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01  Hual Europe.

Series of catastrophes 
in international shipping
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In the last three months of 2002, the international ocean

hull insurance market was hit by a series of seven very

large losses – a series which, on account of the size and 

frequency of the losses involved, must be considered

unique.This article reflects the significance we attach to

the subject and is intended to provide as current and 

informative an account of the events as possible without

going into detail on all the various aspects of each indi-

vidual loss.

Taking these seven events together, the hull losses alone –

i.e. without considering any cargo or liability claims – total

roughly US$ 450m. Given the fact that the annual volume

of premiums in international ocean hull insurance is some

US$ 3bn, the payment of just these seven claims will 

account for 15% of the annual premium income. Remem-

bering also that international ocean hull insurance busi-

ness has been running at a loss for years and that average

loss ratios exceeding 150% are no exception, there is really

no justification for this market failing to make adequate

rate increases.This, by the way, is the reason why Munich

Re completely withdrew from the proportional reinsurance

of international ocean hull risks many years ago.

Schadenspiegel 3/2003

3



4

1 Diamond Princess, 1 October 2002

When, for reasons still unknown today, fire broke out on 
a cruise liner, the Diamond Princess, on 1 October 2002, 
it was under construction at Mitsubishi Heavy Industries’
shipyard in Nagasaki, Japan, and was almost ready for
launching. The smoke detection system was not yet in oper-
ation. It took the fire brigade around ten hours to get the
flames under control. About 70% of the vessel was dam-
aged in the fire. 

With a tonnage of 108,806 GRT, a length of 290 m, a width
of 37.5 m, a passenger capacity of 3,100, and a crew of 1,200,
the vessel type to which the Diamond Princess belongs is
one of the largest cruise liners in the world. The vessel had
been ordered for construction by P & O Princess Cruises
Plc, a British cruise company. 

The new building value of the Diamond Princess was in-
sured for a sum of US$ 444.52m. Cover of up to US$ 75m
had also been taken out for delayed delivery.

The overall loss is estimated at approx. US$ 210m, making
it the largest loss ever recorded in the history of shipbuild-
ing insurance. 

02  Diamond Princess.
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2 Hual Europe, 1 October 2002

On 1 October 2002, a Norwegian car freighter, the Hual 
Europe (built in 2000, 56,835 GRT, 199 m long, 32.2 m wide,
with capacity for 6,200 cars) went aground off Oshima 
Island near Tokyo Bay after becoming unmanoeuvrable dur-
ing Typhoon Higos. The hull was torn open, allowing sea-
water to enter, and when, on 26 November, fire broke out
on board as well, the vessel and its cargo were a total 
loss.

The Hual Europe had been on its way to the United States,
loaded with a cargo of about 3,700 Korean and Japanese
cars and construction vehicles.

The hull loss will cost approx. US$ 55m, with the cargo loss
amounting to around US$ 27m.

03  Hual Europe.
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3 Limburg, 6 October 2002

The tanker Limburg was sailing off the Yemen coast on the
morning of 6 October 2002 when it was badly damaged 
by an explosion. Investigations revealed that it was an act
of terrorism and not – as initially supposed – an accident.

Sailing under the French flag, the double-hull vessel (built
in 2000, 157,833 GRT, 332 m long, 58 m wide) was chartered
by the Malaysian state oil firm. 

The Limburg had taken on 397,000 barrels of crude oil in
Iran and was on its way to Malaysia. A further 1.5 million
barrels of crude were to be loaded onto the vessel in Mina
al-Dabah, Yemen. The explosion happened on the starboard
side just as the tanker was approaching the oil terminal at
Ash-Shihr in the Gulf of Aden. Part of the vessel caught fire,
and oil began spewing out. The crew tried to put out the
fire, supported in their efforts by the crew of a tug that was
standing ready to guide the vessel into dock. 

By the evening, the fire was completely extinguished, but
the Limburg was badly damaged. 90,000 barrels of crude
had poured into the sea. One member of the crew was
killed. 

Four days later, the tanker was towed to Al Mukallá for 
inspection by government inspectors and technical experts.
They confirmed that it had been the victim of a terrorist 
attack. 

The insured hull loss of the Limburg amounts to US$ 45m;
the P&I claim will cost around US$ 1m (oil pollution and
compensation for the dependants of the fatal victim). Then
there could be the cost of salvaging (US$ 11.75m), business
interruption (US$ 6.3m), and the cost of engaging the ex-
perts to inspect the loss. As this was a terrorist act, the loss
will be paid under the cover for war and strike, thus not 
primarily affecting the traditional ocean hull insurance mar-
ket but the special market for war risks.

7
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4 MV Hanjin Pennsylvania, 11 November 2002 

On 11 November 2002 at 6.00 local time, an explosion
rocked the Hanjin Pennsylvania (built in 2002, 50,242 GRT,
282 m long, 32.2 m wide, 4,389 TEUs [Twenty Foot Equiva-
lent Units = 20-ft containers]). After the explosion, which
sent a flame 130 m up into the air, fire broke out. At this
point in time, the vessel was 88 sea miles off Dondra Head,
Sri Lanka. Although all the available fire-fighting facilities
went into action, the flames were able to spread further.
The danger of the fire enveloping containers loaded with
dangerous cargo (fireworks) was finally so severe that the
crew had to leave the Hanjin Pennsylvania. In spite of fur-
ther explosions in the cargo containers on 15 and 18 Novem-
ber, external salvage specialists continued fire-fighting op-
erations. However, they were ultimately unable to prevent
the fire from spreading to holds 5 and 6, with the result that
the fireworks stored there exploded, providing a macabre
spectacle on the open sea.

Owing to the extreme heat that had developed on board
and the fact that the engine room, which had been engulfed
by the flames first, was still under water when fire-fighting
was over, the vessel (with a hull value of €40.79m) is ex-
pected to be declared a constructive total loss (CTL). Given
a CTL including all costs (disbursements, salvage, lawyers,
etc.), the overall loss payment under the hull policy will
probably amount to €70m–75m.

The loss under the various cargo insurance policies will
presumably be much higher, but no details are known at
present. It is assumed that 50% of the 3,500 containers 
and their contents will have to be classified as a total loss
owing to the effects of fire, explosion, fire-fighting water, 
or smoke. 

The cause of the fire has not yet been determined. 

05  Hanjin Pennsylvania.
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5 MV Prestige, 13 November 2002

On 13 November 2002, it was reported that the Prestige
(built in 1976, 42,820 GRT, 244 m long, 34.6 m wide) was los-
ing oil on account of a tear in the hull and was in distress 
off the Atlantic coast of Spain. The damaged vessel, a Greek
oil tanker registered under the flag of the Bahamas, was 
refused entry into a port of refuge. Instead, an attempt was
made to tow it as far out to sea as possible and to pump 
off the oil there. These efforts failed because of, among
other things, the heavy seas. The tanker broke in two and on
19 November it sank at a depth of 3,600 m about 137 sea
miles from the Spanish coast. It is estimated that more than
20,000 t of the 77,000 t of fuel oil on board has escaped.
Most of it has landed on the Spanish coast and some even
on the French coast. It was originally hoped that the oil
would form lumps on account of the low temperature of 
the water on the sea bed so that there would be no further
environmental damage. Unfortunately, this was not the
case. Contrary to the expectations of many experts, oil con-
tinues to escape from the sunken wreckage, so that new oil
slicks are being sighted every day. As far as is known at
present, this is due to the chemical composition of the fuel
oil, which has already been refined several times and, most
importantly, contains a very high level of toxic sulphurous
substances. Attempts to seal the wreck using remotely oper-
ated vehicles have so far failed.

Even if the hull loss is comparatively small at US$ 10m, we
have included this incident in our account because it has
caused without doubt one of the largest ever environmental
catastrophes connected with an oil tanker accident and is
certainly the most spectacular shipping accident of 2002.

The insured P&I is expected to account for “only“ US$ 26m.
This is because there are international agreements govern-
ing this kind of accident under which the liability borne by
the initiator, in this case the shipping company owner, is
limited despite the fact that the actual loss, in this case the
loss suffered by the fishing industry alone, is distinctly
higher.

06  Prestige.
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6 Tricolor, 14 December 2002 

On 14 December 2002, the English Channel – one of the
busiest sea routes in the world – was the scene of a colli-
sion between a car transporter, the Tricolor (built in 1987,
49,792 GRT, 190 m long, 32.2 m wide), and a container ship,
the Kariba. The Kariba was only slightly damaged and was
able to continue its journey, whereas the Tricolor sank soon
afterwards along with its valuable cargo of 2,862 BMWs,
Saabs, and Volvos and 77 containers. Fortunately, nobody
was injured.

The overall loss amount is roughly €55m – about €25m 
for the hull loss and €30m for the cargo.

The Tricolor was initially protruding out of the water be-
cause of the low tide, but soon it became an “invisible“ 
obstacle to shipping. And promptly, in the next few days,
there were two further collisions with the wreck, although
these had no serious repercussions.

Poor weather at first prevented the bunker oil that was still
on board from being pumped off. According to press re-
ports, there was a further collision involving a salvage ves-
sel. Some of the Tricolor’s fuel tanks were damaged, with
the result that 10 t of fuel escaped, resulting in damage to
the environment. 

Removing the wreck is a major technical challenge and will
cost an amount in the double-digit million-dollar range.

7 CGG Mistral, 21 December 2002

On 21 December 2002, a seismic research ship, the CGG
Mistral, sank off the coast of Tobago. The 95.5 m vessel
(4,417 GRT, 15.6 m wide), which had been built at a Polish
shipyard in 1990, started burning on 20 December following
a fire in the engine room and sank the following day.

The insured hull loss will cost US$ 33.6m, plus insured 
disbursements of US$ 8.4m, thus producing a total of 
US$ 42m.

The wreck is lying at a depth of 700–800 m. All the crew
were able to escape. Environmental damage is not to be 
expected.

Thomas Artmann, Florian Föhr, Thomas Lange,

Markus Spielmann, Barbara Starkey, Felix Vogler, all Munich
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01  During the fire-fighting operations. In the background: neighbouring oil tanks.
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On 5 May 2002, lightning struck an oil tank at a refinery

near the city of Cracow in southern Poland. Most of the

1,900 m3 of crude oil in the tank was burnt.The tank, which

had a capacity of 10,000 m3, was completely destroyed in

the fire.The loss came to €600,000.

The company fire brigade was supported by 200 firefight-
ers from surrounding communities. Using automatic water
curtains, the firefighters managed to prevent the flames
from spreading to neighbouring oil tank batteries. In spite
of this, the surface temperature of the tanks 70 m away was
as high as 200°C. 

Workers reported that they had heard three dull explosions
immediately before the fire broke out. Other witnesses 
had seen a stroke of lightning hit one of the 30-m lightning
rods and then jump onto the roof of the tank. They saw 
the roof torn open by the force of the impact and seconds
later so-called corona effects (electrical discharges that 
result in the ionisation of air molecules) on the tank. After
the lightning, the electrical discharges from components
were probably enough to ignite the escaping gaseous 
hydrocarbons.

Even before the fire broke out, a thin black cloud of smoke
could be seen, which quickly grew larger after three explo-
sions inside the tank. It is likely that, after being charged
and heated up by the lightning stroke, a number of metal
parts fell through the damaged floating membrane onto 
the surface of the crude oil, resulting in the evaporation of
hydrocarbons. This is how the thin wisp of smoke initially
observed had been formed. When air entered the tank, 
an explosive atmosphere built up and the hydrocarbons 
exploded. 

The three-year-old tank had been built in conformity with
the country’s normal lightning protection regulations. 
A technical inspection had been carried out without any 
adverse findings a month before the explosion.

What happens when a thunderstorm discharges

On the way from the thundercloud, lightning breaks many
times (in some flashes of lightning there are several 
hundred breaks, i.e. they do not discharge along the short-
est path but in numerous steps). Theoretically, the most
favourable way would be along the straight connecting line
from the position of the largest electrical charge in the
cloud to the discharge point on the earth’s surface. But it 
is also a known fact that the highest point in a certain area
is not always the point that is hit in a lightning discharge;
the lightning may just as easily hit somewhere lower. The
notion that high objects like masts, antennae, chimneys, 
or trees “attract“ lightning is very simplistic and is only 
an approximation of the truth.

Lightning sets oil tank on fire –
Total loss
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Lightning protection cables protect exposed objects

Lightning often hits horizontal lightning protection cables
(e.g. cables attached at the highest points of overhead
transmission lines) and does so not at the attachment
points but always at slightly lower places. Lightning prefer-
entially targets lightning protection cables that are near
higher objects like trees. This means that an effective meas-
ure of protection can be achieved by enclosing the threat-
ened object in a convex structure (consisting of lightning
protection cables, for example) as in a Faraday’s cage.

The oil tank and its weak spots

The steel container had an aluminium cupola roof and an
aluminium floating membrane. The lightning protection
systems conformed both to the general and to the more
stringent requirements of the Polish standard. Subse-
quently, however, the following weak spots were identified:

– The concrete base lies on a plastic geomembrane. This
membrane insulates the entire supporting surface of the
tank and separates the conducting parts from earth. The
only connection between the steel container and earth 
is along the cables of the earthing system.

– The metal structure of the tank is not homogeneous. 
– There are connecting points between the aluminium roof

and the steel container; but there are also seals between
the aluminium and steel elements. The plastic seals are

pressed on with screws. This makes it possible for the
roof as a whole and parts of the roof structure to be insu-
lated from the steel container connected to the earthing
system.

The conducting link between steel and aluminium is a
problem as far as corrosion protection is concerned. Mois-
ture can cause steel to corrode rapidly while aluminium 
is protected by a passivating oxide layer. If the aluminium
elements in the container roof are insulated, the currents
induced by the lightning stroke do not flow to earth or are
at least slowed down by the relatively high resistance on
the contact surfaces. Therefore, the insulated parts of the
tank can be torn off in a lightning stroke even if the light-
ning protection system is intact. The induced currents gener-
ate a counteracting electromagnetic force. It is immaterial
whether the lightning hits the insulated aluminium roof 
or the earthed tank: in either case, the induced currents
have the effect that the charged parts are ejected electro-
magnetically.

Conclusions

– It is essential to avoid or remove any insulation between
metal parts of tanks and to earth any insulated compon-
ents. Combinations of materials that are unfavourable 
in terms of lightning protection must be excluded at the
design stage.

02  View inside the burnt-out tank.
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– Existing installations can be protected by appropriate
equipment. Lightning protection cables and wires must
be attached far enough above the vessel that it is in the
area protected by the equipment. This precaution is ne-
cessary if vessels or their components are not conductive
(or have a high earth resistance) or if the vessel’s material
allows a melt-through at the place where the lightning
hits. Installing lightning protection equipment is recom-
mended particularly if a tank has a floating roof because 
it will prevent sparks occurring inside the tank in the first
place and will prevent total losses. 

It must be assumed that tanks of this design – despite their
conforming to local lightning protection regulations – can-
not be classified as protected. The problem could affect
similar large vessels that are exposed to the threat of being
hit directly by lightning, such as storage tanks for combust-
ible fluids, fermentation towers, and distillation columns.

Dieter Ackermann, Dr. Alfons Maier,

Slawomir Majkowski, all Munich

03  The burnt-out tank.
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01  A general view of the coal-fired power station from the sea.

04  The turbine house crane came out of the upper rail during the tremors and fell over to one side.

02  Ship unloading crane after the earthquake:The upper slewing boom 

had jumped out of its support (arrow) and had fallen into the sea.

03  Unloading cranes before the earthquake.
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In June 2001, a sparsely populated area on the west coast

of South America was hit by an earthquake with a magni-

tude of 8.4 on the Richter Scale. Happily, there were few 

fatalities – with the result that the world press took hardly

any notice of the event.

About 300 km from the epicentre, there is a coal-fired
power station which had been in service for about a year
when the earthquake occurred. In spite of the sudden oc-
currence of the tremors and the ensuing general confusion,
the operating personnel responded in an exemplary fash-
ion and safely shut down the plant. The emergency shut-
down did not cause any damage either.

Extent of losses 

The largest loss involved the two ship-unloading cranes on
the quay, which transfer the coal from the ships onto con-
veyor belts for delivery to the storage area. The upper slew-
ing booms on both these cranes jumped out of their sup-
ports during the earthquake and plunged into the sea.

The turbine house crane was also affected but not nearly 
so severely. It came out of the upper rail and fell over to
one side. The suspended trolley shot down the cross beam,
hurtled through the turbine house roof, and landed about 
5 m to the side of the turbine. 

The ground motion severely damaged the boiler and its
frame and caused cracks in pipes and tubes. Boiler mounts
were distorted and anchor bolts were broken off. The build-
ings’ masonry was damaged, but the consequent repair
work did not have a decisive impact on the length of the
business interruption. 

Interim solution before recommissioning

It took four months to get the plant ready for recommis-
sioning. A temporary structure had to be used for quite
some time to unload the vessels and keep up the supply 
of coal, which was brought to the quay by self-unloading
vessels. One of the drawbacks of these specialised vessels
is that the charter rates are higher than for bulk carriers 
and therefore generate additional costs. A further drawback
is that they can only unload their cargo when the sea is
calm.

Loss amount and prospects

The property damage is in excess of US$ 20m; the busi-
ness interruption loss is estimated at US$ 15m. Meanwhile,
the loss investigations are still going on. Geologists and
seismologists are attempting to reconstruct the ground 
motion at the time of the earthquake. On the engineering
side, the design of the civil works and the components is
being examined at critical places in order to establish
whether the building regulations had been properly ob-
served. 

Josef Probst, Rolf Slopianka, both Munich

Earthquake rocks coal-fired 
power station
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Fire at telephone company

01  The cabling was largely destroyed.
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The main switching station of a private mobile phone oper-
ator in Dhaka (Bangladesh) was the scene of a fire which
destroyed not only the most important electronic instal-
lations but also the majority of the records and documents
as well as the office furniture and fittings.

The fire

On the morning of 22 February 2003 – a public holiday –
passers-by noticed flames shooting out of the 12th floor of
the 13-floor building. About an hour later, the fire-fighting
team arrived on the scene. It took them almost five hours 
to contain the fire.

As it was a holiday, there were no staff in the offices or 
in the technical facilities. The flames spread like wildfire
across the main shaft for the bus-bar and the cable connec-
tions to the 10th floor. There they caused severe damage to
the telecommunications equipment and the central control
unit of the ground station, the microwave equipment, and
the air-conditioning systems. The electronic equipment 
on the 6th and 7th floors and the microwave transmitting
station installed on the roof were also badly affected.

The fire protection systems were out of operation

The automatic extinguishing systems failed to respond on
any of the affected floors. The main power switch in the dis-
tribution station was not interrupted as it should have been
either. This suggests that the switch was defective, or that 
it had been designed with reserves that were too large, or
that the fuse had been bridged.

Possible causes of the fire

On the basis of the adjusters’ findings, the fire was prob-
ably the result of a short circuit in the distribution board on
the 12th floor. At any rate, the distribution board and the 
cables displayed a high degree of destruction. It is thought
that the short circuit may have been caused by a loose 
cable connection in the distribution system. Or it may have
been caused by an animal (such as a mouse). 

Examination methods

Damage to electronic components calls for particularly 
systematic investigation methods because of the very high
values concentrated in a small area. Generally, the follow-
ing procedures are adopted:

– Investigate the cause of loss;
– List all the components of the damaged system;
– Inspect the objects the insured has reported as being

damaged and establish the extent of loss;
– Analyse the nature and extent of the damage in relation

to where they are installed;
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– Take into account any components that are still usable;
– Fix the costs for replacing or repairing the equipment;
– Write off the acquisition costs after making allowance for

the useful life.

The fire could have been prevented or at least restricted

The following fire prevention and protection measures
could have prevented the loss or at least reduced the extent
of the damage and the downtime of the plant: 

– Regular examination of the operability of the main fuses
and the main power switch, detection of manipulations,
monitoring of design values

– Installation of an automatic fire detection system with a
direct connection to the nearest fire station

– Separate fire surveillance on each floor with its own
power supply

– Installation of an automatic extinguishing system – 
sprinklers, where suitable; carbon dioxide in unmanned
operating areas

– Application of a suitable fire resistance class for walls,
doors, ceilings, and windows, and for cable duct covers

– Fire-proof design of ventilation systems, air-conditioning
systems, and ventilation ducts with automatically acti-
vated, smoke-proof, and fire-resisting flaps

– Use of fire-retardant materials for interior wall coverings

– Automatic shutdown of electronic equipment and the air
conditioning when a fire alarm is triggered

– Functional test of the fire-extinguishing systems at least
once a year

Upon request, Munich Re’s fire protection experts will be
glad to supply information on additional precautions, espe-
cially those designed to protect human life.

Dieter Ackermann, Munich

02  The fire devastated the telephone company’s offices from the 6th floor

to the roof.

03  The majority of the records and documents were devoured by the flames.



01  The Ariane 5 ECA launch vehicle taking off.

22



23

Schadenspiegel 3/2003

Even forty years after its birth, commercial space flight still
involves considerable risks – for both operators and space
insurers. This has been made more than clear by recent 
experience.

Astra 1K communications satellite

Europe’s largest and most powerful commercial com-
munications satellite to date, Astra 1K, was commissioned
by SES Astra and built at Alcatel Space. 

In the sector of communications satellites it set new
records on various counts. It weighed 5,250 kg, had a span
of 37 m and a height of 6.6 m, and would still have an 
output of 13 kW at the end of its expected service life of 
13 years. 

Astra 1K was originally planned for launch in 2000. But 
due to its concern about certain technical shortfalls of the
satellite upon its delivery, SES Astra postponed the launch
until these had been satisfactorily resolved in order to 
minimise the danger of failure in orbit. By the time of its 
final launch on 26 November 2002, the satellite had under-
gone rigorous and comprehensive examinations, analyses,
and quality controls that were much more stringent even
than the high standards customarily applied in this sector.
Moreover, it was to be launched using a generally reliable
launch vehicle with extensive heritage, a Russian Proton
operated by a Lockheed Martin subsidiary, International
Launch Services.

Severe setbacks for the 
European space industry
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From a “good“ to a “bad“ risk

The launch and the satellite’s first year of in-orbit operation
was insured for approx. €291m. Although the Proton launch
vehicle carrying the satellite left the atmosphere according
to plan, the upper stage that should have taken the satellite
into its final orbit failed. The result was that Astra 1K was
placed into an orbit much closer to the earth than originally
planned. Although the satellite had its own propulsion 
system and sufficient fuel for in-orbit station-keeping, it
was unable to reach the correct orbit under its own power.
Confronted with the risk of uncontrolled re-entry into the
earth’s atmosphere and not having the alternative of being
able to get Astra 1K into its designated orbit, SES Astra 
decided, after consulting the insurers, in favour of a con-
trolled de-orbit. This was then performed over the Pacific
Ocean on 10 December 2002. The space insurance industry
is now faced with a total loss amounting to no less than
some 40% of the insurance premiums earned in the year
2002 from all satellite insurance policies put together.      

The Ariane 5 ECA launch vehicle

The controlled de-orbit of Astra 1K was followed on 11 Decem-
ber 2002 by the failure of the Ariane 5 ECA launch vehicle 
on its first flight, on which it was supposed to carry two satel-
lites – the Eutelsat Hotbird 7 and the French Stentor – into the
geostationary orbit. The Ariane 5 ECA is not a completely new
launch vehicle but an enhanced version of the well-known 
Ariane 5. It was equipped with a modified main engine and a
new cryogenic upper stage. This was enough for insurers to
treat the launch as a maiden flight. The overall sum insured
during the launch phase was only US$ 15m. This failure rep-
resents a major setback for Arianespace and the entire space
industry that goes far beyond the insured loss.

Philip Ruari McDougall, Munich

02  The Astra 1K communications satellite underwent elaborate tests and strict

quality controls before launching. Due to a defect in the launch vehicle it could

not reach the correct orbit and finally had to be de-orbited.



25



26

Schadenspiegel 3/2003

Of all the natural catastrophes that have occurred in recent
decades, none has hit Germany quite like the event of 
August 2002 that goes under the name of the Elbe flood.
Actually, the term “Elbe flood“ is not strictly correct. For one
thing, it was not the Elbe itself that was primarily affected
by the catastrophic flood but its tributaries in Saxony and
the Czech Republic. What is more, exceptional losses were
also recorded in large parts of the Danube catchment. Let
us take a closer look at the causes, background, and in-
fluences that play a role in this kind of major flood event. 

Flash flooding, river flooding, groundwater flooding

The Elbe flood is a vivid illustration of the various forms
that inland flooding can assume. The worst damage was
caused by flash floods in comparatively small water-
courses. Flash floods are the result of very intense rainfall
(i.e. large amounts of rain falling in a short time) and are
most common on a local scale during thunderstorms.
Sometimes, however, they cover a much wider area, as in
August 2002. Although the water levels rise to a multiple 
of their normal values in next to no time, they soon return
to harmless proportions afterwards. Up to now, forecasts
have only been in the form of general severe weather
warnings, and on account of the speed at which flash
floods take place, there is often no chance of taking imme-
diate loss prevention measures. More often than not, this
represents a threat to life and health, because the water
gushes over sloping terrain in torrents, carrying along with
it a multitude of objects like wooden planks and branches,

and even entire trees and automobiles. Flash floods also 
include floods caused by the water being unable to flow
away as quickly as it falls from the sky because there is no
gradient or because the drains are overloaded.

In the case of river flooding, on the other hand, the flood
wave is first built up by the water coming from the tributar-
ies and then moves downstream in the main river. As this
happens over a period of days, it is possible both to calcu-
late the levels of water to be expected using forecasting
models and to take appropriate flood defence and loss mini-
misation measures.

The various types of flash flood generate large numbers of
comparatively small losses, which – on a long-term aver-
age – are more or less equivalent to the loss amounts gen-
erated by major river flood events.

The least spectacular type of event – but one that is never-
theless frequently encountered – is groundwater flooding.
Above-average precipitation over a period of months or
even years or a high level of water in a nearby river or lake
sometimes raises the water table so much that it lies above
the ground surface. This kind of inundation is a particular
nuisance as it can persist for a long time and although it
does not usually cause much damage to property, it is often
an expensive matter if the water has to be pumped off
around the clock for months on end in order, for instance,
to keep a cellar dry.

High water and floods: 
Resist them or accept them?
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Why floods are becoming more frequent and more costly

The increase in flood losses in recent years and decades is
primarily attributable to the booming development of areas
near rivers and lakes. Carelessness, ignorance, and profit-
seeking often play a major role. Errors have been made –
and continue to be made – regularly in construction and
land use planning. This applies not only to the owners of
property; equally to blame are those responsible for land-
use policy, which generally means the local authorities.  The
practice of constructing houses directly on the banks of
mountain brooks, for example, must be considered at best
negligent. And those people who live at “Duck Slough View“,
“Meadowside“, or “Canal Lodge“ should not be surprised 
if they have to rename their homes “Wellington House“
one day. Responsibility for land use must be shifted from 
a local level to a higher level, so that a watch is kept on the
entire river basin. The law should require that prospective
builders are informed – preferably by a neutral body – of
the current hazards, including, for example, the fact that
objects on a certain piece of property may not qualify for
insurance.

Never before have people owned such large quantities of
property that is so valuable and at the same time so vulner-
able. Houses that used to have cellars to stock coal and
wood, rooms to store preserves and potatoes, and areas to
keep junk, now have rooms for parties and games, with
wall-to-wall carpeting, three-piece suites, stereos, and com-
puters, and they also have space to accommodate refriger-

ation units and electronically controlled washing machines.
Electronically controlled heating systems and the associ-
ated oil tanks are a great problem. The basements of rela-
tively large housing complexes or commercial buildings
are often used for the central control systems of lifts and
air-conditioning facilities, storage rooms, and sometimes
even computer centres. In August 2002, the computer 
centre of a bank in Dresden was damaged severely when
the basement was flooded.

Underground car parks may be a lethal trap. In June 2002,
three people were killed in the Bavarian locality of Diedorf
when they went into an underground car park to rescue
their car but were then trapped by the water. 

Flood control measures can often prevent losses, but the
feeling of security – provided by a dyke, for example – also
encourages people to expose more (and more valuable)
things to the risk of flooding (in an extreme event) than
they would normally do if there were no dyke. The risk is
suppressed or forgotten, sometimes it is played down by
decision-makers too. In reality, however, it is only the oc-
currence probability that is reduced. If a loss occurs and the
protection systems in place are overtaxed, the upshot is an
immense loss potential that is realised all at once. This may
have something to do with a false conception of what a
hundred-year flood means – i.e. not once every one hun-
dred years but on average once in a hundred years. The
case of Dresden’s Semper Opera serves as an example of

01  The risk of flooding is higher than normal at the confluence of tributaries because of backwater effects.
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lacking awareness and inadequate precautions. When the
building was flooded, the entire electrical system in the
basement was destroyed, along with the lighting, aircondi-
tioning, and central control systems, as well as parts of the
stage equipment and props and some valuable musical in-
struments, including two Steinway pianos. A higher level of
safety should be planned as a matter of course for objects
of such value when they are in the immediate vicinity of a
large river.

There is now a broad scientific consensus that the tem-
perature increase of about 0.7°C in the past hundred years
associated with global climate change has human causes.
However, this is just the beginning of a really perilous de-
velopment, in which the temperature will probably increase
by as much as 6°C in the 21st century. As a warmer atmos-
phere can absorb a greater amount of water vapour, this
will generally lead to a steep increase in rainfall volumes
and precipitation potentials. The cost of flood events will 
increase dramatically as a result. This is something that
flood experts – particularly in the insurance industry – have
been drawing attention to for years. Even if constant im-
provements have been achieved over the years in terms 
of the possibilities of forecasting, early warning, and tech-
nological flood control, there is still a residual risk – and as
long as the exposed values continue to swell, so too will
this residual risk.

Strategies against flood

It is undeniable that human activity, like surface sealing and
river training works, and man-made changes in the climate
are capable of intensifying floods. Not every case of flood
necessarily leads to flooding, however. And even if flood-
ing does occur, the losses can still be kept within bounds
and do not always have to be major losses. This presup-
poses a suitable precautionary strategy which embraces all
aspects of floods, from their origins to the avoidance of
loss potentials. This can only be attained if the state, the
public, and the insurance industry enter into a risk partner-
ship. Little effect will be gained from concentrating on any
one specific aspect like ecology (e.g. river restoration) and
technology (e.g. dykes) or organisational mechanisms (e.g.
alarm plans) and financial instruments (e.g. insurance).
Monocausal explanations of the increase in flood catas-
trophes are repeatedly put forward, citing surface sealing, 
for example, or river regulation, or the disappearance of
natural flood retention areas, or climate change as the sole
culprit. Such one-sided allegations do not bear critical 
examination, however. A much more differentiated view 
of the causes is required.

02  River restoration makes sense and is desirable – Its effect in extreme flood situations is usually limited, however.
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Retaining more water must have top priority whenever
possible. This may be achieved by means of infiltration on
the property itself, decentralised retention in suitable areas,
or even large flood detention basins and polders1. It should
be noted that extreme floods in large catchments are not
attributable to the surface being sealed by human activity;
this has a relatively minor impact in such cases. The de-
cisive role is in fact played by surface sealing caused by
natural phenomena (waterlogged or frozen ground). 
Measures that are adopted on a local scale (like taking 
advantage of natural hollows, small flood detention basins,
etc.) can only reduce extreme flood peaks to a limited de-
gree. The most efficient solutions – but also the most diffi-
cult to implement – are large flood detention basins and
polders. Any assessment of their efficiency calls for an aware-
ness of the huge masses of water involved in extreme
events on large rivers. For example, the destructive part 
of the Mosel flood wave in the 1993 Christmas floods had 
a flow of over 2,000 m3/s and a volume of 630 million m3;
retaining it would have required a basin the size of Lake
Constance with a water depth of 1.20 m. Even if some
measures only have a limited effect, however, they must
continue to be encouraged and implemented. After all,
every cubic metre of water that can be retained contributes
to reducing the risk.

River restoration and dyke relocation make sense and are
very welcome. Nevertheless, their effectiveness in extreme
flood events is usually overestimated or misrepresented.
They cannot prevent a really catastrophic flood and often
cannot even reduce it significantly. Also, when the reten-
tion area is needed – i.e. when the wave crest arrives – it is
usually already used up by overflow from the rising stage.
The most important thing is to reduce the height of the
wave crest, which can only be achieved by means of con-
trolled retention. Although not planned, this is in fact what
happened on the Elbe in 2002. The twelve dyke breaches
between Dresden and Magdeburg all happened when the
water reached its highest level, thus acting in the same 
way as a controlled retention and reducing the flood peak
significantly. 

Anti-flooding measures like dykes and flood detention
basins are constructed on the basis of a design event,
which as a rule is derived from a statistical exceedance
probability of once in a hundred years. Design events are
often exceeded (by 200-year events, for example) even in
Germany, but usually on a small scale. In the case of the
floods in August 2002, a very rare event hit a large area, 
which is why the catastrophe was so dramatic. 

1 Polder: An area next to a river, which is flooded in order to reduce flood peaks.

The flooding process is usually controlled.
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Dykes are usually only breached when the design event has
been far surpassed. Such cases are not really failures. It
should not be forgotten that dyke breaches represent relief
– though often unintended relief – for those located down-
stream. The Elbe flood in 2002 was an example of this, as
was the Odra flood in 1997. In the future, more thought
should be given to the question of incorporating spillways
in river dykes – like those built into dams. This would mean
that if the discharge capacity were exceeded, areas of lower
criticality, i.e. areas of lower value use, could be flooded in-
tentionally. At present, the place where a dyke breaks is
more or less a matter of chance. According to the Rhine 
Atlas, for instance, 99% of the loss potential in the Rhine
area is concentrated on 15% of the area exposed to the risk
of flooding. This means that 85% of the Rhine Valley is of
“lower value“ (1% of the loss potential). In other words,
there would be enough land available to be flooded in an
emergency, although of course all aspects of civil protec-
tion would have to be observed. Such measures need to be
prepared far in advance, however.

In the future, flood control measures will have to be de-
signed in the light of climate change. Different temperature
and precipitation conditions will probably lead to a dra-
matic shortening of the return periods of extreme rainfall
and floods. Events that in the past occurred on average
once in a hundred years could become ten-year events. 
The use of optimised regional climate models and im-
proved hydrological analyses may be expected to provide

answers to these questions, which are central to any pre-
cautionary measures that are to be adopted.

It is vital that flood safety be given a higher priority than
other aspects. For example, local interests must take sec-
ond place to an integrated catchment-based management
of water and other resources which embraces all interests
in the assessment. Advantages that any one community or
resident located beside a river may derive from particular
measures should not burden society as a whole, be it in the
form of state aid or private (compulsory) insurance. As 
it will not be possible to avoid risk zones completely or to
move existing settlements, technological flood control
measures will continue to play an important role.

It should not be forgotten that floods of unprecedented
scale happened in past centuries, too, i.e. in times when
neither climate change nor surface sealing nor the loss of
water meadows could be held responsible. Discussions fol-
lowing flood catastrophes often suggest that major floods
could be eliminated if mankind reduced its influence on the
natural environment. This is certainly not the case. Extreme
flood situations will continue to occur – with or without sig-
nificant human intervention. A reversal of negative meas-
ures – which is only partially feasible to begin with – would
probably have very little effect on extreme floods in large
areas. This makes it all the more important to make opti-
mum use of the opportunities presented by disaster reduc-
tion, particularly in terms of land use management. The 

03  A torrent gushing through the little town of Glashütte.
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extent of a flood catastrophe will always be determined 
by a large number of parameters; one single aspect can 
seldom be held solely accountable. Above all, mankind 
will never gain complete control over floods by adopting
prevention measures.

Weather conditions

As in the case of the Odra floods in 1997 and the Whitsun
floods in 1999, the weather events in August 2002 were de-
termined by weather conditions in which moist and warm
Mediterranean air is drawn in an easterly direction around
the Alps and meets up with cold air from the north and
west above central Europe. This situation often results in a
stationary low-pressure trough that produces large amounts
of very heavy rain, which is considerably intensified by oro-
graphic lifting on the north side of the Alps or the low moun-
tain ranges in central Europe. What would have happened 
if this trough had not been located over the eastern Elbe
catchment but 200 km westwards, and had hit not only the
Elbe but also the catchments of the Weser, Rhine, and
Danube (and with even greater force)? In that case – at least
in Germany – it might have been an event comparable to
the event of 1342, which is regarded as Europe’s millennium
flood because extreme flood stages were reached on nearly
all the major rivers between the North Sea and the Mediter-
ranean.

In the last twenty years there has been a remarkable in-
crease in weather conditions like the Mediterranean lows
described above and what are called westerly weather con-
ditions, i.e. lows approaching central Europe from the At-
lantic with large amounts of rain, which were responsible
for the two Rhine floods of 1993 and 1995. These westerly
weather conditions usually occur in winter, when soil run-
off tends to be more likely due to waterlogging (and/or
frost). The probability of floods is then increased too.

The return periods of severe weather events and floods
seem to be getting shorter nearly everywhere in the world.
Although statistical evidence has only been produced in
isolated cases, there is very little doubt that the frequency
of extreme weather conditions in Germany is increasing
significantly. In its calculations, the water management sec-
tor will have to consider the fact that extreme events with
high losses will occur more often in the future; economies
and insurers will have to come to terms with this too. It is
also something that has to be considered when calculating
an equitable premium. 

Four aspects of preparedness

Throughout the world, flood is certainly the most frequent
natural disaster. The decisive question is how people and
society respond to it and make preparations to deal with it.
In the context of floods and flooding, the term “prepared-
ness“ embraces four aspects, which, though connected with
one another, each call for a completely different approach.

04  The floods have changed the landscape in many places. 05  Traffic routes were flooded and badly damaged.
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– Prevention of floods

A flood occurs when there is significantly more water in a
river, in a lake, on the ground, or below the surface than
normal. Floods are a part of the natural water cycle; but
mankind has interfered with this cycle in many ways. This
includes influencing the climate (resulting in more frequent
and more intense precipitation), changing the infiltration
capacity of the soil (surface sealing, soil compaction by
agriculture), discharging water into rivers and lakes
(drainage ditches, sewers), and directing it towards the sea
(e.g. river regulation, removal of flood retention areas).

– Prevention of flooding

Flooding occurs when the ability of the soil, a lake, or a
stream of water is unable to take up any more water. The
water then stands or flows into areas that are usually dry.
Flooding can be influenced by technological measures such
as restoring rivers, retaining the water in specially desig-
nated places, or directing the floodwaters to a predeter-
mined area by means of dykes. All these measures are
based on what is called a design flood, i.e. a relatively rare
flood value used as a basis for designing protection meas-
ures. 

– Prevention of losses

Losses occur when people and their possessions are 
affected by floodwater. In such cases, damp, grime, and
mechanical forces play a role. The precautions that can 
be taken are warding off the water or extricating oneself
and one’s valuables from its effects. Permanent and tem-
porary structural measures are a help, as are appropriate 
land use and correct responses to danger (e.g. evacuating
threatened parts of buildings).

– Prevention of risks

The risk of loss is the result of the probability of flood oc-
curring combined with the ensuing costs. The risk at any
one place is nil if there is no possibility of a flood occurring
there or there are no values there. But given the risk of
flash flood, it is safe to say that such places are more or
less non-existent. The risk can be minimised by suitable
measures aimed at preventing flood, flooding, and losses.
Nevertheless, a residual risk will always remain; and that is
where insurance, for example, comes in. Insurance makes
the uncertainty of future financial strains calculable. In re-
turn for a premium, the policyholder can either buy com-
plete freedom from that uncertainty or (by paying a lower
premium) limit the loss to a certain deductible.

06  Dykes protect – but not completely: A residual risk always remains.
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Optimum preparation for catastrophe situations is of 
central significance. This includes, above all, early-warning
systems and an operable alarm plan. The insurance indus-
try should continue to provide pin-pointed support for 
risk prevention measures and make them its own. 

Risk partnership

The problem of increasing flood losses can only be solved
by a risk partnership between the state, the insurance in-
dustry, and the public. Insurers are constantly working on
new approaches to solving the question of how to provide
the best possible solution for everyone affected, including
those with high exposure. If the risks are small, then those
affected must be brought on board too. The task is to main-
tain their risk awareness by providing them with unbiased
information on the actual risk situation and practical tips
for action. Taking precautions is a decisive element of loss
reduction. One of the insurance industry’s primary objec-
tives must therefore be to raise motivation in this respect.
The instruments exist in the form of suitably structured
contracts which incorporate deductibles.

At the other end of the risk spectrum – extreme losses – it 
is necessary to consider limits of indemnity and coopera-
tion with the state. Because these catastrophes can reach 
a magnitude that the insurance industry cannot carry alone.
There is unlikely to be a solution that is completely fair to
all concerned. An effort must be made to find concepts that
cover a number of hazards (e.g. all natural hazards) in a 
single package in order to counteract antiselection1.

In the case of floods, unlike windstorm, the proportion of
losses that are insured is usually quite low. One of the rea-
sons for this is that the majority of the losses involve public
facilities like roads, railway lines, dykes, riverbeds, and
bridges, and other infrastructural installations (e.g. water
supply and sanitation). In Germany, losses involving pri-
vate property accounted for about 60% of the €350m over-
all loss generated by the 1999 Whitsun floods in Bavaria,
55% of the €9,200m from the Elbe floods in 2002, and only
15% of the €330m from the Odra floods in 1997.

It is in the nature of things that objects are damaged in 
major floods even though they are located in areas with a
relatively low hazard. This was also the case with the Elbe
floods. In Dresden, a good 50% of the built-up area flooded
was in Zone I (return period: less than once in 50 years) of
ZÜRS, the German insurance industry’s zoning system for
flood, backwater, and heavy rain. Just under 10% was in
Zone II (return period: between 10 and 50 years). The re-
maining 40% was in the highly exposed area affected on
average at least once in 10 years.

1 Antiselection plays an important role in the insurance of flood losses.The sum

total of all insurance premiums must in the long term cover both the overall

losses and the administration expenses, etc. A typical aspect of the insurance of

river floods, however, is that the only people interested in insurance protection 

are those that live near a river and are frequently affected by flooding. Owners 

of property located away from large bodies of water, on the other hand, feel safe

from floods, and therefore reject insurance protection.The result is that the in-

sured community remains comparatively small and consists in clients that are 

exposed to a large risk.There is no danger of antiselection in the case of flash

floods because they can happen more or less anywhere.
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Conclusion

The flood disaster in August 2002 generated an economic
loss in central Europe of almost €20bn, about one-fifth of
which was insured. More than one hundred people were
killed. For Germany the floods were the costliest natural ca-
tastrophe in history, and enormous losses were recorded 
in the two neighbouring countries of Austria and the Czech
Republic.

There is no doubt that the dramatic increase in flood losses
in recent years and decades is largely attributable to the 
increase in values located in areas exposed to the risk of
flooding. The effects of large-scale interference with the 
water cycle have also contributed to the situation deterior-
ating. And finally it is more or less regarded as proven 
that man is at least partly responsible for climate change.

“Nature knows no catastrophes, only man knows catas-
trophes – if he survives.“ This statement by Max Frisch hits
the nail on the head. Although extreme natural events can
happen, they have to involve people to become natural 
catastrophes. So if we spread out into exposed areas, we
must be aware of the risks and of the fact that we will never
be completely safe. We must change our behaviour in such
a way that we can live with floods instead of simply trying 
to prevent them.

For the first time in history, man has the ability to influence
the climate itself and not only its effects. As this is a slow
process that will take a long time to have any impact, it is
necessary to concentrate prevention measures on the
changes that are already looming.

Dr.-Ing.Wolfgang Kron, Munich

07   Water does not only soak everything:Total losses caused by raging torrents.

08  Severe losses in the tourism sector: Floods in Dresden.
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