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1 Session I: Natural Hazards: Mapping and Warning S ystems 
Hazard and risk maps and early warning systems are important elements of Natech 
risk management of authorities and operators.   

Early warning systems are short-term systems which can be used by operators, e.g. 
for shut-down or evacuation procedures.  

1.1 Hazard Mapping 

Hazard maps are necessary for the authorities and operators for land-use planning, 
siting of facilities (e.g. in case of earthquake and flood hazards), layout of installa-
tions, enforcement of regulations and design codes (e.g. for buildings in order to im-
prove earthquake resistance), dimensioning of private and public protection and pre-
vention measures (e.g. dikes in case of flood hazards) and to prepare for response 
and mitigation activities including emergency planning. In some countries hazard 
maps are provided for most of the relevant natural hazards. As examples the follow-
ing hazard maps have been elaborated in different countries:  

• Flood maps 

• Landslide maps 

• Earthquake maps 

• Liquefaction susceptibility maps 

• Wind and storm maps 

• Rainfall maps 

• Snow load maps 

• Avalanche maps 

Hazard maps have to be supplied by the national authorities. The quality of the dif-
ferent maps mainly bases on the available data of recent events and the statistical 
analysis of these events. The maps must be elaborated, actualized from time to time 
and disseminated to the different users. Dissemination is mostly carried out via inter-
net.  

The basis of hazard mapping can differ in the OECD-countries. There is no consis-
tent requirement for hazard mapping like in the European Union for flood hazard and 
risk maps.1  

According to European Flood Risk Management Directive 2007/60/EC on the as-
sessment and management of flood risks flood hazard maps have to be provided in 
the EU member countries for 

• floods with a low probability, or extreme event scenarios 
• floods with a medium probability (likely return period ≥ 100 years); 
• floods with a high probability, where appropriate.    

                                            
1 EXIMAP: Handbook on good practices for flood mapping in Europe. 2007, 

http://ec.europa.eu/environment/water/flood_risk/flood_atlas/pdf/handbook_goodpractice.pdf 



OECD Workshop Natech Risk Management   Discussion Document 

6 

The extreme event scenarios can be used by the plant operators to assess the im-
pact of a flood on the site and installations. With this information the plant operator is 
able to design protections measures in order to mitigate the risk of damages with re-
lease of chemicals and to elaborate management plans. Therefore, hazard maps in-
cluding extreme events should be provided by the authorities. 

An analysis of the legal requirements shows that in most of the OECD member 
countries extreme natural events must not be considered by the plant operators in 
accident prevention. Furthermore, natural hazard maps which illustrate endangered 
areas caused by different natural hazards do not generally present extreme events of 
low probability. 

An example of best practice for hazard maps supply and dissemination is the Federal 
Office for the Environment (FOEN) of Switzerland. FOEN provided a map with all lo-
cations of possible emissions of chemicals. This map can be mixed with the different 
natural hazards maps (e.g. earthquake and/or flood) but also with maps of historical 
events. To each historical event special information is provided in this interactive 
system. 

Furthermore, the time of return for flood can by varied between 50 years and 500 
years. The map scale can be adjusted by the user to receive exact information with 
high resolution about potential natural hazards in the regarded location. 

1.2 Early Warning Systems 

Early warning systems are developed for different natural hazards like extreme 
weather, floods, tsunami, and earthquakes. All systems are generally based on the 
following elements, illustrated in Figure 1 . 

 

 

 

Figure 1: Element of early warning systems2 

The main problem of all systems is the reliability of the results, especially for fore-
casts of earthquakes. Existing short-term forecasts3 can be useful and have shown 
their success in some cases. But due to uncertainties a rate of failure and false 
alarms must be tolerated. The uncertainty of short-term predictions mainly depends 
on local conditions, equipment used for detection and measurement, availability of 
data, reliability of validated computer models and parameters, which must be as-
sumed in the different computer based models.  

Early warning systems for extreme weather and floods are much more precise in 
comparison to earthquake forecasts. 

Nevertheless, short-term forecasts are useful in countries, where inhabited areas are 
at high risk of natural hazards. If industrial facilities are in this areas and cause a high 
Natech risk, a certain level of false alarms, e.g. in case of earthquakes, should be 
tolerated by the industry. 

                                            
2  According to United Nations: Global Survey of Early Warning Systems, Sept. 2008 
3  The term „nowcast“ is used for metrological forecasts for six hours or less. 
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Early warning systems for earthquake forecast are installed in many countries, e.g. 
California (USA), Mexico, Turkey, Japan, Greece, Romania etc. Some of these sys-
tems are shortly presented in the background information of this discussion paper. All 
systems have a forecast time of few seconds.  

Tsunami forecasts base on the measurement and localisation of the epicentre of an 
earthquake and the measurement of the tsunami. The warning time depends 
significantly on the distance between the epicentre and the potential affected coast.  

In comparison with early warning system for earthquakes the forecast time of hurri-
canes is much longer (hours up to days), because origin, growth and path of the hur-
ricane can be observed by satellite systems or ground based observation stations. 
Path prediction is still problematic and cannot exactly be calculated.       

In the USA the warning time of tornados is 13 minutes on average. Most of the fore-
casts in the USA base on the 121 radar measurement stations. 

A new system of a local early warning system for extreme weather was developed 
with the project SAFE in Germany. The SAFE project combines distributed weather 
sensor networks with improved, location-specific weather prognosis modules and an 
early warning messaging system. This messaging system is used to provide both the 
general public and emergency services with personalized, situation-dependent infor-
mation on upcoming extreme weather conditions. 

Furthermore, SAFE is able to steer remote-controlled actuators that induce auto-
mated countermeasures, such as closing open windows, retracting blinds, or discon-
necting sensitive electronic equipment from the power grid. 

1.3 Issues Requiring Further Discussion 

1. Should data collection, data analysis and dissemination of information about 
natural hazards be national assignments of the countries and authorities? 

2. Should requirements for hazard and risk mapping of natural events be re-
quired in national legislation?  

3. What is best practice in communication of natural hazard maps to operators, 
communities and public? 

4. Should an internationally coordinated guideline be provided for natural hazard 
mapping?  

5. Should - in general - consideration of the different hazard sources be done in 
cooperation with adjacent countries, e.g. for river basin management 
activities? (compare EU Water Framework Directive4 and EU Directive on the 
assessment and management of flood risks5) 

6. Are special Natech risk maps useful for special cases?  

7. Under which conditions makes it sense to recommend early warning systems 
(e.g. tsunamis)?  

                                            
4  Directive 2000/60/EC of the European Parliament and of the Council establishing a framework for 

the Community action in the field of water policy, 2000 
5  Directive 2007/60/EC on the assessment and management of flood risks, 2007 
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8. Which failure rate of alarms and warnings is required to apply these systems 
successfully in industry?  



Discussion Document  OECD Workshop Natech Risk Management 

9 

2 Session II: Natech Risk Management 

2.1 Need of a general approach for Natech Risk Mana gement  

One of the principal problems of Natechs is the simultaneous occurrence of a natural 
disaster and a technological accident. Both require simultaneous response efforts in 
a situation in which lifelines needed for disaster mitigation are likely to be unavail-
able. 

The difficulties to develop methods and procedures for Natech risk assessment are 
still relevant due to different factors: 

a) Complexity of these phenomena, deriving from the interaction of different ha-
zard sources - natural and technological - which can impact the same objects 
in a different way, simultaneously or within a short time frame. 

b) Heterogeneous competencies are required in order to deal with Natechs; it is 
necessary to share knowledge in the field of both natural and technological 
risk assessment and management and, up to now, these fields have been 
scientifically and operatively separated. 

Krausmann et al.6 state that “recent studies have indicated that legislation and stan-
dards for chemical-accident prevention do not explicitly address Natech risk. In addi-
tion, methodologies and tools for the assessment of Natech risk are scarce, and only 
limited guidance for industry and the authorities on how to assess Natech risk is 
available. With climate change predicted to increase the frequency of severe hydro-
meteorological events, Natech risk is expected to increase in the future. This high-
lights the need for the development of tools for industry and authorities to assist in 
the analysis of the risk in chemical installations and infrastructures due to Natech 
accidents.” 

Chemical-accident prevention and pollution-control regulations, such as the Seveso II 
Directive, do not provide guidance to the operator on how Natech risk reduction 
should be achieved, nor to the competent authority on how to evaluate that the risk 
level is as low as required by regulations. Additionally, some of the existing technical 
codes and standards may not be suitable for controlling risks due to hazardous sub-
stances. Specific guidelines for Natech risk reduction to support legislation are 
scarce. These results were confirmed in other studies.7 Therefore, the development 
of specific technical codes and guidelines would be required to fully address Natech 
risk.  

Hazard identification and risk assessment are generally described in Chapter 2 b of 
the OECD Guiding Principles for Chemical Accident, Prevention, Preparedness and 
Response (2003). Natech risks are not directly subject of the explanations of the re-
quirements for risk assessment in this guidance.  

                                            
6  Krausmann, E; Cozzani, V.; Salzano, E; Renni, E.: Industrial accidents triggered by natural 

hazards: an emerging risk issue. Nat. Hazards Earth Syst. Sci., 11, 921–929, 2011 
7  Warm, H.J.; Köppke, K.-E.: Schutz von neuen und bestehenden Anlagen und Betriebsbereichen 

gegen natürliche, umgebungsbedingte Gefahrenquellen, insbesondere Hochwasser (Safety of new 
and existing facilities and establishments against natural environmental hazards, especially floods). 
German Federal Environment Agency, 2007, Ref.-No. 203 48 362 



OECD Workshop Natech Risk Management   Discussion Document 

10 

Krausmann et al. state that a specific approach for Natech risk assessment is 
needed, because the standard risk management procedure does not cover the spe-
cial recommendations for Natech risk assessments.6 

Based on new experiences some countries have realized the problem and have inte-
grated the consideration of natural hazards in the management of industrial safety 
(e.g. in safety documents) and in their national regulations during the last years. In 
France for example specific regulations or good practices for hazardous industrial 
facilities exist for earthquake, lightning, flooding, snow and wind. For other natural 
hazards not listed above, such as avalanche, volcanic eruption, there are no national 
specific regulations or best practices to their consideration. In these cases, the inte-
gration of these natural phenomena in the safety report is left to the discretion of the 
operator. 

In Germany the Technical Rule for Plant Safety 310 considers the possible increase 
of hazards by precipitation and floods due to expected climate change. 

Although different hazard specific approaches of risk assessment for land-use plan-
ning, siting of facilities, flood and precipitation, earthquakes, and tsunami impacts are 
developed, no defined general procedure for Natech risk assessment exists, which 
includes general necessary working steps.    

Examples of best practice for Natech risk assessments are presented in the following 
chapters.   

2.2 Risk assessment of earthquakes in France    

A new regulation (Decrees 210-1254 and 2010-1255, dated October 22nd 2010) re-
cently introduced a new zoning for seismic activity, dividing France into 5 areas, from 
areas 1 (very low seismic activity) to 5 (high activity).  This regulatory change bases 
new scientific knowledge, which has led to a re-evaluation of seismic hazard and a 
re-definition of the zoning based on a probabilistic approach (taking into account the 
return periods).  

In this context, industrial facilities in France are classified according to the properties 
of the handled/stored chemical products or according to their activities ("classified 
sites"). With regards to the regulation which establishes the rules for protection 
against earthquake, the classified sites may be subject to regulation applicable to 
“normal risk” or “special risk” installations.  According to the Ministerial Order of 24th 
January 2011, “special risk” classified sites are pieces of equipment in low and up-
per-tier SEVESO establishments that may lead, in case of an earthquake, to one or 
more dangerous phenomena with lethal effects out of the site boundaries, unless 
there are no permanent human presence in this identified lethal effects area.  

The elastic response spectra (vertical and horizontal) in acceleration, representing 
the seismic movement of one point in the surface on the right of the establishment 
are then elaborated, using information given in the Ministerial Order.  

If the installation is new, compliance to regulation must be demonstrated when the 
operator submits a request for a permit to operate. Protective measures against the 
earthquake must then be implemented at the start of operations.  

For existing establishments, a study to assess the technical measures necessary to 
protect from earthquakes must be carried out before December 31st 2015, and the 
implementation of these measures must not exceed 1st January 2021.  
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All other pieces of equipment in establishments that do not belong to the “special 
risk” category are considered as “normal risk” category. In this case, classified sites 
must apply the Order of 22nd October 2010 like all buildings on French territory. 
There are rules for new buildings, or existing buildings in specific conditions, in seis-
mic area 2, 3, 4 and 5. The application of Eurocode 8 is required, while leaving the 
possibility of using standard rules in the case of simple structures. The protection 
level is adjusted according to the structure involved.  

2.3 Risk Assessment for Precipitation and Floods in  Germany  

In 2012 the new Technical Rule for Plant Safety 310 was published by the German 
Federal Ministry for the Environment, Nature Conservation and Nuclear Safety. This 
Technical Rule considers the possible increase of hazards by precipitation and floods 
due to expected climate change. 

The methodical procedure bases on four main steps: 

1. Hazard source analysis, in which it is scrutinized what hazard sources could 
affect the site singly or in combination, 

2. Analysis of hazards and threats,  in which it is scrutinized whether major acci-
dents may occur as a result of effects on safety-relevant parts of an estab-
lishment or installations, 

3. Drafting of a protection concept,  in which precautions to prevent major acci-
dents are specified, 

4. Examination of ‘major accidents despite precautions’,  which leads in particular 
to the specification of measures to mitigate the effects of major accidents.  

At the beginning of the hazard source analysis the operators have to determine pos-
sible hazard sources. Initially, a simplified hazard source analysis only identifies 
events in qualitative terms at the location (incl. establishments) that are possible 
(cannot reasonably be excluded) within the region. In a detailed hazard source 
analysis, further information is drawn upon in order to determine possible hazard 
sources more accurately.  

Where hazard sources cannot reasonably be excluded, a detailed hazard source 
analysis is required. The foreseeable consequences of climate change should be 
taken into consideration in the course of a hazard source analysis, even if uncertain-
ties naturally attach to them. With the global temperature rising as a consequence of 
climate change, the atmosphere’s capacity to absorb water vapour will increase dis-
proportionately. This gives reason to expect that the intensity and frequency of heavy 
precipitation will rise in line with the rise in temperature. 

The risk assessment to be performed bases on the fact that an inundation only oc-
curs, if the water inflow into an area is greater than the outflow. So the inflow and 
outflow streams must be identified.  

Flood maps based on different probabilities and provided by the authorities give im-
portant information to the operators in order to perform a water balance. Data about 
precipitation with different intensities and recurrence intervals provided by DWD 
(Deutscher Wetterdienst) can easily be interrogated for the local conditions of a plant. 
Other information sources are topographic maps and experiences from recent 
events. The percolation rate of the surface water in the surroundings of the plant 
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must be estimated. In case of covered surfaces the runoff factor is close to 1. The 
impact of subways, and raised railway lines or streets as barriers for runoff water 
must be considered. Also possible bottlenecks for the runoff water like small bridges 
must be identified, as floating refuse can decrease the water flow. 

With this information a hazard assessment can be performed. Furthermore, with an 
extrapolation of the precipitation ratios extreme events can be simulated and as-
sessed. In order to prove the results of the hazard source analysis some parameters 
can be varied, e.g. the percolation rate to the ground. 

In the second step the endangered installations and establishments of a plant can be 
easily identified with the help of the calculated water depths. Using different scenar-
ios the impact of the water on installations and establishments can be estimated.  

During the third step a protection concept based on the legal requirements must be 
elaborated. Protection concepts are to be developed on the basis of the hazard 
sources that cannot reasonably be excluded, the hazards or threats that are identi-
fied, and the scenarios and protection aims. When protection concepts are elabo-
rated, attention is to be paid to the requirement laid down in Article 3(4) of the Major 
Accidents Ordinance that they be consistent with the state of the art of safety tech-
nology. For the purposes of adaptation, climate change is to be taken into considera-
tion in defining protection aims.  

Step four requires the examination of ‘major accidents despite precautions’. Such 
events occur, if all precaution measures fail. Especially the determination of required 
response and mitigation measures including emergency planning should base on 
assumed effects of extreme events. 

This shortly described procedure was tested successfully for a plant of the chemical 
industry. 

2.4 Risk Assessment for Flood in France  

International databases show that floods accounted for more than half of disasters 
registered for the 1990-2001 period. With consequences of climate change largely 
unpredictable at local level, future statistics are not likely to show any improvement. 
In response to such natural-technological interaction, mitigation efforts have taken 
two main directions: land-use planning in flood-prone areas; vulnerability reduction in 
flood-prone facilities. This communication focuses presents good practice accumu-
lated in France for the mitigation of flood impacts on industrial facilities.  

INERIS8 proposes to present a methodology for the integration of flood hazard in risk-
reduction process for industrial plants. Both floods originated from a dam rupture and 
unusual rainfalls will be considered.  

This methodology follows a sequence in 4 steps.  

1. The first step aims at determining whether the studied plant is located in a 
floodable area or not. If it is the case, data are needed to better understand 
the flooding, such as type of flooding, water height, flow velocity, speed of 
water level rising, flooding duration, return period of flood…  

                                            
8 INERIS: Institut National de l`Environnement industriel et des Risques 
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2. Based on information gathered in step 1, the topography of the industrial plant, 
the location of buildings and facilities within plant perimeter, areas which could 
be affected by flooding are identified. In the potentially flooded areas, facilities 
and equipments that could cause major technological accidents are identified. 
A systematic risk analysis is then performed for each of these equipments. 
The accidental sequences leading to dangerous phenomena (fire, explosion, 
toxic cloud dispersion, pollution…) are detailed, and existing safety barriers 
are highlighted.  

3. The safety barriers are analyzed more in details in terms or performance (effi-
ciency, maintainability, testability…). Each barrier shall be assessed also in 
terms of kinetics, depending on implementation time, availability of human re-
sources, technical devices… Depending of the available time before the arrival 
of water and resources in case of flooding, some safety barriers are also se-
lected for risk assessment and emergency plan.  

4. A final analysis should assess if all barriers can be implemented at the same 
time, taking into account the available personal and the available time be-
tween the information of flood threat and the flood itself.  

A suggestion of possible safety barriers against flood will be made by INERIS.  

2.5 Issues Requiring Further Discussion: 

1. How to improve awareness raising on Natechs and risk communication among 
all stakeholders, i.e. at all levels of the government, in industry, within 
communities and the public? 

2. What are the roles and responsibilities of key stakeholders - industry/operator, 
government/authorities and communities/public - in the management of 
Natech risks? 

3. How can all parties best prepare for the challenges posed by (major) Natech 
risks? 

4. Is there a need for training of chemical-accident and natural disaster 
managers and officials on Natech risk management? 

5. How should Natech accidents and risk reduction be taken into account in the 
national chemical accidents programmes in order to guarantee effective 
Natech risk management? 

6. Should there be an explicit legal obligation that plant operators have to con-
sider Natechs as a part of the overall hazard identification and risk 
management process? 

7. Should special Natech regulations and guidance provide industry/operators 
and authorities/inspectors, how to integrate Natech events in the existing 
regulations for safety management, safety reports, inspections and Natech 
risk assessment? 
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8. Should Natech regulations or guidance include the following general aspects: 

- Natech risk assessment which includes the following key aspects: 

� Identification of natural hazards,  

� Identification of endangered establishments and installations,  

� Drafting a protection concept, 

� Emergency preparedness and planning including the characteris-
tics of Natech accidents (e.g. a possible lack of utilities);  

-  Information and training of the staff, and 

-  Cooperation between operators, authorities and communities? 

9. How can countries share existing good practices for Natech risk reduction? 

10. Should the main key points of Natech risk assessment consistently be defined 
by the OECD member countries in order to assure an integrative standard? 

11. Which subjects related to Natechs should have priority in future Natech 
research? 
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3 Session III: Consideration of Climate Change in N atech Risk 
Management 

A changing climate, including increased temperatures, changes in precipitation pat-
terns, sea level rise, and more frequent extreme weather events will pose many 
challenges to industry plants. Observations show that there have been changes in 
weather. As climate changes, the probabilities of certain types of weather events are 
affected. Furthermore, kinds of natural hazards may result in regions where they 
have not been regarded until now. Therefore policies on the control of the impact of 
natural hazards on chemical installations have to take the effects of climate change 
on natural hazards into consideration. 

The Intergovernmental Panel on Climate Change (IPCC) describes in its Fourth As-
sessment Report (AR4)9 

a) observed changes in climate and their effects, 

b) climate change and its impacts in the near and long term. 

3.1 Observed Changes in Climate and Their Effects 

Global average sea level rose at an average rate of 1.8 [1.3 to 2.3]10 mm per year 
over 1961 to 2003 and at an average rate of about 3.1 [2.4 to 3.8] mm per year from 
1993 to 2003. Whether this faster rate for 1993 to 2003 reflects decadal variation or 
an increase in the longer term trend is unclear. Since 1993 thermal expansion of the 
oceans has contributed about 57% of the sum of the estimated individual contribu-
tions to the sea level rise, with decreases in glaciers and ice caps contributing about 
28% and losses from the polar ice sheets contributing the remainder. From 1993 to 
2003 the sum of these climate contributions is consistent within uncertainties with the 
total sea level rise that is directly observed. 

Some extreme weather events have changed in frequency and/ or intensity over the 
last 50 years: 

• It is very likely that cold days, cold nights and frosts have become less fre-
quent over most land areas, while hot days and hot nights have become more 
frequent. 

• It is likely that heat waves have become more frequent over most land areas. 

• It is likely that the frequency of heavy precipitation events (or proportion of to-
tal rainfall from heavy falls) has increased over most areas. 

• It is likely that the incidence of extreme high sea level has increased at a 
broad range of sites worldwide since 1975. 

There is insufficient evidence to determine whether trends exist in some other vari-
ables, for example small-scale phenomena such as tornadoes, hail, lightning and 
dust storms. There is no clear trend in the annual numbers of tropical cyclones. 
                                            
9  IPCC: Climate Change 2007: Synthesis Report 
10  Numerical ranges given in square brackets indicate 90% uncertainty intervals (i.e. there is an 

estimated 5% likelihood that the value could be above the range given in square brackets and 5% 
likelihood that the value could be below that range). Uncertainty intervals are not necessarily 
symmetric around the best estimate. 
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3.2 Climate Change and its Impacts in the Near and Long Term 

The range of the projected sea level rise is from 0.18 – 0.38 m to 0.26 – 0.59 m at 
2090-2099 relative to 1980-1999, depending from the scenario of greenhouse gas 
emissions. 

These sea level projections do not include uncertainties in climate-carbon cycle 
feedbacks nor do they include the full effects of changes in ice sheet flow, because a 
basis in published literature is lacking. Therefore the upper values of the ranges 
given are not to be considered upper bounds for sea level rise. The projections in-
clude a contribution due to increased ice flow from Greenland and Antarctica at the 
rates observed for 1993-2003, but these flow rates could increase or decrease in the 
future. If this contribution were to grow linearly with global average temperature 
change, the upper ranges of sea level rise for IPCC Special Report on Emissions 
Scenarios (SRES) would increase by 0.1 to 0.2 m11. 

Projected warming in the 21st century shows scenario-independent geographical 
patterns similar to those observed over the past several decades. Warming is ex-
pected to be greatest over land and at most high northern latitudes, and least over 
the Southern Ocean (near Antarctica) and northern North Atlantic, continuing recent 
observed trends. 

It is very likely that hot extremes, heat waves and heavy precipitation events will be-
come more frequent. 

Based on a range of models, it is likely that future tropical cyclones (typhoons and 
hurricanes) will become more intense, with larger peak wind speeds and more heavy 
precipitation associated with on-going increases of tropical sea surface temperatures. 
There is less confidence in projections of a global decrease in numbers of tropical 
cyclones. The apparent increase in the proportion of very intense storms since 1970 
in some regions is much larger than simulated by current models for that period. 

Extra-tropical storm tracks are projected to move toward the poles, with consequent 
changes in wind, precipitation and temperature patterns, continuing the broad pattern 
of observed trends over the last half century. 

Increases in the amount of precipitation are very likely in high-latitudes, while de-
creases are likely in most subtropical land regions (by as much as about 20% in the 
A1B scenario in 2100), continuing observed patterns in recent trends. 

Changes in precipitation and temperature lead to changes in runoff and water avail-
ability. Runoff is projected with high confidence to increase by 10 to 40% by mid-
century at higher latitudes and in some wet tropical areas, including populous areas 
in East and South-East Asia, and decrease by 10 to 30% over some dry regions at 
mid-latitudes and dry tropics, due to decreases in rainfall and higher rates of evapo-
transpiration. 

Available research suggests a significant future increase in heavy rainfall events in 
many regions, including some in which the mean rainfall is projected to decrease. 

                                            
11  New data on greenhouse gas emissions and research results on the ice flow from Greenland 

indicate that the sea level rise until 2100 may be underestimated in the AR4. (Presentations of Dr.-
Ing. Hans Oerter and Prof. Dr. Stefan Rahmstorf in the 4th Extreme Weather Congress, 19th - 21th 
February 2009, Bremerhaven) 
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The resulting increased flood risk poses challenges to society, physical infrastructure 
and water quality. 

It is likely that up to 20% of the world population will live in areas where river flood 
potential could increase by the 2080s. Increases in the frequency and severity of 
floods and droughts are projected to adversely affect sustainable develop-
ment.Altered frequencies and intensities of extreme weather, together with sea level 
rise, are expected to have mostly adverse effects on natural and human systems. 
The most vulnerable industries, settlements and societies are generally those in 
coastal and river flood plains, those whose economies are closely linked with climate-
sensitive resources and those in areas prone to extreme weather events, especially 
where rapid urbanisation is occurring. 

3.3 Consideration of Climate Change in Natech Risk Management 

Climate change can have an effect on natural hazards threatening chemical installa-
tions. Therefore the effects of climate change have to be integrated in Natech risk 
management of operators, public authorities and other stakeholders. This will require: 

a) development of approaches for the consideration of climate change in the 
analysis of risks by natural hazards for regions, sites and installations; 

b) methods for the consideration of climate change in the assessment of the risks 
by natural hazards at sites or installations; 

c) development of approaches for the consideration of natural hazards and cli-
mate change in the elaboration or amendment of design and lay-out criteria, 
construction, rules, standards, guidelines; 

d) approaches for implementation of adaptation measures at new sites or for new 
installations; 

e) approaches for implementation of adaptation measures at existing sites or 
existing installations; 

f) tools for the evaluation of these adaptation measures. 

3.4 Issues Requiring Further Discussion 

Besides the long-term global warming the climate change will influence intensity, fre-
quency, and occurrence of extreme events. Natural hazards to be considered by the 
facility operators will be influenced by the effects of the climate change. 

1. Should the impact of the climate change be considered by the plant operators 
in siting of new facilities and in the risk management? 

2. Should national strategies and measures for climate change adaption consider 
the risk of Natechs? 

3. How to deal with uncertainty of climate change projections and estimations on 
consequences for natural hazards in that context? 

4. What assistance and guidance is needed to help operators and authorities 
prevent Natechs in a changing climate?  

5. What is expected from research into the impact of climate change on future 
Natech risks? 
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4 Session IV: Application of the Polluter-Pays-Prin ciple (PPP) to 
Natechs 

Subject of Session IV are the OECD-Recommendations relevant for the liability of 
operators in case of Natechs. Main issue is how fare operators shall be held liable for 
the damage to persons, property and the environment due to causes of a Natech ac-
cording to the national legislation. In case of Natechs the OECD Recommendations 
allow an exemption from this liability and the conditions of this exemption shall be 
further defined. 

4.1 Background: 

The three OECD Recommendations of the Council related to the Polluter Pays Prin-
ciple (PPP)12,13,14 issued in 1972, 1974 and 1989 respectively are important Council 
Acts of the OECD in the field of environmental policy. 

The 1972 Recommendation on Guiding Principles concerning International Economic 
Aspects of Environmental Policies lays out the elements of the Polluter Pays Princi-
ple, and also pioneers the environmental links to other important concepts, such as 
'harmonisation' and 'mutual acceptance'. The main idea contained in this Recom-
mendation was that polluters themselves should bear the cost of implementing envi-
ronmental protection measures that are decided by governments. 

The 1974 Recommendation on the Implementation of the Polluter Pays Principle 
clarifies the conditions under which 'aid' provided to polluters would be considered to 
be in violation of the PPP, and it reinforces the view that any aid related to pollution 
control costs should be strictly time-limited. One question that arises, however, is 
whether a polluter should pay for pollution damage (residual pollution) when he has 
performed all the measures introduced by public authorities. 

The 1989 Recommendation Concerning the Application of the Polluter Pays Principle 
to Accidental Pollution  extends the PPP logic to the case of accidental pollution at 
hazardous installations. It is stated that "the polluter should bear the expenses of 
carrying out the pollution prevention and control measures introduced by public au-
thorities in member countries, to ensure that the environment is in an acceptable 
state". 

One exemption is:  

"if the accidental pollution is caused by an event for which the operator clearly 
cannot be considered liable under national law, such as a serious natural dis-
aster that the operator cannot reasonably have foreseen" .  

This statement would need to be developed in order to provide more guidance on 
these issues to public and private stakeholders. 

                                            
12  OECD Recommendation (1972) on Guiding Principles Concerning International Economic Aspects 

of Environmental Policies [C(72)128] 
13  OECD Recommendation (1974) on the Implementation of the Polluter Pays Principle [C(74)223] 
14  OECD Recommendation (1989) Concerning the Application of the Polluter Pays Principle to 

Accidental Pollution [C(89)88] 
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Some guidance includes the UNECE Protocol on Civil Liability and Compensation for 
Damage Caused by the Transboundary Effects of Industrial Accidents on Trans-
boundary Waters (2003) to the 1992 Convention on the protection and use of water-
courses and international lakes and to the 1992 Convention on the transboundary 
effects of industrial accidents.  

Article 4 states in “Strict liability”, point 2b:  

1. “The operator shall be liable for the damage caused by an industrial accident. 

2. No liability in accordance with this article sha ll attach to the operator, if 
he or she proves that, despite there being in place  appropriate safety 
measures, the damage was: 

a) …  

b) the result of a natural phenomenon of exceptiona l, inevitable, unforesee-
able and irresistible character;” 

The UNECE Protocol includes these four criteria in an enumeration i. e. only natural 
events, Natechs or damages due to Natechs are excluded that meet all four crite-
ria . These four criteria can serve as a basis for further guidance for the exemption 
from liability in case of Natechs. 

4.2 Issues Requiring Further Discussion: 

The exemption from liability of operators in OECD Recommendations requires further 
guidance in case of Natechs.  

1. Should the criteria in the UNECE protocol Protocol on Civil Liability and 
Compensation for Damage be used for a guidance to the OECD Recommen-
dation Concerning the Application of the Polluter Pays Principle to Accidental 
Pollution of 1989?  

2. Should this guidance recommend that OECD member countries only allow an 
exemption from liability of the operators for the damage caused by Natechs if 
a technical/chemical accident triggered by a natural hazard (Natech) was unfo-
reseeable, irresistible and inevitable? 

3. Should the following definitions be used in this context? 

Unforeseeable: A Natech was unforeseeable if the underlying natural event had ef-
fects above those regarded as possible according to scientific knowl-
edge, especially the effects of the natural event were above those of 
the most intense event recorded under similar conditions (e.g. same 
location) or expected due change of conditions (e.g. change in land 
use, climate change). 

Irresistible:  A Natech was irresistible if the underlying natural event had an 
intensity not allowing to prevent the chemical accident or mitigate its 
consequences according to the state of the art. 

inevitable  A Natech was inevitable if it was not possible to prevent the chemical 
accident or mitigate its consequences according to the state of the 
art. 
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5 Session V: International Co-operation 

5.1 Background 

There could be an international co-operation in 

a) Management of risks due to natural hazards 

b) Prevention of and preparedness for Natechs 

c) Response to Natechs 

Natural hazards, e.g. tsunamis and floods, which can affect huge areas in the world 
or regions of several countries make a transboundary co-operation necessary. There 
are a lot of co-operations of this type in the world like the Pacific Tsunami Warning 
Center, the Asian Disaster Reduction Center or the Council of the Baltic Sea States. 
Co-operations exist in warning systems, research and in some cases in assistance 
as well. 

Only in some cases this includes the preparedness for Natechs too. Good examples 
here are the international or bilateral co-operations within river basins. Less devel-
oped is the international co-operation in Natech prevention activities although some 
co-operation projects may cover the aspect of Natechs as well. Transboundary co-
operations without a mutual natural hazard are very seldom.  

Only few cases can be found of international co-operation in response to Natechs. 
For example, fire fighting systems (special aircrafts, pumps, manpower) from different 
countries have been sent all over the world to reduce the impacts on the environ-
ment.  

Article 12 and Annexe X of the UNECE Convention on the Transboundary Effects of 
Industrial Accidents give a legal basis for international assistance in case of Natechs.  

Article 12 of the convention concerns the procedure of mutual assistance in case of 
an industrial accident:  

Article 12.  Mutual Assistance 

1. If a Party needs assistance in the event of an industrial accident, it may ask for 
assistance from other Parties, indicating the scope and type of assistance re-
quired. A Party to whom a request for assistance is directed shall promptly de-
cide and inform the requesting Party whether it is in a position to render the 
assistance required and indicate the scope and terms of the assistance that 
might be rendered.  

2. The Parties concerned shall cooperate to facilitate the prompt provision of as-
sistance agreed to under paragraph 1 of this Article, including, where appro-
priate, action to minimize the consequences and effects of the industrial acci-
dent, and to provide general assistance. Where Parties do not have bilateral or 
multilateral agreements which cover their arrangements for providing mutual 
assistance, the assistance shall be rendered in accordance with Annex X 
hereto, unless the Parties agree otherwise. 
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Details for the implementation of article 12 are given in Annex X of the UNECE-con-
vention 

1. The overall direction, control, coordination and supervision of the assistance is 
the responsibility of the requesting Party. The personnel involved in the as-
sisting operation shall act in accordance with the relevant laws of the request-
ing Party. The appropriate authorities of the requesting Party shall cooperate 
with the authority designated by the assisting Party, pursuant to Article 17, as 
being in charge of the immediate operational supervision of the personnel and 
the equipment provided by the assisting Party.  

2. The requesting Party shall, to the extent of its capabilities, provide local facili-
ties and services for the proper and effective administration of the assistance, 
and shall ensure the protection of personnel, equipment and materials brought 
into its territory by, or on behalf of, the assisting Party for such a purpose.  

3. Unless otherwise agreed by the Parties concerned, assistance shall be pro-
vided at the expense of the requesting Party. The assisting Party may at any 
time waive wholly or partly the reimbursement of costs.  

4. The requesting Party shall use its best efforts to afford to the assisting Party 
and persons acting on its behalf the privileges, immunities or facilities neces-
sary for the expeditious performance of their assistance functions.  The re-
questing Party shall not be required to apply this provision to its own nationals 
or permanent residents or to afford them the privileges and immunities re-
ferred to above.  

5. A Party shall, at the request of the requesting or assisting Party, endeavor to 
facilitate the transit through its territory of duly notified personnel, equipment 
and property involved in the assistance to and from the requesting Party.  

6. The requesting Party shall facilitate the entry into, stay in and departure from 
its national territory of duly notified personnel and of equipment and property 
involved in the assistance.  

7. With regard to acts resulting directly from the assistance provided, the 
requesting Party shall, in respect of the death of or injury to persons, damage 
to or loss of property, or damage to the environment caused within its territory 
in the course of the provision of the assistance requested, hold harmless and 
indemnify the assisting Party or persons acting on its behalf and compensate 
them for death or injury suffered by them and for loss of or damage to equip-
ment or other property involved in the assistance. The requesting Party shall 
be responsible for dealing with claims brought by third parties against the as-
sisting Party or persons acting on its behalf.  

8. The Parties concerned shall cooperate closely in order to facilitate the settle-
ment of legal proceedings and claims which could result from assistance op-
erations.  

9. Any Party may request assistance relating to the medical treatment or the 
temporary relocation in the territory of another Party of persons involved in an 
accident.  
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10. The affected or requesting Party may at any time, after appropriate consulta-
tions and by notification, request the termination of assistance received or pro-
vided under this Convention.  Once such a request has been made, the Par-
ties concerned shall consult one another with a view to making arrangements 
for the proper termination of the assistance. 

Nevertheless some aspects seem to hamper their implementation. These aspects 
may be the accountability of the assistance requesting country for the costs of as-
sistance, the lack of capacities for co-ordination of international assistance in re-
questing countries especially in case of Natechs, and the different approaches to re-
spond to chemical accidents. 

5.2 Issues requiring further discussion 

1. How to improve the international co-operation in Natech prevention, prepared-
ness and response? 

2. Which role should play the OECD in that context? 

3. Are there gaps/shortcomings in the international emergency assistance for Na-
techs? 

4. Are there shortcomings in the application of the PPP in case of international 
assistance? 

5. Which support in international assistance could offer the private sector (e.g. as 
a part of Responsible Care)? 
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6 Annexe: Background Information 

6.1 Introduction 

6.1.1 Consideration of Natechs in the OECD Recommendation s and Guiding 
Principles 

The OECD Recommendation of the Council concerning Chemical Accident Preven-
tion, Preparedness and Response 15 January 2004 - C(2003)221 recommends that 
Member countries establish or strengthen national programmes for the prevention of, 
preparedness for, and response to accidents involving hazardous substances. In un-
dertaking the activities, Member countries take into account the second edition of the 
OECD Guiding Principles for Chemical Accident Prevention, Preparedness and Re-
sponse15. 

The Guiding Principles also apply to chemical accidents that occur as a result of the 
impact of natural hazards.  

As explained in the "Notes to Golden Rules", page 25 (emphasis added):   

• Accidents are defined to include unexpected events that coul d be trig-
gered by , for example, technological or human error, deliberate acts (such as 
sabotage, terrorism, vandalism or theft) or natural disasters . 

The role of industry with respect to "know the hazards and risks at installations where 
there are hazardous substances" is described in the "Golden Rules", page 21 (em-
phasis added): 

• Hazard identification and risk assessments should be undertaken from the 
earliest stages of design and construction, throughout operation and mainte-
nance, and should address the possibilities of human or technological failures, 
as well as releases resulting from natural disasters  or deliberate acts (such 
as terrorism, sabotage, vandalism or theft). Such assessments should be re-
peated periodically and whenever there are significant modifications to the in-
stallation. 

The role of industry with respect to hazard identification and risk assessment is de-
tailed in Chapter 2, section 2.b.6 of the Guiding Principles, page 39 (emphasis 
added): 

• Accident scenarios considered as part of the risk assessment process should 
take into account the possibility of human and technological errors, as well as 
the possibility of natural disasters  and/or deliberate acts (e.g., sabotage, 
terrorism, vandalism or theft) triggering a chemical accident. 

6.1.2 National Legal Requirements Concerning Natechs 

In the EU, chemical hazardous installations that have a major-accident potential are 
regulated by the Seveso II Directive on the control of major-accident hazards 
(96/82/EC)16 and its amendment (2003/105/EC)17. Due to the type and quantity of 
                                            
15  Published by OECD on the responsibility of the Secretary General as Environment, Health and 

Safety Publication, Series on Chemical Accidents, No. 10 
16  Council Directive 96/82/EC of 9 December 1996 on the control of major-accident hazards involving 

dangerous substances, OJ L 10, 14.1.1997, p. 13–33 
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hazardous materials normally processed or stored in these installations, the Directive 
requires stringent standard protection measures to be implemented. A recent pro-
posal for a revision of the Directive makes Natech risk more explicit by requiring that 
environmental risks and hazards must be considered in the safety report. As exam-
ples earthquakes and floods are mentioned18.  

In Japan, chemical-accident prevention and safety management is regulated by vari-
ous laws including the High Pressure Gas Safety (HPGS) Law, the Fire Defence (FD) 
Law, and the Law for Prevention of Disasters at Petroleum Complexes (PDPC), 
among others. None of these laws specifically requires carrying out a risk assess-
ment for potential chemical accidents with off-site consequences (Matsumoto 2005). 
However, damage incurred by petroleum refineries during past earthquakes has 
prompted the adoption of a broad range of earthquake hazard-reduction measures. 
The PDPC, for example, stipulates detailed restrictions concerning the layout of 
processing facilities in order to maintain the safety of people and property in a petro-
chemical industrial zone. The law may require the setting aside of passageways of 
six to twelve meters, and set-back areas of three to five meters for use by fire-fight-
ers. In addition, the PDPC law requires the establishment of united collective hazard-
mitigation and emergency-response systems to prevent disasters in oil and chemical 
complexes. 

In the United States there are several federal programs in place for hazardous-mate-
rials risk management and emergency-response planning including the Process 
Safety Management (PSM) regulation and Risk Management Planning (RMP) rule. In 
response to these requirements, industrial facilities, in addition to carrying out a 
process-safety analysis, need to maintain process-safety information, evaluate ex-
isting mitigation measures and standard operating procedures, and develop training 
and maintenance programs. An emergency-response program is also required which 
should include measures taken to protect human health and the environment in re-
sponse to an accidental hazardous-materials release and establishing procedures for 
notifying the public and local agencies. However, none of the US Federal regulations 
requires analysing, preparing for, or mitigating releases, which are concurrent with 
natural disasters. Furthermore, there are no specific provisions in the PSM or the 
RMP to prevent “domino effects” which occur more frequently during earthquakes or 
for land use planning. Due to the high risk of earthquakes in California, the California 
Accidental Release Prevention (CalARP) Program calls specifically for a risk as-
sessment of potential releases due to an earthquake and the adoption of appropriate 
prevention and mitigation measures to prevent earthquake-triggered hazardous-ma-
terials releases.19 

                                                                                                                                        
17  Directive 2003/105/EC of the European Parliament and of the Council of 16 December 2003 

amending Council Directive 96/82/EC on the control of major-accident hazards involving dangerous 
substances, OJ L 345, 31.12.2003, p. 97–105 

18 Proposal for a DIRECTIVE OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL on 
control of major-accident hazards involving dangerous substances, COM/2010/0781 final - COD 
2010/0377, 21.12.2010 
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=COM:2010:0781:FIN:EN:PDF 

19  Cruz, A.M.; Okada, N.: Consideration of natural hazards in the design and risk management of 
industrial facilities. Natural Hazards 2007 
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Summarizing the analysis of the legal requirements in most of the countries acci-
dents triggered by extreme events must not be considered by the relevant plant 
managers. So maps which illustrate the endangered area caused by different natural 
hazards do not generally consider extreme events.  

6.1.3 Relevant Natural Hazards  

There are a lot of damages of industrial plants due to natural hazards were caused 
by floods and earthquakes. So this both hazards shall be considered in detail.  

Figure 2  illustrates the relevant natural hazards all over the world.





Discussion Document  OECD Workshop Natech Risk Management 

27 

 
Figure 2:  munichre: World Map of Natural Hazards 
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6.2 Session I. Hazard and Risk Mapping and Warning Systems 

6.2.1 Hazard and Risk mapping 

6.2.1.1 Introduction 

Hazard Mapping and Risk Assessment are essential to the establishment of a Com-
prehensive Risk Management Program. Hazard mapping provides input to educa-
tional programs to illustrate local hazards, to scientists studying hazard phenomena, 
land use planners seeking to base settlement locations to reduce hazard impacts and 
to combine with other information to illustrate community risks.  

As examples the following hazard maps have been elaborated in different countries:  

• Flood maps 

• Landslide maps 

• Earthquake maps 

• Liquefaction susceptibility maps 

• Wind and storm maps 

• Rainfall maps 

• Snow load maps 

• Avalanche maps 

In most of the countries the maps base on statistical calculations of natural hazard 
events in the past. They illustrate the endangered areas and depending on the kind 
of the map and hazard additional information are given such as intensity (earth-
quake), water depth or velocity (flood). 

Hazard and risk mapping is in the first instance a national assignment supported by 
experts of different institutions.20 The national authorities have to appoint the require-
ments for hazard and risk mapping.   

Because these maps have been made primarily prepared as a basis for the works of 
the authorities, e.g. land-use planning and risk management programs, natural ex-
treme events which must be considered for the assessment of plant safety are mostly 
disregarded. 

An example of best practice for hazard maps supply and dissemination is the Federal 
Office for the Environment (FOEN) of Switzerland. FOEN provided a map with all lo-
cations of possible emissions of chemicals. This map can be mixed with the different 
natural hazards maps (e.g earthquakes and/or flood) but also with maps of historical 
events. To each historical event special information is provided in this interactive 
system. 

Furthermore, the time of return for flood can by varied between 50 years and 500 
years. The scale can be adjusted by the user to receive exact information with high 
resolution about potential natural hazards in the regarded location. 

                                            
20  Noson, L.: Hazard Mapping and risk Assessment. Regional Workshop on Best Practices in 

Disaster Mitigation 
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     Figure 3:  Internetportal of the Federal Office for the Environment of   
  Switzerland 

6.2.1.2 European Flood Directive 

As an example of consideration of extreme flood event in flood risk maps the Euro-
pean Flood Directive (EFD)21 of September 2007 is presented and discussed in the 
following. 

The following three kinds of maps are required by the directive:  

• A preliminary flood risk assessment: the aim of this step is to evaluate the 
level of flood risk in each river basin district or unit of management and to se-
lect those areas on which to undertake flood mapping and flood risk manage-
ment plans. This had to be completed by 2011. 

• Flood mapping comprising of flood hazard maps and flood risk maps: the flood 
hazard maps should cover the geographical areas which could be flooded ac-
cording to different scenarios; the flood risk maps shall show the potential ad-
verse consequences associated with floods under those scenarios. This has 
to be completed by 2013. 

• Flood risk management plans: on the basis of the previous maps, the flood 
risk management plans shall indicate the objectives of the flood risk manage-
ment in the concerned areas, and the measures that aim to achieve these 
objectives. This has to be completed by 2015. 

                                            
21  EXCIMAP, European exchange circle on flood mapping : Handbook on good practice for flood 

mapping in Europe, 29-30 November 2007 
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This directive asks the Member states to implement flood mapping according to 
some minimum recommendations. These are outlined in Article 6.3 and 6.4 of the 
directive: 

“Flood hazard maps shall cover the geographical areas which could be flooded ac-
cording to the following scenarios: 

a) floods with a low probability, or extreme event scenarios; 

b) floods with a medium probability (likely return period ≥ 100 years); 

c) floods with a high probability, where appropriate. 

For each scenario referred to in paragraph 3 the following elements shall be shown: 

a) the flood extent; 

b) water depths or water level, as appropriate; 

c) where appropriate, the flow velocity or the relevant water flow.” 

and Article 6.5: 

“Flood risk maps shall show the potential adverse consequences associated with 
flood scenarios referred to in paragraph 3 and expressed in terms of the following: 

a) the indicative number of inhabitants potentially affected; 

b) type of economic activity of the area potentially affected; 

c) installations as referred to in Annex I to Council Directive 96/61/EC of 24 Sep-
tember 1996 concerning integrated pollution prevention and control which 
might cause accidental pollution in case of flooding and potentially affected 
protected areas identified in Annex IV(1)(i), (iii) and (v) to Directive 
2000/60/EC; 

d) other information which the Member State considers useful such as the indica-
tion of areas where floods with a high content of transported sediments and 
debris floods can occur and information on other significant sources of pollu-
tion.” 

The EU-directive does not define the meaning of extreme event scenarios, so all 
member states are free to establish their own definition or requirements. Such a sce-
nario can be the strongest hazard event in history in the considered area or events 
with different return period of >100, 500 or more years depending on the kind of haz-
ard and the location. 

6.2.2 Early Warning Systems 

In 2006, the United Nations released its Global Survey of Early Warning Systems 

which identified four elements in natural hazard early warning systems:22 

1. Risk Knowledge – systematic assessment of hazards and vulnerabilities, and 
mapping of their patterns and trends. 

2. Monitoring & Warning Service – accurate and timely forecasting of hazards us-
ing reliable, scientific methods and technologies. 

                                            
22  United Nations: Global Survey of Early Warning Systems, Sept. 2006 
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3. Dissemination & Communication – clear and timely distribution of warnings to 
all those at risk. 

4. Response Capability – national and local capacities and knowledge to act cor-
rectly when warnings are communicated. 

In the following chapters some early warning systems for earthquake, tsunami, ex-
treme weather and flood are presented. 

6.2.3 Earthquake Warning Systems 

6.2.3.1 Targets of Earthquake Predictions 

Earthquake prediction can be a measure to mitigate the risks of industry damages. 
But the term “earthquake prediction” is often used to describe two different usages: 

1. prediction of the seismic activities in a region. This is a more scientific predic-
tion of a physical system. In fact it is a study of physics of earthquakes. This 
kind of prediction is called “long-term forecast” and has important social impli-
cations on time scales of month and years. 

2. prediction of an earthquake with a specified time window (hours or days), 
space window, specified magnitude window. This kind of prediction ought to 
be exact as possible by minimizing the assessment failure. These require-
ments refer to the so-called “short-term prediction”. 

An earthquake is a sudden fracture in the Earth`s interior, together with the resulting 
ground shaking. It is a long-term complex stress accumulation and release process 
occurring in a highly heterogeneous medium. Advances have been made in under-
standing crustal deformation and stress accumulation processes, rupture dynamics, 
rupture patterns, frictions and constitutive relations, interactions between faults, fault-
zone structures, and non-linear dynamics. However, the incompleteness of under-
standing of the physics of earthquakes in conjunction with the obvious difficulty in 
making detailed measurements of various field variables (structure, strain etc.) in the 
Earth makes accurate deterministic short-term predictions difficult.  

Due to these uncertainties a strategy for seismic hazard mitigation was developed 
during the last decades. The usefulness of forecasts depends on different time 
scales involved for such assessments.23  

• On the time scale of decades, land use regulations and building codes need to 
be improved. (Regional seismic hazard assessment)  

• On the time scale of few years, earthquake preparedness measures should be 
encouraged at personal and community levels. (Intermediate-term strategy) 

• On shorter time scales, month to days, accurate earthquake predictions of 
size, location, and time would be required. (Short-term or real-time strategy) 

                                            
23  H. Kanamori: Earthquake Prediction: An Overview. International Handbook of earthquake and 

engineering seismology, Vol. 81B, 2003 
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6.2.3.2 Regional Seismic Hazard Assessment 

The long-term seismic hazard is usually expressed in maps illustrating the likelihood 
of earthquake occurrence or of specific parameters such as the probability of ex-
ceedence of given levels of ground shaking over a certain period (e.g. 30 years). In 
some cases, the hazard value is time-dependent in the sense that it depends on the 
time since the last large earthquake in the region. In other cases, the hazard value is 
estimated on the basis of integrated geological data and seismological data for a re-
gion, and is time-independent in the sense that it does not change with the time from 
some specific earthquakes in the region. This type of long-term hazard estimate is 
important for various seismic hazard reduction measures such as the development of 
realistic building codes, retrofitting existing structures, and land-use planning. 

The distinction between hazard (the physical phenomenon such as ground shanking) 
and risk (the likelihood of human and property loss) needs to be communicated to the 
plant designers and operators. 

6.2.3.3 Intermediate-Term Strategy 

Although short-term prediction with high probability of success is not possible at pre-
sent, not in the foreseeable future, there is a possibility that improved physical meas-
urements of various parameter of the crust can be used to identify the areas where 
the state of the crust is close to failure. For example, continuous monitoring of strain 
changes in the Earth’s crust with GPS will provide the experts with critical information 
on where strain is accumulating rapidly and where a seismic deformation is taking 
place. 

Other parameters like electromagnetic properties, changes of discharge rate and 
chemistry of groundwater, radon emissions etc. could provide important information 
on future earthquake activities. However, it is important to note that the investigations 
of these phenomena should be considered exploratory at present, and overly opti-
mistic statements on the usefulness of these studies for operational earthquake pre-
dictions should be avoided. 

6.2.3.4 Short-Term / Real-Time Strategy 

To minimize the immediate impact of large earthquakes, a mitigation strategy using 
real-time technology has been implemented. Real-time strategy is based on the fol-
lowing three steps illustrated in Figure 4 . 

 

 

 

Figure 4: Mitigation strategy using real-time technology 

Some facilities could receive this information before ground shaking begins. This 
would allow for clean emergency shutdown or other protection of systems suscepti-
ble to damage, such as power stations, computer systems, and telecommunication 
networks. The idea of using rapid earthquake information is not new and several 
systems have been developed for example in Japan, Mexico, Taiwan, and the United 
States. The systems in Mexico and Japan are shortly presented in the following. 
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6.2.3.5 Geophysical basics 

The basis of most of the systems is the measurement of the so-called P- and S-
waves. Primary waves (P-waves) are compression waves that are longitudinal in 
nature.  P waves are pressure waves that travel faster than other waves through the 
earth to arrive at seismograph stations first hence the name “Primary”. These waves 
can travel through any type of material, including fluids, and can travel at nearly twice 
the speed of S waves. Secondary waves (S-waves) are shear waves that 
are transverse in nature. These waves arrive at seismograph stations after the faster 
moving P waves during an earthquake and displace the ground perpendicular to the 
direction of propagation. When reaching seismic observatories, their different veloci-
ties help scientists to locate the source of the earthquake hypocentre.   

 

 
Figure 5: Illustration of body waves 

6.2.3.6 Forecast System in Mexico 

In 1985, a M = 8,1 (M = Magnitude) earthquake in the Michoacan seismic gap, about 
320 km west of Mexico City, caused very heavy damage in Mexico City. Because a 
similar large earthquake is expected within the next few decades in the Guerrero 
seismic gap, about 300 km southwest of Mexico City a seismic alert system (SAS) 
was developed as a public early warning system in 1991. This system has a specific 
objective: to detect M > 6 earthquakes in the Guerrero gap with a seismic network 
deployed in the gab area, and issue an early warning of strong ground motion to the 
residents and authorities in Mexico City. The system consists of 15 accelerometers 
located along the coast of the State of Guerrero, above a segment of subduction 
plate boundary that is a mature seismic gap. An algorithm estimates the magnitudes 
of earthquakes from the near-source accelerograms and issues public and restricted 
alerts for earthquakes with M ≥6 and 5 ≤ M < 6, respectively. Because it takes 100 
sec for seismic waves to travel from Guerrero area to Mexico City, this system could 
provide an early warning with up to 60 sec lead time. A M = 7,3 earthquake occurred 
on September 14, 1995, in the Guerrero gap, and this system successfully broadcast 
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an alarm on commercial radio stations in Mexico City about 72 sec prior to the arrival 
of strong ground motion.24   

In spite of this impressive success an evaluation of the SAS’s performance during 
1991–2004 reveals a surprisingly high rate of failure and false alerts.25 This poor per-
formance results from an inadequate detection algorithm and a limited areal cover-
age by the SAS.   

The most notorious deficiency of the SAS is not the technical operation and perform-
ance. The most evident and important shortfall is the very limited number of reg-
istered users.26 After almost 18 years (2009) of operation the SAS has only 230 reg-
istered users; 25 are radio and television broadcasting stations, 76 are schools, 12 
are emergency and civil protection agencies, four are offices of the subway system, 
79 are government offices, 33 are private institutions, and only one is a residential 
building. In this list no industrial user is mentioned. 

6.2.3.7 Forecast System in Japan 

In the cases that major earthquake location is clear and far from cities, the SAS sys-
tem can be comparatively easily effective, like in Mexico. In Japan, however, any 
places have potentials of the large earthquake occurrence and there are many cities 
with various distances from the earthquake source areas. So a system is necessary 
that can pick accurate arrival time of seismic phases, and determine hypocentre and 
magnitude with a few station data, to broadcast earthquake early warning practically. 
A system is developed, which automatically determines hypocentre and magnitude 
very quickly, and provides an earthquake early warning just a few seconds (almost 
less than 5 to 6 seconds) after P-wave arrival at the nearest station to a hypo-
centre.27 

A wide and dense seismic network with real-time telemetry is necessary to use this 
method effectively. After the 1995 Kobe earthquake National Research Institute for 
Earth Science and Disaster Prevention (NIED) have established a highly sensitive 
and dense seismic network in Japan, named Hi-net. The network uses three-compo-
nent velocity seismometers in boreholes deeper than 100 m (the deepest one has 
depth of 3000 m), and sends waveform data to the NIED data centre via frame-relay 
telemetry. The telemetry delay is almost shorter than 2 seconds for 95% of the data 
packets. As the result, Japan has a dense and uniform seismic network with real-time 
telemetry for almost all of Japan (Figure 6 ). The establishment of this seismic net-
work makes the earthquake early warning system possible in Japan. 

                                            
24  Espinosa-Aranda, J.M. et al.: Mexico City Seismic Alert System. Seismol. Res. Letters 66, 42-53, 

1995 
25  A. Iglesias, S. K. Singh, M. Ordaz, M. A. Santoyo, J. Pacheco: The Seismic Alert System for 

Mexico City: An Evaluation of Its Performance and a Strategy for Its Improvement. Bulletin of the 
Seismological Society of America, 2007 

26  Espinosa-Aranda, J.M. et al.: Evolution of the Mexican Seismic Alert System (SASMEX). 
Seismological Research Letters, Vol. 80, 5, Sep./Oct. 2009 

27  H. Negishi and S. Yamamoto: EARTHQUAKE EARLY WARNING SYSTEM AT A LOCAL 
GOVERNMENT AND A PRIVATE COMPANY IN JAPAN. First European Conference on 
Earthquake Engineering and Seismology, Geneva, Switzerland, 3-8 September 2006 Paper 
Number: 741 
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Figure 6:  High-sensitivity Seismic Network Operated by NIED in Japan28 

6.2.4 Forecast System in the Istanbul Region 

As part of the preparations for the future earthquake in Istanbul a Rapid Response 
and Early Warning system in the metropolitan area is in operation.  

The Istanbul Earthquake Rapid Response System equipped with 100 instruments 
and two data processing centres aims at the near real time estimation of earthquake 
damages using most recently developed methodologies and up-to-date structural 
and demographic inventories of Istanbul city. After the transmission of ground motion 
parameters by the field stations, shake and building damage distribution maps, using 
spectral displacement based fragility relationships, are automatically generated and 
transmitted to emergency operation centres within 3 minutes using radio modem and 
GSM communication. The system has so far exposed to several small magnitude 
(ML=3-4) earthquakes and performed satisfactorily. The methodology developed for 
near real time estimation of losses after a major earthquake consists of the following 
general steps: (1) rapid estimation of the ground motion distribution using the strong 
ground motion data gathered from the instruments; (2) improvement of the ground 
motion estimations as earthquake parameters become available and (3) estimation of 
building damage and casualties based on estimated ground motions and intensities. 

For the Early Warning system ten strong motion stations were installed as close as 
possible to the fault zone to transmit on-line data via digital radio modem and satellite 
telemetry. A simple and robust Early Warning algorithm, based on the votes of ex-
ceedance of specific filtered acceleration and cumulative absolute velocity (CAV) 
levels are implemented. The users of the early warning signal are power and gas 
companies, nuclear research facilities, critical chemical factories, subway system and 
several high-rise buildings. 

                                            
28 H. Negishi and S. Yamamoto: EARTHQUAKE EARLY WARNING SYSTEM AT A LOCAL 

GOVERNMENT AND A PRIVATE COMPANY IN JAPAN. First European Conference on 
Earthquake Engineering and Seismology, Geneva, Switzerland, 3-8 September 2006 Paper 
Number: 741 
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6.2.5 Tsunami Warning Systems 

During the last years tsunami warning systems have been established all over the 
world. They can be distinguished between international warning systems and re-
gional warning systems. 

6.2.5.1 International Warning Systems 

Pacific Ocean:   Pacific Tsunami Warning Center (PTWC), operated by the 
United States NOAA in Ewa Beach, Hawaii. 

NOAA's West Coast and Alaska Tsunami Warning Center 
(WCATWC) in Palmer, Alaska    

International coordination is achieved through the International 
Coordination Group for the Tsunami Warning System in the 
Pacific, established by the Inter-governmental Oceanographic 
Commission of UNESCO. 

Indian Ocean:  A United Nations conference was held in January 2005 in 
(ICG/IOTWS) Kobe, Japan, and decided that as an initial step 
towards an International Early Warning Programme, the UN 
should establish an Indian Ocean Tsunami Warning System. 
This then resulted in a system of warnings in Indonesia. 

North Eastern At-
lantic, the Medi-
terranean con-
nected Seas:    

The First United Session of the Inter-governmental Coordina-
tion Group the Tsunami Early Warning and Mitigation System 
and for in the North Eastern Atlantic, the Mediterranean and 
connected Seas (ICG/NEAMTWS), established by 
the Intergovernmental Oceanographic Commission 
of UNESCO. 

 Caribbean: A Caribbean-wide tsunami warning system has been planned 
to be instituted by the year 2010, by member nations repre-
sentatives who met in Panama City in March 2008.  

6.2.5.2 Regional Warning Systems 

Regional (or local) warning system centres use seismic data about nearby recent 
earthquakes to determine if there is a possible local threat of a tsunami. Such sys-
tems are capable of issuing warnings to the general public (via public address sys-
tems and sirens) in less than 15 minutes. Although the epicenter and moment mag-
nitude of an underwater quake and the probable tsunami arrival times can be quickly 
calculated, it is almost always impossible to know whether underwater ground shifts 
have occurred which will result in tsunami waves. As a result, false alarms can occur 
with these systems, but the disruption is small, which makes sense due to the highly 
localised nature of these extremely quick warnings, in combination with how difficult it 
would be for a false alarm to affect more than a small area of the system. Real tsu-
namis would affect more than just a small portion. 



OECD Workshop Natech Risk Management   Discussion Document 

38 

As an example of a regional warning system the technical network and the organisa-
tion in Japan is presented in figure 5. The transmission of tsunami warnings consists 
of the main steps observation, analysis forecast and dissemination.29 

 
Figure 7:  Transmission of the tsunami warning (Japan Meteorological Agency) 

Observation network of the Japan Meteorological Agency (JMA) consists of about 
180 seismic stations. The seismic data are transmitted on a real time basis by the 
dedicated telephone lines to the JMA headquarters and centres in each district ob-
servatory. Transmission lines are connected between neighbouring centres to share 
the earthquake data. This network allows for continued monitoring and analysing of 
earthquakes, even if part of the network would be damaged by a large earthquake. 
By using the seismic network and processing computers, earthquake location and 
magnitude are determined quickly after detection of the earthquake. 

A database of the relationship between earthquake occurrence and tsunami arrival 
based on about 100,000 cases of computer simulation is prepared for tsunami fore-
cast around Japan (the quantitative tsunami forecast system). 

 
Figure 8: Tsunami warning centres (Japan Meteorological Agency) 

                                            
29 Japan Meteorological Agency: Tsunami Warning System in Japan, March 2006 
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When a large earthquake occurs, the database is searched using the location and 
magnitude of the earthquake as indices, and the stored heights and arrival times of 
tsunami along the coasts are read out, for the issuance of tsunami warning for indi-
vidual 66 tsunami forecast blocks in the Japanese coastal area. 

In case of an earthquake occurrence, JMA analyses the earthquake observational 
data and quickly issues tsunami warning, if necessary. The warning is automatically 
transmitted to disaster management authorities and broadcasting media. The earth-
quake and tsunami information including tsunami warning is used as a trigger of 
evacuation and urgent operation for rescue and mitigation of disasters. 

The earthquake on 11th March 2011 was the worst seen in that country for over 300 
years (with a local magnitude of 8.9). Hundreds have been killed and injured so far, 
but the loss of life was likely limited by two vital early warning technologies: the 
earthquake alert system, and ocean-based tsunami warning system. 

The earthquake warning system, which has never been triggered before, automati-
cally issued alerts via television and cell phones shortly after the first, less harmful, 
shock wave was detected, providing time for many people to prepare for the more 
powerful shock wave that followed. It also caused many energy and industrial facili-
ties, and transportation services to shut down automatically. A string of detection 
buoys in the Pacific Ocean detected the tsunami that resulted from the earthquake, 
sending warnings of possible catastrophe to many different nations. 

6.2.6 Local Warning System for Extreme Weather 30 

In the past years, damages caused by severe weather conditions have increased 
dramatically and scientists expect this trend to continue due to climate changes in-
duced by greenhouse gas emissions.  

One example is the German project SAFE. The SAFE project, funded by the German 
Federal Ministry of Education and Research (BMBF), aims at protecting the public 
against such threats. Its goal is to develop an integrated platform which combines 
distributed weather sensor networks with improved, location-specific weather prog-
nosis modules and an early warning messaging system. This messaging system is 
used to provide both the general public and emergency services with personalized, 
situation-dependent information on upcoming extreme weather conditions. 

Furthermore, SAFE is able to steer remote-controlled actuators that induce auto-
mated countermeasures, such as closing open windows, retracting blinds, or discon-
necting sensitive electronic equipment from the power grid. 

The core component of the SAFE project is an information logistics platform, which – 
in accordance with predefined disaster prevention procedures – generates personal-
ized disaster warning messages and distributes these to system subscribers. In a 
first step, weather data from global forecasting models is combined with localized 
weather information (e.g., gathered by weather radar) and translated into location-
specific weather prognoses. 

Prognoses can be generated for all relevant natural areas in Germany (roughly 1,000 
such areas are considered). For each of these areas, warning levels are defined and 

                                            
30  Klafft, M.; et al.: SAFE: A Sensor-Actuator-based Early-warning System for Extreme Weather 

Situations, 2008  
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constantly updated. Warning messages for subscribers are generated by comparing 
the subscribers' location and their warning request profiles with actual warnings is-
sued by the meteorological component. Messages are then delivered through the 
preferred communication media, which are specified by subscribers through an 
online interface. 

Messaging alternatives implemented so far allow for distribution via e-Mail, SMS, 
RSS feed, and through TV set-top boxes. The implemented solution was optimized 
with respect to high-throughput capabilities and the system has already proven these 
by distributing 13,107 SMS within 2:28 minutes to warn subscribers of an approach-
ing hailstorm in the Vienna area. 

6.2.7 Flood Warning Systems 

Flood protection of industrial plants includes flood provision, technical protection and 
flood management illustrated as three columns in figure 9 .  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9: Structure of internal flood risk management31  

Figure 9 shows that flood warning systems consists of 2 elements: 

• Flood hazard maps (long-term forecast) according column 1 
• Actual information about weather prediction and flood risk (short-term predic-

tion) according column 3 

Flood maps exist in many different forms, but in general it is possible to distinguish 
between flood hazard and flood risk maps. While flood hazard maps contain informa-
tion on the probability and/or magnitude of a flood event, flood risk maps depict addi-
tional information about their consequences (e.g. economic damage, number of vic-
tims, etc.). Various parameters can be used to denote the flood hazard, such as flood 
extent, water depth, flow velocity, duration and the rate at which the water rises. Out 

                                            
31  Warm, H.-J.; Köppke, K.-E.: Schutz von neuen und bestehenden Anlagen und Betriebsbereichen 

gegen natürliche, umgebungsbedingte Gefahrenquellen, insbesondere Hochwasser (Safety of new 
and existing facilities and establishments against natural environmental hazards, especially floods). 
German Federal Environmental Agency, 2007 Ref.No.: 203 48 362 
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of these parameters, water depth is one of the main factors of importance with re-
spect to flood damage (and consequently flood risk). In their study on flood maps in 
Europe, de Moel et al. show that flood extent maps are the most common type of 
flood maps, followed by historical flood maps and water depth maps.32 The use of 
flood risk maps is less common, but useful in the insurance economy. 

If flood hazard maps are distributed efficiently, they can greatly enrich the knowledge 
about flood hazards. The information contained in flood hazard maps enables all 
stakeholders and plant managers to make decisions for construction planning, build-
ing protection, action plans and other precautionary measures.   

Today, dynamic and interactive maps on the web are more popular than ever.  Dif-
ferent experts believe that the dissemination of flood maps via the internet can form 
an important way of bringing flood information to the public and private users.33 When 
combined with real-time data on water levels and precipitation, web flood maps can 
hold information of vital importance to plant managers and inhabitants in flood prone 
areas.  

Flood maps exist in two forms on the internet: static and dynamic. While static web 
maps are fixed (no user adaptations possible), dynamic web maps are adjustable to 
the user’s preferences. Static web maps are highly similar to printed maps, and 
should therefore follow the same cartographic principles. Because of their interactiv-
ity and adjustability, more freedom exists in dynamic web maps. It’s up to the user to 
decide which information is to be shown on the map.   

More and more 3D-maps and animations are in use for special areas in order to il-
lustrate the flood hazard (Figure 10 )34 

 
Figure 10 : 3D-animation35 

                                            
32  de Moel, H. et al.: Flood maps in Europe - methods, availability and use. Natural 

Hazards and Earth System Sciences, 9, 289-301, 2009 
33  Hagemeier-Klose, M.; Wagner, K.: Evaluation of flood hazard maps in print and web 

mapping services as information tools in flood risk communication. Natural Hazards 
and Earth System Sciences, 9, 563-574, 2009 

34  Warm, H.-J.; Köppke, K.-E.: Schutz von neuen und bestehenden Anlagen und Betriebsbereichen 
gegen natürliche, umgebungsbedingte Gefahrenquellen, insbesondere Hochwasser (Safety of new 
and existing facilities and establishments against natural environmental hazards, especially floods). 
German Federal Environment Agency, 2007, Ref.-No. 203 48 362 
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6.2.7.1 Types of Floods 

The following types of floods can be distinguished: 

Riverine Flood:   This type of flood occurs after prolonged precipitation over large 
areas of the basin. Melting snow can also exceed the capacity 
of river channels; hence leading to flooding. Normally river 
floods last for two or three several days (2-3 days) to two weeks 
and usually affect large areas.  

Coastal Flood:  The sea level rise can lead to the gradual encroachment of the 
sea. Along the coastal, areas are inundated as a result of tropi-
cal cyclone, perigean spring tides, storm surges, their combina-
tion, and tsunamis. Some coastal areas are highly vulnerable to 
cyclone or hurricanes.  

Flash Floods:  Usually it is occurred due to local precipitations of extreme 
intensity. This kind of flood occurs in limited area with high flow 
rate. Flash flood can occur almost anywhere but are particular 
dangerous on steep slopes.  

Urban Flooding:  Extreme local rainfall combined with blocked drainage may 
cause inundations. This type of flood depends on topographical 
and soil conditions and the existence of drainage systems and 
mainly occur in flat and low lying areas.  

On a global scale flood are mainly caused by heavy or long lasting rainfall (approxi-
mately 65%), brief torrential rain (15%), tropical cyclone (10%) and monsoon rain 
(5%), dam break or release (1%), rain & snow melt (3%) and other (1%).36 

This contribution differs all over the world. In Asia for example flood is mainly caused 
by heavy rain (55%), torrential rain (15%), tropical cyclones (10%), monsoon rain 
(15%), dam break/release (2%), rain & snow melt (≤ 1%) & others (3%).  

6.2.7.2 Riverine Flood Warning Systems 

Early Warning Systems requires developments in a number of technologies and ar-
eas of expertise:  

• Sensor equipment in selected local measurement points   

• Data transmission  

• Middleware for connecting sensor data, relevant documents, analysis tools 
and modelling software  

                                                                                                                                        
35  Warm, H.-J.; Köppke, K.-E.: Schutz von neuen und bestehenden Anlagen und Betriebsbereichen 

gegen natürliche, umgebungsbedingte Gefahrenquellen, insbesondere Hochwasser (Safety of new 
and existing facilities and establishments against natural environmental hazards, especially floods). 
German Federal Environment Agency, 2007, Ref.-No. 203 48 362 

36  Mir, H.: Urban Floods and an important aspect of the flood mitigation process for 
reducing the flood damages In Pakistan. 
http://www.unescap.org/idd/events/2009_EGM-DRR/Pakistan-Hazrat-Mir-paper-
final.pdf   
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• Computational models and simulation components for simulation of possible 
flood dynamics  

• Advanced interactive visualization technologies;  

• Development of a decision support system that will assist public authorities 
and plant managers 

• Internet-based or dedicated remote access to the early warning and decision 
support systems. 

Dedicated systems to monitor and forecast river basin floods are well established in 
developed countries, where they are operated by a variety of technical organisations. 

However, such systems are much less widespread in developing countries particu-
larly in Africa, Asia and the Caribbean. In many tropical areas, such as in the Indian 
Ocean Commission (COI) region, flood monitoring and warning systems are closely 
linked to tropical cyclone warning systems.  

Operational global flood forecasts from specialised warning systems provide three-
day warnings but several initiatives are underway to extend the warning range. Most 
flood warning systems are stand-alone national operations, but warning systems 
have been developed covering several international rivers, such as for the Rhine, 
Danube, Elbe and Mosel in Europe, the Mekong, Indus and Ganges-Brahmaputra-
Meghna basins in Asia and the Zambezi in Southern Africa.37 Globally, the Dartmouth 
Flood Observatory in the United States detects, maps, measures and analyses ex-
treme flood events worldwide. The National Oceanographic & Atmospheric Admini-
stration (NOAA) in the United States can provide river-flooding guidance six months 
in advance based on seasonal forecasts and knowledge of major river catchments.  

UNESCO and World Meteorological Organization (WMO) currently coordinate an 
operational flood warning system for river flooding. The International Flood Initia-
tive/Programme (IFI/P), launched during the World Conference on Disaster Reduc-
tion in January 2005, is a joint programme of UNESCO and WMO to be operated by 
the International Centre on Water Hazard and Risk Management (ICHARM), which is 
hosted by the Public Works Research Institute (PWRI) in Japan. The International 
Flood Network, through the Global Flood Alert System, provides information on pre-
cipitation based on satellite data to global subscribers for free. Such initiatives en-
hance the services provided by national authorities. 

The quality of forecast systems depends on the reliability of the results. Forecast reli-
ability in the context of flood forecasts is understood as the probability of correctly 
predicting a flood event. Forecast reliability is affected by uncertainties inherent to the 
underlying modelling system and decreases with lead time. Main sources of model 
predictive uncertainty are uncertainties associated to precipitation forecasts, hydro-
logical model parameters and the model structure. Precipitation forecast uncertainty 
is quantified by means of ensemble forecasts. Model structure and model parameter 
uncertainty are strongly interrelated and depend on the event and the location.38   

                                            
37  United Nations: Global Survey of Early Warning Systems, Sept. 2006 

 
38  Refsgaard, J.C., van der Sluijs, J.P., Brown, J. and van der Keur, P., 2006. A framework for dealing 

with uncertainty due to model structure error. Advances in Water Resources, 29(11): 1586-1597. 
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A good example of best practice is shown in figure 9  for the Elbe river basin in 
Saxonia, Germany with links to the adjacent states and countries. Actual water levels 
with water flow rate, tendency and warning message.    

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11: Forecast system in Saxony, Germany39 

Along all rivers measurement points are installed to monitor the water level and flow 
velocity. All measurement points are fitted with data transmission. Furthermore, se-
lected measurement points are fitted with flood warning function. All users can re-
ceive necessary information about the actual situation via an internet platform of the 
state. 

6.2.7.3 Flashflood Warning Systems 

The United Nations study “Global Survey of Early Warning Systems” states, that 
“some countries monitor flash floods through their National Meteorological and Hy-
drological Services (NMHSs), while others monitor flash floods and river floods 
through environmental agencies and hydrology services separately. It is not possible 
to forecast flash floods but they can be detected as they occur by weather radars if 
these are present. Most flash floods occur in countries or districts without radar cov-
erage. They are a major killer during tropical cyclone events.”  

Since 2005 new technologies have been developed. One system will be presented in 
the frame of this workshop.   

6.2.8 Issues Requiring Further Discussion 

1. Should data collection, data analysis and dissemination of information about 
natural hazards be national assignments of the countries and authorities? 

2. Should requirements for hazard and risk mapping of natural events be re-
quired in national legislation?  

                                            
39  Hochwasserzentrale Sachsen: http://www.umwelt.sachsen.de/umwelt/wasser/7806.htm  
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3. What is best practice in communication of natural hazard maps to operators, 
communities and public? 

4. Should an internationally coordinated guideline be provided for natural hazard 
mapping?  

5. Should - in general - consideration of the different hazard sources be done in 
cooperation with adjacent countries, e.g. for river basin management 
activities? (compare EU Water Framework Directive40 and EU Directive on 
the assessment and management of flood risks41) 

6. Are special Natech risk maps useful for special cases?  

7. Under which conditions makes it sense to recommend early warning systems 
(e.g. tsunamis)?  

8. Which failure rate of alarms and warnings is required to apply these systems 
successfully in industry?  

Predictions of earthquakes are still very uncertain, mainly because the highly 
complex nature of earthquake process.42 So the question is, whether these uncertain 
predictions are useful to prevent Natechs. The benefits of long-term forecast are 
realistic building codes, retrofitting existing structures, and land-use planning.  

Existing short-term forecast could be useful and have shown their success in some 
cases. But due to uncertainties a high rate of failure and false alarms must be toler-
ated. The uncertainty of short-term predictions mainly depends on the local earth 
structures, the density of seismic equipment, the distance between cities or industrial 
plants and the possible epicenters, and finally the method of the determination algo-
rithms for alarm dissemination. Short-term forecasts are useful in countries where 
industrial plants are located close to residential areas. In those cases false alarms 
should be tolerated by the industry. 

In order to use the technical measures of short-term forecasting an information pro-
gram for the industry should be elaborated. The shortfall in Mexico City has shown 
the necessity of information and cooperation between forecasting systems, authori-
ties and plant safety in case of an earthquake.   

6.3 Session II: Natech Risk Management 

6.3.1 Introduction 

One of the principal problems of Natechs is the simultaneous occurrence of a natural 
disaster and a technological accident, both of which require simultaneous response 
efforts in a situation in which lifelines needed for disaster mitigation are likely to be 
unavailable. 

                                            
40  Directive 2000/60/EC of the European Parliament and of the Council establishing a framework for 

the Community action in the field of water policy, 2000 
41  Directive 2007/60/EC on the assessment and management of flood risks, 2007 
42  Kanamori, H.; Hauksson, E.; Heaton, T.: Real-time seismology and earthquake hazard mitigation. 

Nature 1997, 390, 461 - 464 
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In addition, hazardous-materials releases may be triggered from single or multiple 
sources in one installation or at the same time from several hazardous installations in 
the natural disaster’s impact area. 

Krausmann et al.43 state that “recent studies have indicated that legislation and stan-
dards for chemical-accident prevention do not explicitly address Natech risk. In addi-
tion, methodologies and tools for the assessment of Natech risk are scarce, and only 
limited guidance for industry and the authorities on how to assess Natech risk is 
available. With climate change predicted to increase the frequency of severe hydro-
meteorological events, Natech risk is expected to increase in the future. This high-
lights the need for the development of tools for industry and authorities to assist in 
the analysis of the risk in chemical installations and infrastructures due to Natech 
accidents.” 

6.3.2 Need of Natech Risk Assessment 

A study on the status of Natech risk reduction in OECD Member States was per-
formed by means of a questionnaire survey. The results will be presented by E. 
Krausmann during the workshop.44 In spite of some uncertainties in the different an-
swers Krausmann has pointed out that a lot of Natech accidents with the release of 
toxic substances, fires and/or explosions and sometimes fatalities and injuries had 
occurred in the member states during the last years, but those accidents were not of 
major concern for risk assessments. So the author of the study pointed out that there 
is a discrepancy between actual causes and risk perception.  

Although hazard risk reduction exists in the legal requirements of different OECD 
member states for an effective increase of the protection standard they are not pre-
cise enough. This has become evident by the occurrence of Natech accidents. 
Chemical-accident prevention and pollution-control regulations, such as the Seveso II 
Directive, do not provide guidance to the operator on how Natech risk reduction 
should be achieved, nor to the competent authority on how to evaluate that the risk 
level is as low as required by regulations. 

So gaps in legislation, implementation and/or its monitoring that should be addressed 
to ensure effective Natech risk reduction still exist. In a lot of the responding coun-
tries Natech risk is not addressed in natural-disaster management regulations. Ex-
isting technical codes and standards for the design, construction and operation of 
buildings and structures in industry consider certain natural hazards but their ultimate 
goal is the safety of human life. Therefore, the prevention of hazardous substance 
releases may not be guaranteed and secondary risks due to these releases may not 
be taken into account.  

Additionally, some of these technical codes and standards may not be suitable for 
controlling risks due to hazardous substances. Specific guidelines for Natech risk 
reduction to support legislation are scarce. These results were confirmed in other 

                                            
43  Krausmann, E; Cozzani, V.; Salzano, E; Renni, E.: Industrial accidents triggered by natural 

hazards: an emerging risk issue. Nat. Hazards Earth Syst. Sci., 11, 921–929, 2011 
44  Krausmann, E. Baranzini, D.: Natech risk reduction in OECD Member Countries: Results of a 

questionnaire survey, JRC 54120, 2009   
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studies.45 Therefore, the development of specific technical codes and guidelines 
would be required to fully address Natech risk.  

This highlights the need for the development of guidance, technical rules or tools for 
industry and authorities to assist in the analysis of the risk in chemical installations 
and infrastructures due to Natech accidents.46 The acuteness becomes greater with 
the predicted climate change. It has to be assumed that the frequency of severe hy-
dro-meteorological events will increase. 

6.3.3 General Approach for Hazard and Risk Assessment 

Hazard identification and risk Assessment are generally described in Chapter 2 b of 
the OECD Guiding Principles for Chemical Accident, Prevention, Preparedness and 
Response (2003). Natural hazard sources are not directly subject of the explanations 
of the requirements for risk assessment in this guidance.  

Krausmann et al. state that a specific approach for Natech risk assessment is 
needed, because the standard risk management procedure does not cover the spe-
cial recommendations for Natech risk assessments.  Therefore the authors have de-
veloped a specific procedure in order to start a risk assessment in a special project. 
Without discussing this project in detail the general procedure adapted to the special 
requirements of this project is given in Table 1 . 

Table 1. Procedure used for the analysis of the risk induced by natural events in 
process plants. 

No.  Step Needs 

1 Characterization of the natural event (frequency and severity) 

2 Identification of target equipment (list of target equipment considered) 

3 Identification of damage states and reference scenarios (event trees) 

4 Estimation of damage probability (equipment damage models) 

5 Consequence evaluation of the reference scenario (consequence analysis 
models) 

6 Identification of credible combinations of events (set of event combinations) 

7 Frequency/probability calculation for each combination (frequencies of event 
combinations) 

8 Consequence calculation for each combination (overall vulnerability map) 

9 Calculation of risk indices (overall risk indices) 

Other approaches of risk assessment procedures base on different steps, so that a 
detailed, general applicable risk assessment method for all hazard sources can only 
be given with strongly generalized steps. It is necessary to discuss which steps must 

                                            
45  Warm, H.J.; Köppke, K.-E.: Schutz von neuen und bestehenden Anlagen und Betriebsbereichen 

gegen natürliche, umgebungsbedingte Gefahrenquellen, insbesondere Hochwasser (Safety of new 
and existing facilities and establishments against natural environmental hazards, especially floods). 
German Federal Environment Agency, 2007, Ref.-No. 203 48 362 

46  Krausmann, E; Cozzani, V.; Salzano, E; Renni, E.: Industrial accidents triggered by natural 
hazards: an emerging risk issue. Nat. Hazards Earth Syst. Sci., 11, 921–929, 2011 
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be basically required in Natech risk assessments. Then it has to be proven whether 
these steps can be integrated in the OECD guidance.  

6.3.4 Basic Problems of Natech Risk Assessment 

Galderisi et al.47 have given a short summary of the development of Natech risk as-
sessment during the last years. They stated that with the in depth studies, e.g. Ko-
caeli), a better understanding of the ‘‘multifaceted and difficult to predict chain effects 
resulting from coupling natural with technological disasters’’ have been provided. The 
authors point out that in spite of increasing awareness on such ‘‘combined’’ events 
natural and technological hazards are generally still handled separately.   

Furthermore, Methods and procedures aimed at taking into account simultaneous or 
combined hazards and their impacts are still needed to enable operators and com-
munities to plan suitable precaution measures.    

The difficulties to develop methods and procedures for Natech risk assessment are 
still relevant due to different factors: 

• Complexity of these phenomena, deriving from the interaction of different 
hazard sources - natural and technological - which can impact the same 
objects in a different way, simultaneously or within a short time frame. 

• Heterogeneous competencies are required in order to deal with Natechs; it is 
necessary to share knowledge in the field of both natural and technological 
risk assessment and management and, up to now, these fields have been 
scientifically and operatively separated. 

6.3.5 Approaches for Natech Risk Assessment 

Based on new experiences some countries have realized the problem and have inte-
grated the consideration of natural hazards in the management of industrial safety 
(e.g. in safety documents) and in their national regulations during the last years. In 
France for example specific regulations or good practices for hazardous industrial 
facilities exist for earthquake, lightning, flooding, snow and wind. For other natural 
hazards not listed above, such as avalanche, volcanic eruption, there are no national 
specific regulations or best practices to their consideration. In these cases, the inte-
gration of these natural phenomena in the safety report is left to the discretion of the 
operator. 

In Germany the Technical Rule for Plant Safety 310 considers the possible increase 
of hazards by precipitation and floods due to expected climate change. 

Although different hazard specific approaches of risk assessment for land-use plan-
ning, siting of facilities, flood and precipitation, earthquakes, and tsunami impacts are 
developed, no defined general procedure for Natech risk assessment exists, which 
includes general necessary working steps.    

Examples of best practice for Natech risk assessments are presented in the following 
chapters   

                                            
47  Galderisi, A.; Ceudech, A.; Pistucci, M.: A method for na-tech risk assessment as supporting tool 

for land use planning mitigation strategies. Nat Hazards (2008) 46:221–241 
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In the frame of this discussion paper, it is not possible to describe all different ap-
proaches for Natech risk assessment. Only few will be presented in the following 
chapters. They all focus on one special natural hazard.  

6.3.5.1 Risk assessment of earthquakes in France    

A new regulation (Decrees 210-1254 and 2010-1255, dated October 22nd 2010) re-
cently introduced a new zoning for seismic activity, dividing France into 5 areas, from 
areas 1 (very low seismic activity) to 5 (high activity). This regulatory change bases 
new scientific knowledge, which has led to a re-evaluation of seismic hazard and a 
re-definition of the zoning based on a probabilistic approach (taking into account the 
return periods).  

In this context, industrial facilities in France are classified according to the properties 
of the handled/stored chemical products or according to their activities (“classified 
sites”). With regards to the regulation which establishes the rules for protection 
against earthquake, the classified sites may be subject to regulation applicable to 
“normal risk” or “special risk” installations.  According to the Ministerial Order of 24 
January 2011, “special risk” classified sites are pieces of equipment in low and up-
per-tier SEVESO establishments that may lead, in case of an earthquake, to one or 
more dangerous phenomena with lethal effects out of the site boundaries, unless 
there are no permanent human presence in this identified lethal effects area.  

The elastic response spectra (vertical and horizontal) in acceleration, representing 
the seismic movement of one point in the surface on the right of the establishment 
are then elaborated, using information given in the Ministerial Order.  

If the installation is new, compliance to regulation must be demonstrated when the 
operator submits a request for a permit to operate. Protective measures against the 
earthquake must then be implemented at the start of operations.  

For existing establishments, a study to assess the technical measures necessary to 
protect from earthquakes must be carried out before December 31st 2015, and the 
implementation of these measures must not exceed 1st January 2021.  

All other pieces of equipment in establishments that do not belong to the “special 
risk” category are considered as “normal risk” category. In this case, classified sites 
must apply the Order of 22nd October 2010 like all buildings on French territory. 
There are rules for new buildings, or existing buildings in specific conditions, in seis-
mic area 2, 3, 4 and 5. The application of Eurocode 8 is required, while leaving the 
possibility of using standard rules in the case of simple structures. The protection 
level is adjusted according to the structure involved.  

6.3.5.2 Natech Risk Assessment for Land Use Planning Mitigation Strategies  

This Natech risk assessment method has been developed as a supporting tool for 
land use planning strategies aimed at reducing Natech risk in urban areas. More 
specifically, a multi attribute decision making method, combined with fuzzy tech-
niques, has been developed (Figure 12 ). The authors state that “the method allows 
planners to take into account, according to different territorial units, all the individual 
Natech risk factors, measured through both quantitative and qualitative parameters, 
while providing them with a Natech risk index, useful to rank the territorial units and 
to single out the priority intervention areas. The method is designed to process infor-
mation generally available about hazardous plants (safety reports), natural hazards 
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(hazard maps) and features of urban systems mainly influencing their exposure and 
vulnerability to Natech events (common statistical territorial data). Furthermore, the 
method implemented into a GIS framework should easily provide planners with com-
parable maps to figure out the hazard factors and the main territorial features influ-
encing the exposure and vulnerability of urban systems to Natech events. The 
method has been tested on a middle-sized municipality in the Campania Region, 
identified as 2nd class seismic zone, according to the Ordinance 3274/200348, in 
which a LPG storage plant, classified as a plant with major accident potential by the 
Seveso II Directive (Art. 9), is located just within the city core.” 

 
Figure 12 : Logical structure of the method49 

6.3.5.3 Risk Assessment for Precipitation and Floods  

This method has been developed by Köppke et al. for the German Federal Environ-
mental Agency and will be presented during the workshop in Dresden (Figure 13 ).50 

The methodical procedure bases on four main steps: 

1. Hazard source analysis, in which it is scrutinized what hazard sources could 
affect the site singly or in combination, 

                                            
48  L'Ordinanza del Presidente del Consiglio dei Ministri 3274/2003: Primi elementi in materia di criteri 

generali per la classificazione sismica del territorio nazionale e di normative tecniche per le 
costruzioni in zona sismica. Roma, 20 marzo 2003, Pubblicata sul Supplemento Ordinario n. 72 
alla Gazzetta Ufficiale n. 105 del 8 maggio 2003 

49  Galderisi, A.; Ceudech, A.; Pistucci, M.: A method for Natech risk assessment as supporting tool 
for land use planning mitigation strategies. Nat Hazards (2008) 46:221–241 

50  Köppke, K.-E.; Sterger, O.; Stock, M.: Vorkehrungen und Maßnahmen aufgrund der 
Gefahrenquellen Niederschläge und Hochwasser (Prevention and preparedness due to hazards by 
precipitation and floods). Federal Environmental Agency, Ref.-No. 3708 49 300, 2012 
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2. Analysis of hazards and threats,  in which it is scrutinized whether major acci-
dents may occur as a result of effects on safety-relevant parts of an estab-
lishment or installations, 

3. Drafting of a protection concept,  in which precautions to prevent major acci-
dents are specified, 

4. Examination of ‘major accidents despite precautions’,  which leads in particular 
to the specification of measures to mitigate the effects of major accidents.  

At the beginning of the hazard source analysis the operators have to determine pos-
sible hazard sources. Initially, a simplified hazard source analysis only identifies 
events in qualitative terms at the location (incl. establishments) that are possible 
(cannot reasonably be excluded) within the region. In a detailed hazard source 
analysis, further information is drawn upon in order to determine possible hazard 
sources more accurately.  

Where hazard sources cannot reasonably be excluded, a detailed hazard source 
analysis is required. The foreseeable consequences of climate change should be 
taken into consideration in the course of a hazard source analysis, even if uncertain-
ties naturally attach to them. With the global temperature rising as a consequence of 
climate change, the atmosphere’s capacity to absorb water vapour will increase dis-
proportionately. This gives reason to expect that the intensity and frequency of heavy 
precipitation will rise in line with the rise in temperature. 

The risk assessment to be performed bases on the fact that an inundation only oc-
curs, if the water inflow into an area is greater than the outflow. So the inflow and 
outflow streams must be identified.  

Flood maps based on different probabilities and provided by the authorities give im-
portant information to the operators in order to perform a water balance. Data about 
precipitation with different intensities and recurrence intervals provided by DWD 
(Deutscher Wetterdienst) can easily be interrogated for the local conditions of a plant. 
Other information sources are topographic maps and experiences from recent 
events. The percolation rate of the surface water in the surroundings of the plant 
must be estimated. In case of covered surfaces the runoff factor is close to 1. The 
impact of subways, and raised railway lines or streets as barriers for runoff water 
must be considered. Also possible bottlenecks for the runoff water like small bridges 
must be identified, as floating refuse can decrease the water flow. 

With this information a hazard assessment can be performed. Furthermore, with an 
extrapolation of the precipitation ratios extreme events can be simulated and as-
sessed. In order to prove the results of the hazard source analysis some parameters 
can be varied, e.g. the percolation rate to the ground. 

In the second step the endangered installations and establishments of a plant can be 
easily identified with the help of the calculated water depths. Using different scenar-
ios the impact of the water on installations and establishments can be estimated.  

During the third step a protection concept based on the legal requirements must be 
elaborated. Protection concepts are to be developed on the basis of the hazard 
sources that cannot reasonably be excluded, the hazards or threats that are identi-
fied, and the scenarios and protection aims. When protection concepts are elabo-
rated, attention is to be paid to the requirement laid down in Article 3(4) of the Major 
Accidents Ordinance that they be consistent with the state of the art of safety tech-
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nology. For the purposes of adaptation, climate change is to be taken into considera-
tion as follows: 

1. A climate adaptation factor of 1.2 is applied to the trigger event intensities to 
be estimated for 2010 in order to take into consideration possible changes in 
the period up to 2050.  

2. New installations that will be designed for the period up to 2050 or after 2050 
should comply with the consequent requirements. 

3. The climate adaptation factor does not have to be taken into consideration if it 
is intended to operate a planned new installation not until 2050. 

4. As of 2050, the climate adaptation factor is to be considered in the lay-out of 
all installations. 

5. A detailed hazard source analysis may provide grounds for the 1.2 factor to be 
varied in an individual case. This is possible in particular if the consequences 
of climate change are already taken into consideration on (flood) hazard maps 
or the authority responsible for the water in question has previously ascer-
tained the possible change in the runoff from high water flooding due to cli-
mate change.  

6. Should other developments in what is known about climate come to light in the 
period up to 2050, they will be taken into consideration when this Technical 
Rule on Process Safety is revised. 

Step four requires the examination of ‘major accidents despite precautions’. Such 
events occur, if all precaution measures fail. Especially the determination of required 
response and mitigation measures including emergency planning should base on 
assumed effects of extreme events. 

This shortly described procedure was tested successfully for a plant of the chemical 
industry. 

The German Technical Rule on Process Safety (TRAS 310) “Precautions and Meas-
ures against the Hazard Sources Precipitation and Flooding” was developed on the 
basis of the methodology and includes the requirements on protection aims listed 
above. 
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Figure 13 : Flow chart for the optimization of a protection concept (*if required)51     

                                            
51  Translation from Table 1 of the Technische Regel für Anlagensicherheit (Technical Rule on 

Installation Safety) 310, Bundesanzeiger 2012 Nr. 32a in Short Version of: Köppke, K.-E.; Sterger, 
O.; Stock, M.: Vorkehrungen und Maßnahmen aufgrund der Gefahrenquellen Niederschläge und 
Hochwasser (Prevention and preparedness due to hazards by precipitation and floods). Federal 
Environmental Agency, Ref.-No. 3708 49 300, 2012 
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6.3.5.4 Risk Assessment for Flood in France  

International databases show that floods accounted for more than half of disasters 
registered for the 1990-2001 period. With consequences of climate change largely 
unpredictable at local level, future statistics are not likely to show any improvement. 
In response to such natural-technological interaction, mitigation efforts have taken 
two main directions: land-use planning in flood-prone areas; vulnerability reduction in 
flood-prone facilities. This communication focuses presents good practice accumu-
lated in France for the mitigation of flood impacts on industrial facilities.  

INERIS52 proposes to present a methodology for the integration of flood hazard in 
risk-reduction process for industrial plants. Both floods originated from a dam rupture 
and unusual rainfalls will be considered.  

This methodology follows a sequence in 4 steps.  

1. The first step aims at determining whether the studied plant is located in a 
floodable area or not. If it is the case, data are needed to better understand 
the flooding, such as type of flooding, water height, flow velocity, speed of 
water level rising, flooding duration, return period of flood…  

2. Based on information gathered in step 1, the topography of the industrial plant, 
the location of buildings and facilities within plant perimeter, areas which could 
be affected by flooding are identified. In the potentially flooded areas, facilities 
and equipments that could cause major technological accidents are identified. 
A systematic risk analysis is then performed for each of these equipments. 
The accidental sequences leading to dangerous phenomena (fire, explosion, 
toxic cloud dispersion, pollution…) are detailed, and existing safety barriers 
are highlighted.  

3. The safety barriers are analyzed more in details in terms or performance (effi-
ciency, maintainability, testability…). Each barrier shall be assessed also in 
terms of kinetics, depending on implementation time, availability of human re-
sources, technical devices… Depending of the available time before the arrival 
of water and resources in case of flooding, some safety barriers are also se-
lected for risk assessment and emergency plan.  

4. A final analysis should assess if all barriers can be implemented at the same 
time, taking into account the available personal and the available time be-
tween the information of flood threat and the flood itself.  

A suggestion of possible safety barriers against flood will be made by INERIS.  

6.3.5.5 Analysis of Tsunami Impact Scenarios at an Oil Refinery53 

Based on tsunami source data for two credible tsunami scenarios provided by the 
University of Bologna, tsunami flow velocities and maximum water surface levels 
along the northern coast of Sicily were simulated using the JRC code HyFlux2, de-
veloped to simulate severe inundation scenarios due to dam breaks, flash floods and 

                                            
52 INERIS: Institut National de l`Environnement industriel et des Risques 
53  Cruz, A.M.; Krausmann, E.; Franchello, G.: Analysis of tsnumi impact scenarios at an oil refinery. 

Nat Hazards (2011) 58:141–162 
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tsunami-wave run-up.54 The potential for damage and hazardous materials releases 
resulting from the tsunami impacts to a refinery was assessed. 

The results indicate that in both scenarios there would be eighteen storage tanks (of 
43 located within 400 m from the shoreline) at the refinery subject to flooding. Water 
flow velocities were found to be generally low, <1 m/s, except for a central section of 
the refinery near the shoreline where the water flow velocities reach 3-4 m/s. These 
results indicate that any damage would most likely occur due to buoyancy loads par-
ticularly in the western part of the facility where inundation levels are higher and stor-
age tanks are less protected. 

Potential damage caused by impact of floating debris may be a problem in the central 
area of the refinery near the shoreline due to high flow velocities (3-4 m/s) in both 
tsunami scenarios. Small hazardous materials releases could occur due to breakage 
of connected pipes and flanges caused by floating materials, e.g. almost empty stor-
age tanks or other equipment. 

Salt water intrusion could affect electrical equipment, such as control panels, pumps, 
and motors that are not raised above the inundation level. We conclude that in the 
two tsunami scenarios analysed, the risk to nearby residents and neighbouring facili-
ties from potential hazardous materials releases, fires or explosions triggered by the 
tsunamis is likely to be small. Nonetheless, recommendations are made on preven-
tion measures to reduce the risk of tsunami-triggered accidents and to mitigate their 
consequences if they do occur. The results of this study are limited by the uncertainty 
in the input data and most importantly by the accuracy of the elevation data and the 
model resolution. 

6.3.6 Issues Requiring Further Discussion: 

1. How to improve awareness raising on Natechs and risk communication among 
all stakeholders, i.e. at all levels of the government, in industry, within 
communities and the public? 

2. What are the roles and responsibilities of key stakeholders - industry/operator, 
government/authorities and communities/public - in the management of 
Natech risks? 

3. How can all parties best prepare for the challenges posed by (major) Natech 
risks? 

4. Is there a need for training of chemical-accident and natural disaster 
managers and officials on Natech risk management? 

5. How should Natech accidents and risk reduction be taken into account in the 
national chemical accidents programmes in order to guarantee effective 
Natech risk management? 

6. Should there be an explicit legal obligation that plant operators have to con-
sider Natechs as a part of the overall hazard identification and risk 
management process? 

                                            
54  Franchello G, Krausmann E (2008) HyFlux2: a numerical model for the impact assessment of 

severe inundation scenario to chemical facilities and downstream environment. EUR 23354 EN, 
European Communities 
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7. Should special Natech regulations and guidance provide industry/operators 
and authorities/inspectors, how to integrate Natech events in the existing 
regulations for safety management, safety reports, inspections and Natech 
risk assessment? 

8. Should Natech regulations or guidance include the following general aspects: 

- Natech risk assessment which includes the following key aspects: 

� Identification of natural hazards,  

� Identification of endangered establishments and installations,  

� Drafting a protection concept, 

� Emergency preparedness and planning including the characteris-
tics of Natech accidents (e.g. a possible lack of utilities);  

-  Information and training of the staff, and 

-  Cooperation between operators, authorities and communities? 

9. How can countries share existing good practices for Natech risk reduction? 

10. Should the main key points of Natech risk assessment consistently be defined 
by the OECD member countries in order to assure an integrative standard? 

11. Which subjects related to Natechs should have priority in future Natech 
research?  
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6.4 Session III: Consideration of Climate Change in  Natech Risk Management 

6.4.1 Introduction 

A changing climate, including increased temperatures, changes in precipitation pat-
terns, sea level rise, and more frequent extreme weather events will pose many 
challenges to industry plants. Over the entire 20th century the measurement of the 
global temperature has increased around 0.6°C. Base d on Special Reports on Emis-
sions Scenarios (SRES), which uses the Intergovernmental Panel on Climate 
Change (IPCC) for the projection of future scenarios, the temperature increases like 
illustrated in figure 14 . 

 

 
Figure 14:  Global Warming at the surface of the earth in °C ( relative to 1980 -

1999) for different SRES scenarios   (Source: IPCC Fourth Assessment Re-
port, Summary for Policy Makers.) 

For the lowest emissions SRES marker scenario "B1", the best estimate for global 
mean temperature is an increase of 1.8 °C (3.2 °F) by the end of the 21st century. 
This projection is relative to global temperatures at the end of the 20th century. For 
the highest emissions SRES marker scenario (A1FI), the best estimate for global 
mean temperature increase is 4.0 °C (7.2 °F), with a "likely" range of 2.4–6.4 °C 
(4.3–11.5 °F).   

The range in temperature projections partly reflects the different choice of emissions 
scenario. Different scenarios make different assumptions of future social and eco-
nomic development (e.g., economic growth, population level, energy policies), which 
in turn affects projections of greenhouse gas (GHG) emissions. The range also re-
flects uncertainty in the response of the climate system to past and future GHG 
emissions (measured by the climate sensitivity).  
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6.4.2 Effects on Weather 

Observations show that there have been changes in weather. As climate changes, 
the probabilities of certain types of weather events are affected. 

6.4.2.1 Precipitation and Draught 

With increasing temperature the water capacitity of the atmosphere increases too. As 
a result more intensive precipitation has to be expected. According to the equation of 
Clausius-Clapeyron the water capacity rises about 6 up to 7 % with a temperature 
increase from 20 to 21°C:    

 (1)   des(T) / es(T) = L dT / R T2    
  
    es(T)    = saturation steam pressure  
    L          = enthalpie of evaporation  
    R         = gas constant 

Equation (1) means that the saturation steam pressure increases exponentially with 
increasing temperature. Stock has derived from equation (1) that the potential water 
volume in the atmosphere can be estimated easily with the following equation (2):55 

 (2)   W(T) =  w0 + w1 exp(w2∆∆∆∆T) 

The factors w0, w1 und w2 depend on the regional climate and geographic conditions 
and must be calculated from observed data. 

Changes have been observed in the amount, intensity, frequency, and type of pre-
cipitation. Widespread increases in heavy precipitation have occurred, even in places 
where total rain amounts have decreased. Authors of the IPCC Fourth Assessment 
Report concluded that human influences had, more likely than not (greater than 50% 
probability, based on expert judgement), led to an increase in the frequency of heavy 
precipitation events. As a result the risk of inundation will also increase, especially 
along river basins. 

The number of flood disasters globally has been steadily increasing since 1974, and 
accounted for about 34% of all natural disasters in the world between 1974 - 200356. 
In general, flood loads include loads due to standing or slowly moving water, buoyant 
loads, loads due to fast moving water, breaking wave loads, and impact loading 
which results from floating debris. Higher water speeds and higher water depths in-
crease flood loads. Facilities located in river basins and near large water bodies may 
be subject to flood loads. This impact will become increasingly important. 

During summer extremes of summer dryness are projected for much of the globe. 
Those draughts must be considered by the plant managers especially for dimen-
sioning fire fighting water supply.  

                                            
55  Stock, M.: Klimawandel - Konsequenzen für die Siedlungsentwässerung?, DWA-Experten-

gespräch, Hennef/Sieg, 22. Februar 2006 
56  Hoyois, P., and D. Guha-Sapi: Disasters caused by flood: Preliminary data for a 30 year 

assessment of their occurrence and human impact. Health and Flood Risk Workshop: A Strategic 
Assessment of Adaptation Processes and Policies. Tyndall Centre for Climate Change Research, 
University of East Anglia, Norwich, 18-20July, 2004 
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6.4.2.2 Wind and Storm 

Evidence suggests that, since the 1970s, there have been substantial increases in 
the intensity and duration of tropical storms and hurricanes. Models project a general 
tendency for more intense but fewer storms outside the tropics. It is reported that 
major storm disasters have occurred in the last two decades. Cruz and Krausmann 
determine the damages in the oil and gas sector caused by extreme weather 
events.57 In the summer of 2005, Hurricanes Katrina and Rita were responsible for 
one of the worst disasters in U.S. history. They triggered more than 200 hazardous-
materials releases from industrial facilities and storage terminals along the coast. 

During hurricanes Katrina and Rita, power supplies were severe affected, as ap-
proximately 1,000,000 wooden poles and approximately 300 tower or steel poles 
collapsed due to wind forces.58 

 

 

Figure 15 : Tank Damage – Hurricane Katrina (Photo Courtesy of NOAA) 

 
Figure 16 : Electrical Transmission Tower – Hurricane Rita (Photo Courtesy of NIST) 

Other Hurricane e.g. Hugo, 1989 left also a mark of damages.  

                                            
57  Cruz, A.M.; Krausmann, E.: Vulnerability of the oil and gas sector to climate change and extreme 

weather events. Submitted to a Special Issue in the journal Climate Change, 2010  
58  American Society of Civil Engineers: Wind Loads for Petrochemical and Other Industrial Facilities. 

2011, ISBN 13: 978-0-7844-11108-3 
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Figure 17 : Petroleum Storage Tank – Hurricane Hugo (Photo Courtesy of NOAA) 

According to the general codes for the structural design of buildings a collapse of the 
building of must be avoided in order to safe human lives. Damages like cracks in  
walls or floors are tolerated as long as the building does not collapse. According to 
this general safety concepts the loads caused by wind and storm are considered in 
the different codes for the design of the supporting structure.  

However, the safety concept for buildings does not consider the requirements for a 
safety concept for installations and establishments of industrial plants. For example, 
cracks of pipelines with a release of hazardous substances cannot be tolerated.  

Furthermore, debris caused by wind and storm are not subjects of the design codes 
for the construction of industrial plants.59  

6.4.3 Extreme Weather Events 

Since the late 20th century, changes have been observed in the trends of some ex-
treme weather and climate events, e.g., heat waves. Human activities have, with 
varying degrees of confidence, contributed to some of these observed trends. Pro-
jections for the 21st century suggest continuing changes in trends for some extreme 
events. Solomon et al., for example, projected the following likely (greater than 66% 
probability, based on expert judgement) changes:  

• an increase in the areas affected by drought; 

• increased tropical cyclone activity; 

• an increased incidence of extreme high sea level (excluding tsunami). 

The IPCC (2007) states that in a warmer future climate, there will be an increased 
risk of more intense, more frequent and longer-lasting heat waves. The European 
heat wave of 2003 is an example of the type of extreme heat event lasting from sev-
eral days to over a week that is likely to become more common in a warmer future 
climate. A related aspect of temperature extremes is that there is likely to be a de-
crease in the daily (diurnal) temperature range in most regions. It is also likely that a 
warmer future climate would have fewer frost days (i.e., nights where the tempera-
ture dips below freezing).  

                                            
59  Krätzig, W.; Niemann, H.-J., Köppke, K.-E., Stock, M.: Vorkehrungen und Maßnahmen aufgrund 

der Gefahrenquellen Wind und Schnee unter Berücksichtigung des Klimawandels. (Prevention and 
Preparedness due to Hazards by Wind and Snow) Forschungsvorhaben des Umweltbundesamtes, 
Zwischenbericht 2012, unpublished. 
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In a warmer future climate, most Atmosphere-Ocean General Circulation Models 
project increased summer dryness and winter wetness in most parts of the northern 
middle and high latitudes. Summer dryness indicates a greater risk of drought. Along 
with the risk of drying, there is an increased chance of intense precipitation and 
flooding due to the greater water-holding capacity of a warmer atmosphere. This has 
already been observed and is projected to continue because in a warmer world, pre-
cipitation tends to be concentrated into more intense events, with longer periods of 
little precipitation in between. Therefore, intense and heavy downpours would be in-
terspersed with longer relatively dry periods. Another aspect of these projected 
changes is that wet extremes are projected to become more severe in many areas 
where mean precipitation is expected to increase, and dry extremes are projected to 
become more severe in areas where mean precipitation is projected to decrease. 

In concert with the results for increased extremes of intense precipitation, even if the 
wind strength of storms in a future climate did not change, there would be an in-
crease in extreme rainfall intensity. In particular, over northern hemisphere, an in-
crease in the likelihood of very wet winters is projected over much of central and 
northern Europe due to the increase in intense precipitation during storm events, 
suggesting an increased chance of flooding over Europe and other mid-latitude re-
gions due to more intense rainfall and snowfall events producing more runoff. Similar 
results apply for summer precipitation, with implications for more flooding in the Asian 
monsoon region and other tropical areas. The increased risk of floods in a number of 
major river basins in a future warmer climate has been related to an increase in river 
discharge with an increased risk of future intense storm-related precipitation events 
and flooding. Some of these changes would be extensions of trends already under-
way.  

Studies show that with increasing temperature tropical cyclones could become more 
severe, with greater wind speeds and more intense precipitation in future. There are 
indications that the average number of Category 4 and 5 hurricanes per year has in-
creased over the past 30 years. Some modelling studies have projected a decrease 
in the number of tropical cyclones globally due to the increased stability of the tropi-
cal troposphere in a warmer climate, characterised by fewer weak storms and greater 
numbers of intense storms. A number of modelling studies have also projected a 
general tendency for more intense but fewer storms outside the tropics, with a ten-
dency towards more extreme wind events and higher ocean waves in several regions 
in association with those deepened cyclones. Models also project a poleward shift of 
storm tracks in both hemispheres by several degrees of latitude. 

6.4.4 Other Natural Hazard Sources Affected by Climate Ch ange 

6.4.4.1 Earthquakes 

Earthquakes can damage industrial buildings, process equipment, storage tanks and 
pipelines containing hazardous materials possibly leading to the release of sub-
stances dangerous for the population and the environment. Furthermore, safety and 
mitigation measures that would normally be available to prevent or mitigate releases 
may not be operational due to power outages, loss of cooling- or fire-fighting water 
due to pipe breaks, or concurrent damage to safety systems and related equipment 
by the earthquake. Hazardous-materials releases in the form of oil spills, toxic gas 
releases, fires and explosions can result in off-site impacts to nearby communities 
imposing a further burden on the natural-disaster victims, hampering emergency re-
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sponse, contaminating the environment, and possibly resulting in liability costs that 
will greatly add to the economic losses suffered by a facility. Moreover, earthquakes 
usually have an extended impact radius, can trigger secondary hazard events such 
as tsunamis, landslides or dam breaks, and can lead to releases from multiple 
sources at one chemical facility or from several affected hazardous installations 
simultaneously. Domino effects, in which an accident in one installation triggers a 
secondary accident in the same or in one or more neighbouring establishments, also 
occur more frequently during Natech accidents. The possible impacts of earthquakes 
is presented in the case studies, which has been elaborated for this workshop. 

A numerical modelling study has demonstrated that seismicity increases during 
unloading, such as that due to the removal of ice.  

6.4.4.2 Oceans 

The role of the oceans in global warming is a complex one. The oceans serve as a 
sink for carbon dioxide, taking up much that would otherwise remain in the atmos-
phere, but increased levels of CO2 have led to ocean acidification.  

Furthermore, as the temperature of the oceans increases, they become less able to 
absorb excess CO2. The oceans have also acted as a sink in absorbing extra heat 
from the atmosphere. This extra heat has been added to the climate system due to 
the build-up of greenhouse gases. More than 90 percent of warming that occurred 
over 1960 - 2009 is estimated to have gone into the oceans.  

Global warming is projected to have a number of effects on the oceans. Ongoing ef-
fects include rising sea levels due to thermal expansion and melting of glaciers and 
ice sheets, and warming of the ocean surface, leading to increased temperature 
stratification. Other possible effects include large-scale changes in ocean circulation. 

A report from the U.S. Climate Change Science Program (CCSP 2007) found that 
overall the effects of climate change on the energy infrastructure in the United States 
might be categorized as modest. However, the report says that local and industry-
specific impacts could be large, especially in areas that may be prone to weather dis-
ruptions such as the U.S. Gulf Coast and Gulf of Mexico. Other low lying coastal 
areas are home to some of the world’s largest oil and gas facilities (e.g., Ras Tanura, 
Saudi  Arabia; Jamnagar, India; Jurong Island Refinery, Singapore; Rotterdam Re-
finery and major installations in the Niger Delta) leaving them exposed to coastal 
flooding and storm surge, rising sea-levels, and ground subsidence and erosion.60 
Sea level rise could make much of the existing infrastructure more prone to frequent 
or permanent inundation, and warmer temperatures are likely to increase costs of 
design, construction, maintenance and operations.   

6.4.5 Wildfires 

In some regions, changes in temperature and precipitation are projected to increase 
the frequency and severity of wild fire events.   

                                            

60  Paskal, C. (2009). The Vulnerability of Energy Infrastructure to Environmental Change.  Briefing 
Paper. A joint publication of Chatham House and Global Energy & Environment Strategic 
Ecosystem (EESE), EERG BP 2009/01, UK. <Retrieved 8 March 2010> 
http://www.chathamhouse.org.uk/research/eedp/papers/view/-/id/737/  
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6.4.6 Lighting 

Numerous studies indicate that lightning strikes are the natural hazard that most fre-
quently triggers accidents in processing and storage activities.61 Lightning interacts 
with industrial structures either by direct strike,  the build-up of the bound charge and 
secondary sparking or by the disruption of electrical control and safety systems (US 
Environmental Protection Agency 1997, American Petroleum Institute 2008).62   

Rasmussen analysed accident case histories in the industrial accident databases 
MHIDAS and FACTS and concluded that 61% of the accidents initiated by natural 
events at storage and processing activities were triggered by lightning strikes.63

 Light-
ning was also found to be the most frequent cause of failure in the set of storage tank 
accidents. Storage tanks containing flammable substances are of particular concern 
in the presence of lightning risk as they represent a fire or explosion hazard in the 
event of a lightning strike. Climate models show more lightning with less rainfall in the 
future.64   

6.4.7 Issues Requiring Further Discussion 

According to the international knowledge of the IPCC a climate change exist and can 
be observe since recent years.  

Projections of future trends of climate change based on scenarios of Greenhouse 
Gas Emissions. Different scenarios make different assumptions of future social and 
economic development (e.g., economic growth, population level, energy policies), 
which in turn affects projections of greenhouse gas (GHG) emissions. For the lowest 
emissions scenario, the best estimate for global mean temperature is an increase of 
1.8 °C (3.2 °F) by the end of the 21 st century. For the highest emissions scenario, the 
best estimate for global mean temperature increase is 4.0 °C (7.2 °F), with a "likely" 
range of 2.4–6.4 °C (4.3–11.5 °F).   

Besides the long-term global warming the climate change will influence intensity, fre-
quency, and occurrence of extreme events. Natural hazards to be considered by the 
facility operators will be influenced by the effects of the climate change. 

1. How can the impact of the climate change be considered by the plant opera-
tors in siting of new facilities and in the risk management? 

2. How can national strategies and measures for climate change adaption con-
sider the risk of Natechs? 

3. How to deal with uncertainty of climate change projections and estimations on 
consequences for natural hazards in that context? 

                                            
61  J.I. Chang, C.-C. Lin, A study of storage tank accidents, J. Loss Prev. 19 (2006) 51–59. 
62  United States Environmental Protection Agency, Lightning hazard to facilities handling flammable 

substances, EPA 550-F-97-002c, May 1997. 
63  K. Rasmussen, Natural events and accidents with hazardous materials, J. Hazard. Mater. 40 

(1995) 43–54. 
64  Price, P.: Thunderstorms, Lightning and Climate Change. 29th International Conference on 

Lightning Protection, 2008, Uppsala, Sweden 
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6.5 Session IV: Application of the Polluter-Pays-Pr inciple to Natechs 

6.5.1 Introduction 

Subject of Session IV are the OECD-Recommendations relevant for the liability of 
operators in case of Natechs. Main issue is how fare operators shall be held liable for 
the damage to persons, property and the environment due to causes of a Natech ac-
cording to the national legislation. In case of Natechs the OECD Recommendations 
allow an exemption from this liability and the conditions of this exemption shall be 
further defined. 

This does not address: 

1. Design or lay-out criteria for measures to prevent Natechs 

2. Criteria for the conception of mitigation measures in case of Natechs 

3. Insurance conditions like limitations concerning the severity of the natural im-
pact or the coverage  

4. Insurance of the damage of the operator’s facility in case of natural events. 

6.5.2 OECD Recommendations and UNECE Conventions 

The three OECD Recommendations of the Council related to the Polluter Pays Prin-
ciple (PPP)65,66,67 issued in 1972, 1974 and 1989 respectively are important Council 
Acts the OECD in the field of environmental policy. 

The 1972 Recommendation on Guiding Principles concerning International Economic 
Aspects of Environmental Policies lays out the elements of the Polluter Pays Princi-
ple, and also pioneers the environmental links to other important concepts, such as 
'harmonisation' and 'mutual acceptance'. The main idea contained in this Recom-
mendation was that polluters themselves should bear the cost of implementing envi-
ronmental protection measures that are decided by governments. 

The 1974 Recommendation on the Implementation of the Polluter Pays Principle 
clarifies the conditions under which 'aid' provided to polluters would be considered to 
be in violation of the PPP, and it reinforces the view that any aid related to pollution 
control costs should be strictly time-limited. One question that arises, however, is 
whether a polluter should pay for pollution damage (residual pollution) when he has 
taken all the measures introduced by public authorities. 

The 1989 Recommendation Concerning the Application of the Polluter Pays Principle 
to Accidental Pollution extends the PPP logic to the case of accidental pollution at 
hazardous installations. It is stated that "the polluter should bear the expenses of car-
rying out the pollution prevention and control measures introduced by public authori-
ties in member countries, to ensure that the environment is in an acceptable state".  

One exemption is  

                                            
65  OECD Recommendation (1972) on Guiding Principles Concerning International Economic Aspects 

of Environmental Policies [C(72)128] 
66  OECD Recommendation (1974) on the Implementation of the Polluter Pays Principle [C(74)223] 
67  OECD Recommendation (1989) Concerning the Application of the Polluter Pays Principle to 

Accidental Pollution [C(89)88] 
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"if the accidental pollution is caused by an event for which the operator clearly 
cannot be considered liable under national law, suc h as a serious natural dis-
aster that the operator cannot reasonably have fore seen" .  

This statement would need to be developed in order to provide more guidance on 
these issues to public and private stakeholders. 

The UNECE convention on the transboundary effects of industrial accidents (1992) 
addresses the issues of liability in its article 13 but includes no further guidance. 

More guidance includes the UNECE Protocol on civil liability and compensation for 
damage caused by the transboundary effects of industrial accidents on transbound-
ary Waters (2003) to the 1992 Convention on the protection and use of watercourses 
and international lakes and to the 1992 Convention on the transboundary effects of 
industrial accidents". Article 4 states in “Strict liability”, point 2b:  

1.  The operator shall be liable for the damage caused by an industrial accident. 

2.  No liability in accordance with this article sh all attach to the operator, if 
he or she proves that, despite there being in place  appropriate safety 
measures, the damage was: 

a) the result of an armed conflict, hostilities, civil war or insurrection;  

b) the result of a natural phenomenon of exceptiona l, inevitable, unforesee-
able and irresistible character; 

Like the OECD recommendations the last sentence would require further elaboration 
to describe clearly the (level of) liability of operators.  

Remarkable differences to the OECD Recommendations are: 

1. The OECD recommendations allow  the member countries to exempt  the op-
erator from his liability for damage by Natechs due to “exceptional events” and 
the UNECE Protocol recommends that no liability shall attach the operator 
in this case. 

2. The UNECE Protocol defines four criteria for the damage by Natechs due to 
“exceptional events”:  

a) exceptional (the natural event) 

b) inevitable (in the protocol linked with the natural event, but makes only 
sense as criteria of the Natech and the damage caused 

c) unforeseeable (the natural event but may be the Natech caused as well) 

d) irresistible (the natural event) 

3. The UNECE Protocol includes these four criteria in an enumeration i. e. only 
natural events, Natechs or damages due to Natechs are excluded that meet 
all four criteria . 

These four criteria can serve as a basis for further guidance for the exemption from 
liability in case of Natechs. 
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6.5.3 EU Environmental Liability – Directive 2004/35/EC 68 

This EC directive whose main objectives include the application of the "polluter pays" 
principle, establishes a common framework for liability with a view to preventing and 
remedying damage to animals, plants, natural habitats and water resources, and 
damage affecting the land. The liability scheme applies to certain specified occupa-
tional activities and to other activities in cases where the operator is at fault or negli-
gent. The public authorities are also responsible for ensuring that the operators re-
sponsible take or finance the necessary preventive or remedial measures them-
selves. 

The principle of liability applies to environmental damage and imminent threat of 
damage resulting from occupational activities, where it is possible to establish a 
causal link between the damage and the activity in question. 

The first liability scheme of the directive applies to the dangerous or potentially dan-
gerous occupational activities listed in Annex III to the Directive. These are i.a. in-
dustrial activities requiring a licence under the Directive on integrated pollution pre-
vention and control, installations producing dangerous chemical substances, waste 
management activities (including landfills and incinerators). Under this first scheme, 
the operator may be held responsible even if he is not at fault. 

The second liability scheme applies to all occupational activities other than those 
listed in Annex III to the Directive, but only where there is damage, or imminent threat 
of damage, to species or natural habitats protected by Community legislation. In this 
case, the operator will be held liable only if he is at fault or negligent. 

The Directive provides for a certain number of exemptions from environmental liabil-
ity. The liability scheme does not apply in the case of damage or imminent damage 
resulting from armed conflict, “natural disaster”, activities covered by the Treaty es-
tablishing the European Atomic Energy Community, national defence or international 
security activities or activities covered by the international conventions listed in An-
nex IV. 

The exemption in case of “natural disasters” is further defined in Article 4 of the di-
rective: 

“This Directive shall not cover environmental damage or an imminent threat of such 
damage caused by: 

a) … 

b) a natural phenomenon of exceptional , inevitable  and irresistible character.” 

The exemption in the EU Environmental liability – Directive bases on three of the four 
criteria in die UNECE protocol. Only the term “unforeseeable” is not included, but 
could be covered by the term “exceptional”.  

                                            
68  Directive 2004/35/EC of the European Parliament and of the Council of 21 April 2004 on 

environmental liability with regard to the prevention and remedying of environmental damage 
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6.5.4 Criteria for Relevant Natural Events and Natechs 

Two of the four criteria describe the characteristics of the natural event, one of them 
the character of the Natechs caused and one criteria can be applied to both.   

6.5.4.1 exceptional 

The word itself means “well above average or surpassing what is common or usual 
or expected”.  

In case of Natechs this can be interpreted as a natural hazard of low probability. For 
definition of the relevant probability qualitative and quantitative scales can be used. 

Probability 
stage E D C B A 

Qualitativ 
(only appli-

cable, on the 
basis of a 
sufficient 
number of 

cases) 

„possible 
event, but 
extreme less 
likely“ 

According to 
the actual 
state of 
knowledge not 
impossible, 
but did not 
occur world-
wide for a lot 
of years at a 
lot of sites or 
facilities 

„very less 
likely event“ 
Did happen 
under similar 
conditions, but 
prevention 
measures are 
implemented 
causing a 
significant 
reduction of 
probability of 
re-occurance 

„less likely 
event“ 
Did happen 
worldwide 
under similar 
conditions 
without im-
plementation 
of measures 
making sure a 
significant 
reduction of 
probability of 
re-occurance   

„likely event“ 

Did or could 
happen during 
the lifetime of 
a site or facil-
ity 

„common 
event“ 
Did or could 
happen during 
the lifetime of 
the site or 
facility despite 
corrective 
measures  

Quantitative 
(per year) 

 
    

Table 1:   Basing on: National Scale on the Probability of Major Accidents, for use in 
hazard analysis according to the French PCIG-decree of 29th September 
2005) 

In the context discussed here only the stages E and D seem to be compatible with 
the term “exceptional”. 

6.5.4.2 unforeseeable 

The term “unforeseeable” does not fit to any of the qualitative criteria in the table.  

If the term is applied to natural hazards it could be interpreted according the qualita-
tive criteria used for assessment of them as: “above the most intense event recorded 
under similar conditions (e.g. same location) or expected due change of conditions 
(e.g. change in land use, climate change)”.  

If the term is applied to Natechs it could be interpreted as: “event with effects above 
those regarded as possible according to scientific knowledge according”.  

10-5 10-4 10-3 10-2 
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6.5.4.3 irresistible 

This term describes natural events that are not able to be resisted i.e. events with an 
intensity not allowing to prevent a chemical accident or mitigate it´s consequence 
according to the state of the art. 

6.5.4.4 inevitable 

This term can describe Natechs that are unavoidable and the characterisation above 
could be applied as well i.e. a Natech not possible to prevent or mitigate it´s conse-
quences according to the state of the art.  

6.5.5 Issues Requiring Further Discussion 

The exemption from liability of operators in OECD Recommendations requires further 
guidance in case of Natechs.  

1. Should the criteria in the correspondent UNECE protocol should be used for 
this guidance?  

2. Should therefore be recommended that the OECD member countries allow 
only an exemption from liability of the operators for the damage caused by 
Natechs if a technical/chemical accident triggered by a natural hazard 
(Natech) was unforeseeable, irresistible and inevitable? 

3. Should the following definitions be used in this context? 

A Natech was unforeseeable if the underlying natural event had effects above those 
regarded as possible according to scientific knowledge, especially the effects of the 
natural event were above those of the most intense event recorded under similar 
conditions (e.g. same location) or expected due change of conditions (e.g. change in 
land use, climate change). 

A Natech was irresistible if the underlying natural event had an intensity not allowing 
to prevent the chemical accident or mitigate its consequences according to the state 
of the art. 

A Natech was inevitable if it was not possible to prevent the chemical accident or 
mitigate its consequences according to the state of the art. 
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6.6 Session V: International Cooperation 

International co-operation is required in Natech 

1. prevention and preparedness 

2. response. 

Some projects in international co-operation include all three aspects. 

Due to the experiences in recent years there are many international co-operations 
founded in different regions in the world. As examples only few can be presented in 
this paper. 

6.6.1 Baltic Sea Region 

The risks of contamination of the Baltic Sea have increased since the European Un-
ion has generated the borderless socioeconomic maritime region. Due to the growth 
from energy transportations and logistic highways many storage tanks, pipelines, 
liquid cargo terminals are in operation around and under the Baltic Sea. The Council 
of the Baltic Sea States (CBSS) intensifies the cooperation of countries and the dif-
ferent institution for civil security (Figure 18 ). 

Figure 18:  Member states and institutions involved in civil security in the Baltic Sea 
region 
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Figure 19  illustrates the assignments of the council in the field of civil and environ-
mental protection. 69 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 19: Assignments of the council in the field of civil and environmental protec-
tion 

As an example figure 20  shows the different pipelines in and around the Baltic Sea 
as a potential hazard source. Many plant and gas and oil storage tanks are involved 
in the pipe network. 

                                            
69  Hellenberg, T.: Intergovernmental cooperation for civil protection at the Baltic Sea region 

challenges and possibilities. Baltic Sea Seminar, 12 March 2008 
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Figure 20: Pipeline network in the Baltic Sea Area 

Table 2  summarizes the essential intergovernmental agreements to tackle cross-
border risk within the Baltic Sea Region.  

Table 2:  Essential intergovernmental agreements 
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6.6.2 Asian-Pac ific Region

Due to many natural disasters in the Asian
founded international or bi
agement.  Some of these activities are presented in the following chapters.

6.6.2.1 Pacific Tsunami Warning Center (PTWC)

Two tsunami warning centers (PTWC and WC/ATWC) have separate areas of re
sponsibility, which are the geographical areas within which each Center has the re
sponsibility for the dissemination of messages and the provision of interpretive infor
mation to emergency managers and other officials, news media, and the public. 
These are shown on the map below.

Figure 21:  Responsibilities of the 

As the primary operational headquarters for the Pacific 
PTWC provides warnings for Pacific basin tele
damage far away from their source) to almost every country around the Pacific rim 
and to most of the Pacific island states. This function is carried out under the aus
pices of the UNESCO/IOC 
Warning System. A few destructive tele
great earthquakes around the Pacific rim. Such 
entire Pacific in less than 24 hours, and cause widespread destruction along shore
lines located thousands of miles from the source. With ever
and development along most coastlines, there is a corresponding increase in risk. 

PTWC is the interim warning center to nations bordering the South China Sea 
(China, Macao, Hong Kong, T
pore, Thailand, Cambodia, Vietnam).

WC/ATWC is the primary warning 
United States mainland and Canada.

                                            
70 Quelle: http://ptwc.weather.gov/index.php
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Due to many natural disasters in the Asian-Pacific Region many countries have 
bilateral cooperation in risk monitoring and disaster man

agement.  Some of these activities are presented in the following chapters.
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sponsibility for the dissemination of messages and the provision of interpretive infor
mation to emergency managers and other officials, news media, and the public. 
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Responsibilities of the tsunami warning centres in Alaska and Hawaii

As the primary operational headquarters for the Pacific Tsunami 
PTWC provides warnings for Pacific basin tele-tsunamis (tsunami
damage far away from their source) to almost every country around the Pacific rim 
and to most of the Pacific island states. This function is carried out under the aus

 International Coordination Group for the Pacific 
Warning System. A few destructive tele-tsunamis are generated each century by 
great earthquakes around the Pacific rim. Such tsunamis can propagate across the 
entire Pacific in less than 24 hours, and cause widespread destruction along shore

thousands of miles from the source. With ever-increasing population 
and development along most coastlines, there is a corresponding increase in risk. 

PTWC is the interim warning center to nations bordering the South China Sea 
(China, Macao, Hong Kong, Taiwan, Philippines, Malaysia, Brunei, Indonesia, Singa
pore, Thailand, Cambodia, Vietnam). 

WC/ATWC is the primary warning centre for the western and eastern coasts of the 
United States mainland and Canada. 

    

http://ptwc.weather.gov/index.php  
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In the aftermath of the 1960 Chilean earthquake and tsunami which devastated 
Chile, killed dozens in Hawaiʻi and perhaps as many as 200 people in Japan, the na-
tions of the Pacific decided to coordinate efforts to prevent such loss of life from ever 
occurring again in the Pacific Basin due to destructive ocean-crossing tsunamis. Un-
der the auspices of the United Nations, the Intergovernmental Oceanographic Com-
mission (IOC) established the Intergovernmental Coordination Group for the Pacific 
Tsunami Warning System (ICG/PTWS) in 1968. The U.S. offered the Ewa Beach 
center as the operational headquarters for the Pacific Tsunami Warning System, and 
the facility was re named the Pacific Tsunami Warning Center. 

PTWC issued tsunami warnings to Alaska until 1967 when the West Coast & Alaska 
Tsunami Warning Center (WC/ATWC) was established in response to the 1964 
Alaskan earthquake and tsunami. In 1982, the WC/ATWC area of responsibility was 
enlarged to include the issuing of tsunami warnings to California, Oregon, Washing-
ton, and British Columbia for potential tsunamigenic earthquakes occurring in their 
coastal areas. PTWC continued to issue tsunami warnings to these areas for Pacific-
wide tsunamigenic sources until 1996 when that responsibility was also given to the 
WC/ATWC. 

Following the 1975 Kalapana earthquake and tsunami on Hawaiʻi's Big Island, PTWC 
began issuing official tsunami warnings to the state of Hawaiʻi for local earthquakes. 
In 2005, PTWC similarly began issuing local tsunami warnings to Puerto Rico and 
the U.S. Virgin Islands, but in June 2007 that area of responsibility passed to 
WC/ATWC. 

PTWC was re-dedicated on December 1, 2001 as the "Richard H. Hagemeyer Pacific 
Tsunami Warning Center" in honor of the former U.S. Tsunami Program Manager 
and National Weather Service Pacific Region Director who managed PTWC for many 
years. 

In the aftermath of the 2004 Indian Ocean tsunami, PTWC has taken on additional 
areas of responsibility including the Indian Ocean, South China Sea, Caribbean Sea, 
and Puerto Rico & U.S. Virgin Islands (until June 2007). PTWC's staff size has in-
creased from 8 to 15 as a result of the tsunami, and it now staffs the centre 24 hours 
a day every day. 

6.6.2.2 Asian Disaster Reduction Center 

The Asian Disaster Reduction Center was established in Kobe, Hyogo prefecture, in 
1998, with mission to enhance disaster resilience of the member countries, to build 
safe communities, and to create a society where sustainable development is possi-
ble. The Center works to build disaster resilient communities and to establish net-
works among countries through many programs including personnel exchanges in 
this field. 
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Figure 22 : Member Countries of the Asian Disaster Reduction Center 

The activities of ADRC can be summarized as follows: 

1. Provision of Information on the Latest Disasters, Disaster Preparedness of 
Member Countries, and Good Practices 

1. Promotion of GLIDE (Global unique disaster IDEntifier) 

2. Disaster Management Support System (Sentinel Asia Project) 

3. Organization of International Conferences 

The Sentinel Asia (SA)71 initiative was established in 2005 as an international 
cooperation between space agencies and disaster management agencies, applying 
remote sensing and Web-GIS technology to assist disaster management in the Asia-
Pacific region. A step-by-step approach for the SA implementation was adopted, and 
the first phase called Step 1 (2006-2007) has achieved its overall goals, demonstrat-
ing recent advancement in web-mapping technology and the ICT system. SA Step 1 
has served as a good demonstrator project to share disaster-related information ob-
tained by several Earth observation satellites on web based system including Web-
GIS.  

Now SA is in the second phase called Step 2 (2008-2012). SA Step 2 has applied the 
new ideas derived from the experience of SA Step 1 in order to broaden and 
strengthen the SA activities, such as the utilization of communication satellite 
‘Kizuna’, construction of data analysis framework in the user countries, etc.  

                                            
71  Kawai, M. et al.: Sentinel ASIA – International Cooperation for Disaster Management in the Asia-

Pacific- Region.  
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6.6.3 UNECE-Convention on the Transboundary Effects of In dustrial Acci-
dents 

Since the early 1990s the United Nations Economic Commission for Europe 
(UNECE) has concentrated its efforts on preventing industrial accidents and espe-
cially their transboundary effects in its region, which stretches from Canada and the 
United States in the west to the Russian Federation in the east. Its work led to the 
adoption of the Convention on the Transboundary Effects of Industrial Accidents. It 
was signed by 26 UN/ECE member countries and the European Union and entered 
into force on 19 April 2000.72 The Convention aims at protecting human beings and 
the environment against industrial accidents by preventing such accidents as far as 
possible, by reducing their frequency and severity and by mitigating their effects. It 
promotes active international cooperation between the contracting Parties, before, 
during and after an industrial accident. 

Article 2, paragraph 1 of the convention defines the scope of application as follows:  

Article 2.  Scope 

1.  This Convention shall apply to the prevention of, preparedness for and 
response to industrial accidents capable of causing transboundary effects, 
including the effects of such accidents caused by natural disasters, 
and to international cooperation concerning mutual assistance, research 
and development, exchange of information and exchange of technology in 
the area of prevention of, preparedness for and response to industrial 
accidents.  

Article 12 of the convention concerns the procedure of mutual assistance in case of 
an industrial accident:  

Article 12.  Mutual Assistance 

1. If a Party needs assistance in the event of an industrial accident, it may ask for 
assistance from other Parties, indicating the scope and type of assistance 
required.  A Party to whom a request for assistance is directed shall promptly 
decide and inform the requesting Party whether it is in a position to render the 
assistance required and indicate the scope and terms of the assistance that 
might be rendered.  

2. The Parties concerned shall cooperate to facilitate the prompt provision of 
assistance agreed to under paragraph 1 of this Article, including, where 
appropriate, action to minimize the consequences and effects of the industrial 
accident, and to provide general assistance. Where Parties do not have 
bilateral or multilateral agreements which cover their arrangements for 
providing mutual assistance, the assistance shall be rendered in accordance 
with Annex X hereto, unless the Parties agree otherwise. 

Details for the implementation of article 12 are given in Annex X of the UNECE-con-
vention 

1. The overall direction, control, coordination and supervision of the assistance is 
the responsibility of the requesting Party. The personnel involved in the 
assisting operation shall act in accordance with the relevant laws of the 

                                            
72 www.unece.org/env/teia/about.html 
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requesting Party. The appropriate authorities of the requesting Party shall 
cooperate with the authority designated by the assisting Party, pursuant to 
Article 17, as being in charge of the immediate operational supervision of the 
personnel and the equipment provided by the assisting Party.  

2. The requesting Party shall, to the extent of its capabilities, provide local fa-
cilities and services for the proper and effective administration of the as-
sistance, and shall ensure the protection of personnel, equipment and 
materials brought into its territory by, or on behalf of, the assisting Party for 
such a purpose.  

3. Unless otherwise agreed by the Parties concerned, assistance shall be pro-
vided at the expense of the requesting Party. The assisting Party may at any 
time waive wholly or partly the reimbursement of costs.  

4. The requesting Party shall use its best efforts to afford to the assisting Party 
and persons acting on its behalf the privileges, immunities or facilities 
necessary for the expeditious performance of their assistance functions.  The 
requesting Party shall not be required to apply this provision to its own 
nationals or permanent residents or to afford them the privileges and 
immunities referred to above.  

5. A Party shall, at the request of the requesting or assisting Party, endeavor to 
facilitate the transit through its territory of duly notified personnel, equipment 
and property involved in the assistance to and from the requesting Party.  

6. The requesting Party shall facilitate the entry into, stay in and departure from 
its national territory of duly notified personnel and of equipment and property 
involved in the assistance.  

7. With regard to acts resulting directly from the assistance provided, the re-
questing Party shall, in respect of the death of or injury to persons, damage to 
or loss of property, or damage to the environment caused within its territory in 
the course of the provision of the assistance requested, hold harmless and 
indemnify the assisting Party or persons acting on its behalf and compensate 
them for death or injury suffered by them and for loss of or damage to 
equipment or other property involved in the assistance. The requesting Party 
shall be responsible for dealing with claims brought by third parties against the 
assisting Party or persons acting on its behalf.  

8. The Parties concerned shall cooperate closely in order to facilitate the set-
tlement of legal proceedings and claims which could result from assistance 
operations.  

9. Any Party may request assistance relating to the medical treatment or the 
temporary relocation in the territory of another Party of persons involved in an 
accident.  

10. The affected or requesting Party may at any time, after appropriate consulta-
tions and by notification, request the termination of assistance received or 
provided under this Convention.  Once such a request has been made, the 
Parties concerned shall consult one another with a view to making 
arrangements for the proper termination of the assistance. 
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Besides this convention which includes industrial accidents explicitly the convention 
on the protection and use of transboundary watercourses and international lakes 
(1992)73 should be mentioned in this context. In this convention "Transboundary im-
pact" means any significant adverse effect on the environment resulting from a 
change in the conditions of transboundary waters caused by a human activity. Im-
pacts on the environment can be caused for example by hazardous substances 
which are toxic, carcinogenic, mutagenic, teratogenic or bio-accumulative, especially 
when they are persistent. So this convention refers to the water quality (surface wa-
ter, groundwater) but not directly to the reasons of water contamination e.g. industrial 
accidents.  

6.6.4 Issues Requiring Further Discussion 

1. How to improve the international co-operation in Natech prevention, prepared-
ness and response? 

2. Which role should play the OECD in that context? 

3. Are there gaps/shortcomings in the international emergency assistance for 
Natechs? 

4. Are there shortcomings in the application of the PPP in case of international 
assistance? 

5. Which support in international assistance could offer the private sector (e.g. as 
a part of Responsible Care)? 

                                            
73 http://www.unece.org/fileadmin/DAM/env/water/pdf/watercon.pdf 


