6. Landslides

Investigations within the framework of the

IDNDR are focused on the following goals:

* development of prevention strategies
and improved programs for disaster
prediction.

« offening of comprehensive education
taddored for the needs and qualifications
of the population in the concerned
regions; and

+ performance of faster rehef after the
occurrence of a disastrous landslide.

6.1 Definitions

The definition of the UNESCO-Working
Party on World Landslide Inventory of land-
slide 15: A movement of a mass of rock,
earth, or debris down a slope.” The largest
moved volumina comprise approximately
20 km® (Seidmarreh, Iran) and 12 km?
{Flims, Switzerland)

Landslides occur if the balance of resisting
torces (shear forces) and active forces
{weight. water pressure) is disturbed. Sta-
bility 15 based on the geological structure
and the geomorphological development of
the region. Therefore, knowledge of the
geology (material, structure, tectonics) of
endangered regions, as well as knowledge
of the present geomorphological dynamics,
1s necessary for risk assessment, rehabilita-
tion, and securing of unstable terrains. Fac-
wors reducing stability, and possibly leading
to landslides, are, on the one side, perma-
nently effective natural processes (of geo-
togic-geomorphological nature) and. on the
other side, episodicaily e{fective natural and

anthropogenic influences. In many cases,
landslides are triggered by other natural
events (e.g., earthquakes. volcanic activity,
heavy rainfalls).

6.2 Classification

Landslides are generally classified accord-
ing to the kinemancs of movements.

6.2.1 Kinematics of landslides

The international classification uses the way
masses move as the main criterion.

The moved material 1s distinguished be-
tween rock (hard, solid) and so1l (loose,
consolidated, overconsolidated). Souls are
further divided into debris and earth.

The differentiation of the mechanisms of
movement is made, according to Skempton
and Hutchinson. between five main types:
falls, rotational slumps, combined slides,
translational blocks, and flows. Varnes clas-
sifies landslides using the terms fall. plunge,
slide, flow, and their lateral dispersion.

The classitfication made by Savarenski and
Degro differentiates. according 1o the way
shiding masses are moving, between ase-
quent, consequent., and insequent [andshides.
Asequent slides are rnovements alongside a
cylindrical ship circle. They are formed in
homogeneous, unbedded. and cohesive
rocks. A consequent slide moves along the
bedding plane or at other given downslope



surfaces. Insequent slides. which are com-
monly quite [arge, have deep-reaching, slid-
ing planes.

In the Multiingual Landslide Glossary of

the UNESCO-Working Party on World

Landslide Inventory, landslides are divided

mLo,

+ fall.

* topple,

+ slide,

* spread, and

* flow (creeping belongs to the type
flow).

6.2.2 Morphology of landslides

Morphology offers another criterion for
classifying landslides. Falls occur at steep
slopes, such as rock cliffs, erosion shores,
and banks. or building excavations. In these
cases, maved masses partially lose their in-
ner cohesion and underground contact. The
movement of falling predominates flowing
and toppling.

6.2.3 Special cases of landslides

The range of variation in material composi-
tion, morphology, and velocity distinguishes
debris flows and lahars {mud flows of vol-
canic ashes) from other types of landslides.
Debris flows are rapid movements of slope
debris. sand, or sandy gravels. They form 1f
non-cohesive, loose material is suddenly
saturated with waler. The ratio of water to
sohd components usually is 1:1. Debris tlow
also can be rapidly moving masses of rock
debris in connection with phreatic volcanic
eruptions; they can be regarded as relatively
dry because no water, only steam, gas, and
air, occurs as a dominant pore fluid. Lahars

are also rapid. but are water-saturated
streams of rock debris induced by volcanic
eruptions. Another special case of landslides
are large subaquatic slides at the continen-
tal slopes along the deep sea In many cases,
these shides are riggered by seismic events
that result in changed stability of both loose
and solid masses at a subaguatic slope.
Subaquatic slides also may cause tsunarus,

6.3 Causes of landslides

In most cases. there is more than one cause
that induces landslides. It is presumed that
the processes leading to slope instabilities
are based on the geological structure. Land-
slides occur because of changes in the bal-
ance of forces at siopes as a result of physi-
cal and/or chemical processes. A distinction
is made between long-term geogenic proc-
esses, such as weathering, oversteepening
of slopes by tectonic movement, erosion or
denudation, earthquakes, and volcanic erup-
tons, and, as a rule, comparatively short-
term anthropogenic (nfluences, such as the
construction of traffic ways or dams Other
man-made influences (deforestation, over-
grazing, undergrazing) also may have desta-
bilizing effects (Fig 6)

In assessing the degree of slope stability, the
relation between acting and resisting forces
at given or probable surfaces or lines of rup-
ture 15 usually considered. Acting forces
result more or less from gravity, resisting
forces from shear stress consisting of cohe-
sion and friction Slope stability is influ-
enced by the conditions of the groundwater,
which 1n turn depends on precipitation and
the occurrence of flowing or standing sur-
face water and s infiltration. and by the
permeability-dependent distribution of
springs, backwater, and groundwater hori-
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zons, as well as by joint water pressure and
seepage pressure. There 1s a strong correla-
tion between slope movements and years of
unusually heavy precipitation.

The main factors influencing slope stability

are:

« morphology {height, inclination, form,
and age),

« geolugy (rock and soil material.
structure, joint system, and tectonics),

* hydrogeolegy {water catchment,
groundwater level, rate of infiltration,
water routing, and water saturation),

+ climate {precipitation. temperature, and
direction),

* biology (vegetation),

» age {(weathering, disintegration), and

* human influence.

6.4 Research needs

Types of landslides and their mechanical
laws are investigated to a degree that allows
the recognition of critical situations. Re-
search results of the last years allow risk
assessment of landshide-prone areas and the
development of kinematic models, whereas
the development of dynamic models is just
beginning. In this respect, not only the study
of the spatial distribution of landslides and
their kinematics, but especially the quanti-
fication of the parameters controlling the
entire system, 15 necessary to deduce mod-
els suitable for prognosis. A detailed and
comprehensive exploration of selected cur-
rent and potenuial landslides in various re-
gions of different morphology, geology, and
climate should promote the insight into proc-
esses that occur before, during, and after
landslides, including their consequences.
Former and presently active landslides, as
well as regions potentially in danger because
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of their geological set-up, should be chosen
and thoroughly investigated in an interdis-
ciplinary approach. Man’s influence in con-
nection with the occurrence of potentially
disastrous events must be considered Inter-
disciplinary research between engineering
geology, geomorphology, geodesy, and en-
gineering sciences is a must.

Open questions are:

« the connection between precipitation,
groundwater, and the acceleration of
the slope movements,

* the development of expert systems
concerning landslides,

+ the documentation of landslides, and

+ the comptlation of landslide hazard and
risk maps.

The interpretation of aenal or satellite im-
ages. including further in-situ and labora-
tory tests, is one possibility for the detec-
tion, reconnaissance, and observation of
unstable terrains.

According to the states of activity of land-
stides, eight types can be distinguished
(Multilingual Landshde Glossary):

currently moving,
moved within the
last 12 months, but
not active at present.
active landslide that
has been inactive,
not moved within
the last 12 months,
inactive landslides
can be subdivided
into states 5-8;

1 active:
2 suspended:

3 reactivated:

4 Inacrive.

Figure 6: Causes of landslides (after
Maztef)
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inacuve landslide
that can be reacti-
vated by its original
causes or by other
causes:

inactive landslide
that 1s no longer
affected by itsorigi-
nal causes;

inactive landslide
that has been pro-
tected from 1its
original causes by
artificial remedial
measures;

inactive landslide
that developed under
climatic or geomor-
phological condi-
tions considerably
different from those
at present.

dormant.

n

6 abuandoned

-]

stabilized:

& relice:

A measuring techmque often used for land-
stides 1s the monitoring of displacement
lines: movable measuring stations are dis-
tributed across the unstable terrain, and a
fixed station is established on the stable
ground of the slope. Through use of these
stations, the absolute movement of the ter-
rain over ume can be recorded.

Measuring methods should be established
in order to make permanent monitoring pos-
sible The GFS method (Global Position-
ing System) 15 used more and more. With
the geophysical methods of acoustic mom-
loring. motion sounds within a potential
slide body are registered by recording the
sounds of failures i the material. Other geo-
physical methods are soil-gas measurements
(CO,). georadar. and refraction seismics.

A standard description and depiction of
landsiides should be based on the Multilin-
gual Landslide Glossary of the UNESCO-
Working Party on World Landshide Inven-
Lory.

Other topics of investigation are:

* investigations on the occurrence of
fussil landslides as dependent on
climate history; research 13 aimed at
providing time series; the data gained
should aflow the possible transfer to
regions of ditferent climatic conditions.

* bastc research of failure mechanisms.
especially concerning alternations of
hard and soft rocks;

= quantification of chmate-controlled

factors inttiating movements and

tdentification of typical sequences of
movements.

development of models for prediction

of landslides on the basis of ime series

and hazard criteria, including, among
others, the prognosticated climate
development and anthropogenic
influences as important triggering
factors of landslides. with the help of
expert systems;

= development of safery measures on the
basis of reliability. expediency, and
success of earlier measures.,

+ local/regional hazard zonation and risk
assessment; and

« application of GIS (Geographic
Information System).

The investigations should be conducted at
a few comprehensively studied areas of
different relief types in different geologic
and climatic regions This should be done
on an international level The results serve
the mitigation of patural hazards, the goal
of the IDNDR.



6.5 Procedure

Standardized methods of compiling hazard
and risk maps seem to be of primary impor-
tance. For some regions, such maps already
exXIst.

Improved prediction on the basis of better
knowledge of failure mechanisms, as well
as improvement in monitoring, has to be
done to reduce damage potential and dam-
age effects Also, methods for managing and
reducing a disaster that 1s already happen-
ing must be provided. Important supplemen-

tary measures are education in the recogni-
tion of potential hazards and risks and sug-
gestions for rehabilitation or avoidance of
ecological damage (Fig. 7).

In addition, awareness by the population in
disaster-prone regions with respect to land-
slides induced by man-made mnfluences must
be awakened.

Figure 7: Knowledge on landslides -
collection, distribution, application {after
Krauter)

Decision makers
legislation

Interdisciplinary research
Knowledge
Information and training

Administration
nsk and disaster plans

national institutions prediction/forecast responsibility
promotion of research monitoring
aid programs warning
infrastructure

Public
reaction
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7. Floods and droughts

Disasters associated with water can have
very different aspects. Too much water 1n
the {orm of floeds may be a hazard for peo-
ple and objects, but water shortage can have
disastrous effects in the form of drought.
There is practically ne place on Earth to-
tally immune from disasters related to wa-
ter Moreover, both extremes occur almost
everywhere, though n refatively ditferent
degrees. A special type of flood is the mas-
sive displacement of water bodies 1n the
form of storm surges and tsunamis. Water
also can be involved in health disasters that
result from water pollution. such as high
pollutant loads 1n water courses (e.g.. from
agriculture or sewage} during peniods of
extreme low-water flow. The degree of self-
purification and the dilutant effect of water
frequently are insufficient to ensure ad-
equate buffer effecrs. In addition. the per-
manent stress on groundwater resources
leads to a concentration of pollutants. Con-
tamination of drinking water may suddenly
result in disaster.

Although floods, as a rule, produce a sud-
den onset of disaster with a clearly defined
beginning, a shortage of water develops dis-
astrous etfects only over longer periods. A
drought may thus be called a “sifent disas-
ter,” and, 1n this case, it 1s difficulr to deter-
mine at what point in time shortages take
on the proportions of disaster. Extremely
long drought periods. possibly intensified
by human aclivittes, may cause the deser-
ufication of a region, which, in conirast to
drought, will produce irreversible damage.

7.1 Forms and causes of flood
disasters

Natural disasters caused by floods originate.
as a rule, under conditions of extreme pre-
cipitation (ramn, snow). A differentiation
between locally concentrated. excessive rain
of short duration and high intensity, longer-
lasting, extreme precipitation over large ar-
eas is necessary. In the former case, precipi-
tation results in flood waves that are con-
fined to single river basins, thus leading to
local disasters. Sometimes, these floods are
accompanied and intensified by landslides
triggered by precipitation, Frontal extreme
precipitation leads to rainfall over a large
area and long, persistent flood waves, which
develop gradually and, by superposition of
floods from tributary sources, bring about
large-scale disaster

The foregoing climatic factors influencing
flood disasters are governed by process dy-
narmics of great intensity. Thus, the ques-
tion of anthropogenic influences on climate
gains special importance. However, quanti-
fication of definite trends for future devel-
oprrent may not yet be possible

Addituonal anthropogenic influences are
evoked by technical structures which make
it impossible to avoid all residual risks.
Levees and dams, in the case of structural
failure during extraordinary flows, may 1n-
tensify a natural disaster. Apart {from the
potential anthropogenic influences already
mentioned, there are additional causal con-
nections berween human interference in the
balance of nature and the increased flood-



risk potential. The transformation of wood-
lands into agricultural or settlement areas
or the clearing of forests for timber belong
to those acuvines that add 1o local flood
danger. The continuously increasing world
population and the urbamization of large re-
gions connected with this increase also in-
crease potential flood damage. The urbani-
zation of more and more regions affects the
flow regime by increasing impermeable ar-
eas, thus contributing to runcff and flood-
wave acceleration. Frequently, natural reten-
ton areas are lost as a result of settlement
or flood-preventive canalization, thereby
producing the risk of flood crests.

7.2 Quantification of risk potential

Worldwide, floods have the greatest dam-
age potential. Even comparatively minor
natural events may induce major damage
because of a concentration of property in
flood-prone regions.

Knowledge of damage potential is funda-
mental 1n planning protection measures.
Quantification is based on damage functions
that provide informatton—depending on
use, region, or load—on the maximum dam-
age to be expected during an extreme event,
For damage assessment, land-use catalogues
are needed that allow classification of lo-
calized areas of the regions under investi-
gation.

The necessary instruments for the assess-
ment of damage potential and the quantifi-
cation of tlood discharge constitute meth-
ods of differing complexity These methods
range from simple regression or black-box
methods to spatially and temporally high-
resolution simulations and forecast models.
Damage analysis is aimed at the determina-

tion of widely standardized damage func-
tions by investigating as many damage sce-
narios as possible.

Based on data from historical events, land-
use-dependent damage functions may be
deduced. The final determination of flood
damage. as a function of the assumed hy-
drologic and hydraulic design loads, can
be carried out for different regions and
varying scenarios through use of compu-
ter models.

7.3 Reduction of risk potential

Methods used to reduce risk potential in-
clude planning, structural, engineering, and
statutory acts. These acts constitite meas-
ures aimed at protection and minimization
of damage in the event that disaster occurs.

The application of active warning, protec-
tion, and safety measures requires advance
warning systems that permit the forecast-
ing of flood disasters well ahead of time.
Because the meteorological factors used to
determune runoff are highly stochastic proc-
esses, the possibilities for forecasting are
quite restricted. In hydrology and water re-
sources planning, however, there are well-
tested methods to simulate processes in
river basins using mathematical models.
Based on these deterministic rainfall-run-
off models, forecasts of future runoff can
be made, ranging. according to the chosen
approach, from short-term via medium- to
long-term forecasts. Other than in the
geosciences, the term forecast in the
hydrosciences is used for estimates of the
temporal and spatial size of an event that
is ongoing or anticipated. In forecasting the
progress of an extreme flood event that is
already happening, the crucial factor is the
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determination of the future development of
precipitation, together with the modeling of
the system in quesuon. For this purpose,
stochastic precipitanon [orecasts, as well as
radar measurements of precipuation for
large-scale observations, may be applied. A
tlood-forecast svstern has to work operation-
ally (1.e . present intormanion on the stage of
the river basin will be transferred on-line to
the runoff model. thus providing the basis
for a continuously updated forecast). For
some regions. such a runotf-forecast system
already exists. As a1 measure for reducing
damage potential. these systems should be
combined with warning systems, which are
armed at launching response activities and
the realizaton of already developed sce-
narios for action in case of disaster.

Forecast systems must be supplemented by
control strategies for existing flood reten-
tion basins. Regulating discharge from these
basins permits maximum advantage to be
taken of the avatlable storage capacity, tak-
ing 1nto account the present and forecasted
flow The specification of floed plains and
the introduction of restrictions in flood-
prone areas (building and use prohibition)
may prevent further increase of existing
fleod potential.

In the design of flood protection structures,
standardized design values are useful (ex-
treme values of precipitation and discharge).
Currently, methods for the determination of
probable maximum precipitation and ex-
treme discharge values are to be evaluated
in Germany by a committee of the Deutsche
Verband fiir Wasserwirtschaft und Kultur-
bau (DVWEK, German Association for Wa-
ter Resources and Land Improvement). This
evaluatton will serve as a basis from which
the above mentioned goals can be achieved.
Predicuion models alse may be applied to

the reduction of damage potential as a re-
sult of latent low-water or groundwater dis-
asters. However, modified boundary condi-
tions are necessary.

7.4 Prevention of disasters

Possibilities for preventing disasters are,
first of all, the numerous flood-protection
measures. Structural measures include: cen-
tral or decentral construction of flood re-
tention basins; building of dams, weirs, and
levees, flood-safe lining of water courses;
and activation of natural retention areas.
Crucial to the effectiveness of these protec-
tion works are permanent inspection and
control. In the future, decentralized meas-
ures will become more and more important
in controlling the generation of floods at
their sources. Apart from structural meas-
ures and flood management, the legal es-
tablishment of flood plains offers another
possibility for the mitigauon of disastrous
tlooding. Measures for improving control-
led surface infiltration of rainwater in ur-
ban areas lead to the same goal.

The latent disaster potential connected with
low water or groundwater may be responded
to with groundwaler management and meas-
ures to support groundwater recharge

7.5 Disaster management

The establishment of an efficient disaster
management system presupposes an optirnal
exchange of information and communica-
tion between the institutions involved in dis-
aster management. Deficits are evident
worldwide in both communication and the
allocation of competences



Forecasting systems, if operationally avail-
able, are regarded as a part of disaster man-
agement. Disaster management is character-
1zed by the necessity 1o make decisions when
time 15 pressing and knowledge of conse-
quent effects is still (at some level) msuffi-
cient. Therelore, it is advisable to develop
specific disaster scenarios beforehand and
to practice them 1n advance. This can be done
by simulation, using the same models as that
used in waler resources management. Pos-
sible instruments to meet the demands for
an interdisciplinary approach to the respec-
tive disaster management are knowledge-
hased decision supporr sistems. Through
actual employment of knowledge-based sys-
tems tn disaster management, it is possible
to analvze the system interactions for flood-
prone regions and to test the mechanisms of
different strategies of action during exercises
and during a disaster, These techniques can
give the people involved disaster staff) the
opportunity to rehearse and realistically
simulate different disaster scenarios, espe-
cially interaction with the people affected
{population). Additionally, such systems
provide valuable experience in selecting the
best probable approach during a disaster

7.6 Marine risk potential

The considerable hazards tfor environment
and civilization emanating from the ocean
can be attributed to natural and anthropo-
eenic causes. The natural hazard potential
comprises secular changes in the sea level,
fluctuation of the atmospheric-oceanic cir-
culation system (El Nifio . storm surges, and
1sunamis. The anthropogenic hazard poten-
ttal emerges from the intensification of natu-
ral hazards by anthropogenic changes of
chmate and pollution of the marine ecologi-
cal environment

7.6.1 Natural risks

Secular changes in the sea level occur as a
consequence of long, periodic changes of
climate (e.g , in ice-age rhythm) and tectonic
or 1sostatic movements of the Earth’s crust.
Climate-induced sea-level changes are
caused primarily by the thermal expansion
of sea water (largest natural increments are
on the order of 2 m per century) and by the
meltng or growth of glaciers and the polar
ice-caps. Present-day levees would have
ditficulty 1n coping with a 1-m ncrease in
sea level

A peculiarity of the Pacific Ocean, and a
further hazard source. 1s the El Nifio phe-
nomenon. The El Nifio is manifested by a
large-scale change 1n atmospheric and oce-
anic circulation connected with anomalies
of temperature and salt concentration, which
lead. together with other factors, to a col-
lapse in primary bio-production in the South
American otfshore regions. The generating
mechamsm of this (more or less) periodic
anomaly of the climatic system of the Pa-
cific 15 not fully understood; forecast and
protection measures are not yet possible.

Storm surges must be viewed worldwide as
the largest acute danger for people living
along the coasts. These surges are caused
by stochastically distributed excessive
winds The generating mechanism, mode of
release, and duration of storm surges are
quite different 1n higher latitudes than in
tropical regions. They particularly endan-
ger low-lying coastal regions such as Bang-
ladesh and the North Sea coast lines of the
Metherlands and neighboring countries

In addition to storm surges, the coasts of the
northern Pacific particularly are threatened
by tsunamis. Tsunamis are long, gravita-
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tional waves mostly induced by submarine
earthquakes. Only dikes can provide pro-
tection against tsunamis and storm surges,
but early warning systems are of great im-
portance.

7.6.2 Man-made risks

The very probable warming of the Earth's
atmosphere, induced by the greenhouse ef-
fect. can lead to a sea-level rise of approxi-
mately 1 min 100 years. Low-lying regions.
such as the German-Dutch coast or Bangla-
desh, are especially threatened. Because all
measures to counter the greenhouse effect
produce only long-term results (1f any at all).
short- and medium-term adjustment of
coastal protection is necessary.

Bv now, the effect of pollutants and nutri-
ents {.g., heavy metals, radionuclides, pe-
troleum) on the marine ecological environ-
ment has reached, via rnivers and the adja-
cent seas into which they flow, the open
ocean. Seaweed blooms, oxygen deficits, or
large-scale animal mortality occur more and
more {requently and provide unmistakable
warning signals. Oul catastrophes of hitherto
unknown proportions {Persian Gulf, Prince-
William-Sound) add to the situation, so that
climate change can only serve to deterio-
rate the present conditions still further.

Pollutant monitoring, including computer-
assisted warning systems, may have short-
term influence on reducing the hazard po-
tential. In the long run, prevenuve legisla-
tion and international conventions (e.g.,
Conference on the Protection of the North
Sea) are indispensable for protecting the
oceans.

7.7 Droughts

Disasters induced by droughts show their
effects marnly through famines. They are of
increasing importance to social groups and
regions vulnerable to thts phenomenon.
However. famines can be prevented or muti-
gated through social and technical develop-
ment. The primary future goal will be to re-
duce the vuinerability of societies to fam-
ine and to provide the basis for social and
economic security.

The various phases characteristic for the
generation of a famine can be summarized
as follows. During the first phase, a base-
ltne vulnerability to famine becomes distin-
guishable. The reasons for this are socio-
economic. political, and/or demographic
instabilities relating to the environment and
resources, The supply system is unstable,
The second phase sets in when, proceeding
from this baseline vulnerability, a lessening
of food supply and thus a state of current
vilnerability can occur. A drought may then
trigger the third phase. namely that of a fam-
ine crisis. In the event that the situation
worsens, the system trends toward a point
where the famine disaster starts 1f the situa-
tion does nol improve. Knowledge of this
drought-famine relationship 1s necessary if
the potential of the respective society for
self-help 1s to be improved.

And zones, semiand or semihumid regions,
and arid/semiarid alpine regions are espe-
cially vulnerable to drought. Therefore, re-
search will have to concentrale on these re-
gions. Attention must be paid to the rurat
region, to the rural-urban mtertace, and to
the metropolitan cores. The central mecha-
nisms of coping with the threat of famine,
such as the free market, also are important.
In this respect. a differentiation must be



made between autonomous activities of the
groups concerned and external intervention.

Methodologically, there are three different

types of analyses:

+ the longitudinal analysis concentrates
on a vulnerable group and/or a location
and/or a food system and covers all
phases of the famine process;

* the cross-section analysis includes
several groups and/or locations and/or
food systems, and investigates them,
however, only during a particular phase
of the famine process;

« case studies analyze a specifically
vulnerable group, a location, or a food
system; or

* acombmnation of the three types.

7.8 Research needs
7.8.1 Floods

Analysis of disaster generation under chang-

ing climatic conditions

* 1nitialization of a priority program for
analyzing the generation of extreme
precipitation and discharges and for
dertving design parameters; and

* participation 1n national and interna-
tional projects to study the effects of
anthropogenicaily influenced climatic
change.

Coordination of international data collection

for specific disaster events

* establishment of a national data pool
for disaster- and damage-relevant data,

* preparation of national maps for the
determination of zones of similar
hazard potentials as a basis for disaster
prevention planning; and

= national/international initiative for the
standardization of damage assessment
methods.

Establishment of a disaster forecast concept

+ extension of radar precipitation moni-
toring and the use of satellite hydrol-
ogy as a basis for forecasting floods;

= working out practice-relevant methods
for short-term, large-scale precipitation
forecasts;

= establishment of a national center for
operational flood forecasting;

» cstablishment and installation of a real-
time flow forecast system in a test
region with high damage potential;

* establishment of a priority research
program for the improvement of
forecasting techniques; and

« intensification of international ex-
change of experience in the application
of forecasting techniques.

Development of concepts for disaster man-

agement

= preparation and coordination of
national and international emergency
plans;

= preparation of instructions to inform
the population of the proper procedures
and conduct in the event of flood
disaster;

* national coordination of communica-
tion and responsibilities of institutions
and authorities involved in disaster
management,

» development and employment of
methods for simulating disasters
together with integrated tramning of
action strategies;

» dernvation of rules for decision making
from the simulation of disasters: and
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+ ntensification of research with respect
10 knowledge-based systems for
supporting a disaster training system.

7.8.2 Marine systems

» prognostic calculation of sea-level
change at the coasts;

= quantfication of the change of fre-
quency and intensity of storm surges
induced by global climate change;

» far-reaching predictions on the effects
of protective measures with regard to
toxic agents;

+ assessment of the future of polluted
nlarine ecosystems under changing
climatic conditions, and

» effects of sea pollution in shelf regions
on the open ocean.

7.8.3 Droughts

Determination of hazard potential
+ for vulnerable groups,

» for vulnerable regions, and

» for vulnerable food systems.

Recognition of imminent famines/develop-

ment of warning systems

* dentification of appropriate indicators
under various ecological, demographuc,
and social conditions; and

« finding adequate solutions after the
recognition of imminent famine.

Coping strategies (behavior of population

groups confronted with drought risk)

» recognition of short- and long-term
coping strategies,

* temporal succession of various coping
strategtes:

* assessmnent of factors influencing the
vuinerability to starvation/drought;

+ guidelines for avoiding the break-down
of local coping strategies; and

+ suggestions for strengthening drought-
resistant structures.

Search for adequate political measures

» reduction of the vulnerability of
societies through developmental aid:
and

* assessment of success prospects
{reduced vulnerability) under prevail-
ing political and economic conditions/
pressures.

Resources management in endangered re-

glons

+ recognition of causal responsibility for
the deterioranon of environmental
conditions;

+ assessment of the influence of land-use
on droughts; and

* 1dentfication of solutions for avoiding
further deterioration of environmental
conditions.



8. Storms

The occurrence of disasters induced by
windstorms and precipitation events does
not depend only on metecrological param-
eters, but also on underlying technical and
social conditions in the respective countries
and regions. Factors, such as time of onset
of the event. dissemination of warnings, and
availability of personnel and technical
means, are of significant importance. There-
fore. mitigation of the effects of a disaster
requires regionally differentiated knowledge
on storm hazards A world-wide survey
should figure out the events that have caused
disasters in the past.

During the last years, the damage potential
of storms has reached a new dimension.
There are several reasons for this develop-
ment. Apart from the general increase in
population density, industrialization, living
standards, etc., more and more hazard re-
gions are being settled and industrialized.
In this respect, socially weak groups 1n par-
ucular are existentially threatened by storms
and the heavy rainfalls that usually accom-
panying them. Windproof, flood-resistant,
and, at the same time, low-priced structures
are badly needed. Wind protection, for in-
stance by plantations, plays an important
role. A further rise in disaster potentials may
be checked 1n the long run only by fully
applying scientific, engineering, and organi-
zational possibilities of damage prevention.
The main prerequisite for providing ad-
gquate protection measures is statistical
analysis of storm events.

As storm disasters are rare events, statistics
of storms and multi-parameter statistics of

storms and precipitation often are not suffi-
cient to 1dentify extreme events through
observation. A problem with wind statistics
is the absence of self-documentation of
storms, as s the ¢ase, forinstance, with flood
events. Besides. 1t 15 not obvious from the
beginning whether to classify disastrous
storm events according to the average wind
velocity, the peak gust, or the area struck.
The damage may not be assumed to be sim-
ply proporticnal to the dynamic pressure.
Buildings and trees become vulnerable only
above a certain threshold value; thereupon,
however, chain reactions may occur, for in-
stance by debris in the air. As a consequence,
storm damage does not increase with the
square of the wind velocity, but rather with
the third to sixth power. Because of the dif-
ferent technical designs of buildings, the
interaction of buildings with the atmospheric
air flow should be investigated. This should
be done by examinung different types of at-
mospheric loads and buildings in wind tun-
nel studies with respect to an optimal re-
duction of the vulnerability of a building to
wind.

Prediction is possible only in a limited way
because of the knowledge gaps in the deter-
ministic description of atmospheric proc-
esses and the comprehension of generation
processes that lead to strong winds and
heavy precipitation Similarly, the frequency
of certain types of events also 1s poorly
documenied for many regions on Earth.



8.1 Storm events in various wind
climates

Damage by wind 15 caused by the transmis-
ston of kinetic energy from the atmosphere
to objects and living beings. Potentially dis-
astrous damage may occur anywhere on
Earth, vet the frequency of such events dif-
ars vastly in the various chmatic zones. Two
kinds of meteorological basic information
are required 1 order to reduce damage and
damage consequences induced by storm
events. First, a data base that combines prob-
abilily of occurrence with intensity of event
ts needed. Such data may be used to work
out land-use recommendations. Then, infor-
mation is needed for the forecast and warn-
ing of individual storm events.

[n the following, the most important mete-
orological processes that may lead to wind-
storm events are described. “Windstorm”
here stands for a strong wind event with wind
velocities of more than 15 m/s striking an
area larger than | km? over a time longer
then several minutes

8.1.1 Baroclinic storms

Baroclinic storms occur at the mid- and
subpolar latitudes. These storms have been
investigated scientifically for many years.
The theoretical elements for the comprehen-
ston of storm cyclones and the data supplied
by measunng networks of weather services
are starting points for the weather forecast.
The description of flow conditions for cy-
clones in the mid-latitudes is possible
through numerical solution of the respec-
tive equation systems. However, as shown
in numerous studies, only part of the fore-
casts are of reliable quality because of the
multitude of paramecters involved, the errors

in determining inutial and boundary condi-
trons, and the necessity to cut off part of the
spatal-temporal continuum for numerical
reasons. With regard to the movement of
cyclones. inaccuracies in propagation veloc-
ity and direction contribute to forecasting
errors Additionally. the temporal develop-
ment of intensity can take a different course
than forecast. On average. accuracies of 80-
95 percent are achieved 1n the 24-hour fore-
cast. A possible improvement in describing
extreme events through the use of math-
ematical-numerical models has emerged
during the last years by means of scientific
investigautons of small-scale processes.
During these investigations, attention 1s paid
especially to processes connecred with
clouds and precipitation; on the other hand.
the role of surface properties for the spa-
tial-temporal development of cvclones is
taken into consideration in detail. Some of
these approaches also can be used in ensem-
ble forecasts; they are, however, not yet fully
operational.

Buildings are designed, in accordance with
common experience, by making certain that
the load does not exceed a given resistance,
For this. natural loads with a statistical re-
currence interval of 50 to 100 years are used.
To determine the exactness of statements
about threshold values or of the exceedance
probability. a good data base is essential

Often, the available samples are small and
the length of the homogeneous part of the
observed record 1s not sufficient to guaran-
tee the inclusion of a representative number
of extreme events. Even in the Central Eu-
ropean region, not all wind load values can
be regarded as statistically secure. There-
fore, the statistic reliability should be inves-
tgated for a model region. This requires
parameters that influence the statistic reli-
ability ¢such as accuracy and frequency of



measurements) and statements about the
minimum length of an observation series for
different types of events. An extensive data
archive in which the extreme events are re-
corded in the best possible way also is nec-
essary.

An additional problem 1s the quality of wind
measurements that depends. for instance, on
long-term changes in the surroundings. Lo-
cal nfluences must be filtered out of the
long-term observations of strong wind
events. The methods and procedures used
for that purpose are based on the descrip-
tton of flow around and over small topo-
graphic structures With that, an areally rep-
resentative wind velocity value for strong
wind events can be determuned, and the in-
fluence of local conditions can be assessed.
Knowledge of the causes of strong winds,
statstically processed observations. and the
inclusion of local changes 1n the wind fieid
allow the frequency mapping of damage
events for different recurrence periods.

8.1.2 Tropical cyclones

Damage induced by cvclones 1s a phenom-
enon primarily of tropical and subtropical
coastal regions. These cvclones have rela-
tively large-scale effects and affect about a
third of the world population. Damage 15
caused not only by immediate effects of the
wind, but to a hugh degree is induced by the
effects of storm surges and ocean waves di-
rectly generated by tropical cyclones. The
frequency of such events. however, 1s far
lower than that of storms 1n mud-latitudes,
Even in regions of frequent tropical cy-
clones, damage-causing wind velocities are
observed only n intervals of several vears
on the average. The observation time needed
for reliable statistical assessment 15 thus

considerably longer than that required for
achieving a similar quality of statement in
mid-latitudes. In addition. the observation
density is relatively low in many affected
regions. Thus, up to now, a statistical state-
ment about the occurrence of strong wind
events for a certain region is possible only
with limited rehiability. A comparison with
mud-latitude storm frequencies, however,
may help to obtain supplementary informa-
tion [or model regions. These results should
be compared with the results of other ap-
proaches on an international level.

With the help of satellite data, novel types
of short-term and other forecast techniques
are possible. For that, in the United States,
Japan, India, and Australia extensive inves-
tigations have already been carried out. The
forecast model of the Luropean Center for
Medium-Term Weather Forecasting should
be used to check the forecast quality both
for tropical cyclones and for strong wind
events in nud-latitudes. This could be done,
for instance, by comparisons with other fore-
casts and through international cooperation
between weather services.

8.1.3 Convective storms and tornadoes

Convective storms are generated at unsta-
ble thermal stratification (i.e., by the strong
vertical ana- and katabatic winds connected
to it). These vertical movements develop in
a characteristic way and eventually cause
strong winds at the Earth’s surface as well.
Storm events induced by convective proc-
esses, such as descending gusts, hailstorms,
or tornadoes, have small-scale effects in
comparison to tropical ¢yclones. In most
cases, they extend across areas of only 10
to 1.000 km®. The meteorological precon-
dittons tor the generation of tornadoes or
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tornado-like twisters exist 1n large parts of
the Earth. with the seasonal dependency
being very distinct The high wind veloci-
ties pose extremely high demands on the
measuring instruments; often the velocities
cannot be measured with the existing an-
emometers. At the present time. it is not
possible o compare maximum values of
wind velocities measured with difterent sen-
SQrs.

8.1.4 Orographic storms

In special orographic situations, density dif-
ferences are caused by different rates of
cooling of the air. The strong winds gener-
ated in this way are locally (vatleys, valley
mouths) and temporally confined Preven-
t1on measures agatnst damage by orographic
storms, therefore, may be brought about very
effectively.

8.2 Precipitation events in various
climates

8.2.1 Rain

In most cases, precipitation 1n the form of
rain produces its disastrous eftects only
when 1t accumulates within the surface
drainage system. The areal extent of pre-
cipitation events in mid-lattudes is deter-
mined by two different meteorological proc-
esses. On one hand, there are baroclinic cy-
clones with their interrelated small-scale
processes as a whole and, on the other hand,
the convective cloud areas and cloud cells
embedded into them. Whereas cyclones with
their fronts may produce large precipitation
quantities in areas tfrom 1,000 to about
100,000 km-. heavy rain from cloud areas
and cloud cells stretches over arcas of 10 to

1.000 km®. The reason for this lies in the
different modes of generating the vertical
movement. Coordinated efforts to homog-
enize the existing world-wide precipitation
data are still lacking.

8.2.2 Hail

Hail may cause considerable damage be-
cause of its mechanical energy. This holds
not only for buildings. vehicles, or airplanes,
but also for agriculture. Always linked to
convective cloud cells, haill events cover
areas of about 10 to 1,000 km*. In some
countries, programs of hatl protection have
been part of damage reduction measures for
some ume, but they have yet to show any
guarantee of success. These programs
should. therefore, be further developed on
the condition of mmproved meteorclogical
knowledge about hail generation processes.

8.2.3 Snow

Snowtalls occur regionally and are tempo-
rally limited. The induced damage poten-
tial is large with regard to the frequency of
the event and the size of the concerned re-
gion, but smaller than the damage potential
of excessive rain. However, damage by
major snowfalls is intensified by combina-
tion with other meteorological features. Sta-
tistically usable data material exists for a
number of countries, but in most cases, com-
bined data on the occurrence of snow, wind.
and low air temperatures are missing. The
uncertainty of snowfall measurements is
considerable and may lead 1o errors of the
order of tens of percent. Correction meth-
ods that are available for mean values are
not yet transferable to extreme events.



Knowledge gained 1n recent years about
small-scale processes at fronts, in cloud ar-
eas, and in the atmospheric boundary layer
in mid-latitudes allows the modeling of re-
gional and local precipitation processes and
the forecasting of events with improved ac-
curacy. The operational employment of the
new technical means could, however, be
reahized only in a few examples. At present,
quantitative assessments on the umprove-
ment of {orecast quality for heavy precipi-
tation and winds are not yet available. There-
fore, it is necessary to assess—through co-
ordinated efforts—the potenual for 1n-
creased forecasting accuracy by better in-
corporation of small-scale processes.

8.3 Joint occurrence of extremes of
wind and precipitation

The determination of damage potentials 1n
the form of maps at various scales is aimed
at a world-wide comparability of natural
hazards. Two principles should be followed
in the presentation: first, the description of
the generating mechanisms of large wind
velocities and, second, the extrapolation
from existing empirical data. Figure 8 shows
the first attempts in this direction.

An analogous approach can be pursued o
determine the maximum possible precipita-
tion. The presentation in map form depends,
however, on the evaluation and quanufica-
tion of the described problems and ap-
proaches. For this, data are needed on the
occurrence probability of events and the
accuracy rate of forecasts.

8.4 Research needs

» installation of measurement facilities
{where non-existent) that will not fail
€ven 1N exirenme situarions,

» standardizatuon of wind velocity
parameters for maximum winds;

* determination of maximum probable
gusts and mean values for various
climatic zones;

» effects of climatic changes on storm
and rain hazards;

« determination of forecast quality with
regard to large-scale forecast models
for exreme events;

* regional classification of extreme
events investigated with the help of
various approaches for describing
meso- and microscale effects;

* mapping of damage potentials in
consideratton of local building design
and the spatial and temporal intensity
distribution of various types of events
and scenarios,

* compilation of observed extreme events
and comparison with various building
codes, in particular, consideration of
local building designs;

» review and analysis of traditional
building designs with regard to their
inherent experience potential, as well
as to their examination and possible
improvement with the help of recent
scientific findings,

*» development of methods for reducing
the wind load by wind protection
plantations and/or structural measures
at buildings and education of the
concerned population; and

* acceptance of recent, tradition-void
developments 1n the field of low-cost
housing {e.g. concept of geodesic
dome) by the population (information
programs).
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Figure 8: Regionally prevailing formation processes of the 50
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