the 2005 London Bombings 

discussed as part of this Deliverable. It is a disaster of a rapid-onset 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 confined to two square 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 scene, and means of transport 

(e.g., helicopters) from across the country were used. Additionally, 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 

German Osnabrück were on stand-by (Inspectie voor de Gezondheidszorg 2001). Considering 

this international response, the disaster is classified as a ócross-borderô one. In addition to the 

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), as illustrated in Figure 5. 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 area was completed and the area was 

officially re-opened (Eén Vandaag 2008).  

 

Figure 4 (below) provides a simplified representation of the complexity of the event, by 

presenting important information in a simple problem space. 
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Figure 4 Problem space overview of the Enschede fireworks factory explosion

Case Types of hazard Principal nature(s) of 

impact

Scope of impact Onset of crisis Scope of CM Cross border? Principal involved 

actors in CM

Directly affected 

sectors 

Indirectly affected 

sectors

Triggers/ causes for 

cascade

Tsunami-Fukushima, 

Japan, 2011

Natural Physical International & cross 

border

Sudden Global Yes Police Transportation  

GROUND

Transportation  

GROUND

Disruption of 

Information relation

Firework factory 

explosion (2000) - 

Netherlands

Social Social / PsychologicalNational Rapid (Hours/days) International No Fire Transportation  AIR-

WATER

Transportation  AIR-

WATER

Disruption of supply 

relation

London attacks (2005) Technological Economic Regional Slow (Weeks) National Health Energy production Energy production Disruption of 

organisational 

relation
Heat wave 2003 

(France)

Antagonistic Political Local Creeping 

(months/years)

Regional Local admin. 

Municipal govt.

Energy transmission 

and distribution 

Energy transmission 

and distribution 

Malfunctioning of 

legal and regulatory 

relation

Malaysia MH17 plane 

crash (2014)

Local National/central 

government

Water provision Water provision Disturbance relation

Avalanche Disaster of 

Galtür, AT (1999)

National security Public communication  

(telecom)

Public communication Relational condition

Central European 

floods (focus on 

Prague) (2002)

Insurance companiesWaste & biochem Waste & biochem 

Hurricane Sandy, USA 

(2012) 

Civil protection 

authorities

Healthcare  

(hospitals&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 

organisation

Economic services Economic services 

Community based 

organisations

Government sector  

(Decision & 

continuity)

Government sector  

(Decision & 

continuity)

Intergovernmental 

organisations 

Social 

sector(Education, 

aggregation, icon)

Social 

sector(Education, 

aggregation, icon)

Companies/ industry Residential housing 

sector

Residential housing 

sector

Natural environment Natural environment
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2.2 CASCADING EFFECTS AND THEIR TRIGGERS  

This section provides an analysis of the cascading effects that occurred in the Enschede 

fireworks factory explosion, along with identifying the triggers of these effects. Figure 5 

(below) presents a visual overview of the unfolding of events in the Enschede fireworks factory 

disaster. The first column indicates the main triggers or interdependencies that caused 

cascading effects to occur. The remaining columns illustrate what happened at certain times 

and what effects are associated with this. The second column indicates the time timescale on 

which the unfolding of the 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 that the impact 

of the crisis described here is largely concentrated on those impacts associated with cascading 

effects as well as those related to the cross-border nature of this crisis. Each of the following 

sub-sections, address one of the boxes listed in the green column of Figure 5. For each box it 

is illustrated what type of trigger it concerns, along with describing what kind of cascading 

effects it caused. 
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Triggers of cascading effects time (on relevant 

timescale)

Unfolding of events in crisis 

management (incl category and level 

of authority involved)

(unfolding of) physical event over 

time (vertical cascasde)

Negative effects (horizontal 

cascade)

Sectors directly affected 

(horizontal cascade)

Sectors indirectly affected 

(horizontal cascade)

A Malfunctioning of a pre-crisis legal 

and regulatory relation due to 

negligence:  local (muncipality of 

Enschede) and national (IMH, DMKL, 

RVI) governmentshould carry out 

inspections in SE Fireworks. They had 

not done so, which enabled SE 

Fireworks to avoid meeting legal 

obligations.

B Malfunctioning of an organisational 

relation: pre-crisis preparations with 

regards to the organisational 

response to crisis showed 

considerable flaws.

Fire in fireworks factory 

13 May 2000- 15:03

Dutch regional: RAC and RMC are 

notified of fire by patrolling police 

officer and citizens

C Malfunctioning of a supply relation 

(service relation): due to a shortage 

of firemen present, firetrucks going 

to the site were equipped with only 

a small number of firemen 

15:08

Dutch Local: Notified by RAC, local 

firefighters (Korps Enschede) and 

OvD go to site

 
D Disruption of information relation 

due to witholding of information: 

Despite being asked, S.E. Fireworks 

(industry) did not inform the fire 

fighters of the illegal, heavy 

explosive fireworks stored on site. 

Dutch Local: Firefighters arrive- 

ǘƘŜȅ ǘƘƛƴƪ ǘƘŜȅΩǊŜ ŀōƭŜ ǘƻ ŎƻƴǘǊƻƭ ǘƘŜ 

fire and that there is no risk of 

explosion

E Disruption of organisation relation 

due to  information being witheld: SE 

Fireworks witheld information which 

resulted in inadequate 

decisionmaking and operational 

planning by firefighters.

Dutch local: firefighters focus on 

factory alone
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Triggers of cascading effects time (on relevant 

timescale)

Unfolding of events in crisis 

management (incl category and level 

of authority involved)

(unfolding of) physical event over 

time (vertical cascasde)

Negative effects (horizontal 

cascade)

Sectors directly affected 

(horizontal cascade)

Sectors indirectly affected 

(horizontal cascade)

A Malfunctioning of a pre-crisis legal 

and regulatory relation due to 

negligence:  local (muncipality of 

Enschede) and national (IMH, DMKL, 

RVI) governmentshould carry out 

inspections in SE Fireworks. They had 

not done so, which enabled SE 

Fireworks to avoid meeting legal 

obligations.

Fire in fireworks factory 

13 May 2000- 15:03

Dutch regional: RAC and RMC are 

notified of fire by patrolling police 

officer and citizens

B Malfunctioning of a supply relation 

(service relation): due to a shortage 

of firemen present, firetrucks going 

to the site were equipped with only 

a small number of firemen 

15:08

Dutch Local: Notified by RAC, local 

firefighters (Korps Enschede) and 

OvD go to site

 
C Disruption of information relation 

due to witholding of information: 

Despite being asked, S.E. Fireworks 

(industry) did not inform the fire 

fighters of the illegal, heavy 

explosive fireworks stored on site. 

Dutch Local: Firefighters arrive- 

ǘƘŜȅ ǘƘƛƴƪ ǘƘŜȅΩǊŜ ŀōƭŜ ǘƻ ŎƻƴǘǊƻƭ ǘƘŜ 

fire and that there is no risk of 

explosion

D Disruption of organisation relation 

due to  information being witheld: SE 

Fireworks witheld information which 

resulted in inadequate 

decisionmaking and operational 

planning by firefighters.

Dutch local: firefighters focus on 

factory alone

Fire expands 

F Disruption of organisation relation 

due to information being witheld: 

Despite being asked SE Fireworks did 

not communicate to the firemen that 

the firesafety of the factory did not 

meet the regulations. Incorrect 

emergency response decisions were 

made based on that.

15:27

Dutch Local : Firemen therefore think 

the situation is controllable and take 

actions based on that.

Two containers outside the factory 

catch fire

15:28
Dutch Local: Fire brigade tries to 

extinguish the fire, but fails

15:33
Container 1 explodes Windows, roof-tiles of nearby 

houses scatter

Dutch Local: Firemen, policemen 

(and general public) evacuate en 

masse (stop trying to extinguish the 

fire)

15:34

Pieces of the container hit other 

containers. Chain reaction of 

exploding containers: a fireball with 

a diameter of 85m

Fire in main factory expands

15:35

Main factory explodes: a fireball with 

a diameter of 135 meters

casualties and fatalities                        Transportation ground:             

roads damaged/inaccesible due 

to debrees                                

200 houses destroyed    Housing: 1250 people become 

homeless

300 houses heavily damaged

50 commercial buildings heavily 

damaged

Economic sector (local)

mental health: PTSD, anxiety 

disorder (short- and long-term)

Energy transmission: gas pipes 

damaged, power lines damaged

Telecommunication: phone 

lines damaged

Waste/biochem: sewarage 

systems damaged

15:38

Commander fire-department notifies 

RAC asking for all aid possible
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Triggers of cascading effects time (on relevant 

timescale)

Unfolding of events in crisis 

management (incl category and level 

of authority involved)

(unfolding of) physical event over 

time (vertical cascasde)

Negative effects (horizontal 

cascade)

Sectors directly affected 

(horizontal cascade)

Sectors indirectly affected 

(horizontal cascade)

15:35

Main factory explodes: a fireball with 

a diameter of 135 meters

casualties and fatalities                        Transportation ground:             

roads damaged/inaccesible due 

to debrees                                

200 houses destroyed    Housing: 1250 people become 

homeless

300 houses heavily damaged

50 commercial buildings heavily 

damaged

Economic sector (local)

mental health: PTSD, anxiety 

disorder (short- and long-term)

Energy transmission: gas pipes 

damaged, power lines damaged

Telecommunication: phone 

lines damaged

Waste/biochem: sewarage 

systems damaged

15:38

Commander fire-department notifies 

RAC asking for all aid possible

G Disruption of information relation 

(telecommunication)  due to 

increased volume of calls: phone 

lines are overloaded. This impaired 

the telecommunication between the 

RMC and first responders.

H Disruption of organisation relation 

due to shortage of staff: RMC does 

not have enough manpower to deal 

with all incoming calls and develop 

accurate emergency management 

actions.

RAC does not respond adeqautely to 

this: very  minimal (almost none) 

firefighting takes place until 16:10

These two factors resulted in RMC 

(Dutch local) not communicating 

properly with RAC, CPA and OvD, and 

not giving priority to the event, and 

not rapidly asking for assistance, 

which caused a delay in the arrival of 

further assistance. When the 

assistance arrived there was little 

overview of the crisis between 15:35 

and 17:00 as phonelines were still 

overloaded.

Fire expands
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Triggers of cascading effects time (on relevant 

timescale)

Unfolding of events in crisis 

management (incl category and level 

of authority involved)

(unfolding of) physical event over 

time (vertical cascasde)

Negative effects (horizontal 

cascade)

Sectors directly affected 

(horizontal cascade)

Sectors indirectly affected 

(horizontal cascade)

Figure 5  Visual overview of Enschede fireworks factory disaster 


























































































































































































































































