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Introduction
This paper focuses on the existential threat of natural hazards. History and recent
experience tell us that the most constant, and predictable, hazard in Europe is that of
widespread flooding with storms, often with hurricane force winds, slamming the
coastal area and causing flooding inland as well.
The modern world is seemingly plagued with the scourges of the Old Testament:
earthquakes, floods, tsunamis, volcanoes, hurricanes and cyclones, wildfires,
avalanches and landslides. Hundreds of thousands, if not millions, have perished
globally in natural hazards, falling victim to extreme forces of nature.
None of these perils are new to civilization. Both the Gilgamesh Epic1 and the Old
Testament talk of epic floods.2 The Egyptians faced ten plagues. The Minoans,
Greeks, Romans, Byzantines, and Ottomans experienced earthquakes, tsunamis,
volcanic eruptions, and pestilence. A cyclone destroyed Kublai Khan’s invasion fleet
of Japan on August 15, 1281. A massive earthquake in Shaanxi Province, China on
January 23, 1556 is estimated to have killed 830,000 persons.
A discussion of extreme hazards often involves a common misconception of 100 year
floods, 500 year floods, 200 year returns, and similar periods. A mistaken belief is
that a “100 year” flood only occurs once a century. The measurement period is a
statistical average over an extended period of time. It is not a means of forecasting. It
means that on average a storm of that magnitude will occur once in a hundred years,
but these storms could be back to back. For example, the German city of Grimma was
flooded in 2002 and 2013. Both events were “100 year” floods.3
“Extreme” natural hazards have always been with us. They are “extreme” for four
reasons; they are often unforeseeable, frequently unavoidable, and perhaps only
partially controllable.
The fourth reason is that they become extreme when they affect people. Nature has
always had extreme forces, but little notice is taken of them until they substantially
impact people. A major earthquake two centuries ago in the United States illustrates
this reality.
The New Madrid Fault set off three earthquakes, centered in Arkansas, between
December 1811 and February 1812. The earthquakes were so intense as to set off
church bells on the East Coast over 1,000 miles away. The damages today would be
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astronomical, but the vast area was sparsely populated without major structures in the
early 1800’s.4
Two natural disasters in the 17th Century during The Age of Enlightenment set the
stage for discussing today’s natural hazards risks both in Europe. The first, the Great
London Flood of 1703, was of meteorological origin. The second, the Great Lisbon
Earthquake of 1755, was of geological origin. The earthquake and its ensuing tsunami
and firestorm affected large areas of Europe and North Africa as well as reaching the
New World.
The Great Lisbon Earthquake of 1755
Rousseau recognized the development and population hazards reality after the Great
Lisbon Earthquake. The earthquake, estimated to be 8.5 on the Richter scale,5 was
followed by a fire and tsunami. Much of the city was destroyed by this horrific trifecta
of perils with an estimated 60,000 fatalities.6 Most of the city’s churches were
destroyed on All Saints Day, giving rise to the claim that the earthquake was an Act
of God.7 Portugal’s Prime Minister, the Marquis of Pombal, ordered a study of the
tragedy, thus starting the field of seismology.
The great Voltaire8 joined those who claimed it was an Act of God. The equally great
Rousseau disagreed. Rousseau wrote to Voltaire” that it was hardly nature who
assembled there twenty thousand houses with 6 or 7 stories. If the inhabitants of this
large city had been more evenly dispersed and less densely housed, the losses would
have been fewer or perhaps none at all.”9
Natural disasters occur on built environments. Rousseau was prescient. Extreme
natural hazards are only extreme when they involve great losses in lives or property.
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The Great Lisbon Earthquake is an example of the global interconnectivity of nations
when struck by the forces of nature. Natural forces do not respect artificial political
boundaries.10
Large populations are concentrated in a relatively small land mass in Europe. Natural
hazards are thereby likely to affect several nations. This table11 of the populations,
geographic sizes, and per capita densities of Northern Europe, Southern Europe, and
Western Europe, compared to Saudi Arabia, show the great risk to Europe from
natural disasters.
Area
Northern Europe12
Southern Europe13
Western Europe14
Saudi Arabia15

Population

Square Miles (sm)

Per Capita Population

102,911,380
152,163,420
191,303,129

656,765
500,005
418,959

157/sm
304/sm
458/sm

32,642,000

827,751

39/sm

We see in Northern, Southern, and Western Europe about three dozen countries, many
small, on a relatively small land mass. Thus, a meteorological or geological hazard
poses a great threat to a large number of countries.
By way of contrast, a similar threat in Russia, Canada, the United States, China,
Brazil, Australia or India might be confined within the country’s boundaries, although
affecting many states or provinces within the country.

10

John Donne wrote in Devotions upon Emergent Occasions, Meditations XVII:
“No man is an island entire of itself; every man
is a piece of the continent, a part of the main;
If a clod be washed away by the sea, Europe
Is the less, as well as if a promontory were, as
well as any manner of thy friends or of thine
own were; any man’s death diminishes me,
because I am involved in mankind.
And therefore never send to know for whom
the bell tolls; it tolls for thee.”
11
The figures for the table come from the Worldometer, which updates the population figures on a
continuous basis. I am using their fixed numbers from July 1, 2016.
12
http://www.worldometers.info/world-population/northern-europe-population/. The countries
included in Northern Europe are Estonia, Denmark, Finland, Iceland, Ireland, Latvia, Lithuania,
Norway, Sweden, and the United Kingdom as well as the Channel Islands, Faroe Islands, and the Isle
of Man.
13
http://www.worldometers.info/world-population/southern-europe-population/. Southern Europe
includes Albania, Andorra, Bosnia & Herzegovina, Croatia, Greece, Italy, Macedonia, Malta,
Montenegro, Portugal, Serbia, Slovenia, and Spain, as well as Gibraltar, the Holy See and San Marino.
14
http://www.worldometers.info/world-population/western-europe-population/. Western Europe
consists of Austria, Belgium, France, Germany, Liechtenstein, Luxembourg, Monaco, the Netherlands,
and Switzerland.
15
http://www.worldometers.info/world-population/saudi-arabia-population/.

The Great Storm of 1703
The Great Storm of 170316 struck England five decades earlier than the Great Lisbon
Earthquake of 1755. The storm was especially disastrous in England as it struck
populated cities and harbors of South England. It also cut a 300 mile (500 km) wide
belt of destruction across southern England, Wales, the southern North Sea, the
Netherlands, North Germany, Denmark, and parts of France, Sweden, the Baltic Sea,
Finland, and Russia.17 Substantial property damage occurred throughout the impacted
area. The storm may, or may not, have originated in the Caribbean and skipped past
the states of Florida and Virginia.18
The storm struck with hurricane force winds on December 7, 1703 as the culmination
of two weeks of steadily increasing stormy conditions. An estimated 8,000-15,000
perished including 6,000 sailors.19 Hundreds of ships were sunk or damaged,
including 13 British Navy warships in the English Channel. Millions of trees were
leveled.
Daniel DeFoe collected stories from the survivors and witnesses. He published “The
Storm” in 1704, which is claimed to be the first exercise of modern journalism.
The Great Storm of 1703 may have been extreme, but it is not an anomaly. The North
Sea area is subject to storms with strong winds comparable to tropical hurricanes
combined with storm surges during high tides. These storms are often called cyclones.
The North Sea is a shallow, semi-enclosed shape, which can produce strong storm
surges.20 A storm surge during a spring tide is highly risky, with low lying areas along
the coastline especially vulnerable.21 Professor Lamb identified roughly 150 severe
storms in the North Sea between 1509 and 1989.22
Professor Lamb developed a scale to measure the severity of the storms, looking at
the greatest surface wind speeds, the greatest area covered at any stage by wind
causing substantial damage, and the total duration of the damaging winds during the
life of different storms.23
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The 1703 storm only came in fifth on his scale with a rating of 9,000. The leading
storm was a 1986 cyclone rating a 20,000, but it was centered in the North Atlantic
off Greenland and thus outside the central region of his study.24 The other storms
rated ahead of the 1703 storm were in 1792 and 1825, both rated at 12,000, and 1694
at 10,000. By way of comparison, the devastating storm of 1953 was only rated a
6,000.25
Both the Great Storm of 1703 and the Great Lisbon Earthquake of 1755 occurred
during the Age of Enlightenment and helped foster the scientific study of natural
hazards. No longer could the rubric “Act of God” explain all natural phenomena.
The Foreseeable Unforeseeability of Extreme Natural Forces
Extreme natural hazards are seemingly paradoxical because they can be both
foreseeable and unforeseeable simultaneously. For example, hydrologists map
floodplains. Geologists identify seismic zones. Meteorologists identify, predict and
track storms. However, the identification of general risks is but a preliminary step in
predicting or controlling the specific risk, which is often outside human capability.
The general recognition of a potential extreme hazard does not necessarily allow for
specific predictions for the timing, severity, and locale of impact. For example, the
timing of an earthquake, its location, duration, velocity, magnitude, point of impact,
and direction are still unpredictable. Tornadoes can be tracked with warnings often
available for residents to seek shelter, but the loci of a tornado touchdown is
unpredictable. Similarly, a hurricane heading towards the Atlantic or Gulf coasts of
the United States has a wide arc within which to strike land.
In addition, natural risks remain despite the greatest efforts of engineers. Try as they
might, humans often cannot prevent, deter, or divert extreme forces of nature, such as
earthquakes, hurricanes, tornadoes, and volcanoes Indeed, human activity can create
or enhance natural hazards.
The reality is that every major disaster, even of seemingly natural origin, will
probably involve human fault; a combination of poor decisions and acts of negligence
will often coalesce to magnify the impact and damages. Negligence may exist in
planning, designing, construction, operations, maintenance or inspection. Deferred
maintenance may be a problem with aging facilities and systems.
The Human Factor
Floods are a prime example of people adding to nature’s risk. Humans build in and
inhabit natural flood plains. They often channel rivers and streams in straight lines,
increasing the velocity, whereas natural rivers and streams are often serpentine in
shape. The destruction of open space increases runoff. Humans replace permeable
24
25
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soils with asphalt roads, concrete foundations and parking lots, structures, tiles, and
roofs, increasing the runoff headed downstream. Developing the littoral zone removes
coastal wetlands, nature’s sponge, which serves as a buffer zone against storms..
Two commentators recognized:
Though triggered by natural events such as floods and earthquakes, disasters are
increasingly man-made. Some disasters (flood, drought, famine) are caused more by
environmental and resource mismanagement rather by too much or too little rainfall.
The impact of other disasters, which are triggered by acts of nature (earthquake,
volcano, hurricane) are magnified by unwise human actions.26
Upstream flood control measures, such as dikes and levees, may protect the upstream
area, but increase the pressure on weaker dikes and levees downstream. The European
Union recognizes therefore that flood basin management requires river basin
management plans27 and coordination between member states.28
Stripping forests remove watershed protection, and again sends more waters
downstream. Conversely building in woody areas changes the calculus of wildfires.
Construction methods can increase or decrease the risks during hurricanes.
Maintenance, or the lack thereof, affects the ability of structures to withstand forces of
nature.
In addition, complacency sets in. Maintenance expenditures are often cut in the
absence of problems. The ‘squeaky wheel” often drives infrastructure spending as a
political and practical matter.
Preventative Measures to Reduce Flooding Risks
Common measures implemented to reduce, if not eliminate, flooding include dams
and reservoirs, dikes, levees, and flood gates. Dams, dikes, and levees can provide
protection within their design limits if properly designed, constructed, and
maintained. Large flood detention basins and polders29 are also helpful. Yet, Munich
Re, the large reinsurance company, cautions us that 100% protection is impossible,
short of zero human habitation. Dikes and levees can break. Uncontrolled
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construction in exposed areas, such as coastal areas and other low lying areas close to
rivers and lakes, increases the risk.30
Structural solutions will often be unable to prevent or temper the extreme forces of
nature. Structures have both design limits and design lives. For example, a facility
designed for the 100 year event will be ineffective against the 200 or 500 year event.
Structures wear out over time, quicker without proper maintenance.
Learning from Disasters
Smart societies and leaders learn from disasters. They try within the limits of
technology to prevent or ameliorate the next one. For example, England realized after
the disastrous flood of 1953 that it lacked a warning system to alert residents in
advance and evacuate to safer grounds. Thus England established a storm tides
warning system within the Met Office.31
Germany recognized after the 2002 flooding that its flood control measures were
inadequate. It adopted an integrated flood risk management system pursuant to the
German Flood Protection Act of 2005 and the European Floods Directive of 2007.
The German floods of 2013 were the most severe in 60 years, exceeding the 2002
storm. Losses were estimated at €6-8 billion compared to €11 billion in 2002.32 The
changes made included land use planning, preparedness measures, warning systems,
coordinated disaster response, and targeted maintenance of flood-defense systems.33
The Netherlands built the Delta Works to reduce the risk to its low-lying lands.
England created the Thames Barrier to protect London and surrounding areas from
storm surges after the 1953 North Sea Flood. Both systems have been working to
date.
We also have to recognize human fallibility in decision making. People can be remiss
in their decisions. For example, emergency action plans may not be up to date or
poorly implemented.
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Earthquakes
The risks of earthquakes, volcanoes, and tsunamis are interrelated. Northern Europe is
viewed as geologically stable with low seismic risks, but it is not though seismic free.
One list of earthquakes in Northern Europe from 1375 to 1989 recognized over 5200
events, of which 28 were 5 and over on the Richter Scale and one measured 6.0.34
Britain experiences 200-300 earthquakes annually, but most are too small to notice.35
However, a major exception was a 6.1 earthquake on June 3, 1931. The epicenter was
60 miles offshore at Dogger Bank in the North Sea. Extensive damage was reported in
Britain36. Two other major North Sea centered quakes were the 1904 Oslofjord and a
1927 earthquake off Norway.37 This study found 6 earthquakes of 6 or above and 28
of 5 or above between 1759 and 1977.38
More recently a 3.8 quake 93 miles out in the North Sea was felt along the Yorkshire
coast.39 A 5.2 earthquake was felt in Lincolnshire in 2008.40
Roermond in the Netherlands experienced a 5.3 earthquake on April 13, 1992.
Researchers discovered that the Roer Valley of Belgium, Germany, and the
Netherlands sits between two fault systems.41
The major seismic risks in Europe are centered in the Mediterranean and Iceland.
Countries at risk include Bulgaria, Greece, Italy, Romania, Turkey, Recent decades
have witnessed major earthquakes in Izmir, Turkey42 and L’Aquila, Italy.
The Italian L’Aquila earthquake aftermath raised tremors throughout the scientific
community. A series of minor earthquakes preceded a large earthquake, which killed
309 and left over 1,000 homeless. A public conference a week before the large quake
issued assurances of safety. Six scientists and a public official were convicted in
34
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October 2013 of miscommunications of safety for issuing false assurances of safety
The convictions of the scientists were overturned the next year, and later for the
public official who said “there was no danger.”
2013 European Seismic Hazards map (ESHM-13)

Volcanos
Volcanic eruptions are known risk in Iceland and southern Europe, especially around
the Mediterranean. Mount Etna and Mount Vesuvius have become the lore of history.
Iceland experiences frequent volcanic eruptions. 39 eruptions were recorded in the
20th and 21st centuries.43 The plume of ash from Iceland’s Eyjafjallajukull volcanic
eruption during April and May 2010 seriously interfered with air traffic for days.44
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Tsunamis
Tsunamis are not a common hazard for Northern Europe, but the Great Lisbon
Earthquake of 1755 showed that a major earthquake off Portugal could send waves
around the Atlantic Ocean and Mediterranean Sea. The tsunami risk is greater in the
Mediterranean and Black Sea. Several European countries participate in the 39
country Intergovernmental Coordinating Group for Tsunami Early Warning and
Mitigation System in the Northeastern Atlantic, the Mediterranean and Connected
Seas.45
A total of 290 tsunamis have been recorded in the Norwegian Sea, North Sea,
Northeastern Atlantic, Black Sea, and the Mediterranean.46 10% of the world’s
tsunamis have occurred in the Mediterranean.47 The Mediterranean’s tsunamis often
do not provide a long warning time because of its semi-enclosed basin and short travel
times of the waves before they strike shore.48
Flooding
Erika Boustad in Scientific American posited extreme floods may be the new norm.49
History tells us that severe flooding, often in coastal areas, has been the greatest
natural threat to Europe, which now seems to be experiencing severe flooding
annually.50
The cliché is that “You can’t control nature.” The major risk that has seemingly been
a constant through the centuries is flooding, both from coastal storms and excessive
precipitation inland. Some of the coastal storms have winds strong enough to
constitute a “cyclone.” Heavy precipitation can also come from the Mediterranean.
A look at some of the 20th and 21st Century floods will illustrate the existential threat
to Northern Europe from floods from costal storms, and reaffirm the thesis that the
storms do not respect political boundaries.51
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1953
The North Sea Flood of January 31-February 1, 1953 was especially devastating
Europe recovering from World War II.52 High spring tides coupled with a deep
Atlantic depression and strong northerly gales led to storm surges. The lack of
warning systems added to the casualty list in England with 307 deaths and 19 in
Scotland as well as 230 at sea. Over 1,600 km of coastlines were damaged and sea
walls were breached in England. Dikes failed in the Netherlands. Water levels rose up
to 18.4’ above mean sea level.53
32,000 were evacuated in England and 160,000 acres inundated with sea water. Wind
gusts reached 127mph at Costa Hill, Orkney.54 Winds were recorded at up to 120mph
in England and Wales. 24,000 properties were damaged.55
The Netherlands was struck harder. 1,836 deaths occurred in the storm. 340,000 acres
were flooded, 100,000 evacuated, and 47,300 buildings damaged.56
The Great Storm of 1987
The November 15-16, 1987 storm was considered the worst since 1703 as it struck
Northern France and Southern England especially hard. The storm cut a swath of
damage from Norway to Portugal and Spain. Cyclone force winds reached 135mph at
Pointe Do Roc, Brittany, France. One gust at Gorleston, Norfolk, England was
recorded at 122mph. The wind speeds between North London and Great Yarmouth
had a return period of 200 years.57
England incurred £1.5 billion in damages with18 lives lost and 18 million trees
leveled.58 France lost 10 million trees. Norway experienced 4” of rain in 48 hours
with flooding in Oslo.
2002
Record precipitation in Germany in August 2002 caused over €11 billion in
damages.59 The storm’s impact revealed weaknesses in Germany’s flood
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management, including a poor warning system, poor structural maintenance, a lack of
risk awareness, and failure to understand response efforts.60
Cyclone Xynthia 2010
Cyclone Xynthia was a massive windstorm which struck western Europe between
February 27 and March 1, 2010. The death toll was 47 with damages about €2.5
billion. It caused damage in Portugal, Spain, Germany, and England, but hit the
France coast especially hard. 29 died in La Faute-sur-mer in homes built since 1980 in
a “red zone” meant to bar development. 22 of the victims were over 60, while
hundreds of homes were flooded.61 The mayor was sentenced to 4 years; the officer in
charge of building permits received 2 years while her son in charge of ensuring and
monitoring the safety of the seawall was sentenced to 18 months.62 They had
permitted development in the Red Zone while failing to ensure the safety of the
coastal zone. The storm was a natural force, but building homes in the restricted area
“protected” by poorly located, fragile sea walls was the human cause that magnified
damages.
2013
Widespread flooding occurred in Central Europe in June 2013. Germany. Austria, the
Czech Republic, Slovakia, Hungary, Croatia, Serbia, and Poland were hit hard.63 The
Danube River in Budapest hit an historic high of 29’. Flood waters rose to 24’ in
Magdeburg, Saxony-Anhalt. Parts of Warsaw flooded.64 The Danube River is joined
up by two tributaries, the Inn and the IIz in Passau, Germany. Passau recorded its
highest flood level since 1501.65
Cyclone Xaver: The North Sea Flood of 2013
Cyclone Xaver struck Northern Europe on December 4-10. 2013,66 hitting Belgium,
Denmark, the Faroe Islands, Germany, Ireland, Lithuania, the Isle of Man,
Netherlands, Norway, Poland, Scotland, Sweden, and the United Kingdom. The storm
was characterized by hurricane force gusts, torrential rains, and storm surges.
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Some storm surges exceeded those of 1953. Sea levels rose 19” in Hull and 15” in
Dover.67 Wind gusts reached 142mph in Scotland and up to 98mph on the GermanyDenmark border. 1,400 homes were flooded in England and Wales. 100,000 homes in
Scotland and over 6,500 in Northern Ireland lost power.
Rail service was cancelled in all of Scotland and shut down in 1/3 of Germany. Waves
up to six meters high struck Hamburg, the second highest surge since 1825.68 Two
towns in Denmark, Frederikssund and Frederiksvaerk, were evacuated.
The Thames Barriers were closed for two days, preventing the flooding of London.
The Netherlands was also protected by the Eastern Scheldt barrier created since
1953.69
2014
The Balkans in 2014 were struck by their worst flooding in 120 years.70
2016
A series of severe convective storms struck Europe in May and June 2016. Fatalities
occurred in Belgium, France, Germany, and Romania.71 Germany experienced severe
thunder storms for 15 days from May 26-June 9. Flash floods, hail, and tornadoes
accompanied the severe thunderstorms.72 Rainfall at one point in Gundelsheim,
Germany was 122mm (4.8’) within 24 hours.73
Northeast France experienced up to six full weeks of rain within 24 hours.74 The
Seine River in Paris reached its highest levels since 1982. The 1982 flood level
reached 20’, which was lower than the record 26.2 inches in 1910.75 The Louvre and
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Musee d’Orsay were closed to move works of art to safety.76 Over 20,000 were
evacuated in France and around 19,000 homes lost power.77
2017
Denmark, Germany, and Poland were hit hard by a storm in January 4,2017 with
severe flooding. Sea levels reached 1.75 meters above normal. The Danish
Meteorology Institute reported that the flooding was a 100 year flood in Wismar,
Germany. Parts of Germany experienced the strongest storm surge since 2006.78
The Czech Republic, and Hungary experienced major flooding later in January along
the Danube. Flooding hit an historic high in Budapest peaking at 8.49 meters, but the
protective structures held.79
Conclusion
Let us recognize that extreme forces of nature are the norm - not a new normal.
Extreme hazards defy human control. “Extreme hazards” by itself is a misnomer.
Nature is nature. We are learning at great cost in lives, property, and dollars the limits
of our ability to control geological and meteorological risks. Humans often cannot
prevent or deter the extreme, unavoidable forces of nature, such as earthquakes,
hurricanes, tornadoes, tsunamis, volcanoes, ice storms, and wildfires as well as more
common risks such as flooding.
Flooding is consistently the greatest natural hazard in Europe. The flooding is usually
directly, or indirectly, from coastal storms, often containing hurricane force winds.
Even inland flooding will often be caused by coastal storms which passed over the
coastal zone and moved inland.
Forces of nature though do not observe artificial political boundaries. Thus a tsunami
unleased by an earthquake striking Lisbon can flow across the Atlantic to the
Americas and then bounce back to Northern Europe. A North Sea storm can move on
from the coast into Central Europe.
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