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STATISTICAL ANALYSIS OF NATURAL
DISASTERS DATA 

L. NAGY

ABSTRACTS. - Statistical analysis of natural disasters data. Shocking media 
images are broadcast daily about various acts of violence, natural and 
technological (man made) “disasters”. Television may present a single fallen tree 
as the outcome of large-scale storm damage. The capacity to compare the losses 
incurred by threats and disasters would help us clarify the comparison of common 
events. However, the variety of parameters used to describe various disasters and 
the lack of a uniform solution for comparing even the same type of natural hazard 
are problems. This comparison is difficult because the parameters used to describe 
the natural processes that trigger losses vary. The Beaufort or Nakajima scales of 
wind velocity are hardly if at all comparable with the Richter scale of the severity 
of earthquakes or flood levels. Frequently, the scales designed to capture the 
severity of a natural disaster are such that they themselves render comparison 
difficult, e.g. different earthquake scales. To resolve this problem, it is necessary 
to determine a clear cut set of parameters that render various natural threats of the 
same and different type comparable. 

Key words: natural hazards, hydrological disasters, risk calculation, return period, 
degree of damage. 

1. The occurrence of natural hazards

 Recognizing the challenge of the late 20th century, UNO declared the 
period between 1990 and 2000 the decade for natural disaster reduction. At present, 
there are more than 120 National Committees of the IDNDR. 
 Despite the growth of national IDNDR organizations and the continuous 
implementation of preventive measures, even countries such as the US, Japan or 
France have not reduced the level of losses incurred by natural hazards. On the 
contrary, the related damages have been growing steadily. This growing trend, 
which demonstrated itself particularly in the second half of the 20th century, can be 
traced back to the following causes: the explosive growth of earth population after 
World War II; the conquest of formerly uninhabited areas; dangerous processes 
triggered by human activity (rising ground water levels, marine erosion, seismic 
activity, etc.); the often inappropriate safety concept, targeting at mitigating the 
consequences of a natural disaster rather than its prevention.  
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The first priority associated with the reduction of natural disasters is 
prevention, but when a disaster hits, the response must be rapid and efficient. This 
statement is especially valid in respect of major natural disasters. 

The reduction of losses incurred by natural hazards should be based on the 
enforcement of holistic and economic aspects, and experience suggests that the 
costs of rehabilitating the damages inflicted by a harmful event are substantially 
higher than the costs of preventive measures.  

A local problem is manifested in a different manner in a small community, 
a village, a county, a region or at national or continental level. An avalanche 
sweeping away half of an Austrian village will not necessarily be covered by the 
news in a neighboring country. The group of people who act in fellowship and 
those who share the burden must be identified for a particular natural hazard. Our 
investigation focused on country level, except for a few countries of continent size, 
where the level was reduced. 

2. Data of past disasters

The analysis of past disasters contributes to the evaluation of natural 
hazards by orders of magnitude. To demonstrate the above, we offer an analysis of 
50 disasters in 1999.

In one year the number of victims reached about 62,000, estimated 
property damages are around 120 billion USD, while losses vary between wide 
extremes up to 15 billion USD, as the number of victims of one single event 
reached 20,000. The various disasters are practically impossible to compare. 
However, compatibility improves and the results reveal clear differences among 
the disasters once the figures are classified by an appropriate system.   

Let’s take for instance the well-known disasters of the 20th century (a total of 
250 events) in order of occurrence. It is rather difficult to judge which of the events 
were truly disastrous or extreme on the basis of the list only. Moreover, we have come 
across a typical problem of the historical data: it is extremely difficult to compare the 
losses incurred by disasters that hit in the early part of the century (not only because of 
the methodology of loss assessment but also by reason of missing information).  

Although historical evidence is likely to be incomplete, we seek to list the 
known natural disasters of the second millennium with a death tool over 20 thousand 
with reliance on 70 data items. These data would be impossible to compare even if lost 
information were available. The 20 million victims on the record most likely represent 
only a fraction of the death toll of natural disasters during the second millennium. 
Nevertheless it seems that the evaluation of the number of fatalities is the only method 
for comparing more remote natural disasters. 

An analysis of the disasters which have occurred in a given year, decade, 
century or the second millennium reveals certain principles. It is probable that the 
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longer the time-lap the greater the severity of known natural disasters, i.e. a data 
series spanning a thousand years will in all likelihood include a series of events of 
higher severity than a series of a hundred years. It seems certain that the severity of 
the consequences of natural disasters within a century outweight on average by 
magnitude the severity of the disasters within a decade. (And the series could be 
continued along the same lines, but emphasis is given to the phrase “on average”).  

3. The collection and analysis of historical data 

 Collecting historical data is a slow and cumbersome process, brings little 
reward and requires the resolution of countless contradictions. The gravest problem 
to overcome during the analysis of the severity of historical data is the lack of 
evidence and the conflict between various sources of literature. 
 Ranking data by a single parameter is suitable for the evaluation of the 
severity of natural disasters to a certain degree. 

3.1. Ranking Data by a Single Parameter 
Data may be ranked by the physical properties of a disaster (such as wind 

velocity, earthquake magnitude, etc.), by disaster date or even by its consequences 
(losses, number of people left homeless, number of people affected, etc.), but 
evaluating the consequences plays an important role in the comparison of natural 
disasters of different kind. Ranking produces an ordered data set of the events 
arranged by a certain parameter. Naturally, ranking by secondary or even tertiary 
aspects is also possible. 

A simple example of ranking the known natural disasters that occurred in 
the second millennium and demanded the lives of more than 20,000 reveals that the 
disasters with the largest death toll were major draughts that could occasionally 
take up to three million lives according to estimates. The fact that earthquakes and 
volcano eruptions are relatively well documented is a different aspect of our 
findings.

 3.2. Ranking Data by Two Parameters 
Cases that do not involve priority parameters lend themselves to ranking by 

multiple parameters. A comparison by two parameters (e.g. of earthquakes by 
magnitude and the losses incurred) can still be represented in the plane, but studies 
of a larger number of dimensions require complicated analysis and representation. 
Naturally, studies can only be performed if a sufficient amount of independent data 
is available and studies are hindered if the amount of data is limited. 

The aspects of ranking by two parameters may include the consequences of 
major disasters, the number of victims and the losses incurred. Notably, however, 
this method offers no solution for the representation of disasters that suffer from the 
lack of data and nothing else is known except the losses and the number of victims. 
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4. Comparing natural disasters 

How can one compare natural hazards? The solution involves two steps: 
 - The natural disaster must be measurable, i.e. we must have a common 
descriptor for all natural hazards.
 - A set of criteria must exist with respect to the size of the disaster to 
help decide the severity of the disaster at hand. Setting up such a set of criteria may 
be based on tradition or approved by legislation. 

Studies must take into account the relationship the population has with the 
events of nature (as well as its knowledge, customs, etc). 

Different natural disasters may be compared according to similar features. 
One must identify the shared features that are equally characteristic of each natural 
disaster. Each of these will have an adverse consequence or will relate to the losses 
incurred. The consequences of a disaster include but are not limited to the number 
of people left homeless, the number of injuries, the number of people affected, the 
death toll, the number of collapsed homes, plants and public buildings, etc., the 
number of damaged homes, plants and public buildings, etc., and the number of 
inundated homes, plants and public buildings, etc. 

Financial losses can be divided into quantifiable or non-quantifiable 
elements that vary with time and space. Determining losses is problematic in itself 
but studying past events may help. The important questions that arise while 
processing past events include:
   -The losses incurred by natural disasters used to be calculated in or 
converted into dollars. That is to say losses respond sensitively to the inflation of 
the dollar. To compare a loss in the early 20th century with one in the early 21st 
century one needs to take into account the course of inflation of the dollar through 
one hundred years. This factor will contribute to substantial differences with time 
horizons over one or two decades. 

-Conversion exposes incurred losses to the variance of the exchange rate of 
the dollar and national currencies. 

-Incurred losses depend heavily on the level of development of a country 
and the accumulation of wealth. It is not by chance that a natural disaster that 
would incur only financial losses in Europe would couple first of all with fatalities 
and atypical damage to property in an African country. 

-The capacity to respond to a disaster is also matched to the level of 
development of a country. Rapid response can reduce losses substantially. 

-Based on the above, it is important to consider the load bearing capacity of 
the site of the disaster. Losses of identical size are incurred in different ways in 
countries with low or high national income. The flood of 1999 caused a setback of 
20 years in the development of Venezuela, whilst the same would not have had a 
sizeable impact on development in the United States of America. 

The reliability of historical data cannot be emphasized enough. Naturally, the 
studies presented here are worth as much as the reliability of the fundamental data. 
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5. Evaluating major disasters 

Münchener Rück defines “major disasters” as natural disasters with an 
impact of a degree that the affected area is rendered helpless on its own and requires 
domestic or foreign support. This is the case when the death toll of the disaster is in 
excess of one thousand or the number of people left homeless surpasses 100,000 or if 
the economic losses are significant in relation to the economy of the country 
(depending on economic background). On average, the latter is supposed to involve 
economic losses over 1000 million US dollars. This approach could set the scene for 
the national and international definition of a major disaster, but it only considers the 
parties bearing the burden of the disaster tangentially.  

5.1. Comparing Major Disasters by Standardizing Data 
When comparing major disasters, it is important to consider the load 

bearing medium where the disaster hits, which includes the number of affected 
inhabitants and/or economic environment. Based on the foregoing, the size of the 
national income and the number of inhabitants may be taken into account when 
comparing the disasters.  

There is no direct match between the total population and the inhabitants hit 
by disaster in countries with large territory. This method helps smooth the difference 
between countries at various levels of development and population density.  

Analyzing the data referring to losses that have occurred in 1999 we can 
state that:

- Losses expressed as a percentage of GDP vary widely up to 230% 
- The biggest loss incurred in Venezuela was more than double the 

country’s GDP. Taking into account that governments can dispose of about 10% of 
the GDP in operating costs, the restoration of the damage incurred in Venezuela 
will require ten year’s worth of the country’s “freely” disposable national income. 

-The loss incurred by floods in Hungary in 1999 corresponded to about 
2.5% of GDP. 

- This method offers a good impression of the severity of natural disasters.  
On the basis of the fatality percentage occurring from disasters in 1999 we can 

state that: 
- The death rate was the highest in the Venezuela flood, where almost one 

out of a thousand inhabitants died in the disaster. 
- The threshold of tolerance specified for the death toll of a natural disaster 

is 0.000001 (10-6) of the population in several countries i.e. 10 out of every 1 
million inhabitants. If that occurs, the natural disaster is taken to be a major 
national disaster.

- This method of calculation also offers a good impression of the severity 
of natural disasters.  
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5.2. Devising a Set of Criteria 
The severity of a natural disaster may be evaluated in terms of its 

consequences by considering the number of fatalities as follows: 
- A natural disaster is taken to be a major national disaster if fatality rate 

surpasses the threshold value of 10-6. Disasters of smaller magnitude are normally 
manageable by employing domestic means. 

-A natural disaster is taken to be a major international disaster if fatality rate 
surpasses the threshold value of 10-5. In such a case humanitarian aid is 
unconditionally justified. 

- A natural disaster is taken to be a major global disaster if fatality rate 
surpasses the threshold value of 10-4. Loss management requires global cooperation. 

The severity of an event may be judged in terms of its percentage ratio of 
the incurred losses to gross domestic product as discussed below: 

- A natural disaster is taken to be a major national disaster if the losses 
incurred surpass 1.0% of GDP. Disasters of smaller magnitude are normally 
manageable by employing domestic means.  

- If the losses incurred in a natural disaster surpass 3-4% of the GDP of the 
country, the event is rated as extremely severe and requesting and granting 
international assistance are unconditionally justified. Such an event is understood to 
be a major international disaster. 

- A natural disaster is taken to be a major global disaster if the losses 
incurred surpass 6-10% of GDP. With disasters of this magnitude loss management 
requires global cooperation. 

Figure 1. Comparison of the standardized values by employing the process of 
ranking by two parameters
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5.3. Ranking Standardized Data by Two Parameters 

A comparison of the standardized values presented in Tables 5 and 6 by 
employing the process of ranking by two parameters as reflected in Figure 1 will 
provide us with more exact information on the size of various disasters (Figure 2). 
Such a comparison yields more accurate results about natural hazards, about the 
ratio of losses incurred to the economic potential of the parties bearing the burden 
and about the ratio of fatalities to the affected population. 

This evaluation also verifies the severity of the 1999 flood in Venezuela. 
Major variances are likely to manifest themselves in the case of load bearing 
entities with low GDP and/or small headcount, as exemplified by the volcano 
eruption on the island of Monserat. (Figure 2)  

This method of calculation offers the best impression of the severity of 
natural disasters.

Figure 2. Low GDP and/or small headcount, as exemplified by the volcano 
eruption on the island of Monserat. 

5.4. The Return Period of Major Natural Disasters 

Evaluations of past natural disasters frequently include descriptions of 
journalistic phrases suggesting that the event was “the most severe in the past 40 
years” or “the largest natural disaster of the past 100 years”. These descriptions, 
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often motivated by subjective judgment, tend to benevolently overestimate events 
by emphasizing a single parameter of the natural disaster to satisfy the media’s 
appetite for sensation and to focus the attention of the lay public. 

Accepting the definition of major disasters presented above, we get 
confronted with the question which of the major disasters qualifies as the largest or 
most severe in a year, a decade, a century or a millennium (or even in history). To 
be able to determine one needs to take into account that the subject matter at hand 
includes a variety of natural disasters in different areas. Global dimensions are 
studied based on the data, but note that dimensions of the size of a continent or a 
country would yield results that are inferior by one or even by several orders of 
magnitude.

What sort of order of valuation can match a series of data that can hardly if 
at all be called homogeneous and presents the following features: 

- As a result of systematic data collection during the past six years, the data 
relating to the 50 largest natural disasters (number of victims, losses incurred, or at 
least one of the two, but mostly both) are available.  

- The disasters of the preceding 100 years are known and the number of 
victims is mostly available, but loss value information, particularly from the early 
20th century is often compromised by uncertainty even if accurate figures have 
been found. 

- The events that occurred in the second millennium suffer from major 
gaps, not to mention the inaccuracy of the data.  

The homogeneity of the data series is also questionable because the 
gradual introduction of preventive measures over the past 150 years and especially 
during the most recent 30-40 year period and economic development led to 

- a reducing trend in the number of victims, and 
- a rising trend in loss size. 
Based on the above, we can declare that the available data support 

scientific processing and allow us to draw certain conclusions. To be able to do so, 
we have complemented Figure 1 with the major disasters of the 20th century 
(Figure 3). Please note that only 93 of the 250 data items in Table 2 regarding the 
20th century include both loss and fatality values, i.e. hardly more than the third of 
all the data can be evaluated from this perspective. Figure 3 indicates the cut-off 
lines recommended for the values of major disasters within temporal units of a 
single year, a decade, a century and a millennium. Calculations have revealed that 
the August flood of 2002 in Central Europe rightfully deserves to be called the 
largest disaster of the year, but fails to approximate the 10-year cut-off line, which 
is why it is a slight exaggeration to brand the flood as the disaster of the 
millennium even in terms of the continent only. There is no doubt whatsoever that 
the water level of the Danube reached substantial heights, but the flood crested 
almost two meters below the highest high water level recorded in the past for 
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Passau, Melk and Krems during the known flood of 1501. (The August 12-20 flood 
of 2002 claimed 37 human lives and incurred EUR 13.5 billion in damages. This 
horrendous amount, however, is divided among a number of countries, including 
ones with orbital economic potential, such as Germany.) 

Figure 3. The major disasters of the 20th century 

6. Evaluating disasters by risk calculation 

A discussion of risk requires the definition of a few fundamental terms. 
The words ‘hazard’, ‘risk’ and ‘probability’ are commonly used with closely 
associated meanings. There are many people, including journalists and politicians, 
who use these terms as synonyms, frequently to overcome linguistic difficulties or 
to avoid monotony in formulating a message. 

In general, ‘risk’ is interpreted to mean loss potential. A risk is the source 
of ‘hazard’. The members of society are not necessarily aware of imminent hazards 
and tend to overestimate some, whilst underestimating others. Frequently, persons 
who have been exposed to a certain hazard will interpret hazardous circumstances 
in a completely different way. Motivated by financial gain or other goals, some 
people volunteer to expose themselves to even major hazards (such as working in 
environments with an explosion hazard). The majority of society, however, can be 
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exposed to major hazards unwillingly (e.g. inhabitants of geographic zones hit by 
industrial accidents). 

There are facts to prove that the more people are aware of real hazards, the 
better the conditions are for preventing severe conflict and managing them 
democratically. 

Risk emanates from the exposure of objects, systems of living beings to 
hazards. Hence a risk is an adverse event that materializes in time and space. Risk 
is a value calculated from the expected likelihood of social, economic, ecological 
and mixed losses (damages) and adverse events materializing. 

A description of natural disasters with the losses incurred and the return 
period (or the likelihood of occurrence) amounts to the determination of the level 
of danger on the basis of hazard calculation. Hazard calculation is suitable for 
describing the size of natural disasters, because it involves both the return period of 
the measurable features of a disaster (technical, geological, meteorological, etc. 
data) and the consequences of a natural disaster, i.e. its economic aspects. In the 
case of a flood, for instance, the likelihood of water levels, the safety of the levees 
and potential losses. 

Every natural disaster lends itself to description by its return period (or its 
a associated likelihood of occurrence) in a given location. Determining the return 
period and the likelihood of an event materializing is a major challenge for 
technical experts. The likelihood of occurrence typical of a disaster can be 
identified for earthquakes as a function of magnitude, for winds in terms of wind 
velocity and for floods as a function of the water level of the river. What are the 
problems associated with identifying the return period:  

- Calculating the return period is rarely used as a method with wildfires, 
hail storms, droughts, heat waves and tsunamis, etc..  

- The likelihood of occurrence must be treated with caution, because it can 
at times be extremely inaccurate, which will modify the outcome. For instance, the 
flood on the middle section of the Tisza in 2000. Although the water level 
corresponded to a return period of 500 years, the return period of the discharge 
hardly reached one hundred years.  

- The return period of a single event may also vary with space. For 
instance, the precipitation and the level of discharge in small creeks leading to the 
1997 flood in Poland showed return periods of 1000 years, whilst the return cycle 
calculated for the Oder River at the recipient was only 100 years.  

- Although there is some inaccuracy involved with determining a return 
period due to the brevity of the available data series, such inaccuracies are also 
present in the definition of losses.  

- Researching and using historical data are extremely helpful for the 
estimation of return periods. For instance, the dates of eruptions of the Vesuvius 
(79 B.C., 1036, 1631, 1779, 1872, 1906 and 1944, each A.D.) serve as a good basis 
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for estimating the return period. (Nevertheless, the number of fatalities varied with 
each eruption, the lava followed different paths and the built-up areas around the 
mountain were also different in all probability.)  

The degree of damage (or loss) depends on the one hand on the intensity of 
the adverse event and on the vulnerability of the exposed object. The degree of 
vulnerability is specified normally for each source of hazard by applying 
empirically assumed formulae that express relationships between social, economic 
and ecological losses. The intensity of various sources of hazard can be derived 
from statistical data and simulation models. 

Risk calculations offer a tool to process actual past events and to simulate 
assumed future ones. Charting these calculations is known as risk mapping. (Nagy-
Tóth 2001, Nagy 2000) 

7. Summary 

The extraordinary character of natural disasters is known but the term is 
not defined. The simplest approach to classifying an event as extraordinary is 
looking at whether it deviates from what is customary. But a natural disaster 
interpreted as a technical term requires a more accurate approach and one that is 
based on technical footing. 

People normally conceive natural disasters as negative events, but there is 
no clear-cut definition to guide us about when to classify the materialization of a 
natural hazard as a disaster and when to call it an extraordinary event. Other terms 
are also not defined unambiguously, including the cases when event triggered by a 
natural hazard can be rated as extraordinary and which of these are ranked larger, 
etc. Without a clear cut definition of these terms it is simply a matter of journalism 
whether an event related to a natural hazard materializing is declared to be a 
disaster or an extraordinary event. 

The classification and comparison of disasters is unresolved. Various 
disasters end themselves to description in various ways and comparison is not 
necessarily self-evident even if the manifestations of one and the same type of 
natural disaster are compared. Various natural hazards should be comparable 
themselves and with each other. To facilitate that, the parameters along which 
comparisons are possible should be determined: 

- Natural disasters must therefore be measurable, 
- A set of criteria must be available regarding disaster size, and 
- We must take into account the population’s relationship with (knowledge 

about as well as its habits and skills concerning) natural events. 
Based on the above, the severity of the sources of natural hazards can be 

described in various ways, but a synthesis of these approaches drives us in a single 
direction towards the application of risk calculation. A comparison of disasters on 
the basis of risk calculation takes into account the features of various disasters as 
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well as the consequences. In the case of a flood, for instance, probable water levels, 
the safety of the flood control dikes and potential losses have to take into account. 
When determining risk size, two values must be specified simultaneously:  

- The size of the damage arising from an adverse event, and 
- The likelihood of the adverse event materializing 
Further studies are necessary before we can define either of these aspects. 
The terms of major national, international and global disaster have been 

defined from various aspects along with what is understood to be a major disaster 
of a year, a decade, a century and a millennium.  

REFERENCES 

1. Eikenberg, C. (2000), Journalisten-Handbuch zum Katastrophenmanagement.
Deutches Komitee für Katastrophenvorsorge. 

2. Munnich, Re (1997), Topics 1997, Topics 1999, Topics 2002.
3. Nagy, G.T. (2001), Naturkatastrophen. Fachbereichsarbeit aus Geographie und 

Wirtschaftskunde (manuscris). 
4. Nagy, L. (2001), Természeti veszélyek és kockázat. Vízügyi Közlemények, LXXXIII évf., 

3. füzet, pp. 565-580. 
5. Nagy, L., Tóth, S. (2001), Árvizek rendkívüliségének jellemzése. K+F témajelentés 

(manuscris). 
6. * * * (1998), Der Fischer Weltalmanach. Fischer Taschenbuch Verlag, Frankfurt am 

Main. 
7. * * * (1999), Natur Katastrophen, Die verheerendsten Unglücke des 20. Jahrhunderts.

Tosa Verlag, Wien. 
8. * * * (1999), Natur Katastrophen. Mayers Lexikonverlag und Focus Magazin-Verlag, 

München. 
9. * * * (2002), Der Fischer Weltalmanach. Fischer Taschenbuch Verlag, Frankfurt am 

Main. 


