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Abstract: This contribution aims to reveal patterns of research on natural hazards worldwide, based on
the analysis of the Clarivate Analytics Web of Science database. A set of 588,424 research items published
between 1900 and 2017 is analyzed, covering different types of natural hazards. Two categories
of natural hazards are distinguished in this study: (i) geological/geomorphic (earthquakes,
slope movements, erosion, volcanic activity, and others); and (ii) climatic/hydro-meteorological
(floods, storms, drought, hurricane, and others). General trends, the geographical focus, and the
involvement and cooperation between individual countries are revealed, pointing out certain patterns
(e.g., hotspots of research) and trends (e.g., changing publishing paradigm). Further, a global overview
of research on natural hazards is confronted with disastrous events, fatalities, and losses of MunichRE
and SwissRE global databases of natural disasters.

Keywords: natural hazards; disaster; scientometrics; bibliometrics; citation analysis; NatCatSERVICE;
Sigma Explorer

1. Introduction

Natural disasters claim lives and result in damages of billions of USD yearly [1,2]. Research on
various types of natural hazards is thus well-justified, especially in the context of changing conditions
(e.g., climatological [3]) and increasing population pressure and vulnerability globally (e.g., [4]).
Furthermore, the number of events and extent of damage caused by natural disasters are reported
to have gradually increased in the past decades [5]. While a worldwide overview of the occurrence
of different types of natural hazards and disasters is covered by numerous global [1,5], as well
as regional [6], databases, and some types of natural hazards have been the subject of previous
scientometrics studies (e.g., tsunamis [7,8], earthquakes [9,10], landslides [11,12], or lake outburst
floods [13]), the research on natural hazards and their geographies has not yet been mapped from the
global perspective.

Hence, the main objective of this work is to provide detailed insights into the research on different
types of natural hazards worldwide, specifically focusing on analyzing spatiotemporal patterns
(geographies) of research and selected scientometrical characteristics. The results of this study should
provide a comprehensive overview, focusing on both the scientific community and the practitioners.
Observed trends and patterns of research on natural hazards are put into the context of the number of
events and fatalities, as well as the extent of damage, caused by natural disasters worldwide.

2. Data and Methods

2.1. Web of Science Database, Classification of Natural Hazards, and Dataset Building

The Clarivate Analytics Web of Science (WOS) Core Collection database (www.webofknowledge.
com) covers more than 13,000 highly credible journals and numerous books, and includes over 100 mil.
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research items (articles, reviews, book chapters, etc.) for the period 1900-present [14]. The dataset
analyzed in this study was built in June 2018, using the classification scheme of natural hazards and
carefully designed search chains (see Table 1). The number of research items in the WOS database is
gradually increasing over time; however, since the analyzed period is 1900-2017, it is assumed that
the majority of journals and publishers have already released their 2017 and older publications to
the WOS.

Table 1. Classification of natural hazards used in this study (adapted from [15,16]), WOS search query

chains, and the number of research items found (June 2018). Note that numbers of research items

found for individual categories (climatic/hydro-meteorological; geological /geomorphic), as well as

for the total, do not correspond with the sum of research items found for individual types of natural

hazards, because some items are focusing on two or more types of natural hazards simultaneously

(multi-hazard items, see Section 3.1.2).

Categories (Bold) and Types of
Natural Hazards

WOS Advanced Search Query Chain *

Research Items Found

(1900-2017)

TS = ((flood *) OR (drought * OR (water scarcity)) OR

(hurricane * OR typhoon * OR cyclone *) OR (“sea level rise”

OR “rising sea level”) OR (wildfire *) OR (desertification)

Climatic/hydro-meteorological OR (tornado *) OR (“heat wave *” OR heatwave *) OR (dust 342,250
AND storm *) OR (TS = ((storm * OR (rainfall AND (extreme
OR heavy)))) NOT TS = dust)
- Flood (FL) TS = (flood *) 123,227
- * ;
- Storm (ST) TS = (storm * OR (rainfall AND (extreme OR heavy))) NOT 91,298
TS = (dust)
- Drought (DR) TS = (drought * OR (water scarcity)) 83,214
- Hurricane (HU) TS = (hurricane * OR typhoon * OR cyclone *) 42,097
- Sea level rise (SR) TS = (“sea level rise” OR “rising sea level”) 12,725
- Wildfire (WF) TS = (wildfire *) 11,086
- Desertification (DE) TS = (desertification) 5763
- Heat wave (HW) TS = (“heat wave *” OR heatwave *) 4903
- Tornado (TO) TS = (tornado *) 4384
- Dust storm (DS) TS = (dust AND storm *) 4264
TS = ((earthquake *) OR ((slope AND movement *) OR
landslide * OR avalanche * OR rockfall * OR rockslide * OR
Geological/geomorphic “debris flow *”) OR (erosion * AND (soil * OR rock * OR 273,459
water OR wind)) OR (volcan * AND (activ * OR eruption *
OR explos *)) OR (subsidence *) OR (tsunami *))
- Earthquakes (EQ) TS = (earthquake *) 109,123
~ TS = ((slope AND movement *) OR landslide * OR avalanche
Slope movements (SM) * OR rockfall * OR rockslide * OR “debris flow *”) 57,846
- Erosion (ER) TS = (erosion * AND (soil * OR rock * OR water OR wind)) 57,269
- Volcanic activity (VO) TS = (volcan * AND (activ * OR eruption * OR explos *)) 40,469
- Subsidence (SU) TS = (subsidence *) 21,777
- Tsunami (TS) TS = (tsunami *) 13,478
TS = ((earthquake *) OR ((slope AND movement *) OR
landslide * OR avalanche * OR rockfall * OR rockslide * OR
“debris flow *”) OR (erosion * AND (soil * OR rock * OR
water OR wind)) OR (volcan * AND (activ * OR eruption *
OR explos *)) OR (subsidence *) OR (tsunami *) OR (flood *)
TOTAL OR (drought * OR (water scarcity)) OR (hurricane * OR 588,424

typhoon * OR cyclone *) OR (“sea level rise” OR “rising sea
level”) OR (wildfire *) OR (desertification) OR (tornado *)
OR (“heat wave *” OR heatwave *) OR (dust AND storm *))
OR (TS = ((storm * OR (rainfall AND (extreme OR heavy))))
NOT TS = dust)

#TS = Topic; OR, AND, NOT are Boolean operators; * covers all words with given root (e.g., “flood*” covers “flood”,

“floods”, “flooding”, “flooded”, ... ).

Many classification schemes of natural hazards and disasters exist, reflecting different needs
and purposes. In line with the classification scheme of natural hazards presented by [15,16],
the term 'natural hazard’ in this study covers various types of events of two general categories:
(i) climatic/hydro-meteorological natural hazards; and (ii) geological /geomorphic natural hazards.
Biological hazards such as fungal, bacterial, and viral diseases and infestations or astronomical
(extraterrestrial) hazards are not the subject of this study.
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Various types of natural hazards are firstly classified according to the categories (see Table 1) and
secondly according to the number of research items found:

e Major types of natural hazards (over 40,000 research items found; four major types of
natural hazards for each of category—climatic/hydro-meteorological (FL, ST, DR, HU) and
geological /geomorphic (EQ, SM, ER, VO)).

e  Other types of natural hazards (between 4000 and 40,000 research items found; two other
types of geological and geomorphic natural hazards (SU, TS), six other types of climatic
hydro-meteorological hazards (SR, WE, DE, HW, TO, DS)). Other types of natural hazards are
grouped into one category for some of the analysis (CO, GO; see Section 2.2).

e Not considered types of natural hazards (natural hazards not reaching the threshold of
4000 research items at WOS (1900-2017) are not considered in this study). These are,
for example: shifting sand (TS = (shift * AND sand); 3127 research items), blizzard
and snowstorms (TS = (blizzard * OR snowstorm * OR (snow storm *)); 2704 research items),
hailstorms (TS = (hailstorm * OR (hail AND storm *)); 1289 research items), lahars (921 research
items), ... ).

It is obvious that the classification of some specific types of natural hazards (e.g., slope movements
covering many different types of processes) may be ambiguous, especially when considering links and
interactions (hazard chains) between individual types of natural hazards [17]. For example, debris
flows or avalanches might be classified both as geological/geomorphic hazards and hydrological
hazards, depending on the classification scheme used. Since it is not possible to further distinguish
these in detail, considering the scope and extent of this study, all diverse types of slope movements
are classified as geological/geomorphic hazards, referring to the traditional way of assigning all
gravitational processes into this category [15].

The final classification scheme of natural hazards used in this study is presented in Table 1. While
the WOS search query chains are easy to define for some types of natural hazards (e.g., subsidence),
others are more complicated, especially considering terminological richness (e.g., different types of
slope movements). Clearly, different search chains could lead to different results. To avoid (minimize)
potential distortion of obtained results, each of the search query chains was carefully designed to cover
a given type of natural hazard and checked with the most frequently represented WOS categories
for the fit with expected ones, such as geoscience multidisciplinary, water resources, meteorology
atmospheric sciences, geochemistry geophysics, geology, engineering geological, etc. The search query
chains were defined after several iterations in more complicated cases (e.g., volcanic activity).

2.2. Dataset Analysis

Using pre-defined search chains (see Section 2.1), a dataset consisting of 588,424 research items is
built and analyzed from various perspectives. Firstly, research on different types of natural hazards
in time is analyzed, focusing on the share of individual types of natural hazards and the comparison
between two categories—climatic/hydro-meteorological natural hazards and geological/geomorphic
natural hazards (see Section 3.1.1). Special attention is paid to the multi-hazard research items
focusing on more than one type of natural hazard. The overall share and the number of multi-hazard
studies between each of the two individual types of natural hazards are analyzed using the WOS
Advanced Search tool, based on a combined search among two sub-datasets (two types of natural
hazards), focusing on links between them and within/between general categories of natural hazards
(see Section 3.1.2).

Secondly, the geographical focus of research (defined by the name of the states and countries
in some specific cases such as United Kingdom) is analyzed using content analysis [18] of titles and
abstracts (see Section 3.2), revealing geographical hotspots of research on natural hazards. The numbers
of research items geographically focusing on individual countries are assigned manually, using the
WOS Advanced Search tool (see also [13]). Thirdly, the dataset is analyzed from the perspective of
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the country of researchers—affiliations (see Section 3.3), again using the WOS Results Analysis tool
(Countries/Regions bookmark). This tool is also used to analyze research on individual types of natural
hazards in the top 10 research countries, and to analyze the top 10 research countries for individual
types of natural hazards (see Section 3.3.1). Bilateral cooperation between the top 25 research countries
is analyzed in Section 3.3.2. The numbers of joint research items between two individual countries
(cooperation matrix) are assigned manually, using the WOS Advanced Search tool. The results are
visualized using the Network Visualization Tool of VOSviewer software version 1.6.9. [19] with the
following parameters: Scale 2.0 (weighted by total link strength), Label size variation 1.0, Line size
variation 0.7. Fourthly, the citations (see Section 3.4) are analyzed using the WOS Citation Report
tool. Since only up to 10,000 research items can be analyzed using this tool, natural hazard types with
more than 10,000 research items (see Table 1) had to be analyzed manually by parts. Selected impact
indicators [20] such as the H index [21] and 1100 index (number of research items within the dataset
with 100 or more citations) are obtained from the citation analysis.

2.3. Databases of Disasters

Two freely available global databases of natural disasters are used to compare the focus of
natural hazard studies with recorded events (see Section 4.1)/fatalities (see Section 4.2)/damages
(see Section 4.3). These are MunichRE NatCatSERVICE [1] and SwissRE Sigma Explorer [5]. Both
of these databases include information about damages and fatalities caused by individual types of
natural hazards. The NatCatSERVICE analyses tool is comprised of 935 catastrophic events and 17,320
relevant events (935 catastrophic events) for the period 1980-2017, while Sigma Explorer is comprised
of 5505 events for the period 1970-2018 (see Table 2). It is important to note that these databases
consist of only a specific subset of real events and geographical coverage, event-specific coverage may
differ in time, and total numbers of fatalities and damages caused are likely underestimated. It is thus
necessary to carefully interpret observed trends [22,23].

Table 2. Basic characteristics of two databases of natural disasters used in this study.

Database of Catastrophes

MunichRE NatCatSERVICE SwissRE Sigma Explorer
Geographical coverage global global
Time span 1980-2017 1970-2018
No. of events 17,320 relevant 5505
’ (935 catastrophes) (5421 for period 1970-2017)
Number of events, losses and Number of events (cumulative),
Data used fatalities by natural hazard types losses and fatalities by natural
and by years hazard types and by years
Link https: http:
/ /natcatservice.munichre.com/ / /www.sigma-explorer.com/
Reference [1] [5]

3. Results
3.1. Research on Different Types of Natural Hazards

3.1.1. General Trends

The overall number of research items has been increasing dramatically over time (see Figure 1),
reaching a total of 588,424 research items published (until 2017), of which floods, earthquakes, storms,
and droughts are the most frequently researched natural hazard types. While a total of 2307 research
items was published between 1900 and 1949 (0.4% of all), 30,720 research items (5.2% of all) were
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published between 1950 and 1989, and 94,068 between 1990 and 1999 (16.3% of all). Over half of all
research items have been published since 2010 (2010-2017). A comparable trend is observed in the
WOS category Physical Geography (half of all research items in this category published since 2009),
a not so strong increase is observed in WOS categories Environmental Sciences, Water Resources,
Multidisciplinary Geosciences, Meteorology & Atmospheric Sciences, and Geology (half of all research
items published since 2007, 2006, 2004, 2003, and 2001, respectively), and an even less strong increase in
the category Multidisciplinary Sciences (half of all research items published since 1994). These figures
indicate the prominent role and increasing interest of scientists in researching natural hazards in
recent years.

While the overall number of research items published has increased rapidly in past decades,
the ratio between research items focusing on the geological/geomorphic natural hazards and research
items focusing on the climatic/hydro-meteorological natural hazards has remained relatively stable
over time (see Figure 1). The research items focusing on climatic/hydro-meteorological natural
hazards dominated in all studied periods, with 51.4% in 1900-1949 to 57.9% in 2010-2017. Significant
differences, however, exist between individual countries (see Section 3.2).

The share of research items focusing on individual types of natural hazards is also relatively stable,
with marginal changes being detected since the 1990s (see also Figure 1). The most significant changes
in the whole studied period 1900-2017 are the decreasing share of research on earthquakes (from 30.4%
in 1900-1949 to 15.7% in 2010-2017) and of research on storms (from 23.1% in 1950-1969 to 12.5% in
2010-2017). The most significant increasing share is observed for droughts (from 6.7% in 1900-1949
to 14.1% in 2010-2017), slope movements (from 2.9% in 1900-1949 to 7.9% in 2010-2017), and other
climatic/hydro-meteorological natural hazards (from 3.7% in 1900-1949 to 7.2% in 2010-2017). A very
stable share is observed for floods (minimum 17.3% in 1900-1949, maximum 18.3% in 2000-2009).

2010-2017

2000-2009

3

1990-1999 Geological / geomorphic hazards:
- earthquakes

|

[  slope movements
1 erosion
L
(.

volcanic activity

7

57.9% 42.1% 54.5% 7 455% 52.3% 3
350,404 205,424 94,068

other types

Climatic / hydrometeorological
1900-1949 hazards:

-\
floods

1970-1989

1950-1969
7\ g

storms
drought

hurricanes
57.0% 7 43.0% 62.7%
26,717 4,003 2,307

|
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==
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Figure 1. The share of major types of natural hazards in different time periods. The numbers
show the total number of research items and the percentages show the share between research
items dealing with the geological/geomorphic natural hazards and research items dealing with the
climatic/hydro-meteorological natural hazards.

3.1.2. Multi-Hazard Research Items and Links Between Types of Natural Hazards

Obvious disproportion is observed between the sum of research items found for individual types
of natural hazards (n = 682,923) and the overall number of research items found in the WOS database
when using all individual search chains (see Table 1) simultaneously (n = 588,424), meaning that
94,499 research items found (16.1% of all) deal with two or more types of natural hazards (so called
multi-hazard research items). The share of multi-hazard research items on the number of research
items found for individual types of natural hazards varies from 14.5% (droughts), 17.0% (volcanic
activity), and 17.4% (earthquakes) to 37.5% (other climatic/hydro-meteorological hazards), 38.1%
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(erosion), and 42.5% (other geological/geomorphic hazards). Both climatic/hydro-meteorological
natural hazards and geological /geomorphic natural hazards are addressed in 26,013 research items
(i-e., 27.5% of all multi-hazard items).

It is further shown that the most significant links (>5% share of multi-hazard items on the total
of research items for the two given types of natural hazards) exist between storms and hurricanes
(research items, 7.9%), storms and other climatic/hydro-meteorological hazards (6.1%), earthquakes
and other geological/geomorphic hazards (5.8%), and storms and floods (5.2%; see Table 3). Table 3
also reveals stronger links between natural hazards of one category—climatic/hydro-meteorological
or geological/geomorphic (darker colors in the upper left and the lower right sector of the table).

Table 3. Number of multi-hazard research items (see the text for explanation) between individual
types of natural hazards (classes: < 999; 1000-2499; 2500-4999; > 5000) and the share of multi-hazard
research items on the total number of research items found for the two types of natural hazards
involved (classes: < 0.9%; 1.0-2.4%; 2.5-4.9%; > 5.0%). Increased number (share) of research items
between two types of natural hazards is indicated by a darker color. The last row shows the share of
multi-hazard research items within individual types of natural hazard. See Table 1 for the explanation
of abbreviations of natural hazard types.

Number of Multi-Hazard Research Items between Two Types of Natural Hazards

X EQ SM ER VO GO FL ST DR HU co

EQ X Sl 7>+ | 4189 EESEM 2657 1403 231 1742 581
X

SM 33 3035 1959 1898 1982 410 170 220 329

Share of ER 0.4 2.7 X 1307 2276 3451 2501 302 873 549

multi-hazard VO 2.9 2.0 14 X 1314 4829 4337 1245 576 3104

research items GO sl 25 14 2.6 X 2631 1593 301 1122 1490

between two FL 12 1.9 2.7 1.2 17 X 3865 3725
types of natural ST 0.7 1.6 2.9 0.3 1.2 X 3307

hazards [%] DR 0.1 0.2 0.9 0.1 0.3 32 1.9 X 792 2675

HU 1.2 0.9 0.6 0.3 1.5 24 0.6 X 1736
CcO 0.4 0.5 3.2 0.4 2.0 2.3 22 2.1 X

Share of multi-hazard
research items [%]

17.4 17.0 252 38.1 425 24.3 35.6 14.5 35.4 37.5

3.2. Geographical Focus of Research on Natural Hazards

Based on the search in abstracts and titles, geographical focus (defined by the name of the
country) can be assigned to 378,851 research items (64.4% of all). The research on natural hazards
has been performed in all 195 countries of the world, ranging from 82,525 research items focusing
on the USA to three research items focusing on Sao Tome and Principe, and Antigua and Barbuda
(see Figure 2). The USA are followed by China (31,403 research items), Japan (18,006 research items),
Australia (17,193 research items), and Canada (14,423 research items). In Europe, 11,980 research items
are focusing on Italy (6th worldwide), 9646 on the U.K. (8th worldwide), and 9329 on Spain
(10th worldwide). In Asia, China and Japan are followed by India (11,856 research items, 7th
worldwide), and in Latin America, Mexico (9331 research items, 9th worldwide) is followed by
Brazil (7101 research items, 12th worldwide). South Africa, with 3802 research items, is the most
researched African state (19th worldwide).

The apparent hotspot where only a limited amount of research on natural hazards is performed is
identified in Africa—a total of 24,800 research items (6.5% of all with assigned geographical focus) are
geographically focusing on Africa. Considering the number of inhabitants of individual countries [24]
with more than 1000 research items, the highest share of research items per 1000 inhabitants is
observed in Iceland (8.3 research items per 1000 inhabitants), New Zealand (1.8 research items per
1000 inhabitants), Mongolia and Australia (both 0.7 research items per 1000 inhabitants), and Norway
(0.5 research items per 1000 inhabitants), while 0.005 research items per 1000 inhabitants is observed
in Nigeria; 0.006 research items per 1000 inhabitants is observed in Nigeria; 0.009 research items per
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1000 inhabitants is observed in India; and 0.01 research items per 1000 inhabitants is observed in
Pakistan, Sudan, Bangladesh, Iraq, Indonesia, and Viet Nam.

Research items
focusing on
given country:

[ = 10,000
[ 5,000-9,999
2,500-4,999
[ 1.000-2,499
[] 500-999
[ ] =49

Figure 2. Geographical focus of research on natural hazards.

Considering the area of individual countries [25] with more than 1000 research items, it is observed
that the highest number of research items per km? is reached in Taiwan (0.180 research items/km?),
followed by Israel (0.066 research items/km?), The Netherlands (0.063 research items/km?),
and Switzerland (0.057 research items/km?). Naturally, the lowest number is observed in large
countries such as Russia (0.00018 research items/km?), Brazil (0.00083 research items/km?),
and Colombia (0.00087 research items/km?).

3.3. Research by the Countries of the Authors (Affiliations)

3.3.1. General Overview and Research in Top 10 Research Countries

The research on natural hazards is dominated by authors affiliated with institutions located
in the USA (177,671 research items (co-)authored, i.e., 30.2%), followed by authors affiliated with
institutions located in China (67,350 research items (co-)authored, i.e., 11.4%). Authors located in five
other countries (co-)authored over 30,000 research items for each country (England, Japan, Germany,
Italy, and France) and authors from three other countries (co-)authored over 20,000 research items
(Australia, Canada, and India). Altogether, the authors affiliated with the institutions located in these
top 10 natural hazard research countries (co-)authored 71.3% of all research items in the analyzed
dataset. Researchers from the top 25 research countries (12 from Europe, 7 from Asia, 4 from Americas,
and 2 from Australia) altogether (co-)authored 85.8% of all research items.

Significant differences exist between research on different types of natural hazards in the top
10 research countries. Figure 3 shows that research on climatic/hydro-meteorological natural hazards
dominates in the majority of countries (up to 69.2% share in case of Australia), while research on
geological /geomorphic natural hazards dominates in Italy (65.2%), Japan (65.1%), and France (51.8%).
The explanation for these differences might be related to the natural hazards affecting individual
countries, e.g., increased share of research on earthquakes in Japan (40.7% compared to world’s average
18.5%) or increased share of research on slope movements in Italy (18.2% compared to world’s average
9.8%; see also Section 4.1). An increased share of research on droughts is observed in India and
Australia (21.6% and 20.5%, respectively, compared to world’s average of 14.1%).
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Figure 3. The share of major types of natural hazards among the top 10 research countries. The numbers
show the total number of research items and the percentages show the share between research
items dealing with the geological/geomorphic natural hazards and research items dealing with the
climatic/hydro-meteorological natural hazards.

Considering the GDP of the top 10 research countries [26], it is observed that nine of them are
at the same time ranked among the countries with the highest GDP (the only exception is Australia,
which is ranked 13th, while Brazil is ranked 8th). The ratio between the number of inhabitants [24]
of individual countries with reference to the world’s population and the share of research items
(co-)authored shows that researchers from the USA (co-)authored 30.2% of research items while the
population of the country is only 4.3% of the world’s population. An even more extreme ratio is
observed in Australia with 4.7% research items (co-)authored and 0.3% of population, England (6.5% of
research items (co-)authored and 0.7% of population), and Canada (4.7%; 0.5%). On the other hand,
researchers from China (co-)authored 11.4% of research items while the population of the country is
18.1% of world’s population. Researchers from India (co)-authored 3.5% of research items while the
population of the country is 17.3% of the world’s population. The research performance of individual
countries is thus highly unbalanced.

From the global perspective, the research on individual types of natural hazards is in all cases
dominated by researchers from the USA, followed by researchers from China, with the exception
of research on volcanic activity, where Italy is ranked second (see Table 4). Spain is ranked 5th for
research on droughts, 7th for research on other climatic/hydro-meteorological hazards, 8th for erosion,
and 10th for research on slope movements; Taiwan is ranked as 6th for research on hurricanes; Russia
is ranked 9th for research on volcanic activity and 10th for research on earthquakes; Switzerland is
ranked 9th for research on slope movements; and The Netherlands is ranked 10th for research on
erosion, as well as climatic/hydro-meteorological hazards.
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Table 4. Top 10 research countries for individual types of natural hazard (see Table 1 for abbreviations).
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3.3.2. Cooperation between Countries

The majority of research items are written by the author(s) from one country and only slightly
above one fourth of all research items (27.3%) are characterized as international research items.
Significant differences, however, exist between individual countries. Among the top 25 research
countries, the higher share of international research items is observed in Scandinavian countries
(Sweden, Norway), Switzerland, Scotland, and The Netherlands, while the lower share is observed in
India, China, the USA, Iran, and Japan.

Two clusters of bi-lateral cooperation are identified (see Figure 4)—European (leading countries
England, Germany, France, Italy) and circum-Pacific (leading countries USA, China, Canada, Australia,
Japan). Considering the amount of joint research items between two countries, the most intense
scientific cooperation exists between the USA and China (8642 joint research items), the USA and
England (6343 joint research items), and the USA and Canada (5750 joint research items). Additionally,
3000+ joint research items exist between the USA and Germany, the USA and France, the USA and
Australia, the USA and Japan, and the USA and Italy.

Considering the share of joint research items between two countries on the total number of research
items of these two countries, the highest share of joint research items exists between Switzerland and
Germany (4.5%; 2010 joint research items), England and Scotland (4.5%; 1999 joint research items), and
England and Germany (3.9%; 2760 joint research items). More than 3.0% of joint research items further
exist between several often neighboring countries, such as Germany and France, Italy and France,
England and France, Switzerland and France, the USA and China, Germany and The Netherlands,
Spain and Italy, Norway and Sweden, and Spain and France (see Figure 4).
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Figure 4. Cooperation between top 25 research countries. Part (A) shows absolute number of joint
research items between two countries (varying from 9 to 8642); part (B) shows relative share of joint
research items between two countries on the total number of research items of these two countries
(varying from 0.06% to 4.5%). Two apparent clusters are distinguished (see the text).
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3.4. Citations

A total of 588,424 research items analyzed have obtained 9996,579 citations (1900-2017), resulting
in an average of 17.0 citations per item (in 8/2018). The H index of the whole dataset is 561 and the
1100 index is 17,414 (see Table 5). A clear relationship exists between the number of research items and
citations obtained:

Ct=15.6 -1t + 59,147 (R% =0.95) 1)

where Ct is the total of citations obtained by an individual type of natural hazard and It is the total
number of research items for a given natural hazard. A comparison of average citations per item
between climatic/hydro-meteorological natural hazards and geological/geomorphic natural hazards
shows a slightly higher average of climatic/hydro-meteorological natural hazards (17.2 vs. 16.7
citations per item). Average citations per item, however, significantly vary among individual types
of natural hazards from 9.9 citations per item (tornado) and 11.6 citations per item (tsunami) to 23.9
citations per item (volcanic activity) and 24.8 citations per item (heat wave).

Table 5. Total number of citations obtained by research items of individual types of natural hazards,
average citations per item, H index, and 1100 index (in August 2018).

Categories and Types of Research Items Citations (Total) Citations/Item H Index 1100 Index
Natural Hazards Found (1900-2017) (1900-2017) (8/2018) (8/2018)

Climatic/hydro-meteorological 342,250 5,884,967 17.2 494 10,603
- Flood (FL) 123,227 1,868,551 15.1 313 3161
- Storm (ST) 91,298 1,501,880 16.5 301 2658
- Drought (DR) 83,214 1,719,385 20.7 354 3478
- Hurricane (HU) 42,097 621,611 14.8 224 1058
- Sea level rise (SR) 12,725 290,771 229 194 595

- Wildfire (WF) 11,086 222,717 20.1 160 417

- Desertification (DE) 5763 102,177 17.7 131 209

- Heatwave (HW) 4903 108,654 24.8 141 247

- Tornado (TO) 4384 48,623 9.9 87 67

- Dust storm (DS) 4264 100,621 23.6 128 194
Geological/geomorphic 273,459 4,573,732 16.7 414 7684
- Earthquakes (EQ) 109,123 1,530,718 14.0 294 2587
- Slope movements (SM) 57,846 866,888 15.0 243 1420
- Erosion (ER) 57,269 1,081,608 18.9 264 1824
- Volcanic activity (VO) 40,469 968,054 23.9 255 1794
- Subsidence (SU) 21,777 413,471 189 184 659

- Tsunami (TS) 13,478 156,268 11.6 128 228
TOTAL 588,424 9,996,579 17.0 561 17,414

The highest H index (354) is observed for drought, which is ranked 4th in terms of the total
number of research items, but 2nd in the total number of citations obtained (see Table 5). A logarithmic
relationship is observed between H indexes and the total number of research items of a given type of
natural hazard (It), and total number of citations obtained (Ct):

Hider = 61.9 - Inlt-412.6  (R? = 0.89) @)

Hipgey = 64.4 - InCt-621.9 (R = 0.95) (3)

where Ct is the total number of citations obtained by an individual type of natural hazard and It is
the total number of research items of a given natural hazard. The i100 indexes are proportionally
related (linear relationship) to the amount of research items focusing on individual types of natural
hazards (Pearson coefficient 0.996) and to the total of citations obtained by them (Pearson coefficient
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0.999). The relationships between the number of items published and citations obtained (H indexes;
Equations (1)—(3)) are in line with [27] and recent observations of [28].

4. Discussion: Research on Natural Hazards and Reported Disasters—Global Overview

4.1. Research on Natural Hazards and Their Occurrence in Time

The occurrence of natural hazards based on MunichRE NatCatSERVICE data [1] in the period
1980-2017 indicates an increasing number of reported events (a total of 17,320 events, of which
1532 (8.8%) are classified as geological/geomorphic natural hazards). These figures provide an
average of 194 research items published in the WOS database per one geological/geomorphic
event in the NatCatSERVICE database and an average of 24 research items published in the WOS
database per one climatic/hydro-meteorological event in the NatCatSERVICE database. Specifics
of the database building (especially classification scheme and the definition of disasters; see also
Section 2.3), however, need to be considered carefully when interpreting these observations (see [22,23]).
While the cumulative number of reported events exhibits an increasing linear trend for both
climatic/hydro-meteorological and geological /geomorphic natural hazards, a rather exponential trend
is observed for the increasing number of research items published (see Figure 5). This exponential trend
could be explained as a result of the increasing interest of the research community in natural hazard
science (see also the comparison in Section 3.1.1) or as a result of a generally changing publishing
paradigm (see also [13]), as well as possible other motivation for research on natural hazards, such
as changing strategic natural hazards-/disasters-related policies [29,30] and/or research funding
priorities [31,32].

Events / year Events Researchitems Research items

(columns) cummulative  published / year published (cum.)
(dashed lines)  (solid lines) (dotted lines)

18000 36000 450000
16000 32000 400000
% 14000 28000 350000
12000 24000 300000
10000 20000 250000
8000 16000 200000
6000 12000 150000
4000 8000 100000
2000 4000 50000

0 0 0

== climatic / hydrometeorological natural hazards
geological / geomorphic natural hazards

Figure 5. Research on natural hazards and the occurrence of natural hazards in 1980-2017 (number of
events based on [1]).

4.2. Research on Natural Hazards and Fatalities Caused

Fatalities caused by natural hazards in both global databases [1,5] significantly vary yearly,
reflecting the occurrence of major disasters (e.g., major earthquakes, tsunamis, and floods; see Figure 6).
Furthermore, the cumulative number of fatalities caused by natural hazards is increasing with a
rather linear trend interrupted by episodic imprints of major disasters, such as the 2004 Indian Ocean
earthquake and tsunami, or the 2010 Haiti earthquake. A total of 1,723,648 fatalities are attributed to
disasters in the period 1980-2017 (of which 848,437, i.e., 49.2% to geological /geomorphic ones [1]).
A total of 2,530,566 fatalities are observed for the period 1970-2017 (of which 1,356,146; i.e., 53.6% are
attributed to geological /geomorphic hazards [5]). Some of the major disasters are also recognizable in
research on natural hazards, clearly not only motivated by the number of fatalities caused. An example
is again the 2004 disaster, which led to the increase of research items on tsunamis, from 154 research
items published in 2004 to 624 research items published in 2005 (+305%).
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Figure 6. Research on geological/geomorphic and climatic/hydro-meteorological natural hazards and
fatalities caused (fatalities estimations based on [1,5]).

4.3. Research on Natural Hazards and Losses Caused by Natural Hazards

Both NatCatSERVICE [1] and Sigma Explorer [5] report increasing extents of damage caused by
natural disasters yearly, apparently reflecting changing conditions (e.g., [3]), increasing population
pressure and vulnerability globally [4], as well as possible inconsistencies in disaster databases on a
global level [22,23] (see also Section 2.3). Overall losses caused by natural disasters were estimated
to be 4614 billion USD in the period 1980-2017 [1] and 4697 billion USD in the period 1970-2017 [5].
The share of geological /geomorphic disasters varies from 20.3% to 25.9% among the two different
databases used. While major disasters are capable of significantly influencing the overall statistics of
losses (especially in case of geological/geomorphic disasters), the amount of research items published
does not clearly reflect them on a scale of natural hazard categories (see Figure 7). Imprints of
large disasters are, however, recognizable on a scale of individual types of natural hazards (see [10]).
The 2008 Wenchuan earthquake (the second costliest geological /geomorphic disaster in the database)
caused an increase in research on earthquakes (from 3952 research items published in 2008 to 4743
research items published in 2009), as well as slope movements (from 2470 research items published in
2008 to 2868 research items published in 2009).
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Figure 7. Research on geological/geomorphic and climatic/hydro-meteorological natural hazards and
losses caused (losses estimations based on [1,5]).

5. Conclusions

This study provides insight into the global characteristics of research on natural hazards from the
perspective of scientometry and the view of geography. Key findings of this study can be summarized
as follows:

e Research on climatic/hydro-meteorological hazards is prevailing over the research on
geological/geomorphic hazards globally (55.8%/44.2%), while significant differences exist
between individual countries, reflecting the main types of natural hazards affecting
these countries.

e  The total amount of research items published is increasing exponentially for all types of natural
hazards, with over the half of all research items published in 2010-2017 (analyzed period
1900-2017).

e In terms of the total number of research items published, leading hazards are floods, earthquakes,
storms, and droughts; the share of individual types of natural hazards in research on natural
hazards is rather stable over time.

e Research on all types of natural hazards is dominated by researchers from the USA, followed
by researchers from China; the list of top 10 research countries for individual types of natural
hazards further includes England, Japan, Germany, Italy, France, Australia, Canada, India, Spain,
Taiwan, Russia, Switzerland, and The Netherlands.

e The majority of research items are written by the author(s) from one country; strong
cooperation in natural hazard research exists between the top 10 research countries and
geographically neighboring countries; two clusters of cooperation in natural hazard research are
revealed—European and circum-Pacific.

e The analysis of geographical focus reveals hotspots of natural hazards research (USA, China,
Japan, Australia, Canada, Italy, India; > 10,000 research items focusing on each country), as well
as hotspots of a limited amount of research on natural hazards in Africa and Central Asia.
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Research on heat waves and volcanic activity obtained the highest average number of citations per
research item (24.8 and 23.9 citations/item), while research on tornadoes and tsunamis yielded
the lowest (9.9 and 11.6 citations/item).

The exponentially increasing amount of published research items does not correspond with the
number of events reported, or fatalities or losses claimed (linear increasing trend; based on two
global databases of natural disasters), rather indicating a changing paradigm in publishing in
natural hazard science and/or possible other motivation for research on natural hazards (changing
policies, funding priorities).

The share of research on climatic/hydro-meteorological hazards and geological /geomorphic
hazards roughly corresponds to the share on the total number of fatalities claimed, but not
damages caused globally (dominance of climatic/hydro-meteorological disasters).

Major disasters such as the 2004 Indian Ocean tsunami or 2008 Wenchuan earthquake are capable
of imprinting into the global statistics of research on individual types of natural hazards.
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