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Executive summary

As the human and economic assets at risk grow in the megacities of the devel-
oping world, so there is increasing responsibility for city government to protect
those assets from hazard by developing strategies of mitigation. The increasing
recognition of the importance of mitigation measures, within the United Nations
(UN) and international funding agencies, provides the conditions for significant
progress to be made.

Earthquakes, extreme winds. storm surges, flash floods, tsunamis, landslides and
volcanic eruptions can in some cases be predicted, but can rarely be mfluenced
by human endeavour {Chapter 1).

The ‘megacities’ of the developing world, in which the combined forces of pop-
ulation growth and industrialization are at their greatest, can be at significant risk
from natural hazards. It is the impact of natural hazards on cities that creates
disaster {Chapter 2)

Many megacities of the developing world are situated in hazard zones (Chapter 2).

Mitigation, the process of taking action in advance to minimize the effects of future
hazards, is a long-term investment in the welfare of all. There is a growing need
to emphasize mitigation rather than response (Chapter 3).

National and city governments are therefore under an increasing obligation to
assess risk and to ensure that a mitigation strateqy features prominently in the
development agenda (Chapter 3)

Funding for development projects should be conditional on the quality of a city’s
overall mitigation strategy. International funding agencies are increasingly con-
scious of the benefits of mitigation, and can help to promote it through therr fund-
ing policies (Chapters 3 and 9).

The UN should now ensure full coordination between the existing UN agencies
to create an effective overarching structure with the capacity to:

* synthesize and promote the most effective systems for hazard prediction,
utilizing technelogical advances

* synthesize and promote best practice 1n mitigation techniques

* assist and enable national, regional and city governments to meet the criteria
of funding agencies and to achieve efficient use of resources (Chapter 9).
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To implement a mitigation strategy, city governments should pursue two types
of activities. redirecting routine tasks of administration and maintenance to miti-
gate exposure to identified risks, and creating new programmes and projects
which incorporate features that will mitigate damage (Chapter 7).

The potential effects of hazard events on each element of a city's infrastructure
should be studied in detail. Hazard zonation maps shouid be used to identify
areas suitable for development (Chapter 5).

City government's first requirement is to carry out a preliminary risk assessment.
An implementing agency should be selected, and a task force appointed to utilize
all sources of data and expertise within the city and externally to carry out such
an assessment {(Chapter 4).

The nsk assessment should be scrutinized by city government in order to establish
the nature of mitigation measures required, on the basis of long-term cost-benefit
analysis. A task force with appropriate management and powers should be establish-
ed to formulate a detailed mitigation strategy and action plan (Chapter 9).

Scientific and technical information on natural hazards should be presented to
the task force in an accessible format. Information should include: estimates of
probability, level of risk, and hazard zonation maps (Chapter 4).

Resources should be concentrated on reducing the wvulnerability of key
compoenents of the infrastructure, particularly those of post-disaster significance
The planning, design and construction of new infrastructure should incorporate
disaster mitigation principles. Infrastructure networks should incorporate dupli-
cation and redundancy to allow operations to continue if individual sections are
damaged (Chapter 5).

Settlement should be directed towards less hazard-prone areas by land-use
planning, and by applying regulations, incentives and penalties (Chapter 5).

City government should provide local communities, including those in the
informal sector, with support to enable them to install, operate and maintain infra-
structure and other services within their own area Support should include tech-
nical assistance, and the provision of subsidized materials The coping
mechanisms of local communities should be enhanced (Chapters 5 and 6).

Secure tenure, land rights and other incentives which encourage residents to
improve therr own environment will be the key to ensuring fundamental and
sustained improvement in informal communities of the city (Chapter 5).

In devising a mitigation strategy, full regard must be given to factors such as the
income, gender, age and level of education of different sectors of the city, and
the ethnic, religious and cultural backaround (Chapter 6)

Plans for disaster response should be designed to answer the immediate human
needs of rescue, shelter, first aid and clean water. Rescue of victims is most
effectively done by local people and organizations because they are able to carry
this out more quickly than outside agencies {Chapter 6).

In terms of external support, the greater benefits accrue from the provision of,
for example, water-supply equipment and a small number of specialist experts,
rather than from extended multidisciplinary groups arriving after a disaster
without careful preparation (Chapter 6).



Public education programmes should be devolved to local communities,
businesses and other organizations to enable indwiduals to reduce risks and
prepare for hazards. These programmes should be supported by information
collated and distributed by the city government. (Chapter 8).

Procedures for disserninating warnings of imminent hazards should be agreed in
advance between the government, scientific agencies and the media (Chapter 8).

EXECUTIVE SUMMARY
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Foreword

The earthquake that struck Kobe, Japan on 17 January 1995 brought home forcefully
the nsk faced by modern aiies from natural hazards, even where there is substantial
commitment to preparedness and response at national level and extensive aware-
ness at local and community level. As the size and number of large cities around the
world grows. lacal, municipal and national governments face an increasing risk of
similar catastrophe. The United Nations' [nternational Decade for Natural Disaster
Reduction (IDNDR) provides an opportunity for all nations to develop their under-
standing of the risk from natural hazards and to take steps to reduce that risk.

This book is concerned with the effects of natural hazards on the urban environ-
ment and the steps which can be taken by governments, other orgaruzations and
individuals, particularly of the world’s great conurbations, or megacihies, to miti-
gate those effects. Although concerned primarily with natural hazards of sudden
onset (such as earthquakes, severe winds, floods, volcanic eruptions and land-
shides) some aspects of this book are also relevant to concerns arising from other
natural processes such as drought and desertification, and hazards of a biological
or technological origin.

This back 1dentifies ways in which urban developments are vuinerable to the
effects of natural hazards and illustrates the strategies by which these effects can
be mitigated, The aim is 10 provide an overview, practical guidance and an aide
memorre for public administrators, staff of agencies involved in development pro-
grammes, managers of public utilities and of commercial and industrial enter-
prises. educators, community and voluntary workers in non-governmental
organizations. members of professional groups, property developers. owners and
occupiers. The commitment and contribution of these groups 1s crucial to suc-
cessful implementation of a mitigation strategy.

The risk of natural disaster 1s one of many pressures facing metropolitan govern-
ments In some areas of the world, where awareness of the hazard is high. steps
have been taken to enforce better planning and building codes, to develop dis-
aster management strategies and to educate and train the population. However
where there 1s no recent memory of natural disaster there 15 often no such prepar-
ation. Many cities have grown rapidly over recent years, and attention has been
focused on infrastructure development and social and economic programmes.
The Great Hanshin (Kobe) earthquake showed clearly the cost of disaster even
in a country whose building codes and disaster-prevention programmes are
among the most advanced in the world. Many urban areas have been devas-
tated by Hoods and high winds, and to a lesser extent by landslides, volcanic erup-
tions and tsunarmi, throughout this century This book 1s intended as a reference
for the people of those cines, concerned about natural disaster, who swive 1o build
for the future.
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Preface

The years 1990-2000 have been designated by the United Nations (UN) as the
International Decade for Natural Disaster Reduction (IDNDR). In response, many
countries have established national IDNDR committees, in order to raise interest,
develop research projects and promote international cooperation. The UN’s
Scientific and Technical Committee has also endorsed a range of international
demonstration projects One such project. entrusted to the World Federation of
Engineering Organizations (WFEQ) and the Union des Associations Techniques
Internationales (UATI). is ‘Urban developments and their vulnerability to natural
disasters, with particular reference to “megacities”’. The Institution of Civil
Engineers {ICE) has undertaken the project on their behalf, with the consider-
able support of the Overseas Development Administration (ODA).

This book has been produced as a result of that project, and is intended for use
1n all large urban areas. In preparation, case study visits were made to three cities:
Karachi in Pakistan, Jakarta in Indonesia, and Metro Manila in the Philippines.

Part 1 provides an overview of natural hazards and their effects. and of the
characteristics of urban developments and their vulnerability. A rationale for miti-
gation is presented.

Part 2 discusses the issues and strategies involved in mitigation, and provides
practical guidance and examples of good practice, in terms of the contribution
of science, the protection of physical infrastructure and the human dimensions

Part 3 discusses the role of city management and public awareness in reducing
risk, outlines a strateqy, for mitigation and offers guidance on its implementauon.

This project was coordinated by a working group chaired by Mr Stuart Mustow
(1994 President, ICE) and consisting of Mr Jolyon Dromgoole, Mr Peter Guthrie
{RedR), Mr Michael Lecnard (WFEO), Mr Bernerd Newman, Mr Nick Paul, Dr
Scott Steedman (Vice-Chairman). and Dr John Whittow.

The project was implemented by staff of the ICE Mr lan Moore, Director (External
Affairs), Mr Louis Solway, Project Leader; Ms June Taylor, Project Secretary, Ms

Sharon [ffe and Ms Helen Stow, Assistant Project Secretaries.

Extensive technical advice and assistance has been provided by Dr Sheila Meikle,

OIA

Overseas
Development
Administration
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Part 1
Background



Natural hazards
(phenomena and effects)

An understanding of the characteristics of natural hazards and of how they release
energy is an essential precursor to an analysis of the mitigation of their effects.
With limited exceptions, it 1s not yet possible to prevent the onset of natural
hazards because of the enormous energies released (the main exception 15 in the
area of ground stabilization, used to prevent or reduce ground movement and,
particularly, to stop or reduce the possibility of some landslides).

The natural hazards considered in this chapter are:

I l tropical cyclones | l
{including hurricanes I I
| I and typhoons earthquakes
,,L—/g,\:‘,__,.. N>
| I I I floods (rain and sea- .\-‘
J— surge generated) landslides

£T

(A summary is given in Table 1.1 )

tsunarnis volcanic activity

Each hazard has characteristic features — probability, frequency, intensity,
coverage and duration — and effects Their impact also depends on factors such
as location, topography, geology and scil characteristics. The probability of
natural hazard events accurring in a particular region can be estimated with
varying degrees of accuracy. The formation and track of tropical cyclones and
floods can be forecast. and it is possible to predict the onset of some types of
landslides, volcanic eruptions and tsunamis, using sophisticated monitoring
techniques. Predictions, warnings and the collection of scientific data are
discussed in Chapter 4
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Tropical cyclones
(including
hurricanes and
typhoons)

Causal phenomena

o)

Table 1.1 Summary of primary and secondary effects of natural hazards

Natural hazards

Primary phenomena

Secondary phenomena

Cyclone

Flood

Tsunami

Earthquake

Landslide

Volcano

Sirong winds
Heawy rains

Flooding

Flooding

Viclent ground motion
Fault rupture

Ground failure

Lava flow

Pyroclastic flow/surge
Ash fall

Volcanic gases

Flood and sea surge
Landslide
Water pollution

Water pollution
Landshde
Erosion

Water pollution
Landslide
Erosion
Deposition

Soil tiquefaction
Fire

Flood
Landslide
Tsunami

Water pollution

Flooding via river damming
Water pollution
Debris flows

Fire

Air pollution
Tsunami

Lahar flows

Water pollution
Ground subsidence

Tropical eyclones are spawned in the tropics from atmosphertc disturbances which
develop steep barometric pressure gradients. These induce high winds which
rotate about a centre, or eye. They may or may not be accompanied by precip-
itation. Such storms are known as cyclones in the Indian Ocean and South Pacific,
hurricanes in the Western Adantic and Eastern Pacific, and typhoons i the
Western Pacific.




When a cyclone strikes land, high winds, often accompanied by exceptional
rainfall and storm surges, can cause damage to buildings and other structures. It
can also cause the occurrence of secondary flooding, landslides and mudflows.

Tropical cyclones can be tracked from their initial stages; however, as un-
predictable changes in course can occur, accurate landfall forecasts are usually
possible only a few hours in advance.

Cyclones are known as tropical cyclones if they originate in the tropics, or exira-
tropical if they result from a cold and warm front They develop as a result of
high energy build-up from continuous solar radiation over the ocean, and provide
a means of releasing this accumulated energy. A mixture of heat and moisture
forms a low-pressure centre over oceans in tropical latitudes where water
temperatures exceed 26°C. Wind currents spin and organize around deepening
low pressure. accelerating toward the centre and moving along a track pushed
by trade winds A depression s defined as a tropical cyclone when winds reach
gale force (120 km/h)

The central area, or eye of the storm, around which the air circulates has a
diameter of 20-40 km, and atmeospheric pressure within it is extremely low (well
below 1000 muillibars). Weather conditions are relatively quiet with light winds
and small amounts of cloud. From the perimeter of the eye to the storm’s outer
boundary (or wall), violent winds and torrential rains occur, which may persist
for many hours. The diameter of this area ranges from 100 to 300 km, and gale
or storm force winds may occur within a diameter of 6500 km or more. The depth
of a cyclone from its top to sea-level ranges from 10 to 20 km. When the eye of
a storm passes over an area, strong winds from one direction are followed by
the quiet conditions of the central area, and then by strong winds from another
direction.

Most tropical cyclones originate between 5° and 30° latitude north and south of
the equator. Once formed. the cyclone will move within the zone of the trade
winds at speeds of 10-50 kmyh. In a first phase, it will run along the latitude but
will later take a more longitudinal direction. The course that the cyclone follows
15 determined by the distribution of the ocean water temperature, and accord-
ingly of the lower atmospheric strata, and is also influenced by pressure distri-
bution in higher atmospheric strata. In general, the direction will be to regions
where a maximum of enerqy is available The average duration of a cyclone 13
nine days, during which period it may travel over a distance of 10.000 km. Due
to much lower energy supplies, it will subside over land. Friction on the Earth’s
surface will also destroy the cyclone gradually by allowing more air to penetrate
ifs eye.

The damaging effects of the winds are produced by a combination of their
strength, gustiness and persistence. Tropical cyclone is often described as the most
devastating of all natural phenomena, because it usually affects a very large area
and often has disastrous secondary effects such as river flooding. flash floods,
storm surges. landslides and mudfiows When it approaches land, risk of serious
loss or damage arises frem winds. rainfall and surges. Although intense rainfall
can oceur over a lengthy period. wind produces the most damaging effects. Wind
speeds exceeding 120 kmh are referred to as destructive winds. and the
destructive power of wind increases with the square of its speed: a ten-fold
increase in wind speed increases its torce 100 times.

NATURAL HAZARDS
General characteristics
L1

Predictability

General description
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Floods (rain and
sea-surge
generated)
7\

s
| Insmen A |
Causal phenomena
General characteristics

Predictability

General description
AN
e
[

Tornadoes occur rapidly, have a smaller diameter than cyclones and a relatively
short life and span, but can cause almost total destruction along their paths

Several scales are used to indicate wind forces, including the Beaufort scale and
the Saffir-Simpson scale, the latter of which classifies hurricanes from 1 to 5
(representing wind speeds of 120 to 150 km/h). However, there are no scales
which adequately represent the force of gusts of wind in urban areas.

Inland floading, as distinct from coastal flooding, is generally caused by the
overflow of water courses as a result of intense rainfall or of a reduction in
waterway area by landslide or debris damming (which themselves may be
triggered by natural events such as earthquakes) Coastal inundation may be the
result of storm surge. tsunamis or the subsidence of coastal land Human
mantpulation of watersheds. drainage basins, floodplains and the effects of
deforestation, soil erosion, silt carriage have increased volume and speed of Tunoff.

Flash floods. Floods of short duration with relatively high peak discharge
caused by accelerated runoff from localized storms, dam failure, or break-up of
ice jams.

River floods. Relatively slow build up, usually seasonal in river systems.

Coastal floods. Associated with tropical cyclones, tsunami waves. and storm
surges, which cause a rise in sea-level and inundation of coastal and inland areas.
The degree of hazard depends on: depth of water, duration, velocity, rate of rise.
frequency of occurrence, seasonality.

Flood forecasting is based on seasonal patterns, capacity of the drainage basin,
floadplain mapping, and surveys by air and land. Warnings can be issued far in
advance for seasonal floods, but only shortly before onset in cases of storm surge.
flash floods and tsunamis. Numerical models are used to predict storm surges in
tropical cyclone conditions

Flash ficods. Flash floods are generally associated with isolated and localized
intense rainfall. In some regions, severe and destructive flash floods occur very
infrequently in any one of a large number of small catchments within a given




region. Efficient surveillance, warning and protection against the hazard is
theretore difficult. In other regions. flash floods occur annually on the same rver;
warning in these cases 1s more a matter of timeliness.

Rwer floods. The magnitude and extent of a river flood depends upon the size
of the catchment area of the river, the topography, soil conditions and vegetation,
and the weather conditions mnvolved. For instance, river flow on very large rivers
{such as the Nile and the Mekeng) s relatively slow to change in the downstream
reaches; flood waters will generally be a combination of many rainfall events
cceurring aver a wide area. sometimes augmented by melted snow. In large nver
basins flocding is usually seasonal and peak discharges can be reached and
maintained over days or weeks.

River floods can also be caused by rainfall of extra-tropical or frontal character,
as experienced in temperate latitudes, and by large tropical atmospheric
depressions with moisture-laden winds, moving from a mantime environment
onto and across a land mass (for instance. seasonal monsoons in Asia and line
squalls on the west coast of Africa). Rainfall in these events is generally
widespread and can be heavy. The level of flooding can be high, and is influenced
by topographic features

Couastal floods. Devastating floods can oceur as a result of extreme wind storms
{tvphoons, hurnicanes or tropical cyclones). The Indian sub-continent (Bay of
Bengal), and countries in Asia and the Pacific are all typically subject to such
events Catastrophic flooding from rainfall is often aggravated by wind-induced
surge and low atmospheric pressure along the coastline. Ramfall intensities are
high and the area of the storm 1s wide; the combination of these factors can
produce extreme flood discharge in both small and large river basins, which can
be maintained at high levels by a coastal discharge.

Tsunamis, or long period gravity waves, are generated by disturbances of the
acean floor resulting from earthquakes, landslides or volcanic activity.

Tsunamis are very long waves of low amplitude, and are barely perceptible in
deep waler. They may measure 160 km between wave crests. The waves cannot
be sensed aboard ships nor seen from the air in the open ocean, but can be
considerably amplified when they reach land by shoaling, diffraction and
resanance; heights of 40 m have been recorded. They can move at speeds of up
to 800 kmv/h in the deep water of the ocean, diminishing in speed as the wave

NATURAL HAZARDS

7\
i

Tsunamis

Causal phenomena
General characteristics

L5
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Earthquakes

Causal phenomena

General characteristics
and effects

|

approaches the shore. They may strike the shore in a series of crashing waves,
inundating the land. The extent of flooding depends on the shape of shoreline
and the tides.

The Pacific Tsunami Warning System monitors seismic activity and declares warn-
ings However, waves generated by local earthquakes may strike nearby shores
within minutes; warnings are not possible in such cases.

When a tsunami reaches shallower coastal waters, wave heights can increase
rapidly from a few centimetres to many metres. Coastal waters may be drawn
into the ocean just befora the tsunami strikes. When this occurs the sea bed may
be exposed below the level of the lowest tide

The advancing wave front of a tsunami may surge inland, causing severe damage
for up to 300-400 m {much further if it travels up river estuaries). The first wave
may not be the largest; successive wave crests, each typically arriving at 10-45-
min intervals, may continue to pound the coast for several hours.

Tsunamis can be generated m any deep sea or ocean, but occur most frequently
in the Pacific Ocean, related to the intenstve number of earthquakes generated
by the continuing movement of the Earth's surface in this area.

Earthquakes are caused by sudden slippages of crustal rock along a fault or an
area of strain, thereby causing rebound to new alignment. They are releases of
strain energy related to sudden fault movements.

An earthquake shock causes vibrations, or seismic waves, on and below the
Earth’s surface causing:

* ground rupture * liquefaction
¢ ground shaking * tsunamis
* aftershocks * landslides.




The probability of an earthquake occurring in a particular place can be
determined. although its exact hming cannot be predicted. Probability estimates
are based on the monitoring of seismic activity, on detaled geological
knowledge and on historical incidence.

Ground rupture. An earthquake 15 produced by abrupt displacement of rock
masses, usually within the upper 15-50 km of the Earth's crust. Earthquakes may
be generated either as deep focus ar shallow focus. Most earthquakes result from
the movement of one rock mass past another in response te tectonic forces. Rock
1s elastic and can accumulate strain where adjacent areas of rock are subjected
to forces pushing or pulling them. However. when the stress exceeds frictional
resistance or the strength of the rock, the rock slides along a pre-existing or new
fracture plane known as a fault.

The resulting rock displacement extends outwards along the fault plane from its
potnt of origin, or focus. The epicentre of an earthquake is the point on the Earth's
surface that is directly above the focus. Rupturing usually does not proceed
uniformly: its progress is typically jerky and irregular Vaniations in rock properties
and overburden pressures can bring the rupture almost o a stop; then, due to a
rearrangement of elastic forces, the rupture may suddenly break free and swiftly
propagate The rupture will continue until it reaches places at which the rock is
not sufficiently strained to permit it to propagate further. If the rupture reaches
the surface, it produces a visible surface break.

During the rupture the sides of the fault grind and scrape against one another;
considerable energy is expended by frictional forces and in the crushing rock. and
the surfaces are heated locally Earthquake waves are generated at the same time
by the rebounding of the adjacent sides of the fault at the rupture surfaces, as
well as by grinding and crushing.

Seismic waves Energy is emitted fram the rupture as vibrations, ar seismic
waves, the speed of which depends on depth and type of rock/soil. The fastest
are known as primary or compressional waves, which travel in average crustal
rocks at between 5 and 8 km/s. The secondary, slower or shear waves travel at
a speed of 3-4.6 knys. Surface waves, known as Rayleigh and Love waves, travel
more slowly (2.7-4 km/s) near the surface of the Earth; their depths of penefration
depend on their wavelengths.

Seismic waves propagate outwards in all directions from the focus when a fault
rupture causes the ground to vibrate at frequencies ranging from about 0.1 to
30 Hz (eycles per second). This shaking causes buldings to vibrate primarily in
a vertical direction; damage occurs if the building cannot withstand these vibra-
tions. Compressional or primary waves and shear or secondary waves mainly
cause high-frequency vibrations {greater than 1 Hz), which are more efficient than
low-frequency waves in causing low-rise buildings to vibrate Primary waves are
the first to cause vibration of a building or structure

Secondary waves cause a structure to sway from side to side. These are the most
damaging, as buildings are more susceptible to damage from horizontal motion
than from vertical motion. Rayleigh and Love waves mainly cause low-frequency
vibrations, which are more likely to cause tall buildings to vibrate. Amplitudes of
low-frequency vibrations decay less rapidly than those of high-frequency
vibrations as distance from the epicentre increases; tall buildings located at

relatively large distances from a fault are therefore susceptible to damage (as in
the 1980 Mexico earthquakel.

NATURAL HAZARDS

Predictability

]

General description



PART 1 BACKGROUND

d
ya

Landslides
Causal phenomena

Surface faulting. Surface faulting is the offset or tearing of the Earth’s surface
by differential movement {either vertical or horizontal) on opposing sides of a
fault. Fault displacement i1s usually confined to zones ranging from a few
centimetres to a few hundred metres in width, subsidiary branch faults can extend
as far as 8 km from the main fault. and secondary faulting as far as 30 km or
more from the main fault The length of the rupture can range from 100 m to
about 400 km. Tectonic deformation of the Earth’s surface usually accompanies
surface faulting. As well as lateral rupture, the depth of the earthquake below the
Earth’s surface is a major element, affecting deformation. Deformation may be
locat. affecting narrow zones near a fault break, or may involve major differential
vertical and horizontal movements over wide areas of the Earth’s crust. Surface
faulting is usually accompanied by horizontal or vertical distortion of the Earth’s
surface within 100 m from the fault. The distortion can result from drag (bending),
rebound or concealed closely spaced fractures. Distortion is greatest at the fault
and decreases as distance from the fault increases.

Ground displacement. Regional uplift and subsidence may accompany
earthquakes caused by larger displacements on shallow buned faults, particularly
reverse or thrust faults. Regional tectonic deformation constitutes a hazard to
shoreline facilities and extensive hydraulic systems where broad-scale changes
in land elevation occur relative to water level. Such changes, either uplift or
subsidence, can affect many hundreds of square kilometres of the Earth s surface.

Secondary effects. Secondary effects include rock falls, avalanches, and land-
slides triggered by ground motion dislodging rock and debris on steep slopes, and
ground failure caused by extensive loss of shear strength in quick or sensitive clays
or silty sails.

Strong ground shaking can also cause areas of clay-free sands and silts to
temporarily lose strength and behave as viscous fluids. if groundwater is within
10 m of the surface. This process of liquefaction takes place when seismic shear
waves pass through the saturated granular scil layer, distort its granular structure,
and cause some of the void spaces to collapse

Earthquakes are described in terms of:

* Magnutude (M), a measure of the strength of an earthquake, or the strain
energy released at its source, denoted by a number on a logarithmic scale.
The severity of ground shaking generally increases with magnitude.

* Intensity (I}, a measure of the observed effects of the earthquake on people,
buildings and the Earth’s surface at a particular place, denoted by numbered
grades on a scale. In general, areas near the epicentre have higher intensity
than those located further away

A commeonly used scale to compare the total enerqy of seismic waves radiated
from an epicentre 1s the Richter scale or local magnitude (ML), Intensity scales
in most common use are the Modified Mercalli (MM) and the Medvedeyv,
Sponheuer and Karnik (MSK), each having 12 categories.

Factors that may inithate the downward movement of soil, rock or other surface
material include shocks and vibrations (from earthquakes), changes in water
content or the effects of groundwater, a change in slope gradient (by human
manipulation), excess loading, weathering and erosion interference with water
COUYses

Landslides vary in types of movement (falls, slides, topples, lateral spread, flows),



and may be the secondary effects of heavy storms, earthquakes, or volcanic
eruptions Landshides are more widespread than any other geological event.

The frequency of occurrence, extent and consequences of landslides may be
estimated, and areas of high risk determined, using information on local geology,
local seismicity, geomorphology. hydrology, climatology, vegetation and land-use
practices.

Landslides can move at different speeds. Rapidly moving landslides pose a
greater hazard to life, as they can cause damage with little warning. Although
slower landslides will gradually cause increasing amounis of damage, their
movements can be montored and predicted.

There are several types of downward movement of soils, all commonly known
as landslides. They include the slow creep of scils and bedrock, the sudden fall
of rock (rockfalls), a large movement of external material along a slip surface,
and a flow-slide (mudslide) caused by liquefaction. Landslides can be initiated
by different influences: see “Causal phenomena’

Shear stress Landslides will occur after sudden or gradual changes in the shear
stress and strength conditton. The most important factors are the water content
of the geologic mass and vibrations (by earthquakes).

Volcanoes are formed when magma is propelled through weak or fractured points
in the Earth's crust by the pressure and effervescence of dissolved gases

Volcances can be classified as cinder cones, shield volcanoces, composite
volcanoes and lava domes. Magma flowing out onto the surface is known as lava;
all solid particles ejected are known as tephra. The type of damage depends on
the material ejected. ash, pyroclastic flows (blasts of gas containing ash and
fragments), mud {lahar), debris and lava flows.

Volcanoes are mainly located in a clearly defined volcanic belt The study of their
geological history, seismic activity. ground deformation, sulphur dioxide emissions
and other observations, may indicate an impending volcanic eruption There is
not yet a rehiable method of forecasting, and precursory signs do not always oceur,
although a number of classified ‘active’ volcanoes are monitored for connected

NATURAL HAZARDS

General characteristics

Predictability

General description

Volcanic activity
Causal phenomena

General characteristics

Predictability
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General description

seismic activity and hazard maps, based on historical evidence, have been
constructed for certain regions.

More than 500 volcanoes have been active in historical times; hundreds of others,
now dormant, show evidence of eruptive activity in recent prehistory. Eruptions
have oceurred at volcanoes previously thought to be extinct, and some of these
will erupt again, Entirely new volcanoes, many under the ocean, are formed from
time to time within volcanic zones.

Molten material within the Earth’s crust, known as magma, is a complex mixture
of silicates, containing dissolved gases and sometimes crystallized minerals in
suspension. As tt rises, the pressure decreases, enabling the dissolved gases to
effervesce and expand. and driving magma upwards through the volecanic vent
The degree of violence of the eruption depends mainly on the amount and rate
of effervescence of the gases, and on the geochemistry and viscosity of the
magma

Eruptions vary widely in magnitude, duration and frequency; some volcanoes
erupt almost continuously, others at intervals of hundreds or thousands of years

The volcanoces of the major rift systems (including the mid-Atlantic and East
African rifts) or mid-oceanic upwellings (such as Hawaii) produce lava of a low
viscosity, which flows easily and may spread over large areas. The volcanoes of
the great subduction zones around many ocean margins usually emit lava of high
viscosity, which tends to build up into cones or to form relatively short, thick flows
The high viscosity of magma within these volcanoces allows high gas pressures to
build up; when the gas is released its expansion is explostve, and it carries with
it large amounts of solid or molten lava in suspension. All varieties of eruplive
behaviour can be observed, from the quietly effusive to the viclently explosive,
depending on the composition and gas content of the magma.

The primary volcanic effects posing sudden and urgent threats to life or property
include ash flows, pyroclastic flows. mudflows, lava flows and volcanic gases.
Valcanic dust suspended in the atmosphere can also affect the world climate.
communications and air transport. Eruptions can cause secondary hazardous
phenomena, such as ground failure. ground subsidence (sudden or gradual).
debris avalanches, mudflows {lahars), glacier bursts, volcanic earthquakes and
tsunamis Volcanic earthquakes frequently precede or accompany eruptions, but
are rarely of sufficient magnitude or intensity to cause severe damage



Megacities: from hazards
to disasters

The natural hazards outlined in the previous chapter unleash fremendous energy
and can be catastrophic in their impact upon scciety. It is the presence within
hazardous areas of society — peaple, physical structures and economic activities
~ that creates the possibility of disaster

This chapter examines the growth of urbanization, and the relationship between
that growth and the on-going incidence of natural hazards. The significance of
hazards upon urban developments is described with specific reference to the
‘megacity’. (The United Nations (UN) defines a ‘megacity’ as a city with a
population of over eight million.) The vulnerability of assets at risk — buman,
physical and economic - is considered.

The process of urbanization has been a common feature in the development of
civilizations throughout history. as communities have chosen to settle in
favourable locations and to focus their commercial, political and cultural activities
around central points Settlements have developed around areas offering
commmercial and societal benefits, undeterred by the fact that those same areas
may be at risk from natural hazards.

In choosing the valley of Mexico as the centre of their empire, the Aztecs
probably also considered the specific risks in the world around them, such
as invasions by hostile neighbours. But their decision .. was certainly not
very fortunate in terms of the earthquake nsk. They were obviously
frequently ntrmdated by earthquakes and volcanic eruptions (Earthquake
Mexico '85. Munich Reinsurance Company).

In the developing world. in the past 50 years, technical advances associated with
industrialization and economic development have stimulated a high rate of
growth of urban areas. Opportunities for employment in industnal and manu-
facturing sectors have multiplied. and this factor has been complemented by the
provision of education. health and other social services. In some parts of the
world. the modernization of agricultural processes has reduced the need for rural
labour, and increased demand for ‘urban’ supporting services such as food
processing In other areas drought and desertification have led to the loss of
agriculturally productive land and a resulting migration to urban areas In
summary, people are attracted by employment prospects, which at thenr worst
are likely to be more rewarding than those of rural economies, where land
ownership is often confined to a minonty. In China. for example, scme 30% of
the agricultural land has been abandoned n the last decade or so.

Urbanization and
the growth of
cities
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Effects of natural
hazards on cities

Vulnerability and risk
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Figure 2.1

Growth in the number of large
cities and megactties i fow,
medium and high income

couniries. Note. Large cities have

between 3 and & million

inhabitants Megacities have ouver 8

million inhabitants.

This urban migration has been magnified by an increased rate of population
growth in the developing world, which impacts with greatest intensity in cities.
UN sources predict that, between 1990 and 2020, the urban population of those
parts of the world currently defined as developing will increase by 160%. a total
increase of 2200 million people. Currently 34% of people in the developing world
live in urban areas, by 2020 this proportion is projected to be 57% of a greatly
increased total The increase in the populatiocn and geographical area of many
cities places more people at risk from natural hazards.

Figure 2.1 gives a clear idea that many megacities will appear in developing
countries. These countries are often situated in zones historically prone to one
or more types of natural hazard.

. the likelihood of metropolitan disasters, and the enormity of their
consequences, are rising. More people in larger areas are facing increasing,
and unprecedented, risk Failure to acknowledge and analyze the special
conditions of disaster vulnerability that exist in today's metropolitan areas
will be costly hoth in terms of human suffering and in terms of the con-
seguences for economic and social development in poor societtes (Metro-
politan Areas and Disaster Vulnerability by Mary B. Anderson, World Bank
Discussion Paper No. 168, edited by Kreimer and Munasinghe).

Natural hazard events have both immediate and longer term effects upon people,
physical structures and economic activities. These effects are ‘generic’ to all
natural hazards considered in this chapter, although their extent and nature will
vary according to the parucular hazard and the particular physical characteristics
of the city (see Table 2.1).

Assessment of the potenhal severity of these effects within a particular situation
involues an assessment of vulnerability and of nisk. In this chapter, vulnerability
and risk refer to specific concepts within the study of disaster mihgation

The vulnerability of a particular element of society is defined as the degree of
loss which it would suffer as a result of a specific hazard event. The nature of
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Table 2.1 Potential effects of natural hazards

MEGACITIES FROM HAZARDS TO DISASTERS

Social or human
effects

Physical effects

Economic effects

Prmary  Fatalities Ground deformation Disruption of

effects Injuries and loss of ground business due to
Loss of income or quality damage to
employment Collapse of and buildings
opportunities structural Damage to

Homelessness

damage to buildings
and infrastructure
infrastructure

industrial plants
and equipment
Loss of productive

Non-seructural damage to work force, through
buildings and infrastructure  fazalities, injuries, and
(e.g component damage) relief efforts

Secondary Disease or permanent

Progressive deterioration

Disruption of
communicahons
networks

Costs of response and
relief

Losses borne by the

effects disability of damaged buildings insurance industry,
Psychological and infrastructure which weakening the
impact of injury, are not repaired insurance market and
bereavement, increasing premiums
shock Loss of markets and

Loss of social
cohesion due
to disruption of
community

trade opportunities,
through short-term
business interruption
Loss of confidence by

investors, withdrawal
of investment

Costs of repair,
rehabilitation, medical
and welfare assistance

Political unrest where
government response IS
perceived as inadequate

vulnerability and its assessment vary according to whether the element involved
represents people and social structures, physical structures, or economic assets
and activities.

The vulnerability of an area is determined by the capacity of its social, physical
and economic structures to withstand and respond to natural hazard events
Certain groups of people, pes of physical assets and economic activities can
be particularly vulnerable or susceptible to damage.

Risk has been defined by the UN as a measure of the expected losses due to a
hazard event of a particular magnitude occurring in a given area over a specific
time period. The level of risk depends not only upon the nature of the hazard
and the vulnerability of the elements which 1t affects, but also upon the economic
value of those elements, As communities grow larger, more established and more
complex, experience has shown that the level of risk which they face increases.

Factors influencing vulnerability will vary from one area to another. However, it
1s possible to identfy fundamental causes of vulnerability comman to different
areas as discussed in Chapter 6 Some factors influencing the vulnerability of
people and sacial structures are suggested below

Vulnerability
of people

3
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Particular vulnerability of
megacity populations

i

Vulnerability of
buildings and physical
infrastructure

&

Fundamental causes of human vulnerabilily.

* Lack of access to resources (material/econcmic vulnerability).

» Disintegration of social patterns {social vulnerability)

» Degradation of the environment and inability to protect it (ecological vulner-
ability).

» [ack of strong national and local institutional structures (organizational vul-
nerability).

+ [ ack of aceess to information and knowledge (educational vulnerability)

« Lack of public awareness (attitudinal and motivational vulnerability)

« Limited access to political power and representation (political vulnerabiliry)

» Certain beliefs and customs {cultural vulnerability).

» Weak buildings or weak individuals {physical vulnerablity)

Taken from Natural Disasters: Protecting Vulnerable Communitiesby Y F Aysan.

The impact of an event will depend partly upon random factors, such as the time
of day or night and day of week when the event occurs, it also depends upon
the vulnerability of those affected For example, indwvidual households miay not
take protective or preventive measures due to lack of resources or lack of aware-
ness: or the ability of a community to protect itself may be weakened by a lack
of social cohesion or mnadequate institutional structures.

The vulnerability of people to hazard events is often assessed in terms of the
number of polential casualties which would result from a specific event; however
this quanhtative approach does not take into account the full effects on the popu-
lation, including injury, damage to physical and psychological health and social
disruption.

Certain characteristics of large cities exacerbate human vulnerability. The larger the
city and the greater its rate of grawth, the more intractable are the problems of
managing and cantrolling development. Demand for land in and around the city
results in geographical expansion. A large proportion of the city's population may
lve i unplanned informal setflements in marginal areas which are often particularly
prone to natural hazards. Those who live in the informal sector are often in generally
poor health, with very low mncomes and no personal food stocks Local
administrative organizations are likely to be rudimentary and oversiretched.

The high rate of unplanned development and the pressure on resouirces means
that the prowuision of water, shelter, health services and transport is often inad-
2quate, particularly in the informal sector. Even in established and relatively
wealthy areas, supplies of water and electricity are often restricted on a routine
basis. Natural disasters can deprive entire sectors of the population of water,
electricity supply and sewage facilities for prolonged periods

When disaster strikes, the larger and more unplanned the city, the mare difficult
it is to organize rescue and respond 1o disaster

The vulnerability of city dwellers to natural hazards is fundamentally dependent
upon the nanure of the buildings and nfrastructure surrounding them. Different
types of dwellings are vulnerable to different hazards For example, houses buiit
from cane, thatch and corrugated iron are more vulnerable to extreme winds,
while brick buildings are more likely to disintegrate with the viclent ground surge
of an earthquake, than are lighter structures or those with strong remnforced
concrete frames. Assessment of the vulnerability of different types of buildings is
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often used to predict the potental numbers of casualties in a specific event, as
there is a strong correlation between the two (Figs 2.2 and 2.3)

[d

Buildings and physical infrastructure which may be particularly vulnerable to the
effects of natural hazard events include:

» Older residential buildings in densely populated areas (such as inner-city
‘stumns’), built to standards which are now considered inadequate, which
have been poorly maintained, or have been illegally altered or extended,
or are substantially overcrowded.

* A large number of buildings will have been erected prior to the existence of
butlding control specifications; more recent buildings may have been
constructed with little regard to specifications.

 Unplanned ‘informal’ settlements located in marginal and possibly hazard-
ous areas (such as steep slopes and floodplains). in which dwellings are built
without technical advice on safe construction methods.

« Modern buildings of poor design or construction quality {such as low-cost
housing developments).

« Communication and control centres which are concentrated in one area.

* Hospital facilines which are insufficient for large numbers of casualties and
may become inaccessible.

» Schools and other community buildings which have been built to low
construction standards and may be vulnerable to collapse, or which do not
have the capacity to provide emergency shelter,

¢ Bndges and viaducts, embankments and culverts which are of poor design
and liable to collapse, preventing casualty evacuation and the movement
of emergency supplies; narrow streets which become blocked with debris
and stalled traffic will have the same effect

« Potable water mains which are liable to rupture, resulting in pollution and
disease.

*+ Sewerage systems which are liable to flood, spreading disease.

» Electrical supply lines and systems which are liable to failure.

s (Gas mains which are hable to rupture, fuelling fires.

Damage to buildings and infrastructure results in both immediate and long-term
effects on people. Immediate effects include loss of life and injury from collapsing

Figure 2.2
The effects of earthquake upon a
city are selective and variable.
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Figure 2.3

The effects of extreme winds upon
a city are arbitrary and variable.

Increasing risk of
damage to industrial
facilities

o
== |

Vulnerability of
economic assets
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structures, burial, drowning or fire. Long-term effects include sickness, disable-
ment and loss of life through lack of medical care, inefficient casualty evacuation,
lack of shelter and shortages of potable water, food, electricity and fuels. and
disease from water pollution and malnutrition.

Industrial complexes are increasingly prevalent in most developing cities. In the
event of a natural disaster, they may release hazardous waste carrying consider-
able secondary risks Liquid and vapour releases are common, and people nearby
can be serously affected by toxic, inflammable and radicactive substances.

Release of inflammable materials at the time of a disaster can also create sec-
ondary hazards. Spillage of petroleum producets ¢an result in a localized fire
hazard, while burning fuel entering drainage systems may cause widespread fires.
If propane or natural gases are released, the effects can be widespread, as was
tragically demonstrated at Kobe. Large amounts of flammable gases can quickly
become airborne and, on ignition, may explode or become a fireball Many
people would be killed, unless sheltered within a sound structure.

Release of ionizing radiation could result from damage to a nuclear installation,
although these should be designed and constructed to international standards,
and situated far from centres of population. In the event of major damage, radia-
tion would be released as airborne dust.

Casualties from these industrial risks could impose considerable additional
burdens on crowded casualty evacuation and medical systems.

The relationship between a natural disaster in a major city and the nation’s
economy is complex. On one hand, disasters can generate a subsequent boom
in construction work. with beneficial effects upon the labour market and on
national gross domestic product (GDP} On the other hand, disasters devastate
the industrial and commercial activities concentrated in major cities by disrupt-
ing energy supplies and production, communication and transport networks. This
disruption would impact upon national economic indicators such as the rate of
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economic growth, rate of inflation. productivity measures and international trade
balances

iy

Poorer countries may not have the resources to repair damaged infrastructure;
this would result in further losses in production time and industrial earnings
Losses suffered by workers with specialist skills will delay industral recovery. The
prospect of civil unrest after the event may lead to further economic deterioration.
In less developed countries, these negative impacts are unlikely to be offset by
aid revenue or increased construction activity

At the other end of the economic spectrum, the impact of a major earthquake
striking a arty such as Tokyo would affect commercial activity world-wide The
country’s asset base would dwindle, due to the vanishing confidence of banks
and investars, and its overseas investments would have to be withdrawn in order
to support the domestic economy and to provide funds for recovery and rehabil-
itation. A rtecent analysis of the Kobe earthquake forecast that Japan,
a tradimional saver which provides the basis for a number of ‘spending’
economies, will need to refocus resources in future towards infrastructure strength-
ening This could create long-term disturbances within the global economy. In
view of the increasing interdependence within the global market, this is a
significant model.

International investment in the emerging markets of cities in the developing world
is increasing considerably. a trend which is likely to continue as their economic
significance grows The economic impacts of natural disaster in these cities would
carry increasing implications for the international financial markets.

Direct economic effects Direct economic effects result from damage to physical
infrastructure networks, and damage to or loss of other physical assets, and are
relatively simple to calculate {or hazard events of different magnitudes.

As urban settlermnents grow. industrial and production assets increase. The risk of
direct damage 1s correspondingly greater Industrial plant and import and export
facilities for raw matenals and finished products are concentrated in cities, where
they are supported by extensive production, communication and transport
services and energy supplies

Indirect economic effects. Indirect economic effects result from lost industrial
production time and capacity (through the loss of productive workers and
disruption of infrastructure and service networks). disruption of commercial and
financial activities, and reduced personal expenditure These factors could com-
bine to produce a chain reaction of reduced profits and increased unemployment.
The loss of export markets and overseas trade, the decline of tourism and the
deterrent to businesses which had previously planned to establish themselves in
a particular city, are other significant indirect effects.

Even a minor event which causes the failure of one or two bridges or rall tracks
could cause lengthy delays on the transport network Potential economic losses
resulting from delays or failure of transport systems can be assessed on the basis
of lost daily values in trade and commerce.

Indirect effects will multiply as trade slows. and could ultimately lead 1o an eco-
nomic depression. It is possible to attempt theoretical assessments for all indirect
losses from natural hazards For example, a study carried out by Pannell Kerr
Forster for the Los Angeles Visitors' Bureau indicated an overall decline in
spending by visitors during 1994, as a result of the January 1994 Northridge
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earthquake; lost income is estimated as being of the order of $308 million with
a predicted loss of 9240 jobs as a result of the decline in tourism.

)
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Secondary economic effects Secondary economic effects arise as a con-
sequence of other effects of the event itself, and may include.

+ failure of potable water supplies or of public health facilities, leading to risk
of epidemic diseases

* a shortage of food and other commodities, leading to increased prices, and
therefore increased interest rates and possibly inflation

¢ reduced funding for social, educational and economic activities, due to
reduced tax income and the need to fund rehabilitation and reconstruction

* falling property values, restricting the scope to raise capital for repairs

* increased costs due to high demand for building materials and skilled labour
(particularly as large projects attracting overseas aid can be more attractive
to the construction industry).

Long-term economic effects. The most significant long-term economic effects
are likely to be loss of international investment and foreign markets, the collapse
of particular industries. increased budget deficits and a fall in national GDP Long-
term economic effects can be best demonstrated 1n terms of the amount of time
needed for a city’s economy to return to the pre-disaster level.

National and city governments will be judged by their degree of preparation for
and reactions to hazard events. It is therefore necessary to study the effects of
past events, in order to estimate the potential long-term effects of a major disaster.
The negative impact on economic growth of indrect damage and secondary
effects is illusrrated in the following example from R Jovel, ‘Natural disasters and
their economic and social impact in Latin America and the Caribbear’, CEPAL
Review No. 38, August, 1989.

In 1974, hurricane Fifi swept through the mainland of central America,
causing severe damage to houses in urban areas, transportation and other
social infrastructure, and crop production, and resulting in high levels of un-
employment and countless injuries In Honduras alone, the effects were
catastrophic: 7000 people killed, nearly 15,000 rendered homeless; indiract
losses estimated at U.5.$588 million, a massive balance of payments deficit
due to the loss of agricultural exports and increased imports of equipment
and materials for reconstruction; rehabilitation, reconstruction, and a fall in
export tax revenues costing U.S.$244 million; and a fall in GDP growth in
the following years.

Disasters also have social costs Some of these, such as the loss of sociai infra-
structure - schools, health, religious, cultural and recreational centres, and the
loss of the family income earner, hame, furniture, clothing and household utensils,
have a direct economic impact These societal costs are dealt with more fully in
Chapter 6 Others, which also have a long-term effect on the social well-being
of individuals and families cannot be directly valued in economic terms but,
nevertheless. have indirect economic costs, relating to the loss of relatives and
soctal support networks and to personal trauma.

The issue of relief ald provided by governments and international agencies, and
its contribunon to the effective long-term mitigation of disaster. is considered in
Chapter 3.
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Disasters occur when major natural hazard events impact upon people,  Syumm ary of main
phuysical structures and economic activities. .
An increasing proportion of the population of the developing world live in pOIﬂTS
urban areas By the year 2020, 57% of the greatly increased total population,

in developing countries, will be city dwellers.

Many megacities exist in hazardous zones, prone to natural disaster.

Particularly vulnerable to disaster are those living in unplanned, informal
setflements in marginal areas, where standards of construction and infra-
structure provision are low

The vulnerability of city dwellers depends upon the quality of the buildings

and infrastructure surrounding them Buildings in old inner city areas may

be constructed to poor standards, and those in the informal settlernents may

be basic and insubstantial.

Transport infrastructure, water and fuel supplies are often insufficient, liable

to blockage or rupture

The risk of toxic substances being released from damaged (ndustrial facilities
increases with the growth of industrialization, greatly increasing the risk of
casualties.

Natural disasters have both immediate and longer term economic effects.

The disruption of commerce will affect the rate of economic growth, inflation,
productivity and rade balance This could lead, in extreme cases, to an
economic depression.



The rationale for
mitigation

The rapidly increasing scale of human and econamic assets in huge cities at risk
from natural disaster gives unprecedented weight to the need to invest in a
strategy of mitigation before an event, rather than response and recovery after
an event.

In this chapter, activities relating to disaster management are reviewed, and the
rationale for a mitigation strategy proposed. The scope of typical mitigation
measures is introduced.

Disaster management is a cycle of interlinked activity, encompassing mitigation,
preparedness, the disaster event, response, recovery and reconstruction (see Fig.
3.1). Activities within each phase are necessary for effective disaster management
(see Tahie 3.1)

The onset of a major disaster attracts national and international attention, with
considerable emphasis upon the phases of response, recovery and reconstruction
International. national and local resources are concentrated in an effort to alleviate
loss of human life and suffering, to restore the basic requirements of human
existence, the means of livelihood and commercial activity. The competence of
national and local government is judged by their ability fo react to major disasters,
which provide news material for the world’s media.

Preparedness
Mitigation Disaster
event
/ X ﬁ PROTECTION \
& RECOVERY /
Reconstruction Response
\\ Recovery

Principal phases
of activity

S

Y/

S

Characteristics of phases
within the cycle

Figure 3.1
The cycle of disaster management
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Table 3.1 The main activities of the cycle of disaster management

Mitigation - measures that
reduce or minimize the effects
of disasters on a community

Preparedness — plans for
response by national, regional
and municipal governments,
organizations, communities and
indwiduals

Disaster event —

Response - saving life,
protecting property and dealing
with immediate damage and
disruption

Recovery — assisting
communities’ return to normal
level of functioning. Includes
restoration and rehabilitation

Reconstruction — long-term
replacement of destroyed
buildings and infrastructure

Activtties include an inihal assessment of hazard,
vulnerability and risk. The production of a
detailed long-term strategy and plan, in which
some elements can be swiftly implemented and
others would require lead time and resources
These elements include engineering and
construction of hazard-resistant and protective
structures and infrastructure, land-use planning
economic measures to ensure diversification, and
encouragement of widespread msurance,
institutional measures to engender the political
will and expertise to ensure mitigation and
measures to establish a ‘safety culture’ through
public awareness of risk.

Actwities include designating key individuals 10
act as focal points for the formulation and
implementation of preparedness actwities
including “emergency officers’ in government
institutions and the community: formulating up-
to-date plans for rapid response: special
provisions for emergency action such as
evacuation to safe areas; providing warning
systems and emergency communications;
instituting public education and traming
programmes; cataloguing and upgrading facilihes
and equipment for search, rescue and emergency
treatment of victims

Activities include: implementing disaster reaction
plans: activating the counter-disaster sy stem,
search and rescue, providing emergency food.
shelter, medical assistance; survey and
assessment; evacuation measures. protection of
property against looting.

Activities include- restoring essential services
restoring repawrable buildings and installations
providing temporary housing; assisting the
physical and psychological rehab.itation of
sufferers.

Activities include. introducing improved building
systems and programmes, utilizing international
disaster assistance to optimum effect: applying
disaster expenence in future research and
development programmes: ensuring that
development is planned to ameliorate the impact
of subsequent disasters

From Handbook of Disaster Management (ADB. 1991)

By comparison, the extent of mitigation and preparedness for an event which
may occur at some time in the future will only be as great as the percepuon of
the risk; the resources required will be subject to competing priorities The
governance of cities imposes great demands upon those in responsibility, and
expanding cities of the developing world present a immense step in the scale of
problems City adminisirations are never relieved from this continuing demand.
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The additional tasks of undertaking long-term analysis and commitiing — |
resources to mitigation for an unspecified future hazard should not be under- \-‘:\\\\//

—
estimated, but the necessity must be faced \ZJ

The principal reason for cities to implement a mitigation strategy is to minimize The rationale fOl'
the potential harm to city populations and economic assets, which are constantly L .

increasing in the cities of the developing world (Fig. 3 2). This presents city d mltlgatlon
government with the urgent need to act to protect assets from natural hazards, str ategy

rather than to accept and subsequently react to disaster.

This new emphasis upon mitigation was clearly spelt out in the final declaration
of the United Nations (UN) Conference on Natural Disaster Reduction (1994).

The impact of natural disaster in terms of human and economic losses has
risen in recent years and society in general has become more vulnerable to
natural disasters. Those usually most affected by natural and other disaster
are the poor and socially disadvantaged groups in developing countries as
they are least equipped to cope with them,

Disaster prevenhon, muitigation, preparedness and relief are four elements which
contribute to, and gain from, the implementation of sustainable development
policies These elements, along with environmental protection and sustainable
developmeni, are closely interrelated Therefore, nations should incorporate
themn n their development plans and ensure efficient follow-up measures at
community, national. subregional regional and international level.

Disaster preventon. mitigation and preparedness are better than disaster
response n achieving the goals and objectives of the decade. Disaster
tesponse alone 15 not sufficient, as it yields only temporary results at very
high cost We have followed this limited approach for too long

The extent of economic disruption caused by a natural disaster is described in  Mjtigation of economic
Chapter 2 in terms of direct and indirect impact, secondary and long-term effects impacts

The cost of responding to natural disasters adds to public expenditure and, hence,
to budget deficits. Overseas financial assistance may be required, with current
account deficits having to be funded by capital inflows. The net impact can be
a raised level of government indebtedness; both domestic and foreign. E
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Figure 3.2

A volcanic eruption can cover the
entire city in dust and fumes.
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With the trend towards financial market liberalization, international capital lows
are increasingly fluid. Inward investment is frequently determined by the country’s
perceived long-term security. Perception of that long-term security is an essential
element in an investment decision. It is of growing importance to the percewed
security of assets that a strategy that mitigates natural hazards is seen to be in
existence and is 1n course of being implemented

The total economic impact of natural disasters is often larger than their specific
effect on gross domestic product (GDP) (many losses either cannot be costed or
do not contribute to GDP). All losses from natural disaster represent a major
resource cost to society.

Expenditure on mitigation measures is likely to have a positive effect on growth
and employment, as the increased demand generated raises the output of
economies operating at less than full capacity A analogy can be drawn with
expenditure on environmental measures over the past 25 years, which has been
shown in general to produce benefits significantly greater than the costs invested.

The UN Development Programme, in its 1994 Human Development Report,
identified projects and priorities particularly relevant to urban areas in
developing countries The repart indicated how the costs could be met through
the restructuring of national budget priorities and readjustment of bilateral aid.
Mitigation of the effect of natural hazards is not to be seen as an alternative
investrent to these human development programmes, but as an integral part of
protecting and ensuring their long-term results.

The vulnerability of city dwellers has been described in Chapter 2, and the impact
on human society is further expanded in Chapter 6. The increased density of
populations in cites means that many more are at risk from disaster than 10 or
20 years ago. The trend intensifies. The scale of potential human suffering is much
greater in terms of deaths, injuries, incidence of shock and bereavement,
subsequent disease and long-term illness and trauma. Impoverished and poorly
housed people, who constitute a high and growing percentage of city dwellers,
are much more vuinerable to damage

Damage carries with it considerable costs for the cohesion of society. including
loss of leadership and direction, the break-up of families, the increase in numbers
of orphaned children, the increase in dependence and overcrowding, and the
loss of corporate morale and sense of purpose.

Mitigation of such potential suffering is the hallmark of responsible government.
It Is also consistent with the principle of sustainable development, which requires
a particular emphasis on the need to provide for the least advantaged in society.
It further requires recognition of the needs of future generations, who would be
more adversely affected by a disaster if the present generation fails to take
effective mitigation measures.

A number of circumstances underline the increasing emphasis upon mutigation:

¢ perception of increasing vulnerability; defined in Chapter 2
« the opportunities and obligations of aty development

» ncreased accessibility of knowledge and technology

= increased international support for the concept of mitigation
« conditions attached to international funding.



Economies of many developing nations are growing faster than at any time in
history. and city growth an inevitable result of that development This proress
presents a continuous sertes of opporfunities to mitigate the damaging effects of
disaster, through infrastructure projects, land-use planning and institutional
development. The concept of development also encompasses informal devel-
opments, whereby immugrants to the city establish themselves around the
periphery. As will be noted below in this chapter and in Chapter 5, there are many
low-cost opportunities to incorporate simple design enhancements into new
nousing which improve damage mitigation.

Although the science of disaster management is relatively young, signhificant
advances in knowledge, understanding and technology are being made. For
example, it is now possible to track storms accurately using sateliite photography
and to record earthquakes with strong motion instruments. Engineers and risk
specialists have developed an improved understanding of the effects of natural
hazards on smuctures and the built environment (see Fig. 3.3). Understanding of
the consequences of filures of social organization and regional economies has
also improved.

However, this knowledge 15 currently nat well distributed and access ta much of
it is difficult to obtain: a primary objective for the mternational cornmurity should
be to improve access to knowledoe

Declarahons from majer events such as the UN Conferencas on Environment and
Development (Rio, 1991} and Natural Disaster Reduction (Yokohama, 1994)
have given considerable status and emphasis ko the subject of disaster mitigation.
These are signs of the growing internartional concern to veduce the Impact of
natural disasters, the aim of the Internahonal Decade for Natural Disaster
Reduction Relevant excerpts from the Rio declaration are given in Table 3.2 for
reference.

Post-disaster rel:ef aid, wrongly targeted, can distort local markels. Ald may be
focused to too great an extent on swift rehabiitation and construction. whereby
damaged buildings are rapidly replaced by new construction of precisely the same

THE RATIOMNALE FOR MITIGATION

The opportunities and
obligations of
development

Increasing access to
knowledge and
technology

International consensus
on the benefits of
mitigation

international funding
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Figure 3.3
The extent of flooding within the
ity can be predicted



PART 1 BACKGROUND

Scope of
mitigation
measures

lﬁ@

r ‘l Engineering
and
I construction

measures

Table 3.2 Excerpts from the UN Conference on the Environment and Development.
Rio de Janeiro, 1991

One objective of Agenda 21, the main output from the conference, 1s to enable all
countries, in parucular those which are disaster prone, to ‘mitigate the negative immpacts
of natural disaster on human settlements’.

Within this programme. three distinct areas of activity are foreseen developing a culture
of safety, developing pre-disaster planning and initiating post-disaster reconstruction
and rehabilitation planning.

Cities are tasked to:

¢ Undertake complete multi-hazard research into risk and vulnerability of human
settlement infrastruciure, including water and sewerage. communications, and
fransport.

+ Develop methodologies determining risk and vulnerability with specific human
settlements, and mcorporating risk and vulnerability reduction into the human
settlement planning and management process.

Cihies emerging into post-disaster recovery and reconstruction phases are urged to

¢ Undertake research on past experience of the social and economic aspects of post-
disaster reconstruction.

* Adopt effective strategies and guidelines for post-disaster reconstruction. with
particular focus on development strategies in the allocation of scarce reconstruction
resources, and on the opportunities that post-disaster reconstruction provides to
introduce sustainable settlement patterns.

type in the same location This forfeits the opportunity to construct safer buildings
and infrastructure networks to improved specifications and to a well-conceived
master plan.

In line with thinking within the UN, major international funding agencies increasingly
recognize the benefits of funding longer term mitigation projects that are based upon
objective risk assessment. Projects are particularly attractive to funding agencies when
they are incorporated into an overall mitigation strategy, as part of long-term
development plans. Proposals are subjected to sophisticated and systematic appraisal
by agencies, based on the net rate of return which seeks to quantfy social and
economic returns from investment. The appraisal is likely to include an examination
of fiscal propriety, audit methods, financial controls and social impacts. The role of
internatonal funding agencies is discussed further in Chapter 9.

Having examined the case for mitigation it is appropriate to introduce briefly the
scope of mitigation measures, which are fully expanded in subsequent chapters.
As has been noted above, these mitigation measures are components of an over-
all strategy. based on an ihal risk analysis, and subsequent detailed plans

The scale of resources involved varies according to the type of mitigation measure
proposed. New programmes of infrastructure provision will require substantial
investment. However, the process of incorporating mitigation principles into
planning processes, design techniques and consiruction methods for existing
schemes need not be costly. All will be of fundamental benefit. The principal
message is that it need not demand too great a degree of resource to make a
start on the development of a mitigation strategy, which should be progressed
on the basis of a long-term programme.

The effects of floods can be alleviated by such works as sea walls. breakwaters,
river-retaining walls, levees, dredging, foundation adaptation, and regulation of
and enhanced drainage for water discharge Levees may be appropriate in some
areas and the provision of flood plains in others.
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The effects of earthquakes can be mitigated by engineering of structures to
withstand vibration, enforcement of adequate building codes and standards, and
strengthening of key infrastructure (such as transport, water and power).

Measures against landslide or avalanche include the engineering of resistant
structures and land-use planning. Measures against strong winds, often accom-
panied by heavy rainfall, include adequate construction standards, appropriate
siting. the provision of windbreaks. and measures to counter the effects of floods
and landslides as above.

Land-use planning in the cities of the developing werld is difficult to implement, Land-use planning
where often the pace of growth swamps the ability of local autherities to control ~ measures
settlements and provide event the most basis facilities. Where possible, land-use

planning must take account of natural hazards and risk in the normal process of @
development control. Some natural hazards are localized, with effects confined @ A\
to specific known areas. Their impact can be considerably reduced by discour-

aging seftlements and construction of key installations in hazard-prone areas such

as flood plains or steep and unstable slopes.

N

Land-use planning can alsc help to mitigate hazards by the reduction of
population density, the location of public sector facilthes with redundancy of
service lines where appropriate, and the design of service networks and replica-
tion of routes in transport. power, water and sewerage systems

Developments in safer locations can be encouraged by the provision of
acceptable service systems, and conversely deterred in hazardous areas by the
denial of facilities and by mapping and publicizing hazard-risk zones. Never-
theless, closeness to employment opportunities is often the governing criteria for
location, those living in poverty are rarely able to choose their location. Rather,
they are forced into available ‘free’ land, even when it lacks infrastructure, and
many thus live in hazardous areas Notification which makes ‘hazardous’ land
unattractive will at the same time make it more ‘affordable’ to the impoverished.
Efforts to limit development on hazardous areas must therefore, if they are to be
successful, provide other equally ‘free’ sites to the impoverished. Experience
shows that, with better housing policies, better tenure rights and acceptance of
informal housing, standards improve over time.

Economic development is vital to disaster mitigation. A strong economy provides Economic measures
the rescurces to undertake the physical meastires required, and allows for finan-
cial reserves to be built up to meet losses.

it

r
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Economic planning can assist the reduction of disaster risk by diversification of
economic activity (as multiple activities are less vulnerable than single industry
economies) Infrastructure linkages may be more vulnerable than the assets of
the industrial sector; analysis of the relative risks is needed

Economic incentives and penailties, such as grants, loans and taxes can be used
to encourage mitigation measures including relocation of industries and work-
forces, and improvements in the quabty of structures and buildings A significant
economic protection device is insurance, whereby losses are dispersed because
the risks are spread over many premum payers. The more widespread the
insurance systern, the lower the premium In areas of high or frequent risk,
commercial insurance is not always obtainable However, the majority of residents
in developing countries will be too poor to pay for either personal or property
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insurance, even if insurance companies were prepared to extend cover on therr
property. The role of insurance is considered in Chapter 8.

To bring about any change, political will is required, fogether with staff and
structural resources, and professional expertise. An examination of existing
machinery 1s a pre-requisite to assessing the feasibility of mitigation. In the long
term, a culture of safety needs to be developed, mitigation principles need to be
incorporated 1nto planning procedures, and adequate design and construction
standards need to be implemented.

If the required institutional changes are to be achieved 1t will be necessary for
governments to allocate resources, arrange for specialist training and establish
an appropriate information base. At national and municipal government level,
there 1s a need to establish & mitigation committee of stakeholders, and an
implementing agency (see Chapters 7 and 9) for disaster mitigation

At the local community level, a participatory approach to understanding the need
for and the nature of mitigation measures is essential. A type of intervention is
required which encourages the people’s ‘coping’ mechanisms. The participation
of the local community can be achieved by working with community-based
organizations, enlisting the support of community leaders, and by training
programmes for local builders. Simple enhancements, such as the incorporation
of lighter roofs, the tying of timber to earth and stone walls, and the firm
attachment of roofs to walls may dramatically reduce (by as much as 80% in a
region) the number cf casualties.

The ‘self-help’ approach has the advanrage of drawing not only on professional
expertise and resources of government, but also on local knowledge, skills and
commitment. This leads to ‘sustainable’ mitigation.

A successful public awareness campaign might include a high-profile effort on a
‘natonal awareness day’, involving media broadcasts and rehearsed drills. This could
be combined with long-term campaigns to familiarize the public with the effects of
hazards and to promote confidence. thus ensuring that households are able to take
precautions. Hazard awareness should be included as an element of the school
curriculum, and households should be encouraged to apply simple rmuhgation
measures such as positoning of furntture, practice of emergency drills, and storage
of emergency food and water supplies Impoverished househclds, who cannot afford
to buy and store water and food. should be made aware through commuruty leaders
and a variety of appropriate community groups such as women's cooperatives, of
the nearest safe location and public food The contribution of public awareness to
the mitigation strategy is discussed (n Chapter 8.

« Disaster management is a cycle of interlinked actity encompassing mitigation,
preparedness, the disaster event, response, recovery and reconstruction.

= The principal reason for cities to consider a mitigation strategy is to minimize
the potential harm to city populations and economic assets that are
constantly increasing in the cities of the cities of the developing world.

+ This 1s underlined in the final declaration of the UN Canference on Natural
Disaster Reduction (1994). which stated that ‘Disaster prevention. mitiga-
tion and preparedness are better than disaster response .. *.

« There is a need to mitigate economic impacts and human impacts. The
vulnerability of both has been outlined in Chapter 2.
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* Certain circumstances underline the emphasis on mutigation, including the
opportunity presented by city development, the increased availability of
knowledge and technology, increased international support for the concept
of mitigation. and the conditions attached to international funding.

* The scale of resources required varies considerably according to the miti-
gation measure proposed. The principal message is that it need not demand
too great a degree of resource to make a start with the development of a
mitigation strategy.

* The scope of mitigation is introduced and includes: engineering and con-
siruction measures, land-use planning measures, economic measures, institu-
tional measures, and public awareness.
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This chapter considers the type of scientific and technical information required
by planning authorities. and the format in which this information should be pre-
sented It aims to encourage cooperation and greater understanding between
scientists and administrators. It outlines the potential and limitations of the
scientific study of hazards and vulnerability.

A distinction should be made between data and information In the context of
this chapter, data can be defined as the objective facts and figures which are col-
lected through scientific activities such as monitoring and surveys. Data collected
for scientific purposes will often be incomprehensible to the administrator or other
non-specialists. To provide information which will be of use to the administrator,
data need to be presented in an accessible format which summarizes, explains
and interprets the most relevant facts.

The reliability and accuracy of data are also of concern, as they affect the
reliability and accuracy of the information derived from them. Scientific agencies
should specify the level of accuracy of data which they collect {for example, within
a margin of error of £5%) and any conditions or assumptions which may affect
the reliability of the data. Factors involved in the collection of data should also
be specified. as these will determine whether it is possible to compare one set of
data with another.

The role of the city's administrative authority is primarily to define its require-
ments for information to identify thase agencies which possess relevant data, and
to obtain information in an accessible form.

Detailed scientific and technical references are included in the Bibliography, and
specialist research cenmes are listed in Appendix 4.

High professional standards and adequate resources are essential for the
production of accurate and reliable scientific information. Extensive collections
of data are often readily available, either from established scientific agencies with-
1n the country or from other sources infernationally. For example, extensive mete-
orological and hydrological records are held in most countries. as such
information 1s required by airports and airline services and other fransport
agencies Geological and gectechnical records are often retained 1n archives, and
historical data on earthquakes are collated by specialist centres in several
countnes (including Japan. US A | UK and Switzerland}

Information base
General information
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One of the first tasks in formulating a disaster mihgation strategy is to quantify
the natural hazards which could affect the city, in terms of return periods for
events of different intensities. Frequent events, such as those with return periads
of a few years, are likely to include heavy rainfall or tropical storms; it is unusual
for such events to be classed as disasters. Extreme events, which recur once every
several tens, hundreds or even thousands of years, might include a tropical
cyclone of hurricane strength passing close by, or strong earthquake shaking, or
nearby volcanic eruption. A regional hazard study should then be conducred, to
predict the extent to which specific locations in the area would be affected by
each hazard, preparing intensity maps for shaking, flood levels, wind speeds or
mud flow, for example.

Instruments installed around a city can provide an important source of ‘real-time’
data on rainfall, wind speeds and possibly seismic shaking. These data can form
an important component of the hazard assessment and can also provide the
opporturity {for some hazards) to develop advance warnings. Historical or geo-
logical research will usually be required to fully understand the nature of the
extreme events which could affect the city of today.

In parallel to hazard assessments, social and land-use surveys will provide a
starting point for the assessment of human and physical vulnerability. The process
of obtaming this information could be described as an ‘audit’ of the city. A
classification of building types in the city (in terms of their age, height and form
of construction) and of lifeline networks (including energy, water, commu-
nications, transport and medical services) will be needed to reduce the amount
of data to a manageable level

The scientific information required for preparation of spatial development plans,
design codes and building regulations, and the form in which this information
should be provided, are described in the following sections Reliable, manipulable
and accessible data is the basic requirementi to provide useful scientific
information as the degree of reliability is a frequent issue in disaster mitigation risk
assessment.

An assessment of the risk from flooding requires a knowledge of a number of
key parameters including ground configuration, depth of water, duration, velocity
of flow, rate of rise and frequency of occurrence. It also requires interpretative
skills

In its simplest form, flood hazard is depicted in plan by contours which represent
the areal extent of the predicted water surface of a flood of specific return period
(e.g. 50 vears), Longitudinal profiles of water surface are also often shown These
profiles are determined both for floods of a specified frequency of occurrence
and for historically recorded or estimated events of catastrophic magnitude. With
sufficient and appropriate annotation, flood hazard plans will indicate to planning
agencies the potential severity of inundation for floods of spectfic return periods

An important issue to address in the assessment of flood hazard is the
effectiveness and quality of dykes or coastal protection systerns. Breaching or
overtopping of dykes may dramatically increase the flooded area. Areas
suscephble to sea surge and tsunami should also be covered under this heading.

The impact of these hazards is not restricted by topographical or geological
features to specific areas. If a city is located within a region in which they occur,



every square metre may be exposed to the maximum impact (although some
buildings may be shielded by others). Strong winds are often accompanied by
heavy rainfall and hence there may be a combined risk of flooding and
windstorm

Information will be required on the frequencies of wind strengths, recorded anct
predicted storm tracks. and rainfall intensities and frequency of occurrence.
Historical research is needed to quantify the nature of extreme storm events. Wind
speeds associated with gusts during a cyclone cannat readily be predicted by
extrapolation from smaller storms far which more extensive instrumental data will
be available The effectiveness of warning systems will be of interest to those
involved in preparedness planning, as the period of warning may influence the
planning of evacuation routes and the number and location of protective shelters
provided

Geological data can be used to prepare specialized maps of isoacceleration,
landshde potential, and microzoning for liquefaction. Geotechnical maps should
include the definition of ground soil types and their characterstics, the thickness
of each unit. the depth to bedrock where relevant, and the ground-water levels.

Records of seismic intensity provide information on maximum intensities which
have occurred in urban areas during previous earthquakes. Figure 4.1 shows the
epicentres of earthquakes which have occurred near Karachi. For relatively small
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An example of scientific
information earthquakes greater
than magnitude 5.0 occurring
within 300 km of Karachi
(1900-90). Source* British
Geological Survey, Edinburgh.
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urban areas, maximum intensities can be represented by a single value. However,
for major urban areas, information on variations in the degree of damage, and
on possible correlations between intensity and the degree of damage incurred
during previous events, should be related to ground conditions within each zone.

Maximum intensities and estimated maximum ground acceleration should be
shown on a map of isoacceleration and seismic intensity Isoacceleration maps
can be used to show maximum (or peak} ground acceleration for return periods
typically of 50, 200 and 500 years in different urban areas; these are usually based
on three general categoties of subsurface conditions: loose soils; consolidated
soils; and bedrock or very firm ground. Response spectra can also be estimated
for each urban zone, for the three return periods and for the same ground types
as those used to create isoacceleration maps.

Areas which might suffer surface fault ruptures, landslides or liquefaction should
be recorded on separa‘e hazard maps; landshide potential and hquefaction
potential are evaluated by geotechnical engineers. The secondary effect of
flooding from tectonuc deformations and landslides which block water flows
should be evaluated, and recorded on maps indicating potential floods and debris
flows linked to earthquakes.

The information detailed above should be combined into summary maps and
microzoning maps for the use of planning authorities. Summary maps show
combinations of hazards in specific zones, while microzoning defines zones which
are subject to the same level of hazard. Each map should make recommendations
concerning the depth of geotechnical study required in relation to the overall
hazard in each zone. This information will be required by planning authorities
and building control officers, for the purpcses of development planning and
building regulations.

Geological studies of the history of local volcances can be used to ascertain the
frequency and character of previous eruptions and the areas affected (it s
reasonable to assume that future eruptions will be of the same category). Hazard
maps can then be prepared, identifying hazardous zones, and an assessment
made of the probability of a specific area being affected in a given pericd of time.
Input will be required from meteorologists to assist in predicting the likely
distribution of wind-blown tephra or toxic gases.

Information will be required on the locations {both within the city and in the
vicinity of nearby infrastructure) and magrtude of potential landslides, the trigger
mechanism (i e earthquake. water or slow creep) and whether measures can be
taken to improve the situation. Planning authorities should also have an adequate
understanding of the potential impact of landslides on structures and infra-
structure, and of which urban uses the land 1s suitable for,

This information is usually presented on a landslide hazard zoning map. which
planning authorities should use to determine suitable land uses. Zoning maps,
particularly at scales of 1:25,000 or larger. generally include detailed scientific
and geological information, but these must be franslated into explicit
conclusions and recommendations for the use of planning authorities

Scientific and engineering data used for hazard assessment is of three main types:

« meteorological, geological and hydrological information, obtained from



studies of the city’s geography. climate, hydrology, geology, tectonic setting
and soil distribution

« historical information, obtained from studies of the built environment, social
surveys and historical research

* instrumental data (real-time) used to understand the background hazard
level and to predict events, using monitoring instruments.

As comprehensive scientific studies often take many years to complete, prelim-
inary hazard assessments should be based on information currently available and
on rapid appraisal audits. supplemented by information from international sources.
With an understanding of the vulnerability of the city, a risk assessment should
then be undertaken before any major investment is made in mitigation measures.

An audit of the aity should be organized mto discrete tasks. Data are potentially
available from many sources, although some will need to be acquired by new
studies. The main sources of data are:

= surveys of the natural environment

* historical research

+ classification of physical infrastructure

* economic surveys

« social surveys, medical research and veterinary public health
= nopulation and urbanisation surveys, and census reports.

Topographical. pedological, geclogical, hydrological. bathometric, hydrographic
and meteorological maps for all cities should be readily available; however, in
some countries this is military classified information. To assess secondary seismic
effects and landslide potential, knowledge of the soil is required; planning and
building control departments should possess records of ground investigations
carried out for new construction

Geological zonation maps can be prepared using existing data on geology,
geomorphology and hydrogeology These maps should define areas susceptible
to ground meotion, amplification, surface rupture, soil liquefaction, earthquake-
induced landslides and tsunami inundation. They will provide an input to planning
guidelines (indicating areas unsuitable for particular types of construction) and
design guidelines (indicating areas in which existing construction requires
strengthening).

Flood hazard zonation maps can be prepared using topographical maps, data
on rwver flows through the city and rainfall statistics. Cyclone hazard zonation
maps, including the nsk of storm surge, can also be prepared. Volcanic hazard
maps are available for certain areas, and can be prepared for vulnerable urban
areas elsewhere. The degree of accuracy needs to be defined as insurance claims
may depend on these maps

These hazard zonation maps can be combined into a composite map providing
quidance for planning authonties. Geographical information systems (GIS)
provide a useful technological tool for preparing composite maps with zone areas
in terms of type and degree of risk (see Fig. 4.3).

Historical records and physical evidence of previous evenis can be used to
provide additional data or information Although cyclones, wind storms and
heavy rainfall often do not leave permanent visible evidence, national and inter-
national meteorclogical agencies should have records of more recent events,

THE CONTRIBUTION QF SCIENCE
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These data can be used to assess wind strengths and rainfall probabulity.

Evidence of previous volcanic eruptions is often extensive. For example, previous
eruptions in Iceland have been reconstructed after studying the lava and ash
deposits. In the Philippines, during studies of the eruption of Mount Pinatubo in
1991, it was discovered that a greater eruption had occurred some 35.000 years
ago. Evidence of climatic change and air pollution caused by volcanic eruptions
is also present in Greenland and the polar ice cap.

Evidence of previous earthquakes includes surface and subsurface features,
written hustorical records, instrumentation records from specialist centres, and
scientific investigations. The study of plate mavements, and the trenching of faults
and carbon dating of their activity enable accurate assessments of past events
and consequently improved assessments of the probability of future events

Historical evidence must be interpreted with great care: although 1t can provide
useful data, it is often distorted in various ways For example, Ambraseys and
Melville {(N. N Ambraseys and C. P Melville, 1982 A History of Persian
Earthquakes. CUP, Cambnidge) found that the level of information available on
previous earthquakes in Persia was determined largely by the political and social
significance of the area in which they accurred (see Fig 4.2)

Further, scientists will disagree about the probability, magnitude, timing and
location of a future event The mterpretation of evidence must take account of
a number of opinions.
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Figure 4.3
Satellites and geographical
information systems can be used

for compiiing data for a city audit.

Classification of physical
Infrastructure

Economic surveys

|

In order to define the vulnerability of the physical infrastructure, 1t 1s necessary
to classify it into distinct categories (Figs 4.3 and 4.4). The following categories
are suggested:

* buildings - including residential, medical, commercial. industrial, leisure and
community facilities

¢ structures - including bridges, industrial complexes (such as refineries and
simtilar plants), towers and advertisement hoardings

* transport facilities - ports (including berthing and cargo-handling facilities,
breakwaters and warehouses), roads, railway Lines and airports

* utilities - gas and oil, electricity, telecommunications

» water and public health facilities — clean water supply and distribution, waste
water collection and disposal, solid waste collection and disposal, surface
water drainage.

Classification should take account of the age of the component, its design, the
construction materials used, its location and prevailing ground conditions.
Buildings should also be classified in terms of the ratio of their height to minimum
width and their occupancy. Many other factors could be included. although these
are not necessary for initial assessments. Once the classification has been made.
it can be refined and updated at intervals of, perhaps, three years.

Infrastructure facilites which are of strategic importance in post-disaster
response, including hospitals, schools, major transport links and bridges, should
be given particular attention. These facilities should receive priority when

implementing measures for mitigation.

An assessment of the vulnerability of the physical infrastructure can be used to
estimate the direct economuc effects of an event. Estimates of indirect, secondary
and long-term econormic effects should be based on an assessment of the
vulnerability of the economy in general, which can be derived from an analysis
of the city's economic resources and characteristics.



Social surveys should compile data on population distribution and density, family
structures, lwing conditions and travel patterns. Relevant data may be readily
available as they are normally used by the city authority to assist routine strategic
planning. Supplementary data may also be available from universities or other
research institutes. Some rapid appraisal techniques are described in Chapter 9.

Detalled research may be needed to-

¢ survey the aftitudes of different social groups towards mnvestment in
mitigation measures

* document the expertences of survivors of previous events

s study levels of awareness and behaviour patterns amongst hazard-prone
commurities.

Disaster epidemiology 1s the study of the medical effects of natural disasters,
including those effects which are a result of secondary hazards and other
circumstances. [t can make significant contributions to emergency response plans,
to the planning and design of the physical infrastructure, and to raising public
awareness of the risks of natural hazards. International guidelines for ethical
review of epidemuological studies were issued by the Council for International
Organizations of Medical Science (CIOMS) in 1991

Although few cities will have access to specialist knowledge i disaster
epidemiclogy. a study of the effects of previous events occurring locally and
nationally could form the basis of developing such expertise within the city. The
consequences of other hazards, such as drought, desertificatton, civil war and
farmine can often be defined as “disastrous’ and, because of their gradual onset,
such hazards offer considerable opportunities for studies in disaster
epidemiology Sharing information and knowledge with other regions can be
helpful although data obtained in cther regions will not necessarily be directly
comparable

THE CONTRIBUTION OF SCIENCE
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Reutine data collected to assist in the planning of health service provision, and

6 other data collected in the course of health care and environmental improvement

N projects, can also be useful. Studies in this area, which link data collection and

analysis to an immediate decision-making process, can provide valuable input to

- basic framing in standard emergency procedures for medical professionals
responding to accidents,

Casualty models should be formulared, in order to predict fatality and injury rates
for specific scenarios. This work will necessarily involve collaboration between
relevant disciplines, such as engineers with a knowledge of the mechanisms of
building failure, and physicians.

Previous studies have identified fire as a primary concern of those at risk from
natural hazards. Fires are often the most destructive secondary effect of natural
hazard events The control of fire and of its effects is an area in which epidem:-
ologists, civil engineers, archutects, planners, sociologists, fire protection engineers
and fire-fighters could work in collaboration to effect gradual improvements such
as fire breaks, access lanes for fire-fighting equipment and community measures.

Epidemiological research should also aim to identify potential secandary health
effects. These should be shown an risk maps which identify potential sources of
risk. For example, a natural hazard event could damage industrial plant and cause
a release of toxic substances The potential medical effects of such incidents, and
the scope for mitigation and preparedness measures, should be considered.

Veterjnafy public heaith The routine monitoring of disease carriers is usually the duty either of the health
service or of the veterinary services, and their work should involve the collection
of basic data with the following objectives;

* to provide an understanding of human/animal/environment relationships,
in order to discriminate between the ‘normal’ and the ‘abnormal’

* to idenbfy problems which may occur as a result of hazard events

* to identify mitigation and preparedness measures which should be taken

* to facilitate the provision of external help

* to monitor emergency situations.

It may be advisable to classify data in relation to separate areas of the city.
because some essential factors, such as the presence of animals, may differ from
one area to another.

Instrumental data Data-processing techniques, satellite and computer technologies are of increasing
} significance tn the monitonng of natural hazards and their effects. Accurate
TeChnOlOg ical predictions and warnings are now possible for some hazard events and as the
development quality of data improves, these should become more accurate and reliable. This
section discusses some major technical developments and their applications.

—
|j United Nations International Emergency Network (UNIENET). The .Inter-
national Decade for Natural Disaster Reduction (I[DNDR) has encouraged
increased activity m the study of all aspects of disaster managernent. and
UNIENET provides a valuable source of information on this activity. Its members
can access information on organizations involved in disaster mitigation, inter-

national meetings and activities, historical data on previous disasters, training
facilities and possible sources of related funding support, directories of specialist
organizations, and ‘state of the art’ and “appropriate’ technology As greater
numbers of urban authorities join the network. relevant data will becorne more
accessible.



Contact details are included 1in Appendix 3.

Geographical information systems. GIS can be used to produce a detailed
assessment of the risks affecting a particular city, which can be continually refined
and modified as further information becomes available. GIS 1s a technique for
computer storage and display of base geographical information, with additional
information — such as soils and hazard zones, land-use types. bulding types,
lifeline networks, population density and dwelling types — shown on higher levels
or overlays. GIS is similar to the technique of using a base map and acetate
overlays, but enables the storage, amendment and retrieval of substantial
quantities of data. With sufficient data, GIS can also be used to show trends and
simulated effects of hazard events

An assessment of the vulnerability of a city (as described in Chapter 9) involves
collating information on the topography. geology, tectonic setting, hydrology, soil
composition, land use and infrastructure of the area. Topagraphical information
at a scale of 1:10,000 or larger may already be available in digital form, and could
be used as a base on which other information can be superimposed. Further
applications of the system could include the preparation of localized risk
assessment maps for specific communites.

The application of GIS should be a high prionty for public authorities concerned
with disaster management, and could be developed by an existing agency
involved in the planning of land use or of public infrastructure provision

Remote sensing. The use of remote sensing techniques for operational,
commercial and experimental applications is increasing world-wide. In hazard
assessment and disaster mitigation, they are used to monitor flooding and
assaciated effects such as erosion, for land use and vulnerability mapping, and
for meteorological measurements and severe storm warnings.

In the Philippines a comprehensive range of hardware and software is available
for satellite image processing and analysis, and remote sensing applications
include weather monitoring and forecasting, natural resources monitoring, soil
and water management, education, aerial photography, surveying, planning, and
volcanology. The University of the Philippines Training Centre for Applied
Geodesy and Photogrammetry supports master's degrees and diploma
programmes in both remote sensing and GIS

Essential components in any disaster mitigation strategy are.

+ identification of hazards which involve a high risk

+ assessment of rnisks and delineation of the areas likely to be affected
» where possible monitoring and predicting of hazards

* adoption of measures to reduce potential losses.

The first three stages mainly involve scientific activities, while the fourth involves
policy making and implementation Scientific findings therefore need to be
dissemninated effectively in arder to formulate policies and strategies which are
practical and appropriate However action as a result of this process is often
ineffective, due to

* inadequate identfication and prediction of hazards (i e a failure to locate
the hazardous event in space and time, and to measure the uncertainties
involved). or

* inadequate formulation of warning messages, or

* inadequate transmussion of warning messages to intended recipients, or

THE CONTRIBUTION OF SCIENCE
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Cyclone warning

N
e

* inadequate understanding of warnings by recipients, and consequently a
lack of suitable action, or a combination of these.

Each stage is equally important, and any weakness in one stage could render
the entire process ineffectrve The response of the community as a whole 1s a vital
component, but human reactions are often not helpful. Experence from the
United States shows that people retain a strong attachrment to their homes and
locations after disaster, and are unwilling to evacuate for longer than three weeks
when disasters are predicted.

It 1s essential to maintain a high standard of prediction and warnings, of commu-
nication between scientific and political agents. and of public education. Effective
forecasting requires continuous data exchange between countries. Studies have
identified religious, social and ethnic groupings as factors which influence
responses to warnings; the response of poor communities, minority groups and
women is often the most restricted. Disaster management must therefore include
the following preparedness objectives:

* improve the accuracy of forecasts

* increase duration of advance warnings

* reduce time taken to evacuate

+ minimize the number of authorites responsible for processing data and
issuing warnings

* improve communications between scientific agencies urban development
authorities and the public

* adopt international standards for warnings

* ensure that funds are allocated for the monitoring of all relevant hazards

* encourage scientific research in disaster mitigation.

The following subsections desctibe the availability and use of warnings for each
hazard.

Tropical storms can be tracked and their future progress predicted with some
confidence In Hong Kong, for example, the Royal Observatory tracks cyclones
from satellite pictures taken in both infrared and vistble spectra and, within about
500 km of the territory, by weather radar. Forecasters apply experience and
synoptic reasening to the particular meteorological situation, in order to forecast
the future movement of a storm, assistance being provided by a range of
statistical-dynamical objective forecast schemes. Figure 4.5 shows the cyclone
warning signals currently in use in Hong Kong.

In addition to other meteorological and geophysical information. the Hong Kong
Royal Observatory provides cyclone warning services for the public, for sea traffic,
for aviahon and for specialist users such as building contractors, whatfing
companies, public utilities, public transport operators and other commenrcial
enterprises. Warnings relate to the risk faced by the territory and to expected wind
conditions. When a warning signal s hoisted, bulletins are disseminated to the
public. the media and other users. Similar information is provided through an
automatic telephone answering service and the Mong Kong Telephone
Company provides a service for those who wish to be notified by telephone of
the hoisting and lowering of signals

Weather prediction requires the constant exchange of meteorological data
between countries. As part of a regional cooperation programme under the World
Meteorological Organization, warnings and prognoses are exchanged among
meteorological services throughout east Asia.
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Flooding resulting from sea surge storm surge or heavy rainfall can be predicted
and warnings issued. Continuous monitoring of water levels and of rainfall in river
catchment areas provides information on which flood warnings can be ssued.
Numerical models can simulate nver basin and urban area floods and, together
with tide level records. are used to predict the likelihood of storm surges in tropical
cyclone conditions Embankment failure 1s more difficult to predict, and often
occurs before the design return period is experienced, due to poor maintenance
or sediment and bank erosion Failure of dams can be determined by site geology
or caused by forest removal.

Flood protection work in the form of embankments (levees) or walls in urban
areas can reduce the extent and impact of floods For example. levees have been
constructed in Budapest, as protection against flooding of the River Danube with
a return period of 1 1n 1000 years.

Jakarta covers an area of 24.000 hectares, of which 15,000 are less than 2 m
above sea-level and sinking Flood hazard maps have been prepared, the Public
Works Department (PWD)} operates a flood warning system in the areas at risk,
and ‘flood gangs are on standby to assist in problem areas. The work of the PWD
has been complicated by the presence of iliegal residents in areas at risk.

Prediction and warnings for small catchments are difficult, due to the short time
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scale involved. For example, the Malir and Lyart rivers passing through the city
of Karachi have caused many instances of flooding in the past, leading to
substantial loss of life and property in the city. Flooding of the Malir has been
controlled with embankments, and the effect of looding of the Lyari has been
mutigated, partly by construction of embankments and partly by provision of
monitoring stations and adoption of a rain flood emergency plan. In the longer
term. when flood ways are cleared and embankments constructed, the emergency
plan may be unnecessary; at present, authorities annually persuade illegal settlers
encroaching on flood plains to leave their dwellings, only to see them return and
rebuild their damaged homes after the flood has passed.

Although tsunamis cannot be prevented, their effects can be mitigated. both 1n
the long term by planning to minimize any damage, and in the short term by
issuing warnings. Long-term mitigation 1s desirable, but may not be cost-effective
if it involves the construction of major wave-breaking barriers which may only
be needed occasionally. Due to the potential force of a tsunami. a warning system
giving several hours of advance notice is likely to be the primary strategy for
reducing loss. Timely warnings can be very effective in avoiding loss of ife and
minimizing damage, for example, by shuttering windows or opening those on
the ground floor to let the flood pass through, by moving vehicles and mobile
equipment to higher ground, and by protecting critical facilities.

The Pacific Tsunarm Warning Centre (PTWC) in Hawaii acts as an infernational
warning centre for tsunami which pose a Pacific-wide threat An international
warning system was formalized in 1965, when PTWC assumed the tesponsibilities
of the Pacific Tsunami Warning System {PTWS), to which 26 countries belong.

The objective of PTWS is to detect, locate and determine the magnitude of
potentially tsunamigenic earthquakes in the Pacific basin or its immediate
margins. Earthquake monitoring services, such as that of the US Geological
Survey, provide basic data. if the location and magnitude of an earthquake meets
the known criteria for tsunami generation, a warning of the imminent hazard is
issued. The warning includes predicted arrval times of the tsunami at selected
coastal communities, within an area defined by the maximum distance the
tsunami could travel in a given time period If a significant tsunami is detected
by sea-level monitoring instrumentation, the warning is extended throughout the
Pacific basin.

Tsunami watches, warnings and information bulletins are disseminated to
appropriate officials and the general public by various methods including radio.
television and marine radios

There is not yet a refiable method of predicting the occurrence of an earthquake.
However, seismological research can estimate the magnitude and frequency of
earthquakes which may occur within the vicinity of a city, by predicting the
probability that an earthquake of a certain magnitude will occur in a given area
duning a specified period.

Seismic monitering in Karachi and Jakarta There are no seismic measuring
instruments in Karacht, nor in any other part of the province of Sindh, despite the
presence of faults suspected of being active crossing parts of the urban area. In
1994 the Geclogical Survey Office began to prepare zonal geoloqgical maps of the
aty in a four-sheet 1.25,000 scale coverage. Due to financial restraints this work
has had to be based on information readily available with no additional surveys.



Data collection to detect seismic forces is not given a high priority in Jakarta.
Long-period motion instruments are located in the meteorological and
geophysical agency compound but these now have very low sensitivity due to
the proximity of highways and the effect of traffic vibrations. In the private sector,
strong motions instruments were nstalled 1n high rise buildings over 10 years ago
but none are kncwn to be still working and providing results.

It should not be assumed that if a geological fault passes through a city, the city
will be susceptible to major movement along the fault line. nor that no ground
movement will occur where there is no fault line. The 1985 Mexico City
earthquake is a dramatic example of substantial movement occurring although
no fault lines pass through the city; conversely, the 1994 Los Angeles Northridge
earthquake was generated by movement on an underground and unknown fault
line, rather than on the many surface fault lines

Fault lines and earthquake generators across the world are well defined;
historically. most major earthquakes have occurred along these lines. However.
it is believed that almost any area could experience an event of magnitude 4.5,
and that events of greater magrutude are possible in many areas distant from
major fault lines From 1900 to 1989, the following events were recorded within
a 300 km radius of major cities’

City Magnitude
Bangalore =50
Bangkok >60
Jakarta =80
Karachi >6.0
Lagos >50
London >5.0
Moscow >50
New York >50
Paris >5.0
Seoul >6.0

False predictions can create unnecessary alarm, and consequently have indirect
social and econemic effects. For example, 1n 1981, a catastrophic earthquake was
predicted to occur in Lima, Peru and, although the event did not occur, those
who were aware of the predictions and who were able 1o leave, did so The task
of administrative authorities is to make effective use of inforration available. If,
for example, riormation indicated that an earthquake of magnitude 7 could
oceur 1n the cire within 250 years. appropriate action could be planned. However.
predictions that a similar event may occur within a year would allow little scope
for action, part.cularly if long-term mitigation measures were not already in place.

Unusual or abnormal animal behavior 15 the oldest and most consistently
reported earthquake precursor Yet. even the recent scientific hterature 1s
fraught with contradictory evidence related to this phenomenon We recently
completed smudies of eight earthquakes in North, Central and South
America, none of which were known to have had foreshocks. Our data indi-
cates thar unusual ammal behavior occurs a few hours before some, but not
most. such earthquakes. Studies of earthquake folklore support the same
conclusion. Amimal behavior seems unlikely to be of much direct value in
earthquake prediction. but tt is possible that analysis of some animal reac-
tions could point the way to identification of physical precursors common

THE CONTRIBUTION OF SCIENCE
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Landslide potential

Volcanic eruption
warning

Figure 4.6
Monitoring voleanic activity

to at least some earthquakes {Animal Behavior and Earthquake Prediction,
edited by Benjamin L. Hart, School of Veterinary Medicine, University of
California)

Geoalogical, seismological, meteorclogical and topographical studies can identify
the location of potential landslides, but not their timing. Landslides are generated
primarily by vibrations, erosion, and lubncation caused by earthquakes and
water, sometimes aggravated by changes in the vegetation of hillsides. Where
rainfall has caused initial movement, it can be reasonably expected that further
movement will occur during the next rainy season.

Although attempts to manage the effects of a large landslide may not be cost-
effective, some potential landslides can be prevented by engineering measures,
such as slope stabilisation to reduce the likelihood of Lquefaction and flow-slide.
Evacuation to protect life may be the only other mitigation measure available.
For example, close monitoring of the Randa rockslide, begun after an initial event
in 1991, identified the possibility of further movement; tremors were registered
shortly afterwards, followed by a second large rockfall causing property damage,
but no casualties. However, the monitoring process proved very expensive.

Although major urban developments have rarely been established in volcanic
areas, eruptions often affect towns, villages and agriculiural areas which have
developed in order to benefit from the rich soils of the area

For example, Metro Manila is situated within 100 km of three major volcanoes,
Taal, Banahaw and Pmatubo. Of the 45 nominally active volcances (known to
have erupted within historical time or known to have records of eruption dating
back to the last 10,000 years) within the Philippines only six were monitored
between 1980 and 1990. This monitoring did not include Pinatubo, which was
not classified as a high risk. One challenge facing volcanology is to distinguish a
dormant volcano from one which is extinct.

The Philippine Institute of Volcanology and Seismology (PHIVOLCS) has had
extensive experience of monitoring and of issuing warnings of volcanic activity. The
summary of the major eruption of Mount Pinatubo in June 1991 given in Tables 4.1
and 4.2 shows the process of alerting and warning which evolved during this event.




Table 4.1 Eruption of Mount Pinatubo

July-August 1990

Local people living on the mountain report audible rumbling sounds, ground cracking and
increased steaming from the pre-existing thermal area

Apnl 1991

An explosion at the crater. rumbling sounds and intense steaming from several vents
prompted further warnings by residents.

A quick response team conducted ocular and aerial observations, finding fissure and new
craters at the north-east end of the line of steaming vents.

A temporary seismic station was installed, recording hundreds of high frequency voleanic
earthquakes within 24 h. A permanent danger zone was declared and residents advised
to evacuate. Regular bulletins provided earthquake counts, visual observations and
assessments of the volcano's condition.

Seismograph units, electronic distance meter stations, and a telemetered seismic network
were installed; sulphur dioxide emissions were measured A central station {now the
Pinatubo Volcano Observatory) was established

Monitoring confirmed that magma was rising beneath the volcana.

May 1991

An alert scheme was adopted in place of the bulletins, which had become inadequate for
disseminating information, alert level 2 was declared

Sufficient data were now available to conclude that an eruption was entirely plausible
Topographic maps, air photographic analysis and field verification identified the size and
extent of the pyraclastic flows, ashfall and lahars that could result from an eruption, given
prevalling wind patterns The maps included circular zones of increasing radius centred
on the volcano to delineate evacuation zones

There was concern that officials, communify leaders and endangered inhabitants would
fail to recognise the potential danger and take appropriate action. The people at risk and
their leaders were understandably sceptical, as the volcano had been dormant for
generations; consequently, an intensive education campaign was launched among relevant
officials and endangered inhabitants.

To expand coverage of the campaugn, representatives of nancnal and local media were
invited to the main office and field stations. There is no doubt that media involvement
was a key factor in the rapid and widespread dissemnination of information. The education
and media campaigns conuinced many people to prepare for a possible eruption.

June 1991

Shallow seismicity and the amount of ash in the steam plume gradually increased. The
charactenstics of the earthquakes were aiso changing. A sudden decrease in sulphur
dioxide values indicated that new material from below was plugging the path of the gases.
Some steaming vents had stapped and ash emissions had increased. The alert level was
raised to 3

Due to further changes in earthquake activity and progressive tiltiing, the alert level was
raised to 4. A small lava dome was sighted near the most active steam vent, giving positive
evidence of rising magma Alert level 5 was declared, with the danger zone increased to
20 km after the sighting of a pyroclastic flow: the closest residents began to evacuate.

A large explosive eruphon began shortly afterwards: due to fears of a large caldera
eruption, the danger zone was mcreased to 40 km Monitoring operations were re-
established at about 25 km from the centre of the volcano: on 16 June it was reported
that the eruphon had created a 2-km diameter summit caldera and that the worst had
probably passed

A typhoon passed over the area on the same day. its winds carrying ash from the eruption
to wider areas, school classes in Metro Manila were suspended and the Ninoy Aquino
International Airport closed. The typhoon brought rains, wetting the ash accumulated on
roofs, causing roof collapse, injury and death [t also inggered lahars, clairming more hves
However, due to the effectiveness of monitoring and warnings. the number of fatalities
was limited to about 300, 200 due to collapsed roofs from ash fall.

THE CONTRIBUTION OF STIENCE




PART 2 UNDERSTANDING THE RISK

Assessment of

vulnerability
[ ]

.

€]

Table 4.2 Alert levels/signals for Pinatubo region, adapted starting 13 May 1991

Alert level Criteria Interpretation
No alert Background, quiet No eruption in foreseeable future
1 Low-level seismicity, Magmatic, tectonic or hydrothermal
other unrest disturbance; no eruption immment
2 Moderate level of Probable magmatic inirusion, could
se1smuicity, other unrest, eventually lead to an erupuon
with positive evidence for
involvement of magma
3 Relatively high and If trend of increasing unrest
increasing unrest, continues, eruption possible within
including numerous b-type  two weeks
earthquakes; accelerating
ground deformation,
increased vigour of fumaroies,
gas emissions
4 Intenise unrest, Eruption posstble within 24 h
including harmonic
tremor and/or many
‘long period’ {=low
frequency)
earthquakes
5 Eruption i progress Eruption in progress

Stand-down procedures: 1n order to protect against “lull before the storm’ phenomena,
alert levels will be maintained for the following periods after activity decreases to the next
lower level from alert level 4 to 3. wait one week; from alert level 3 to 2* wait 72 h.

Source: R. S. Punongbayan, ‘A warning system for active volcanoes and response to
warnings’, World Conference for Natural Disaster Reduction, Technical Committee F 1994,
WMO/UNESCO.

The vulnerability of people to natural hazards can be assessed in terms of social
aspects, economic performance or physical loss. Extensive research into the
vulnerability of physical infrastructure has been carried out by engineers and
architects, based partly on observations of failure in previous disasters and partly
on theoretical or experimental evaluation of the critical loads which structures can
withstand. However the great variety of structural forms, together with local
variations in building details, can have a major impact on therr resulting
vulnerability. Experience of the behaviour of similar structures is a valuable input
in the assessment of vulnerability. For example, investigations in Kobe, following
the earthquake of 17 January 1995 will provide extensive data on the perform-
ance of timber-framed buildings.

Some elements at risk can be identified visually {e.g. lightweight dwellings in
cyclone-prone areas. structures built in floed plains, buildings with heavy
balconies or soft storeys in earthquake-prone areas), A comprehensive analysis
would be costly, time consuming and unnecessary, as effective classification of
the physical infrastructure can limit the number of actual assessments required.

Socio~ecanomic vulnerability can be 1dentified more easily, although it 1s more
difficult to quantify; qualitative classificahons (such as high, medium and low)

are sometimes used.

There are a number of sources of ‘vulnerability functions’ in the literature for



different classes of structure. Care must be taken in combining different datasets
because of the differences in building construction, even for apparently similar
building forms; brick masonry buildings in California are built in a different
manner to brick masonry buildings in Australia (as illustrated by building
performance in the Newcastle earthquake, for example). However, such
vulnerability functions enable a quantitative assessment of risk to be made by
linking damage levels {and hence cost) to intensity of hazard in the vicinity of
the structure. Examples are given for the performance of brick masonry buildings
under earthquake loading {Fig. 4.7) and for floods (Fig. 4 8). It would also be
possible to calculate vulnerability functions for secondary losses, such as
economic costs, or for reconstruction or recovery time or other parameters

Further information on the vulnerability of structures can be found in the
companion volume Structures to Withstand Disaster (Thomas Teliord, 1995).
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For many purposes it 18 not necessary (or possibie with the available nata) to determine the damage
distribution at each level of hazard and only the total oroportional loss 1s needad The example of
the vulnerabibty function for floods shows the expected losses to buildings caused by inundation
by high-velocity water, expressed as a proportion of the total replacement cast of the buildings
Such loss curves are usetul for economic planning but less valuable for assessing probable
numpers ot casualties or homeless people.
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Figure 4.7

Earthquake vulnerability functions
for brick masonry buildings.
Source’ UNDP/UNDRO,
Vulnerability and risk assessment.
1991,

Figure 4.8

Vulnerability function for
buildings affected by floods
Source UNDP/UNDRO,
Vulnerabihty and risk assessment,

1991
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Summary of main
points

Hazardous phenomena should be monitored continuously and timely fore-
casts of hazardous events disseminated clearly and comprehensively.
Scientific and technical information on natural hazards should be presented
to administrators in an accessible format which summarizes and interprets
the most relevant facts.

This information should include: estimates of the probability of the occur-
rence of hazard events of various magnitudes, hazard zonation maps show-
ing the geographical areas of the city likely to be affected; and the level of
risk associated with each hazard.

A rapid initial classification of the physical, social and economic infra-
structure of the city should be carried out, using existing data. This should
be updated regularly

An audit of the city should then be carried out, using existing data supported
by new studies as appropriate, to assess the vulnerability of its physical,
social and economic infrastructure.



Vulnerability of the
physical infrastructure

Infrastructure is the physical fabric of the nation. It is the basic framework
necessary for the well being and productive development of a modern
industrial society (First Report of the Infrastructure Policy Group, Insitution
of Civil Engineers, 1984.)

Infrastructure plays a wital role in economic and social development, and
ultimately in providing improved standards of living for the population. The
approach to infrastructure provision adopted by the developed world, which
emphasizes sophisticated technology, may not be the most appropriate nor the
most cost-effective in other situations. Overall, all approaches to infrastructure
provision should be based on the common abjective of improving living
standards

The various elements of the physical infrastructure are often described as lifelines,
because they are so essential to all human activities. This description is particularly
appropriate mn the context of disaster mitigation; in the aftermath of disaster,
infrastructure plays a crucial role in emergency operations, and in sustaining the
functions of any city

Reducing the vulnerability of the physical infrastructure network will therefore
effect a reduction in social and economic vulnerabilities within the city. This
chapter discusses ways in which the physical infrastructure network may be at
risk from natural hazards, and suggests priority actions in reducing these risks.
The varnous elements of infrastructure are discussed in turn, according to the logic
of development:

* infrastructure constraints: planning and land use, interdependence of lifelines
* rransportation: surface transport, ports, airports

* water and public health: water supply, waste water, solid waste, storm water
+ utilities: gas and oil, electricity, telecommunications

* buildings and structures.

Many mitigation measures are generic. in that they apply to physical infrastructure
in general, and an understanding of the principles involved will enable specific
measures to be adapted to local circumstances (see Table 5.1 and Figs 5.1 and
5 2). Within this chapter specific measures are recommended within the following
categories
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« preventative measures, which aim to minimize the physical damage created

by hazard events

* spreading the risk, which aims to reduce the effects of physical damage by
ensuring a range of alternative facilities

« spreading the responsibility, which aims to provide an incentive for different
agents to implement mitigation measures

* covering or minumizing the impact. which aims to manage potential effects

* planning disaster management, which aims at long-term resilience.

Table 5.1 Examples of generic mitigation measures

Preventive measures

Spread the risk

Spread the responsibility

Cover or minimize
the impact

Plan disaster management

Using city hazard zonation maps, carry out an audrt of all
infrastructure to 1dentify elements at risk.

Identify key components of each system. particularly in
mnstallations and buildings of post disaster significance and
infrastructure linking them. Nominate strategic components
for upgrading or re-routing away from vulnerable areas
Upgrade all vulnerable strategic structures

Where 1t 15 impossible to avoid hazard-prone areas design.
detail or retrofit systems to minimize the effects of hazards
and enable a rapid return to normal operation.

Review design standards, specifications and good practice
guides. and revise them according to the prionity of the
component and the level of finance available.

Provide protechion for sensitive plant and equipment. For
example, raise items above flood or surge level, fix and
brace free-standing equipment in earthquake areas,
mnsulate computer hardware and control equipment from
the effects of volcanic dust.

Keep records on a database secure from damage, and
ensure that maps of primary systems and disirict by district
records of secondary systems are retained and accessible
to users.

Avoud dependence on single facliiies and transport routes,
Introduce redundancy or reinforcement into the
distribution system for re-routing operations (advisable to
safeguard supply during major repairs)

Provide alternative sources of electricity supply.

Widen ownership of the system, particularly for
maintenance and operation, under regulatory control
Help informal communities to install and manage local
systems, subject to regulations on minimum standards for
security and quality of supply

Encourage user participation by promoting public/private
partnership in community-based projects utilizing forms of
concession such as BOT (build/operate/transfer) or BOOT
(build/own/operate/transfer).

Provide insurance for physical losses particularly for
mechanical and electrical plant, to facilitate rapid
recommussioning of the system

Encourage strategic users to install and regularly test
standby power-generation equipment and ensure that
there is adequate fuel for, for example, 30 days continuous
operation.

Hold spares to replace critical items

Establish procedures for system failure and minimizing the
effect of pollution.

Plan to minimize the time taken to return to normality
Arrange regular workshops and training programmes for
the continuing education of staff in hazard preparedness
and mitigation

Promote hazard awareness and the planning of faciities
away from vulnerable areas.
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Competent, central planning by a city’s administration has the following
advantages n relation to mitigation

* development can be confined to land which is suited to that use and which
is not at serious risk from natural hazards

* physical infrastructure and basic services can be provided before the
construction and use of buildings

* development can support the economic, social and environmental
objectives of the region

In many cities development mechanisms do not function effectively and cannot
keep pace with the rate of growth This leads to

* development oceurring on unsuitable land which 1s often hazard prone, such
as flood plains. watershed areas. and unstable slopes

* buildings being constructed and occupied with little or no supporting
physical infrastructure or services

* madequate economic opportunifies and social facilities for the populaton.
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Figure 5.1
Preventative measures fix and
brace free-standing equipment,

Infrastructure

constraints
Planning and land use

N

Figure 5.2

Cover or mmirniza the impact:
plan evacuation routes and
emergency vehicle access routes
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Interdependence of
hfelines

These deficiencies are exemplified by informal or illegal settlements which, by
definition, exist without the approval of the planning authorities. Some
strategres, such as clearing and relocating informal settlements, have proved
largely unsuccessful (with the notable exception of Hong Kong) Strategies which
provide legal tenure and facilitate improvements in such setflements are now
being explored more widely. If coupled with policies to control migration into a
city, this approach may be more beneficial.

In general, inadequacies in physical infrastructure are often a major concern of
city and national governments, and therefore attract substantial mvestment which
often involves funding by international development agencies. The solutions to
inappropriate land use are perhaps more complex; effecting fundamental change
in land use patterns is an extremely slow process. Long-term change in both areas
will become possible with continued economic growth and with reforms in
planning procedures (see Table 5.2)

For effective infrastructure development, the separate functions of spatial and
physical planning, project identification and development programming, and
financing need to be coordinated within a single organization with responsibility
for ciy management. The same organization should also be responsible for
achieving wider economic and social objectives, including sustainable devel-
opment and disaster mitigation. Within such a structure, 1t is possible to ensure
that the principles of disaster mitigation form an integral part of the city manage-
ment function.

The role of metropolitan authorities in reducing vulnerability is discussed in
Chapter 7.

The elements of the infrastructure network, or lifelines, depend on each other in
varying ways and to varying extents; failure of one element may lead to failure
or disruption of others This interdependence is dlustrated in Table 5 3, specific
examples relating to each hfeline are given in subsequent chapters

Table 5.2 Mitigation measures in land use and planning

Preventive measures Ensure that plans and designs for new development take
account of any hazardous characteristics of the area
Implement preventive or protective measures where
practicable.
Discourage development in hazard-prone areas where
possible, and provide protection for vulnerable locations and
facilities

Spread the risk Encourage decentralization of commercial and industrial
sectors, while acknowledging transport implications
Develop alternative power supplies.
Ensure a range of suppliers and routes for delivery of natural
resources and raw materials

Spread the responsibility Encourage political decentralization,
Encourage local communities within the city to manage the
prowvision of infrastructure and services within their area

Cover or minimize the Plan evacuation routes and emergency vehicle access routes
impact Identify buildings for designation as emergency shelters such
as schools and gymnasia.

Plan disaster Minimize the time taken to return to normality, and plan
management evacuation procedures
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Table 5.3 Interdependence of lifelines
(adapted from Lifefines in Earthquakes, CAE, University of Canterbury, New Zealand)

Support hfeline

o
=2 )
E 2 52§ § g
22 8 8 5 2 o 2 > g
[~ - = 95 3 > O = £
£ ° g = hid ; o = -g & o & g-
52 2 3 E &§ 3 2 £ g5 2 2 7 9
5 9 &£ € £ 83 5 , 58572 & 35 5 £ ¢ 3
Dependent E 82 Z 53 29 f£pB8Bv g s =CECE
lifeline 20w LRI &L L L amzT 2L
Water supply = = 5 3 5 3 3 s » s s 5 » « s+ 5 5 36
Gasandoldsupply 5 = ¢ o 5 5 3 3 3 o e« 3 5 e .« 5 5 42
Santary drammage 5 + ¢ 5 5 3 3 ¢ e ¢ ¢ 5 ¢ « « 5 5 36
Stormdranage S5 * 5 + 3 ¢ 3 e o s« e+ 3 e s « 1 1 21
Electncitysupply 5 + ¢« « « 5 5 5 5 « 3 5 & s =« 5 5 43
Telecomservices 5 ¢« ¢ 1 5 ¢ 5 ¢ « « o 5 « » « 5 5 31
Highways 5 ¢« ¢« 5 3 3 ¢ ¢ « ¢ 3 3 e .« =« 5 5 32
Railways 5 ¢« « 3 5 5 5 e« 3 ¢ 3 5 e « s« 5 5 44
Ports 3 « 3 3 3 5 5 5 +« =« »~ 5 55 « 3 3 48
Airports 3 « 3 &8 3 5 5 3 +« « 5 5 5 5 5 3 3 58
Media 5 « = « 5 5 3 3 s« 5 e« 5 « 5 5 5 5 51
Fuel supply 5 « + « 5 5 5 5 5 « ¢ « ¢ o s 5 5 40
Fire-fighting 5 « « 1 1 3 5 » 3 +« 3 5 « =« 3 5 5 39
Buldings e - » 5 5 5 5 + e « e« 3 5 « 5 5 5 43
Buildingservices 5 5 5 ¢ 5 « 1 ¢ « ¢ » 3 « o s s s 24
Health 35 « 5 835 5 5 » « 3 5 5 35 5 « 5 59
Food supply 535 5 35 3 5855 3 35 35 55« 70
Total importance 71 10 31 37 68 62 66 29 24 11 25 70 26 25 28 67 67

5 = High: 3 = moderate, 1 = low * = none

Table 5.3 shows that it is vital to restore electricity supplies, telecommunications,
transport and fuel supplies after a hazard event Similar analyses should be
conducted by each utility provider. which should then be coordinated. in order
to identify areas of interdependence.

As it would be neither economical nor practicable to protect every item of
infrastructure against extremely rare events, preparedness and response plans
should be formulated by each agency involved Following a hazard event. the
objective of all agencies should be to restore full services in the shortest possible
time. However, Table 5 3 shows that, for example, restoring water supplies will
be ineffective without also restoring electricity supplies; a coordinated plan for
restoration of all services is required.

Table 5 4 shows the results of an exercise in which representatives of each utility
provider in the city of Wellington. New Zealand, estimated the time needed to
restore normal service if a major earthquake were to strike the city. Although its
results have been subject to debate, participants found the exercise of value in
assessing vulnerability and ease of recovery, and in emphasizing the relative
importance of each utility.

Characteristics Ports handle a large proportion of a nation's trade and, as a Tra nsport
city will often have access ta only one port, iis significance to the local economy

15 particularly critical Ports
The components of a port include breakwaters, quays, cargo sheds, cold stares,
fuel storage. open storage areas, cranes, infrastructure, offices, passenger

=

terminals, roli-on~-roll-off facilites, material handling equipment, mobile plant,
highway and rail links to the city and region. Histoncally, ports have often
provided a focal pomt for the city’s development; they are generally surrounded



PART 2 UNDERSTANDING THE RISK

Table 5.4 Recovery of service - a preliminary assessment of the ime to recover
following a major event {adapted from Lifelines in Earthquakes, CAE, University of
Canterbury, New Zealand)

Recovery Provision of Prowision of Comment
of basic 50% service full service

Uity service or

control

Water Up to 2 days 2 weeks 12 months Access and
equipment Pipe
structures. Treatment
plant. Radio
communications.

Drainage:

Sewerage Upto 2 weeks 12 weeks 24 months As for water 6

for contral minraum mintmum months
minimum for
inspection (CCTV)

Stormwater 2-3 days 12 weeks 12 months Important for early
sewerage control

Gas: - .

Welgas Up to 3 days 3 weeks 62 months  Local shutdowns only

depending as necessary.
on sleeving Inspection needed
prog. to reinstate service

HVEB Less than 3 days 3 weeks 6 months As for water

Electricity:

Regional Up to 3 days 2 weeks 9-12 months Radia
commurncation.
Access and
equipment

District Up to 3 days for 4 weeks 12 months Transrmission towers.

conirol, 1 week Substations. Cable
for service structures

Telecom:

VHF mobile Up to 4 hours 2-3 days 2-6 months  Access and
equipment Standby
fuel.

Local Up to 2 days 3-6 weeks 12 months Buildings Line

telephone structures.

Tolls Up to 5 days 4 weeks 12 months Transmission towers

Cellular Up to 5 days 4 weeks 2 months Switching units.
Transmission towers

Broadcastng  Up to 6 hours 2-3 days 2-6 months  Access and tower
requirements
telephone hinks.
Standby power.

Roads 3-5 days — 3-4 weeks  18-4 months

SOMe access

to most areas
Two weeks ~
access to region

Rad

Wellington 2-3 months 2-3 months 12 months Track alignment
Buildings Signalling.
Slips.

Narth from 1 day

Upper Hutt

North Up to 12 months 12 months 18 months Depends on extent of
slips at Paekakanki
Hills.

Ports 1-2 days 6-8 weeks  12-24 months Access Power

Arrport 1-2 days if plant 6 weeks 6-2 months  Access and

avalable, 4
days otherwise

earthmoving

plant. Asphalt plant.
cantrols and
navigation aids
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by the old established commercial and industrial areas, and high-density
residential areas.

l

Vuinerabiity The operation of port facilities relies on skilled labour, the
maintenance of surface transport links and the communications network, and to
a lesser extent on reliable electricity and water supplies. Ports are low lying and
can be affected by several natural hazards. The interdependence of ports and
other mirastructure 1s shown in Table 5.3

Importance to the city. A failure of port facilities can usually be absorbed within
normal trading fluctuations for a few days, but longer disruptions can have a very
serious effect on the national ecanomy and food supplies. The direct cost of a
disruption of trade for a short time is based cn the loss of exports and loss of use
of imports, and so is readily quantifiable. The cost of longer disruptions is more
difficult to calculate; the consequences would include complex domino effects,
counter-balanced by gradual adoption of alternative means of trading and partial
adjustment of the market to local products Loss of exports would significantly
affect the economy and may result in lost market share.

{n Metrc Manila, it is normal procedure to close port operations during a tropical
cyclone Although this 1s inconvenient and costly, trade resumes when the cyclone
has passed Much of the city's import and export trade is off loaded from ships
moored in the bay into barges; this reduces the vulnerability of the port to many
of the effects listed n Table 5.5. Mihgation measures are listed in Table 5.6.

[t may be that some facilities could quickly be restored on a temporary basis,
enabling partial use of the port However, the cost of repairs must also be
considered. The cost of the assessed risk can be compared with the cost of
mitigation measures, and decisions made accordingly.

Table 5.5 Potential effects of natural hazards on ports

Natural hazards Components Effect Consequencas
High winds Cranes Blown over Access restricted
Breakwaters Breached, Reduced use of port
overtopped facility
Cargo Sheds Roofs torn off, Cargo damaged
flooding by wave
actton
Querhead cables Blown down Power failure
Ships Blown against Ships sink
structures
Storm surge Cargo sheds Flooding, damage Loss of cargo
Open storage areas and goods and
materials washed
away
Cranes and mobile Washed away Operations shut down
equipment
Heavy rain Open storage areas Flooded Loss of cargo
Earthquake Quays, crane and Partial collapse due Operations shut down
crane rails, rail track 10 strong motion or
Embankments, liquefaction
buldings. breakwaters
Qil storage Qul spillage

Table 5.6 Mitiganon measures for ports

Spread the risk  Develop or maintain an alternative port or systern for
unloading ships
Provide additional storage in off-port areas
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Surface tran sport City systermns. Roads often provide the primary means of transport within the
city, although traffic congestion is perceived as & major problem in most large
I i I cities and many authorities either operate or are planning to operate fixed frack
lI[ systems The road netwark requires special attention in risk assessment and
. ) mitigation planning, in order to allew routine activities to continue and to guar-

S

antee passage for emergency services,

Paved roads are often not maintained adequately and may be restricted to the
city centre, trunk routes and more prosperous areas; many roads are
unsurfaced In some informal communities. roads are merely an allocation of
space between dwellings, sometimes only wide enough for pedestrians

Large cities act as focal points for regional and national transport networks, and
external highways and railways are essential to maintain these links.

In Metro Manila, there is one main road leading north and one leading south;
the consequences of these external links being destroyed has been considered
n relation to man-made disasters However. lahar flows from Mount Pinatubo
in the rainy season caused the collapse of bridges and damage to the main route
north, increasing the price of vegetables in the city. Critical bridges have been
identified, failure of which would cause economic chaos.

Vulnerability of the system. To be usable, roads and railways need functioning
surface water drainage systems, communications and, in the case of raillways, a
power supply, They must be kept free of obstructions of all types, including
encroachment by informeal housing.

Damage to a small part of a road system, for example a collapsed bridge or
culvert or a washed-out road, can effectively isolate large areas of a city or prevent
movement between the aity and 1ts hinterland. Similarly, a localized failure in the
rallway network could cause enormous damage to the local and national
economy (see Table 5.7)

In Metro Manila, a moderate earthquake disturbed the track alignment on one
short section of an extensive light rail network: the railway was closed down for
several days and services were limited for several months afterwards, forcing
commuters to switch to road transport

Vulnerability of the population People will suffer from the direct effects of the
disruption of transport, and from secondary effects such as lack of access for
emergency services. Informal communities can be particularly vulnerable as
access to these areas 1s often limited in normal circumstances; they may be
solated after a disaster. However, informal communities often develop
independent coping mechanisms.

Impaortance to the city. Highways are crucial for supplying some types of fuel,
food and possibly water for the operation of emergency services, and for transport
of heavy equipment and materials for the building industry. The inter-
dependence of highways, railways and other infrastructure is shown in Table 5 3
Light rail and underground systems depend on electricity supplies and com-
munications networks: however, as they are used primarily for passenger
transport. therr disruption would not directly affect other physical infrastructure
The cost of highway and railway faillures are quantifiable In the 1994 Northndge,
Los Angeles earthquake, minor damage to the highway network was estimated
to have caused losses of many millions of dollars. The relatively emall amount
of serious damage must be viewed as a success for the state’s programme of



Table 5.7 Potenual effects of natural hazards on hughways
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Natural hazard Highway component

Effects

Consequences

High winds

Storm surge

Heavy rain

Larthquake

Landslide

Volcano

QOverhead signs,
electricity and telephone
cables

Suspension and caoie
stay bridges
Underpasses
Embankments and
bridges

Cuttings

Roads at grade

Underpass
Bridges
Roads at grade

Embankments

Cuttings

Drainage systems

Embankments

Bridges and flvovers

Tunnels

HRoads at grade
Embankment
Roads at grade
Tunnels

At grade
Operation

Blown aver

Flooded
Scoured or
washed away
Landslip
Temporarily
flooded

Flooded

Scour at foundations
Temporanly flooded,
culverts washed
Liquefaction,
landshide,

washout
Liquefaction,
fandslide

Scour damage,
collapse

Settlement
foundation failure
and liquefaction
Falure of
abutment, failure
of columns,
displacement of deck
Porral failure
Lining failure
Ground failure and
liguefaction

Ground fatlure
Ground failure,
burying

Portal blocked

Dust and lahar cover
Very low uisibility

Highway restricted
Electricity failure
Restricted use

Closed to traffic
Closed to traffic

Closed to traffic

Temporarily closed

Closed to traffic
Closed to traffic
Temporarily clased,
roads severed
Road closed

Road closed

Road closed

Closed to traffic

Closed to traffic

Closed to fraffic

Partially or completely
closed

Closed to traffic
Closed to traffic

Closed to traffic

Traffic restricted
Traffic restricted

Additional vulne-zbility of ralways fincluding light and underground)

Earthquake

Floods

Track
Portals
Siations and tunnels

Tunnels and
underground railways

Distortion
Collapse
Fire

Flooded

Closed. no service
Closed. no service
Closed, no service

Closed, no service

retrofitting older bridges, but not all structures had been dealt with and this led
to the failure of some bridges on cntical routes. Such events can highlight the
lack of redundancy in the highway system.

= A
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Alrports

The cost of the assessed risk from specific hazards can be calculated for each part
of the network. These costs of restoration can then be compared with the cost
of mitigation measures and decisions made accordingly. Some elements of the
network may have such a critical role that the introduction of redundancy by
construction of an alternative route may be justified. However, as praovision of
additional road space in congested areas tends to generate extra traffic very few
urban primary roads can be described as redundant under normal conditions
Areas which could be isolated by a specific failure also need careful attention.

It is likely that existing public investment in the highway network is relatively so
great that mitigation of all potential risks would be financially prohibitive Each
element of the network needs to be assessed according to the effects that its faiture
would have, and according to an acceptable level of risk Priorties could then
be established for retrofitting of structures in the network.

Charactenstics. The role of airports in facilitating international passenger and
freight transport is particularly important to the national and local economy and
because each city generally has access to only one airport. its role is particularly
significant.

Some airports are low-lying and may be built on reclaimed land only a few metres
above sea-level. Damaged runways are relatively easily and quickly repaired but
the associated facilities. if severely damaged. will take some tme to make
operational. Airports are usually the primary means of international access, and
are therefore essential in the provision of emergency aid after a natural disaster.

A modern international airport contains a wide range of facilities, including
runways, taxiways and aprons, passenger terminals. carparks. offices. hotels.
cargo sheds, aeroplane repair hangers, ol storage tanks, power station, water
treatment plant, sewage treatment plant, garages for emergency vehicles, high-
ways and rapid transit systems.

Vuinerahility If damage results in an awport becoming inoperational. some
cities may be served by a smaller airpart or military airfields which could be used
Aprons and taxiways of major airports can also be used by small aircralt in an
emergency, should the main runway be unserviceable.

Airports may operate independently of the city’s electricity and water supplies 1f
city services are interrupted, although they must rely on surface transport and
on the operation of specialized equipment and the telecommunications network.
However, the infrastructure of the city does not depend on airport operations.
except for delivery of some emergency supplies.

Table 5.8 lists some of the potential natural hazard effects on airports

Importance to the city. Hazard events are unlikely to result in the closure of a
major airport for more than a few days, with the exception of landslides and
earthquakes which could cause substantial damage requiring closure for a long
time.

The disruption of airport facilities can result in substantial economic loss, but this
can usually be covered to some extent by appropriate insurance. An early return
to operational use after a disaster can be helped by having specialist equipment
held on standby. Mitigation methods are listed in Table 5 9



Table 5.8 Potential effects of natural hazards on airports
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Natural hazards ~ Component Effect Consequences
High winds Operations Dangerous flying Temporary shut
conditions down
Cargo sheds Roofs torn off Loss of carge

Storm surge

Heavy rain

Earthquake

Landslide

Volcano

Snow

Terminals and
other buildings
Planes

Masts and cables

Operations

Runway. aprons
and tax1 ways
Cargo sheds and
hangars
Terminals and
other buildings
Unsurfaced areas

Operations

Runway, taxi way
and aprons
Drainage systems

Runway, taxiway
and aprons
Buildings

Building contents,
equipment

01l storage

Runway, taxiway
and aprons

Runway, taxiway
and aprons
Buildings
Operations
Sensitive equipment
Operation

Runway, taxaway

and aprons
Butidings

Roofs torn off

Damaged
Blown down

Flooded
Debris

Flooded
Flooded
Washout

Temporarily
flooded
Temporarily
flooded

Damage, blockage

Ground failure and
cracking

Partial collapse,
fires

Collapse and
damage, fires
Partial collapse, fires

Partial collapse or
covered with debris

Covered in dust

Partial collapse

due to weight of dust
Very low visibility,
engine failure
Damaged by dust

Poor wisibility and
abstruction
Covered in snow

Partial collapse
from weight of snow

[.oss of business

Loss of service
Elecmaity supply
and commu-
nications failure

Temporary shut
down
Restricted
operation

Loss of cargo

Loss of business
Restricted operation

Temporary shut
down

Restricted
operation
Extended penod of
flooding

Restricted or no
operation
Restricted or no
operation

Loss of service

Pollution

Restricted
operation

Restricted
operation
Reduced services

Temporary shut
down
Restricted operation

Temporary shut
down

Temporary shut
down

Restricted service

Table 5.9 Mihgaton measures for arports

Preventive measures

Spread the risk

Provide bunds arcund all ancillary o1l equipment where the

change in rigidity could precipitate a fracture

Develop or maintain the facilities of an alternative airport.
Plan for the temporary use of an existing military airport

—

A
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Water and public

health

Water supply and
distribution

&

City systems. An adequate supply of clean drinking water is vital for all
communities. However, some cities have difficulty in providing adequate water
supplies, and their rapid expansion often results in large areas being without piped
water or with inadequate or interrupted supplies. Securing an adequate supply
of potable water for all was the aim of the United Nations Internaticnal Decade
19801990, but this has yet to be achieved in many urban areas.

Piped supplies are generally available in formal sectors, but often only for limited
periods Tanker deliveries are sometimes available in more prosperous areas.
People in informal areas often connect illegally into the nearest main, carry water
for long distances, draw from local wells or resort to buying from private vendors.

Water requirements for megacities are often 1n excess of local availability
allowing for other demands A small change in per capita demand or leakage
represents a large change in volume. Water supply and sanitation should
meet agreed local aspirations bearing in mind the severe consequences of
a breakdown of their services in a huge population many of whom are living
in congested conditions (ADB TA 5506. Managing Water Resources to Meet
Megacity Needs).

The components of water supply and distribution systems may include dams and
reservoirs, well fields, desalination plants, river off-take works, transmission mains,
aqueducts, canals, treatment works, service reservorrs, pumping stations, distri-
bution and supply mains.

Vuinerability of the system. The provision of water supplies depends on a
reliable electricity supply for operation of controls and pumping. Although alter-
native arrangements for supply can be used in an emergency, they are of limited
value unless they can continue to operate far several weeks.

Most hazard events are unlikely to result in serious damage to water supply systems
(Table 5.10) and it should be puossible to restore services within days. Significant
loss of life 1s also unlikely, although repair costs could be high. In the past,
landslides and lahar flows have caused disasters by precipitating dam failure or
overtopping, but it is earthquakes which are most likely to cause the greatest
damage to water supply systems Possible effects of an earthquake include failure
of dams, severe damage to treatment works and multiple fractures of pipelines.
Secondary effects may include widespread flooding and a shortage of water for
fire-fighting, resulting in further damage. Flooding is more likely to result fiom small
appenditure failures preventing the closure of valves than from a darn failure.

Vulnerability of the population. Any hazard event can disrupt the water supply,
and may create public health problems, particularly if the source of supply is
remote from the city. The supply may become polluted with the consequent risk
of widespread sickness. Public awareness of basic hygiene precautions and the
need to purify water will help to reduce these risks.

Importance to the city. Interruption of water supplies can be tolerated for a short
time, as many people have become accustomed to routine shortages and
interruptions, but a lack of clean water for more than a few haurs threatens public
health and health risks are increased if sanitation systems break down. Protection
of water supply systems 15 therefore of the highest priority; emergency supplies
need to be made available within hours and the system returned to normal
operation within days.

Water supplies are, of course, essential for hospitals and emergency facilities to
function After an earthquake, water for fire-fighting will be needed immediately,
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Table 5.10 Potential effects of natural hazards on water supply systems

Natural hazards

Components

Effect

Conseguences

High winds

Storm surge

Heavy rain

Earthquake

Landshde

Volcano

Reservoirs

Overhead cables

Treatment works
Pumping station

Reservoirs

Rivers

River offtake
Treatment works
Pumping stations

Reservoirs

Ground-water

Transmission
mains, aqueducts,
canals

Treatment works

Service reservolrs
Pumping stations
below and above
ground
Distribution
system

Reservoirs

River offtake
Rivers
Transmission
mains, aqueducts,
canals

Service reservoirs
Treatment works,
pumping stations

Reservoirs
Aqueducts, canals

Wave surcharge,
overtopping of
dams

Blown down

Flooded
Flooded

Overtopping of
dams

Riverine floods
Scour

Flooding
Flooding

Structural failure
of dams

Liquefaction of
deposits
Line fracture

Damaged

Damaged
Damaged

Pipe fracture

Qvertopping or
failure of dams

River diversion
High sediment
Fracture by
ground movement

Damaged
Damaged by
ground movement

Pollution by dust
Pollution and
sediments from
lahar

Scour downstream,
endangered dams

Power and telecoms
failure

Close down
Close down

Possible dam failure

Difficult treatment
Loss of source
Close down
Close down

Loss of supply,
flooding

damage downstream
Fracture of wells,
supply failure
Supply cut

Loss of operation,
reduced output, close
down

Loss of storage

Lost or reduced
capacity

Burst, increased
leakage through
pipes, loss of storage

Loss of supply,
flooding

damage downstream
Loss of source
Turbidity

Supply cut

Loss of storage
Lost or reduced

capacity

Difficult treatment
Blockage and supply
failure

but this need not be of potable quality — any local source of fresh, salt or standing
water can be used. Where no other suitable sources exist, storage within the
distribution system can be used, even if means of replenishment are temporartly
disrupted Disiribution systems with service reservows which have sigruficant
storage distnbuted by gravity will be more useful in fire-fighting than those systems
in which water is pumped directly into the system.
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Existing annual investment in the water supply system may be relatively small and
expenditure specifically to mitigate low risks may be unjustified. This situation
requires a strategy of reducing risks by dividing the city into relatively small isolation
zones, together with a plan for swift repairs. New works should be designed
according to principles of risk mitigation; for example, selecting the least vulnerable
cost-effective solution. Some mitigation measures are listed in Table 5.11.

The shortage of drinking water in all areas of the city has made living
miserable for lakhs [sic] of people, particularly those belonging to the lower
tiers of society living in shanty towns and Kachchi [sic] abadis and others
of the lower middle class who cannot afford to pay for the tanker supply. In
fact, the entire population suffers water scarcity in varying degrees daily or
periodically (Dawn Newspaper, Karachi, June 1993).

Informal communities. Informal communities often make their own arrange-
ments to obtain water and, where funds for investment in water supply and public
health facilities are limited, encouraging self-help may be the most practicable
way of improving standards. With the provision of materials and technical
support, communities could install their own reticulation system which could be
supplied by bulk delivery to the perimeter of the settlement.

Although droughts are not considered in this document, their impact on public
health in cities can be severe. Water supplies to many cities are inadequate even
in normal climatic conditions, and severe shortage in drought conditions can
seriously affect public health, It is suggested that some attention be given to this
issue, and plans prepared for a response to conditions of severe water shortage.

Table 5.11 Mitigation measures for water supply systems

Preventive measures Enforce adequate engineering design and construction
codes
Establish procedures to conserve existing water storage
after a hazard event, such as manual or automatically
controlled shut off valves
If not already in place, prowvide district shut off valves,
controlled by district operators, to imit leakage. (Also
advisable for sound operation of the system, easier repairs
and loss reduction.)
Ensure valves are in place on mains either side of bridges
and fault crossings.
Where possible, locate installations in less vulnerable areas
Use ductile materials such as steel or polyethylene to
replace cast iron mains i soils which could be subject to
liquefaction or strong movement.

Spread the risk Develop alternative sources of supply.

Spread the responsibility ~ Encourage. licence and regulate the provision of tankered
water supplies.

Cover or munimize the Strengthen policies to conserve water, reduce demand and
impact re-use treated waste water.
Identify potential sources of water for fire fighting and
provide dead storage tanks in areas with hmited emergency
supplies.




VULNERABILITY OF THE PHYSICAL INFRASTRUCTURE

City systems The components of a city's waste-water collection and disposal ~ Waste-water collection
systems which may be affected by natural hazards include the sewerage network  and disposal
and manholes, pumping stations. submarine outfalls and sewage treatment works
and disposal facilities, together with their associated electrical and mechanical
equipment (Tables 5.12 and 5 13). Some installations operate without mechan-
ical plant and septic tanks and cesspools are in widespread use.

Vulnerability of the system After the installaon of a waste-water collection and
disposal system. the city becornes increasingly dependent on it, because the other
means of disposal are abandoned and the system becomes increasingly
vulnerable as more sophisticated equipment is installed The operation of waste-
water collection and disposal systems with mechanical plant depends on reliable
electricity supplies and on telemetry systems and surface water drainage systems;
failure of the latter and the resultant flooding will affect the sewerage system.
Outfalls can be damaged by sea surge and river scour. The disposal of sludge
from treatment works may depend on road access or marine loading faciliies.

Earthquakes are likely to cause most damage to a system, seriously damaging or
deslroying freatment works and pumping stations and causing muitiple pipe fractures.

Primary and secondary effects of damage to the system A sewage treatment
system is essential to prevent the spread of disease by direct contact with
untreated sewage or by pollution of drinking water Failure of the system can
defeat that objective by polluting the aty, contaminating drinking water and
perhaps causing long-term environmental and ecclogical damage.

Failure of a particular pumping station could create localized problems such as
sewage flooding of streets and houses. A general electncal failure affecting all
pumping stations could create extensive flooding of sewage. Failure of systems
which accept untreated sewage from hospitals and industrial areas will create
additional hazards from the spread of bacteria and toxins. A severe outbreak of
disease after a hazard event would adversely affect the population and have
subsequent social and economic effects which would delay recovery from the event.

Few large cities currently have comprehensive piped sewerage and waste-water
treatment, as investment in this sector is often a low priority. But increasing
prospenty will bring opportuntties ta design systems to withstand the effects of
natural hazards.

Informal communities. Informal communities often make their own arrange-
ments for waste-water drainage, sometimes to the detriment of the formal sector
Where funds for investmenrt in public health facilities are limited, encouraging
independent provision could be very beneficial Waste-water collection facilities
could be provided on the perimeter of the settlement, and with the provision of
subsidized materials and technical support. Communities could then prowide,
maintain and operate their own waste-water collection systems.

For example, in Orangi, an unofficial settlement in the city of Karacht, a low-cost
sanitation system has been installed by residents with the technical and organi-
zational support of Orang: Pilot Project - Research and Tramning Institute. Training
provided by the nstitute has increased skills within the community and enabled
residents to successfully maintain the system.



PART 2 UNDERSTANDING THE RISK

Table 5.12 Potential effects of natural hazards on waste-water facilities

Natural hazard

Component

Effect

Consequences

High winds

Storm surge

Heaswy rains

Earthquake

Landslide

Volcano

Reservoirs, lagoons
Overhead cables
Sludge disposal

facilities
Treatment works

Reservoirs, lagoons

Treatment plant
Road access

Sewerage system
Pumping station

Sludge disposal
facilities

Sea outfall
Road access

Reserunirs, lagoons
Collection systems

Ruwver ocutfall

Collection systern

Pumping stations

Treatment works

Reservoir, lagoons

Collection systern,
1sing mains and
canals

Treatment works
pumping stations
Reservoirs, lagoons

Reservotrs, lagoons
Collection systermn

Treatment works

Overtopping of
retaining structures
Blown down

Shut down

[Damaged
laboratories,
stores

Retamning
structures
breached
Destroyed

Damaged, out of
use

Flooded

Flooded

Flooded
Fractured

Damaged.
destroyed
Overtopping
Flooded

Failure by scour

Multiple fractures:
Manheles damaged
change of gradients
by liquefaction
Damage from
ground failure and
tilting by ground
motion and
liguefaction.
Damage, damage
to road access

Base, wall and
embankment
failure by
hquefaction

Fracture by
ground movement

Failure by ground
movement
Failure by ground
movement

Pollution by dust
Blockage by dust
and ash

Process failure
due to dust and
ash

Progressive failure

Loss of power

Sludge disposal halted

Operations
inhibited

System failure and
pollution

System failure and
pollution

Sludge disposal
halted

Sewage in streets
Surface ponding
of sewage

Sludge disposal
halted

Inshore pollution

Sludge disposal
halted
Progressive failure
Escape of raw
sewage

Local floeding

Polluted
groundwater,
spillage of sewage

Systems failure
and pollution

Systems failure
and pollution, sludge
disposal halted
Systems failure
and pollution

Polluted
ground-water,
spillage of sewage
Systems fatlure
and pollution
Systems failure
and pollution

Reduced efficiency
Local flooding and
poilution
Bacteriological
pollution of
receiving water
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Table 5.13 Mitigation measures for waste-water facilities

Where possible, locate installations in less vulnerable areas.
Use ductile materals such as steel or polyethylene ta
replace cast-iron mains In soils which could be subject to
hquefaction or strong mavement.

Implement adequate engineering design and construction
codes.

Minimize dependence on mechanical and electrical plant
and equipment

Encourage. licence and control the maintenance and
operation of private sewage disposal systems.

Adopt a proactive policy for on-site pre-treatment of
industrial effuent (including re-use of treated waste-
water) and hospital sewage.

Where possible, provide standby plant and equipment.
Monitor and control sewage collection with a telemetry
system

Establish procedures to minimize water pollution following
system failure, such as flood routing of sewage when
pumping stations fail. Plan and locate waste-water treatment
plants to anticipate possible faulure.

Preventive measures

Spread the responsibility

Cover or minimize the
impact

City systems A solid waste disposal system is necessary to maintain standards
of hygiene, to minimize the spread of disease, and to discourage illegal disposal
methods Although a hazard event is unlikely to have a very serious effect on
waste disposal, disruption of the system would compound social, economic,
drainage and health problems (Tables 5 14 and 5.15).

Disposal of waste may involve landfill, incineration, composting or recycling
reusable waste. Recent developments 1n solid waste management focus on
reducing the volume of waste, or ‘waste minimization’.

Vulnerability of the systern. The solid waste disposal system depends on
supplies of fuel for collection vehicles and for disposal sites, and on efficient

Table 5.14 Potential effects of natural hazards on solid waste disposal

Natural hazard

Component

Effect

Consequences

High winds

Vehicles

Disposal sites

Stop operation

Blown debris

Streets pelluted by
dumped refuse
[ocal contamination

Storm surge/ Disposal sites Flood Ground and water
tsunami pollution
Heavy rain Highways Restricted access Ground and water
pollution
Landfill Increased leachate  Possible ground and water
pollution
Earthquake Highways Restricted access Refuse pollution
Landfill disposal  Fracture of Groundwater poilution
sites membrane
[ncinerator Damaged by Systems failure
disposal sites ground movement
Landshde Highways Restricted access Ground and water
pollution
Disposal sites Disturbed by Systems failure
ground faillure
Volcaneo Highways Access restricted Ground and water
by lahar flow pollution
Snow Highways Restricted access Ground and water

pollutton

Solid waste collection
and disposal
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Surface water drainage
and flood defence

Table 5.15 Mitigation measures for solid waste

Preventive measures Locate facilities on less vulnerable sites
Minimize dependence on mechanical and electrical
equipment

Spread the risk Plan collection and disposal routes, with alternative

options for vulnerable sections.
Store collection vehicles in several locations, rather
than a central depot.

Spread the responsibility Encourage informal communities to arrange collection
and delivery to an agreed point on the border of the
area for compaction and final disposal.

Encourage manufacturers and supplers to collect, re-
use or dispase of their waste products.

Cover or minimize the impact Adopt a proactive palicy for re-use and recycling of
waste materials,

Adopt a long-term proactive policy to gradually reduce
quantihes of waste, for example, by reducing
packaging.

transport networks. An efficient system reduces the risk of surface water drainage
systems being blocked by waste and of potential health problems.

Informal communities. Squatter areas and congested central residential areas
are unlikely to receive a regular waste collection service, but they could be
encouraged to deliver solid waste to a transfer station for conveyance to a
disposal site.

City systems. The provision of surface water drainage facilities is often neglected
during rapid and unplanned development. Pressure for urban land often leaves little
space for waterways, and buildings encroach into areas which should be kept clear
for drainage purposes When a city expands, more ground is covered by
impermeable surfaces and rainfall run-off is increased. The risk of flooding is thereby
increased if the additional run-off 1s not catered for in a properly designed drainage
systern (Tables 5.16 and 5.17). Systems need to be planned and designed as integral
parts of the city’s development and installed before the building development takes
place. All components of the systern retain sediment, which needs regular clearance
if the structures are to be effective over the mid- to long-term

The overflow of streams is the most common cause of inland flooding and the
most vulnerable areas are the floodplains. In large cities, floodplains tend to be
areas in which much of the development is concentrated and, therefore, large
parts of the built areas can be affected.

Sea surges generated by extreme winds combined with low pressure and heavy
rainfall or tsunami waves can cause flooding in coastal cities, especially those
which have expanded onto coastal swamp areas. Land subsidence, caused by,
for example, the absiraction of o1l or water, drainage of wetlands, or mining, and
rising sea-levels relative to the land may increase the frequency of sk of coastal
flooding

Vulnerability of the system. The efficient functioning of a surface water drainage
systemn can be disrupted in a number of ways For example, pipes, culverts and
channels can be blocked by debris, including uncollected refuse. they can fail by
bursting or scouring under excessive surcharge; watercourses can overflow or their
training walls and embankments can fail; and a power failure will de-activate
pumps



VULNERABILITY GF THE PHYSICAL INFRASTRUCTURE

Table 5.16 Potential effects of natural hazards on storm water drainage and flood
defence

Natural hazard ~ Component Effect Consequences
High winds Lakes. balancing Surge waves Overtopping and flooding
ponds
Sea surges/ Pumping stations Flooded, damaged  Local flooding. water
tsunami pollution
River levees Breached, Flooding of aity
overtopped
Sea walls Breached, Flooding of city
overtopped
Heawy rain Channels, pipes  Blocked with Surcharged and flooding,
culverts debns. burst water pollution
Riwver levees Breached, Flooding of city
overtopped
Rivers High levels, Flooding of city
banks overtopped
Earthquake Channels. pipes  Fractured, Local flooding, water
culverts scoured pollution
Pumping stations Damage from Local flooding, water
below ground ground failure pollution
Pumping stations Damage from Local flooding, water
above ground ground motion, and pollution
liquefaction
Embankments Damage from Flooding of city, water
and levees ground failure pollution
Landslide Pumping stations Damaged Local floading
Rivers Blocked Flooding of city, water
pollution
Channels, pipes  Fractured by Flooding of city, water
culverts ground movement  pollution
Volcanoes Rivers Blocked with lahar  Flooding of city, water
pollution
Channels, pipes  Blocked with ash Local flooding, water
culverts and lahar pollution

Table 5.17 Mitigation measures for surface water drainage

Preventive measures Maximze the extent of gravity drainage, mirumze
the extent of areas requiring pumpimng stations
Ensure that drainage systems are designed as part
of land use planning activities.
Ensure that drainage systems are installed before
development 13 oceupied
Ensure that development 1s controlled to conform
with the land-use strategy
Ensure regular cleaning and maintenance of the
system, especially before rainy seasons.

Cover or minimize the impact Identify the failure mode when the flood exceeds
the capacity of the drainage system. Establish
procedures to minimize the effect of surface Hood

waters — develop surface flood ways through ctty
streets and open areas




PART 2 UNDERSTANDING THE RISK

Utilities
Gas and ol

|

Some powerful land-grabbers have encroached upon both banks of the
Sungal storm water drains running between Scheme 33 and the Block 4-a
of Gulshan-i-Igbal, along [spanhani Road off Super Highway The land-
grabbers erected high rise buildings reducing the 100 feet width of the Sungal
to 30 feet Last year the residents had to take refuge on the rooftops to avoid
the flood water (Dawn Newspaper, Karachi, 29 June 1993)

The likely extent and depth of flooding, covered either by rainfall, storm surge
or dam break, can be estimated. Meteorological records and water level and
rainfall infiltration can be used for flood warning purposes and tide data for
operational warning of sea flooding. However, models are available for predicting
flooding by a dam break. The risks of overtopping, or failure of river levees,
embankments and coastal defences designed to offer protection from floods
require special design attention, because the consequences of failure could be
morte destructive than the effects of flooding without embankments. A warning
system and evacuation plans are essential.

Infarmal communities Informal communities should be encouraged to provide
some form of surface water drainage system, with an outfall provided to an
agreed point or points on the border of the settlement. Support can be provided
by technical guidance, subsidized materials and regulation of standards. The
development of unplanned communities in areas at risk should be prevented. if
at all possible, if lood prevention measures are unpracticable Where com-
muntities develop in niver flood plains, or along flood canals or other major water
courses, very little can be done to protect dwellings from flooding, warnings and
evacuation routes become important to the saving of life

City systems Gas supplies within a city may be of natural gas, delivered
through high-pressure transmission mains and low-pressure distribution mains,
town gas derived from oil or coal or iquefied petroleum gas delivered in bottled
form or by tanker to on-site storage. Other fuels. such as fuel oll and kerosene
are also stored and distributed in urban areas.

Vulnerability of the system There are various components in a gas-supply systemn
which are vulnerable to natural hazards, 1.e. well fields, processing plant. pumping
and booster stations, transmission mains, storage tanks and bottled-gas stores,
regulator stations, distribution mains and house connections (Tables 5 18 and 5.15).

Distribution of gas and oil relies on the provision of a supply main from the supply
fields or port, and on transport facilities for conveying fuel to energy transfer
works Electricity is needed to operate gas pumps and control valves, and a
communications network s needed to operate monitoring and control systems.
Oil supply lines to refineries and depots, from ports and between facilities,
although not dispersed across the city, could also be vulnerable.

Gas and ol infrastructure must be designed with a built-in safety system. as
secondary hazards such as fire could be catastrophic. Even under normal
conditions, distribution networks can be regularly fractured in numerous locations
due to subsidence or other interference (see Fig. 5.3).

Systems safety — design To ensure the safety of a gas system and reduce its
vuinerability to hazard events requires high standards of design, installation and
maintenance; systems which have developed over many years, with a mixture
of old and new pipelines and equipment, require special atiention. The
recommendations of the Institution of Gas Engineers (U.K.) (IGE) on transmission
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Table 5.18 Potennal effects of natural hazards on gas and oil infrastructure

Natural hazard ~ Component Effect Caonsequence
High winds Offshore ngs Damage to Restricted supply
superstruchire
Sea surge Offshore rigs Damage to Loss of supply, poltution
substructure
Coastal refineries, Damage from Loss of supply
tank farm bunds  flooding
and other facilities
Heawvy rain Refineries and Damage from Loss of supply
other facilities flooding
Earthquake Transmission and  Fractures from Explosions, leakage, fire
distribution ground motion
system and failure
Refinenes and Damage from Explosions, leakage. fire
ather facilities ground motion
and failure -
Offshore rigs Damage from Explosions, leakage, fire
ground moticn
and failure
Tank forms Damage from Loss of supply, pollution
ground motion
and fature
[Landshde Transmission and  Fracture from Loss of supply, pellution
distributon ground movement
system
Refineries and Damage from Explosions, leakage, fire
other facilities ground movement
Volcano Transmission and Damage from Loss of supply, pollution

distribution
system
Refineries and
other facilities

lahar flows

Damage from ash
and fumes

Restricted operation

Table 5.19 Mitigahion measures for gas and oil infrastructure

Preventive measures

Spread the risk

Spread the responsibility

Locate production and storage facilities, high-pressure

mains and compression machinery m least-vuinerable

areas.

Provide local shut-off valves, conmolled by local
operators, to limit leakage (This 1s also recommended
for sound operation of the system, easier repairs and
loss reduction.)
Provide valves on both sides of bndges and fault
Crossings.
Use ductile materals such as steel or polyethylene to
replace east-iron mains in soils whieh could be subject
to hiquefaction or strong movement.

Provide bunds around all ancillary oil equipment where
the change in rigidity could precipitate a fracture

Develop alternative sources of supply.

and tanker supplies.

Encourage, licence and control the provision of bottled

4
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Figure 5.3
Automatic shut-off valves will
reduce secondury effecis

and distribution practice are acceptable standards worldwide, and include:

» IGE TD/1 Edition 3 1993 ~ Steel Pipelines for High Pressure Gas Trans-
mission

* IGE TD/3 Edition 3 1993 — Distribution Mains

* IGE TD/4 Edition 3 1993 - Gas Services.

Equivalent national or international standards may be equally appropriate

Control of pressure and gas flow are key elements of the network and must
include designed-in safety features. IGE/TD/9 and IGE/TD/10 recommend good
practice for offtakes and pressure regulatory installations. There are many other
aspects relating to gas network design and reference should be made to the
appropriate technical data to ensure that the network is fit for the purpose.

The Natural Gas Corporation of NZ [New Zealand] Ltd uses various measures
to mitigate the risk to gas mains which cross faults, according to the location.
[n rural areas. the main will be supported on trestles above ground, allowing
relative movement between the pipe and the ground. However, where pipes
are trenched across a fauit the preferred solution is for the buned pipeline to
cross at right angles. with the depth of bunal minumized and the trench
backfilled with light and preferably granulated material. In this situation, the
main must be straight for a distance of at least 200 m on etther side of the
fault. The ground movement will then put the pipe in tension and not
compression. An increase in wall thickness is also recommended for mains
which cross fault lines (Lifelines in Earthquakes, The Centre for Advanced
Engineering, University of Canterbury, New Zealand, 1991).

Systems safety — operations Safe operation of gas networks is the first priority
of gas suppliers. If designed. installed and maintained in accordance with best
practice, day-to-day control of the system is likely to be from a control centre
facility, using communication equipment to monitor and control the system. Clear
operating instructions to all personnel working on the system are essential.
Guudelines are also important for non-specialist personnel working in the vicinity
of gas installations.

Comprehensive safety recommendations are available from the IGE, including
IGE/SR/20 - Recommendations for Dealing with Reported Gas Escapes. Gas
suppliers should ensure that employees and contractors are trained to the level
of competence necessary to safely complete routine tasks

Systems safety — emergency procedures. It 1s good practice to prepare for all
anticipated incidents by the proviston of written emergency procedures. These
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must be produced by competent qualified people, suited to local circumstances,
and tested regularly by practice drills with all people involved, both directly and
indirectly. Regular in-depth training and briefing on emergency procedures should
be given to all personnel.

Most modern industrial appliances are designed to shut off automatically in
response to the drop in pressure which a major leakage would cause. Seismic
shut off valves can provide additional protection in earthquake-prone areas. The
restoration of services can take time because of the need for safety checks, but
this delay allows leaks to be repaired, pipes to be purged of ir, and gas pressure
to build up. Numerous small leaks, which do not trigger automatic shut off, give
more cause for concern and although identification and repair of fractures is still
needed, safety depends much on the awareness of individual customers.

Aections in an emergency. Emergency procedures will define levels of emergencies
and responses needed. For examnple, in a major emergency, initial action will probably
require an assessment by a senior competent person, and the establishment of an
emergency control centre is usually the first step in a major emergency affecting a
large area. The location of control centres should be identified and specified in local
and national emergency plans, and officers-in-charge nominated, who will ensure
that emergency procedures are followed. Communication is vital, particularly with
gas company personnel and emergency services.

In some emergencies, people will need to be evacuated before the intearity of
the system can be secured. The make-safe and restoration phases of emergency
procedures as recommended by IGE are comprehensive and detailed, and must
be followed precisely. The person in charge will use emergency procedures and
personal judgement to manage the emergency to a safe conclusion.

City systems. The components of a city’s power supply system which may be Electricity generation
affected by a natural hazard include power stations (thermal, geothermal,  5pq distribution
hydroelectric, nuclear), transmission lines, main and distribution substations, and
distribution systems (overhead and underground) (Tables 5.20 and 5.21). Power 1
stations may be within or near a city but are often remote.

A prolonged breakdown in electricity supplies would disrupt economic, political ——|
and commercial activities, and would restrain long-term local and national
economic development. However, many cities already experience acute
shortages in supply because of insufficient capacity and the provision of electricity
may be delayed for several years after the completion and occupation of buildings.

In Karachi, sudden temperature rises caused by heatwaves lead to increased use
of air-conditioning and consequently to widespread overloading and shutdown
of the electricity system. Planned power cuts are aften used to restrain demand;
standby arrangements are common, as are protests: ‘Angry women attack Karachi
Electricity Supply Centre complainis office in Nazimabad, partly damage two
vehicles and furniture in protest against power breakdown in the area for the last
three days’ (Dawn Newspaper, Karachi, June 1993).

Vulnerability of the system. Power generation depends on supplies of primary
fuels, and on the communications network, and electricity supplies are, therefore,
at risk not only from direct effects of hazard events, but also from indirect effects.
A reliable supply of electricity is in turn essential to the water supply, gas supply.
telecommunications network, transport systems, and to hospitals, industry and
commerce.
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1 Table 5.20 Potential effects of natural hazards on electricity generation and
distribution
I Natural hazard ~ Component Effect Consequence
High winds Transmission Collapse Loss of supply
towers and lines
Generating Damage and Loss of supply
stations, cooling partial collapse
owers, sub-
stations
Distribution lines Collapse Loss of supply
(overhead)
Sea surge Generating Equipment Shut down
stations, other flooded
facilities
Distribution cables Flooded Loss of supply
{underground)
Heavy rain Reservoirs Overtopping of Possible progressive
dams failure
Generating Flooded Loss of supply
stations, other
facilities
Earthquake Darns Damage from Loss of supply
ground failure and
motion
Generating Damage from Loss of supply
stations, sub- ground failure and
stations, other motion, e.g. isolators,
facilihies equipment support
frames
Distnbution lines Collapse of lines Local loss of
{overhead) and pole mounted supply
transformers
Landslide Dams Failure from Loss of supply
overtopping
Generating Failure by ground Loss of supply
stations, other movement
facilities
Transmission lines Failure by Loss of supply
ground movement
Volcanoes Transmission lines Swept away by Loss of supply

fahar flows and
short-circuited
by ash deposits

Transmission line towers designed to withstand extreme winds may resist the
ground motion generated by some earthquakes, but liquefaction may cause
foundation failure. The risk of failure at generating stations will depentl on
construction quality, design features and equipment types, such as use of nigid
bases which are frequently shown to be susceptible to failure.

Vulnerability of the population. Where electricity supplies are routinely mterrupted
or inadequate. the populaton will have adjusted to this siniation, and may therefore
be less inconvenienced by possible disruptions caused by hazard events However,
Increasing prosperity raises aspirations and increases demand for electricity, and
disruptions to the supply may then appear more significant Informal settlements
rarely have access to mains power supplies, but some will make illegal and dangerous
connections to the mains network, while others will install small generators.
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Table 5.21 Mitigation measures tor electricity generation and distribution 1

Protect equipment where practicable (e.g. bunding substations
against flood),

Install more plant, hold spares, rehabilitate power generation
installations, substations and electricity distribution, brace
eguipment.

Preventive measures Locate facilities in less vulnerable sites. I

Spread the risk Develop alternative sources of main power supplies
Avoid dependence on one main substation

The 1994 Northridge earthquake disrupted power supplies Lo a large number of
customers; however, services were quickly restored:

Time Number without power
Initially 2.000 000

By dusk 1.100,000

After 24 h 725,000

After 3 days 7,500

After 10 days Virtually all power restored

Although power systems suffered significant damage, this event demonstrated the
resilience of the Los Angeles electrical system, and the importance of redundancy.

Impartance to the ciiy. Electricity supplies are essential for many critical facilities
In a post-disaster situation. including hospitals, water-pumping stations, media,
and street lighting. Strategic facilities often possess alternative power supplies, but
these are usually intended to cover brief intertuptions in the main supply and
therefore have limited fuel reserves Prolonged disruption of the mains supply
would stretch the capacity of alternative supplies, and may cause extensive health
and econornic damage

City systems. The range of communications systems available has increased ~ Communications
rapidly in recent years, and includes telephone systems, cellular radio telephone systems
systems, private radio netwaorks (both corporate and amateur), and radio repeater )
systems in the VHF/UHF bands (Tables 5 22-5.24;). I_'

Communications systems consist of a limited number of principal components
including telephone exchanges {central offices), microwave radio equipment and
communication towers, above ground and/or below ground distribution cables.
The functions of principal components are discussed below.

* Remote line units (concentraiors) — small units (capacity of 200-2000 lines)
to which subscriber lines are connected, typically with limited stand-alone
capacity. which are normally connected to a local exchange for wide-area
connection, but can interconnect calls between its subscribers if connection
to the local exchange is cut.

= Local exchanges (processors) — provide processing power and wide-area
interconnection capability for concentrators. Each serves typically 10-20
concentrators

» Tandem exchanges — used to switch telephone traffic between exchanges to
reduce individual routes between local exchanges: not directly connected
to customers' lines

» Toll (trunk) exchanges — used to connect long-distance calls between
exchanges; similar function to tandem exchanges.
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Table 5.22 Potental effects of natural hazards on communication systems

Natural hazard  Component Effect Consequence
H:igh winds Radio and TV Disorientation of  Disruption to or loss of
towers aerials transmission capability
Collapse Complete loss of
transrnission
Qverhead cables  Collapse of poles High fault rate
Severing of cables Loss of service
Earthquake Radio and TV Damage/collapse  Complete loss of
towers fransmussion
Overhead cables  Collapse of poles, High fault rate,
severing of cables loss of service
Underground Minor quake High fault rate
cables little damage
Major quake: Complete loss of service
severed cables
and broken ducts
Telephone Minor quake: Temporary loss of service
exchanges dislocation of
printed circutt boards
Major quake: Long-term loss of service
collapse of building
Heavy ran Radio and TV Interference with  Temporary loss of service
towers signal path
Underground Flooded High fault rate
cables
Telephone Flooded Complete loss of service
exchanges Flooding and Long-term compiete loss
major damage of service
Storm surge Radio and TV Flood damage to  Complete loss of
towers radio equipment  fransmission
Overhead cables  Collapse of poles, Loss of service
severing of cables
Underground Flooding High fault rate
cables
Telephone Flooding and Complete loss of service
exchanges major damage
Volcanoes Telephone Failure of air Temporary service
exchanges conditioning due  disruption

to dust
Lahar flow
damage

Long-term complete loss
of service

Table 5.23 Mitigation measures for communications systems

Preventive measures

Spread the rnisk

Cover or minimize the impact

Reduce the vulnerability of components as

recommended in Table 5.24.

Introduce network management
Decentralize as far as possible.
Build dwersity into the system

of all exchanges.
Seek coniracts with major international suppliers for
support In disasters
Provide as an emergency stock item, a standby
portable (VSAT or Marine) satelite antenna

Install portable microwave radio antennae on roofs




Table 5.24 Reducing the vuinerability of communicatons components

VULNERABILITY OF THHE PHYSICAL INFRASTRUCTURL

Compoenent

Vulnerability

—

Mitigation

Remote lfine units
{concentfrators)

Local exchanges

Tandem exchanges

Toll (trunk) exchanges

Trunk routes

Junction routes

Network management

Cellular radio
telephone

Loss of power

Flooding

Isolation from processor
Loss of power

Flooding

Earthquake

Loss of power
Flooding

Earhquake

[Loss of power

Flooding

Earthquake

Cable routes affected by
land dislocation
Collapse of poles

Radio routes affected by
strong winds

As above
Loss of power

Loss of connection to
exchanges

Loss of connection to
fixed network

Standby power

Caretul site selection, provide
splicing room above ground, dual
cable vault pumps

Separated links to processor

Standby power

Careful site selection, provide
splicing room above ground, dual
cable vault pumps
Anti-earthquake braces for
equipment

Standby power

Careful site selection, provide
splicing room above ground, dual
cable vault pumps

Extensive mterconnection with
other Tandems

Use of network management
Anti-earthquake braces for
equipment

Standby power, dual power
grid source

Careful site selection

provide splicing room above
ground. dual cable vault pumps
Extensive interconnection with
other Tandems

Use of network management
Ant-earthquake braces for
equipment

Diverse routing

Deepen setting of cable poles
Diverse routing

As above

Standby power, dual power

anid source
Alternative emergency routing

Alternative emergency rouling

» Trunk routes - lung-distance connections between trunk exchanges.

= Junction routes -- shorter distance connections between local exchanges.

+ Network diversity — ability of the network to route calls over physically different
paths, separated by geography. by transmission media or a combination.

+ Netwark management — ability to control flow of telephone traffic in a
network by a combination of expansive and restrictive controls. Expansive
controls allow more aptians for routing calls through a diverse network to
enable traffic to bypass an area of damage. Restrictive controls reduce the
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Buildings and
structures

General issues affecting
construction

number of calls entering or leaving a pont in the network to the level that
the network can accommodate.

o VHF and UHF radio - systems operating over a short distance {line of sight)
not usually capable of connection into public telephone systems

« Cellular radio telephone - connected wia radio links to transmitters/ recevers
with permanent connections to public telephone systems, offer full telephone
access, including international calls. Instruments can be used from any cell {an
area covered by a transmitter/receiver} operated by the company, and alter
frequencies automatically if the instrument moves from one cell to another
during a conversation

Vulnerability of the system. Telecommunications networks depend on a reliable
supply of electricity. As Table 5.3 shows, every other component of the city
depends on reliable communications and a hazard event will generate excessive
demands on the systern This issue needs to be addressed.

The vulnerability of a network is concentrated within a few critical areas

* the supply of electricity to central offices for operation of exchanges

* potential damage to telephone exchanges due to their location

* local reticulation using copper conductors

= cabling between exchanges using fibre-optic cables

* ducts and cables entering buildings in areas subject to ground movement
= the misalignment of aenal systems for microwave radio

* unbraced equipment

 insuffictent spare parts

* flooding of basement and ground floor equipment

The Philippines Long Distance Telephone Company is undertaking an extensive
programme to reduce the vulnerability of its network, including. providing a
figure-of-eight loop microwave system to enable alternative routing: providing
standby generation and other emergency facilities in all telephone exchanges: and
establishing special fire precautions.

This section focuses primarily on buildings; however, 1ts general principles can
be applied, with a litile variation, to other types of physical structures such as
bridges, dams and tunnels. These other structures are not discussed in detail for
three reasons: as bridges, dams and tunnels vary widely in physical form and
functicon, 1t is difficult to make general statements concerning their vulnerability
to hazards; and, as they generally form part of the physical infrastructure network,
specific structures are discussed in more detail in preceding sections

Modern techniques of design and construction are increasingly complex and
sophisticated, and incorporate extensive specialist techniques which reduce the
impact of natural hazards upon physical structures. For new construction these
techniques can be utilized to reduce the risk of building damage from hazard
events However, in practice these techniques are often not applied or are applied
incorrectly.

The existing building stock of most etties will mostly predate such techriques and
regulations Lack of maintenance and alterations or additions will also affect the
quality of many buildings. The 1995 earthquake in Kobe, Japan. tragically
illustrated the vulnerability of an ageing building stock, even given the existence
of building codes thought adequate at the time of construction.
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Building regulations. standards and codes of practice exist to ensure new con- [ 1
struction is appropriate to characterisucs of the local area and is of an acceptable @
standard in terms of safety and quality. These regulations are based on exsting i g i
documents used in other, more highly developed countries, and are then gradually

revised to reflect local condinons, The location and nature of builldings are also

influenced by planning regulations and local byelaws However, in many countries,

although regulations are generally satisfactory, their application is severely

inadequate Application is dependent upon the capacity of the building control

department to monitor and control all stages of all design and construction work;
15 an enormous task for which resources are often completely inadequate.

(d

Other factors which influence the construction process include the size of the local
labour market and its level of experience and technical skill, type, quality and
cost of materials available, predominant ocwnership patterns and methods of
financing construction. [n practice, technucal skills are often concentrated on large
projects. resulting in poor standards of construction on smaller projects

Ownership patterns can give an indication of the degree of vulnerability of  Ownership patterns
building types.

* Ownership by a government agency 1s most common for buildings which are
designed for public use and for government offices. As government agencies
generally have access to expert technical advice and can command the
resources required, such buildings are now often designed and constructed
to relatively high standards by qualified professionals. However, existing
building stock is generally based upon standard designs which predate these
technical developments

¢ Ownership by the private sector 1s common for commercial and industrial
premises. These companies also generally have access to the resources and
expert advice required for a high standard of construction. However, as their
abjective is essentially to create profits, they may see little incentive to meet
high standards unless the wisdom of so doing 1s explained to them.

¢ Ownership by the private sector is also common for residential buildings
occupied by tenants. This category extends from established property
development agencies owning a range of properties to individuals owning
one or two properties The profit abjective is the comman feature, and can
often result in properties which are cvercrowded and badly maintained.

* Many residents are also owners of their properties, and therefore have some
incentive to ensure that the building has been properly constructed and is
adequately maintained. However, this may not occur in many cases due to
lack of awareness or lack of resources. Residents of informal communites
generally construct their own dwellings using any materials that are available
and without access to technical advice or professional assistance of any kind.
Although these dwellings are generally of a low standard by conventional
criterta, it 1s their vulnerability to natural hazards which is of immediate concemn.

It is important to distinguish between the general standard of design and Vulnerability to hazards
construction and the specific application of hazard-resistant principles; an

expensive building of complex construction may be no more resistant to particular

hazards than a simple dwelling in the informal sector. For each type of building,

the priority should be to 1dentify specific features which make the buillding more

or less vulnerable to specific hazards
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Mitigation measures

Figure 5.4

Relationship between
earthquake intensity and
building damage.

Source* The Great Hanshin
Earthquake, Japan Alexander
Howden Group Ltd. 1995.

The principles of hazard-resistant construction are based upon an understanding
of hazard processes. For example (see Fig. 5 4):

+ Earthquakes produce horizental ground movements which are amplified
by the structure itself, affecting the stability of the structure and often cause
partial or complete collapse They may also result in liquefaction, which
induces failure or collapse of the foundations Heavy roofs may hasten the
collapse of unstable structures.

* Extreme winds produce horizontal surface loading, mainly in one direction,
which may lead 1o parual or complete collapse. They also produce uplift
loading on roofs; light roofs, if not designed to resist these forces and
fastened securely, can be torn off. This in turn will remove lateral restraint
to the top of the walls and progressive collapse of the building as a whole.

* Vvolcanic eruptions and tsunami have great force and will destroy or
inundate buildings i their path

* Floods can cause buildings to collapse through scour or unequal pressures,
and can cause gradual deteroration of the building and its foundations.

« Landslides produce directed loads, the angle of which can vary widely: the
degree of loading will depend on the speed and weight of maternal invalved.

Considerable research has been undertaken in recent years into quantitying the
vulnerability of buildings and structures; some examples are given in Chapter 4,

Although land-use planning and preparedness measures will often provide the
most significant contribution in mitigating the impact of the other hazards
mentioned, hazard-resistant construction principles can be extremely effective in
mitigating the impact of earthquakes and extreme winds (Table 5.25). For
example, these principles and potential weaknesses include an understanding of
the characteristics of different building materials; recent earthquakes have
illustrated the severe vulnerability of masonry structures, of poorly constructed
reinforced concrete structures and, in isolated cases, of fabricated steel.

Improved application of building regulations, standards and codes of practice.
are valuable long-term objectives (together with general improvements in design
and construction standards). Designers. builders and occupiers could be
encouraged to adopt improved standards through the provision of financial

Traditionai
Generally total houses
collapse -
Small
// traditional
Extensive commercial
cracking, storey
collapses /
common e Oider
Most butldings , engineerad
showing extansive buddings
cracking,
cocasional storey
coliapse
Modern
Many bulldings engnesred
showing signe buildings /f,‘.
of damage ,1’-” Modem
P houses
el
o
QOccasional /./ . f’ -
examples of / ’,"
damage . - P
Ne darnage ] 1
Q9 10

Intensity (MM)



VULNERABILITY OF THE PHYSICAL INFRASTRUCT JRE

Table 5.25 Mitigation measures for buildings and structures

Preventive measures Ensure good land-use planning to locate buildings in vl I @

less vulnerable areas.

Teach tradesmen and building officials the ABC
{Anchorage, Bracing, Connections) of building
consuction.

Develop model hazard-resistant dwelling types of
various stzes and standards, and promote their
widespread adoption

Encourage the use and pernodic updating of relevant
codes of practice and building regulations.

Encourage the proper construction of relevant designed
buildings Three basic principles can help guide
development workers to understand the weaknesses,
strengths and potential improvements which can be
made to local construchon to resist natural disasters of
all types (Dr R. Spence, Cambridge University) The
principles are (a) Provide sideways support - the
building should be designed so that walls, roof and
floors provide mutual support Walls should buttress -
each other. The roof and floors should be used to
provide additional horizontal stiffness. Windows and
doors near corners should be avoided. (b) Provide
strenigth in tension — timber- and concrete-frame
buildings should have strong joints which will not pull
apart. Earth. stone and brick buildings should be tied
together with timber or steel. Roofs should be firmly
attached to the walls. (¢} Encourage local good practice
— the observance of locally evolved good practice
regarding such things as sound foundations, a sensible
choice of locahon, good matersals, and regular
maintenance will usually go a long way towards
achieving safer buildings

Spread the nisk Through land-use planning, develop provision of
facilities in several centres throughout the city.

Spread the responsibility Make owners responsible for ensuring that buildings and
structures have been designed to withstand potential
hazard events.

Encourage buyers to nsist on a hazard audit and make
a hazard building audit report an essential part of any
deed of sale.

Make the construction industry legally responsible for
setting and maintaining standards

Promote awareness amangst designers and building
officials of the increased vulnerability resulting from
architectural features such as soft storeys. dramatic
changes in shape, balconies, infill panels, cladding
details. orientation, proximity and ?

Cover or minimize the impact Provide designated buildings or parts of buildings as
shelters

incentives (such as low interest loans and grants, subsidized materials, tax relief,
and reduced insurance premium); many ot these measures could be implemented
or facilitated by the city government.

Providing training in the basic principles of safe construction should also be a
high priority, and could initially focus on residents of the informal sector.
Fundamental understanding of these principles is often restricted to a small circle
of specialist professionals within the construction industry: the long-term objective
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should be to disseminate understanding throughout the industry (and associated
groups such as the insurance sector) as widely as possible.

A recent proposal to 1mprove quality in the construction industry included the

following recommendations.

1

2.
3.

Identify the builders and stakeholders in construction and survey the nature,
size and culture of the construction industry.

Identify the points of leverage to improve construction quality.

Focus on the requirements for improved hazard resistance. (Paper by A. G.
Davenport for the United Nations World Conference on Natural Disaster
Reduction, 1994 )

It is the third recommendation, to which this chapter aims tc contribute, which
is now of the highest priority.

Summary of main
points .

The potential effects of hazard events on each element of the city's
infrastructure should be studied in detail

Hazard zonation maps should be used to identfy areas suitable for
development.

Resources should be concentrated on reducing the vulnerability of key
components of the infrastructure, particularly those of post-disaster
significance.

The planning, design and construction of new infrastructure should
incorporate disaster mitigation principles;

Infrastructure networks should, where feasible, incorporate duplication and
redundancy to allow operations to continue if individual sections are
damaged.

Response plans should be designed to minimize the time required to restore
each section of the infrastructure to normal operation.

Where resources are limited, technical guidance and other forms of support
should be provided to enable informal communities to install and maintain
basic infrastructure and services within their area



Human dimensions in
disasters

Survivors said that there were two particularly hot and sultry days, unrelieved
by occasional showers, which developed into a thick fog. The water in the
wells muddied and noises were heard, followed by climate flashes and an
ear-splitting bang before the earth began shaking violently, destroying or
damaging most buildings in the city. 240,000 people perished because the
people had not been prepared nor the buildings made strong enough. The
social life and economy of the city was ruined (The Great Tangshan Earth-
quake of 1976: An Anatomy of a Disaster. Pergamon Press, 1988).

It is people who suffer as a result of disasters and of a lack of preparedness and
disaster mitigation measures. It 15 also people who will prepare for and mitigate
the impact of disasters. It is, therefore, vital to develop a social perspective on
disaster mitigation and preparedness.

In most large cities there will be specialists in planning, architecture. engineering
and science who are in contact with a world-wide network within their discipline.
Knowledge of the effects of natural hazard events is extensive, and the planning
and engineering solutions to mitigate the effect of these hazards are well
established. So why does instituting mitigation measures remain a problem? To
some extent this is because of the low priority accorded to mitigation compared
to other needs of the city. It is also partly because mitigation plans often ignore
the people and their needs when planning and setting priorities and when
considering implementation, or assume that people form one homogenecus
group with the same needs, abilities and aspirations.

For example, it is easy enough to see how people with different levels of income
are likely to be affected differently by the same event. If it is assumed that the
investment that households make in their housing and other property varies with
their income level, then it 15 likely that the damage suffered will be similarly
related, However, low-income households tend to invest a relatively high
proportion of their capital income in housing; although in abselute terms their
losses may be low, these losses wnll represent a comparatively high proportion of
their income.

This is graphically illustrated by Fig. 6.1, where the damage line rises steeply and
then flattens out to reflect the probable lack of mitigation by owners of the
cheapest structures and a correspondingly greater investment made to safeguard
more expensive structures. The generally rising line reflects the increase in matenal
damage suttered as incomes nise.

Social perspective

[
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Figure 6.1
Amount of damage to housing

and property in relation to
household income

Figure 6.2

Vulnerability of households to
disaster in relation to household
income

Damage

Income

However, the vulnerability to disaster of different income groups reduces with
increasing income. This is partly because more expensive structures are more
likely to have been engineered and therefore to incorporate mitigation measures
in their design and construction, but also because more prosperous households
are more likely to live in planned areas that should be less vulnerable to hazards
such as flooding, landslides or mudslides. Poorer households (and certainly the
poorest households) are likely to live in marginal locations, the low value of which
often reflects their vulnerability. This is shown in Fig. 6.2

For the poorest households, the greater concern is not how to reduce the effect
of the disastrous events that are the focus of mitigation planning, but how to cope
with the more immediate need to survive, to ensure an adequate livelihood and
to prevent being evicted. These are perceived as much more real and pressing
than events that may happen at some distant point in the future In many
situations, even where a household knows that the land it is occupying is liable
to be inundated every year, as happens for example in many parts of Bangladesh,
it nevertheless affords a living, and there is always the hope that the next year's
floods may not be as catastrophic as last year. If this relative concern for the
hazards of everyday living is compared to that for isolated disasters, it 1s likely
that this will vary with income, as shown in Fig 6.3.

Cynics might claim that these households deliberately take such nisks knowing
that they will be bailed out by society in the event of a disaster. Even if it were
true, surely it does not reflect well on society that some members have {o resort
to such desperate measures merely to obtain something so basic as housing.

Income has been used as one variable to suggest how different groups in the same
city are likely to react differently to different hazards and to different types of
mitigation measures. Analyses for different social, ethnic and cultural groups will
show a similar vanance. Gender. age and other such differences are likely to
impact upon the perception of hazards and willingness to adopt mitigation
measures.

Vulnesability

Income
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Income may influence the
predommant concerns of
households
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Therefore, before any mitigation or preparedness plans can be developed the
socio-economic environment of the city needs to be understood. This should
incorporate a perception of

* the social structure of the city classified by social groups according to therr
socio-economuc, cultural. ethnicity, age, gender, and religious conditions

* the vulnerability of the various social groups to disaster events

* the nature of all (not just disaster focused) existing strategies for coping
classified according to social group

* the nature and roles of existing social support networks

* the city's institutional framework (community. private and public)

* the city's formal approach to disaster management and development
ncluding the division of existing responsibilities for disaster preparedness and
mitigation

Understanding the social situation involves identifying and characterizing the
range of coping strategies and reasons for any differences, such as the ethnic,
religious, cultural, economic or political context. The extent to which people are
integrated into coping strategies should be assessed. Are women and children,
for example. more vulnerable to disasters than men because they are more likely
to be frapped in the home? Are women's clothes more likely than men’s to cause
thern to drown? Are the elderly or disabled more vulnerable? Poverty and gender
are likely to be significant determinants of vulnerability to disaster mn much the
same way as they are of other aspects of development and access to opportunities
and benefits Consequently the most vuinerable groups should become a
princtpal focus of mitigation and preparedness planning

Analysis will depend on the availability of information. In most countries a great
deal of data are available from many sources, such as national, regional, provincial

and aty institutions. research agencies and non-government organizations
(NGOs).

Information is of two main types Primary information 1s new informaton
collected for a specific purpose Secondary information 1s derived from existing
material. and may nclude published and unpublished documentation of various
kinds, including statistical data collated from regular surveys (such as national
censuses and household surveys), ‘one-off” surveys. official records and reports
both within government institutions and in non-government agencies in the
community or private sectors,

Good-quality information is essential if there 1s to be imely and realistic prepared-
ness and mitigation. and appropriate decisions relating to change in policy ar
action are to be made. However, where information is collected primarily for other
purposes, the approach may be inflexible, or may not relate to the precise area
of interest, or may be costly tv undertake and lack the speed of publication
required for the results to be useful (o policy makers and managers concerned
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with disaster preparedness and mitigation. The quality of information can be
evaluated in terms of:

* 1its relevance and clarity - do the data available provide the information
needed and relate to the precise area of interest?

* its timeliness — can data be obtained when needed?

* its cost — 15 1t affordable in terms of the human effort or financial costs
involved in its collection?

* the regularity and frequency of its collection, interpretation or publication

« its reliability and accuracy.

Disaster preparedness and mitigation should focus on the collection not only of
quantitative information but also of qualitative information. Large collections of
data, especially when they have extensive geographical coverage, take a long
time to process. A small focused survey or study, designed to meet specific
requirements and emphasizing the collection of qualitative data, should be more
readily accessible Specific problems highlighted by such a survey can be explored
in more depth and detail at a later date if necessary.

Approaches to quantitative data collection such as random sample survey techniques
are well known. Techniques for qualitative information, which are less well known,
include ‘rapid appraisal’ techniques. Guidance on using these techniques is given
in Chapter 9. During the past decade the phrase rapid appraisal’ and its various
synonyms (rural reconnaissance, rapid low-cost methods, intermediate methods)
have entered the vocabulary of the development professions.

The rapid appraisal (RA) method has a number of strengths, three of which are
pertinent to preparation for disasters and mifigation of their results. Firstly, they
can be completed quickly. Secondly, it is possible to reach a large number of
communities and individuals in a short period of time. In view of the hmited
resources available for all planning and management activities in large cities this
advantage is invaluable. Thirdly, as explained by Kumar (K. Kumar, ed. Rapid
Appraisal Methods, World Bank, 1993), they are particularly appropriate when
{as is the case with understanding and evaluating the nature of existing coping
strategies and the nature and roles of existing social support networks):

* there is a desire to hold extensive discussions with householders, 1n order
to gain Insight into their economic and social environment, the institutional
constraints they face in adopting recommended innavations. and their views
and perceptions about development intervention

* an understanding is required of the motivations and attitudes that may affect
peoples’ behaviour, in particular the behaviour of target populations

* the primary purpose of the study is to generate suggestions and recornmendations

* available resources are limited.

Once a detailed picture of the social organwzation and structure has been
established attention should focus on identifying the range of needs of those likely
to be affected by the different hazards to which the city is susceptible. At this point
it should be possible to begin strengthening the social institutions (family, religious,
political) and to enhance the role of existing coping mechanisms in absorbing
the shock of a disaster This can be attempted as an integral part of the
development process, through institution building, increasing the number of
coping mechanisms and broadening the contacts of local groups

Using the analytical approach suggested above. it should be possible to develop
a mauix of the type shown in Table 6 1, in which various social groups in the
city are mapped aganst each hazard. The level and type of risk is shown in the

intersection, thus indicating who is at what risk from which hazard.
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Tabie 6 2 shows the mitigation strategy that each social group currently deploys . o
in order to cope with the particular hazard. These refer only to disaster events,
and for many groups the coping sirategy will be dictated more by everyday

hazards. The investigation of coping strategies needs to be done with care.

because they may not be apparent to the casual observer nor to one who uses

a set of values at variance with those of the particular social group. Through

informed discussion with the people themselves, both the objectives and the

mechanisms of coping strategies can be ascertained.

In some cases the coping strategy adopted by a particular social group may be
adequate to reduce or minimize the risk of that particular hazard to an acceptable
level. In other cases, the coping strategy may be inadequate, reflecting perhaps
the inability of the group to either perceive the need for, or to conceive of or
perhaps to implement a more effective strategy. In each case, however, city
planning and management actions may have an impact on the coping strategy
For example, a perfectly acceptable coping strategy may be rendered ineffective
if the city authorities enforce rigorous planning or building regulations. In the case
of an inadequate strategy. supporting intervention by the city authority is of
course crucial. Such support may be legislative or advisory, or may be in the form
of access to more appropriate construction materials. or even sirengthening of
the structure. Table 6.3 suggests types of support which city authorities could
provide to enable different social groups to cope with disaster events.

Approaching the issue of mitigation and preparedness in this manner provides
an opportunity for external mechanisms such as international agencies, govern-
ments and national bodies, which invariably are involved, to ‘harness’ and
enhance rather than to inadvertently break up internal coping mechamsms.

The objective of this planning phase should be to increase the degree to which
city residents and municipal authorities together have the capacity to take effective
action in facing the threat of disaster This may mnvolve sharing successful
experiences and strategies among identifiable groups and institutions within the
city, developing and restructuring institutional networks from the local level up to
provincial level. Emphasis needs to be placed on developing an integrated and
participatory mitigation and preparedness process within the city context. This
should be cooperative and collaborative, operating both horizontally and vertically.

Table 6.1 Who is at risk from which hazard?

Hazard

Soctal groups Earthquake Fire Flooding Landslide Cyclone
Upper income Limited Limited Restricted Limited Not
suburban access applicable
households
Fringe squatters Structural  Whole Whole Not Extensive roof

damage settlernent settlement  applicable damage

at nisk at risk

Women-headed Asabove  Trapped  As above Not As above
households in fringe inside applicable

squatter settlements

Children in inner High risk High nsk  Low risk Low risk
cify squatter from
settlements surrounding

structures
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Table 6.2 What coping strategies are being deployed?

Hazard
Social groups Earthquake Fire Flooding Landslide  Cyclone
Upper income Building Limited  Landfill Pile driving  Building
suburban codes above flood andslope  codes
households level stabilization
Fringe squatters Lightweight None Some None Weighted
structures — building on with stones

cardboard stilts

Women-headed As above OQutdoor As above None
households in fringe kitchens
squatter settlements

Children in inner  Street sleeping
city squatter
settlements

By developing an effective institutional framework, major mitigation activities can
be undertaken more effectively and efficiently. Activities include setflement planning
to reduce settlement vulnerability, economic diversification, strategic placement of
job and income generating activities, to include the siting of industry, services (e.g.
hosprtals) and communications (e.g. radio stations), public education and housing
improvement plans. This overall process is part of a vulnerability reduction strategy.

The moare thoroughly and seriously the above measures are implemented, the less
will be the likelihood that the following common mistakes in mitigation will be made:

* placing responsibility for certain mitigation activities in the wrang type of
organization

» nsufficient direct contact with people and over-reliance on regulatory
measures

* failure to identify all disaster threats

* failure to determine the complete range of options

* failure to incorporate vulnerability reduction in routine development planning
and activities.

Table 6.3 What support should be provided?

Hazard
Social groups Earthquake Fire Flooding Landslide Cyclone
Upper income Inspections, Inspections, Warning Inspections, Inspections.
suburban advice advice signs advice, slope advice
households protection

Fringe squatters  Information. Form fire-  Dwersion of Inspectons, Building of
advice breaks stream, advice shelters
channelization

Women-headed As above Safer stoves Inspections, As above
households in advice

fringe squatter

settlements

Children in inner As above
city squatter
settlements
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Effective and sustainable disaster mitigation requires the development of an [ ]
institutional planning and management approach which is different from the
‘emergency’ response which dominates the current process.

Preparedness requires a similar integrated participatory approach and should be
considered as an extension of the mitigation process. Using this perspective it is
possible to see how such an approach can positively contribute to the prede-
termination of effecnve warning and evacuation procedures, appropriate modes
of involvement, the development of tools needed by emergency staff, the
development of plans for the actual response to disasters, training for crisis
operations, and strategic stockpiling. Areas at risk need to be determined and
mapped, and vulnerable settlements identified. Possible responses need to be

examined, available resources estimated and deficiencies listed. Then a prepared-
ness plan can be developed.

An integrated and participatory approach should greatly enhance these related
processes, It should bring together a wide range of experience and knowledge
concerning all aspects of the city. Careful organization is an obvious prerequisite
but should be simplified if mitigation and preparedness are part of the overall
development planning process. By integrating as much experience as possible in
a comprehensive and structured way, the level of understanding of the situation
at hand (an important aid to the mitigation and preparedness process) should
increase greatly.

The above discussion 1s general, and emphasizes a particular approach to, or
perspective on, disaster mitigation and preparedness. There is, of course, a need
to put this approach in context Its advantage is that it does not distinguish bet-
ween the identification of issues {which involves detailing the cultural situation
and ascertaining expressed needs) and the development of a plan. Both are part
of one process which incorporates the same participants at all times This is a
logical approach bur one which has been missing in other domains of develop-
ment until the recent past

Some specific social issues which are likely to be relevant but will require added
details and substantiation in context are as follows:

* deceniralization rather than centralization of activities should be achieved
where possible

* intermediary bodies, NGQOs and religious organizations should be incor-
porated into predisaster planning

¢ community groups should be established, each with assigned tasks

* training should be accorded adequate {high) prionty

* the local informal powerbase should be understood and utlized where possible

* coordination of disaster activities should be planned between industrial,
commercial and residential areas. Mitigation and preparedness plans for both
need to exist at all imes of the day and night. Workers will want to either
get home or feel assured that their family stands a goed chance of surviving
when a disaster strikes

¢ the leadership. governarce, decision-making and organizational skills of
ordinary people should be developed and utilized. Such atiributes exist how-
ever poor people may be

» outside aid must be provided in ways that recognize and support the
capacities and resources of the people

* early warning systems need to be simple and intelligible to all persons

= for every sector of the city there should be clear understanding of what to
do when a warning is given or a hazard event occurs
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* the implications of false alarms should be understood

* any indigenous warning, mitigation and preparedness measures should be
utilized

* public awareness should be developed and sustained through schools, adult
classes, radio and television programmes, community and theatre groups,
leaflets and drills

* in all social situations alternative access must be available to facilitate ‘means
of escape’

* buildings which can act as refuges during and after a hazard event must be
clearly identified, and their teilet and water facilities upgraded if necessary

« the siting of disaster shelters and stockpiled resources should be carefully
appraised to conform to inhabitants’ needs where possible.

Human reactions to natural disasters are listed in Table 6.4.

In the event of an earthquake or windstorm, buildings are damaged and
destroyed. Survivors are displaced to the extent that their homes may be
uninhabitable but, 1n general, they are not necessarily displaced away from their
community. This presents an opportunity for the relief and rehabilitation phases
following disaster as many social structures can be retained Maintaining the social
status quo avoids the problems of losing skills, morale and social support and
coherence, characteristic of many other situations in which people are displaced
over considerable distances away from their home communities

If a flood or mudslide causes a disaster, survivors often have ta be moved
considerable distances away, to camps where social cohesion is difficult to
maintain, and a culture of dependency can rapidly grow. As a result, recovery
time until resetlement in their home community can be greatly extended.

Whatever the nature of the disaster, several features are common. Natural
disasters typically strike suddenly and often without warning. People lose therr
homes and possessions, many lose relatives and friends and are thus faced with
disaster at a time of bereavement. Many will be in shock. Needs in the immediate
aftermath are great and resources are almost invariably unavailable. Following a
natural event such as an earthquake or flood, inept management of the response
can compound the initial effects.

The immediate human need is for shelter (especially 1n cold weather), first aid
and clean water. Low temperatures and rain or snow can cause death from
exposure within a few days People need water every day and if clean water is
not available, thirst will drive people, within hours, to drink water they know to
be dangerous. Following the provision of safe water, there is a need for food and
epidemic control measures. Thereafter comfort can be provided with the
provision of blankets, clothing, medical attention and more comlortable
accommodation.

Despite this well-recognized hierarchy of need, responses often focus on the
rescue of individuals and provision of doctors and food, rather than measures
such as vaccination and prouision of water supply which will eventually prevent
the loss of life in huge numbers in the days and weeks after the event When
developing preparedness plans it is vital that the broader picture is understood
by all so that the organization and management of key elements receives wide
acceptance.



Table 6.4 Human reactions to natural hazards (adapted from a table by Key, 1988)
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Stage Time relative Reaction
to event Positive Negative
1 Before event Understand warnings, Panic, fear
preparedness
2 During event ‘What should [ do? Fatalism- ‘Act of God’

3 1 min to 1 day
after event

4 1 day to 1 week
week after event

5 1 week to 1 month
after event
6 1 month to 1 year

vear after event

Response by survivors,
irutial search and rescue

Community effort, search
and rescue by emergency
services

Provision of temporary
camps. burial of dead,
analysis of problems

Clear up debris,
commitment for major
rehabilitation projects

Looting; sight-seeing
adding to traffic chaos

Increase 1n price of basic
food and commodities

Provision of wrong food
and medicine, disposal
of dead

Provision of unsuitable and
unacceptable temporary
accommeodation, allocation

international funds of blame, corruption and

misuse of emergency funds

No visible evidence of
damage, bureaucracy and
aid-fund accountability
delays rehabilitation and
reconstruction

Some mitigation work,
some progress on
rehabilitation

7 1-5 years

8 5-30 years after [rcreased mitigation works, Conflicting objectives lead

event review preparedness and to relaxation of building
response programimes regulations to reduce cost
of social housing, smaller
event produces same effect
on larger city
9 Until next major Steady programme of ‘Not happened in my
eventin 100 200  mitigation works lifetime’, no votes for
or 500 years mitigation, funding
reallocated
10 Next major event See stages 1-9 above Urban area much larger,

effect much worse.

The timing, management and usefulness of assistance provided by outside
agencies must be considered very carefully. Many NGOs and government
agencies wish to respond to the rescue phase as well as to the recavery period
following a disaster. However, rescue of victims is most effectively done by local
people and organizations because they are able to do so much more quickly than
outside agencies. International groups can sometirnes impose a further burden
on local resources by arriving in an unplanned way. Greater benefits would accrue
from the provision of water supply kits and engineers, or of telecommunications
support and repatr teams.

Relief supplies often include large quantities of unwanted medicines which are
inappropriate for the local situation and labelled with foreign brand-names which
local relief workers cannot identify Typically less than 30% of donated drugs are
suitable for emergency use. The World Health Organization has developed
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Recovery, identification
and burial of the dead,
and care of the
bereaved

Search, rescue and
medical care of the
injured

emergency health kits, the contents of which vary according to the needs of
specific situations.

Preparedness plans should address each stage of the post disaster period, tackling
needs in order of priority, and allocating resources accordingly. The most effective
response is likely to be one which establishes planning, response, facilities and
resources on a local level. This minimizes complications arising from chains of
command which work well under normal circumstances but may be unsuited to
a disaster situation and even exacerbate the difficulties faced.

Hodgkinson and Stewart {Coping with Catastrophe, 1991) identified four main
factors which contribute to the recovery of the bereaved:

* the type of death, and the extent to which the survivor feels responsible

« their relationship with the bereaved

 psychological characteristics of the bereaved, such as their ability to express
emotion .

= social circumstances such as the absence of family, isolation from cultural
or religious support systermns, employment situation, degree of social and
econiomic stability, and the effects of other losses.

[t has been estimated that one-third of bereaved people may need counselling
to help them to accept their loss Appropriate burial or cremation of the dead is
a major priority in most countries. Respect for the dead can sometimes outweigh
the needs of the living; for example, blankets given to refugees for warmth have
been used as shawls for the dead. The psychological impact of fatalities on
relatives, friends, communities and the emergency services is often disregarded
or underestimated. However, an understanding of this impact must form part of
any disaster preparedness plan

Several common responses to the health problems posed by disaster are
inappropriate. For example, as corpses tend not to pose a health hazard,
hasty liming, communal internment or mass cremation do no good medically
and tend to demoralise the bereaved relatives. Moreover, contrary to popular
belief, spraying people with disinfectant and bulldozing rubble will not have
any effect on disease rates (Natural Disasters, David Alexander).

Much information is available on this topic, including statistics on injuries caused
by natural hazards. For example. studies of one earthquake showed that out-
patient treatment was sufficient for 90% of injuries, with only 10% reguiring
hospitalization. Less than 50% of people trapped inside collapsed buildings can
be expected to survive for more than 2-6 hours, and 85-95% of rescues are made
within a day after the event. There are also studies of the types of injuries most
common at different stages after the event, for example, psychological trauma is
usually manifested after about three days

Factors influencing the number of fatalities and the type and extent of injuries
caused by an event include the time of day, social strata, topography, strengths
and weaknesses of the communities, religious customs and dwelling types

The initial response to an event will be by surviving members of the local
community, who will need to undertake search and rescue work and to provide
initial first aid The significance of their contribution cannot be emphasized toa
strongly, and enhancing their capacity to respond effectively should be given hugh

priority
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Disasters do not generate ‘new’ diseases but, by altering the environment, Control of disease
they may increase transmission of diseases that already exist in a region vectors, animals and
(PAHO, 1982). food supply

Veterinary surgeons have an important role in the control of disease and in

protecting people from the effects of natural disaster In most cases their work

will need to be coordinated with that of human response services such as health,

fire and police services Cross-disciplinary action and mutual collaboration are
therefore of primary importance in launching operational programmes which
cover preparedness, mitigation, response and rehabilitation (Table ©.5)-

Disease vectors. A secondary effect of natural disasters is the breakdown of
the public health equilibrium and the development of animal-related emergencies
caused by epizootic (rapid disease or pathogen among many animals) and
zoonoses (disease transmutted from lower animals to human beings). Particularly
within informal communities, natural disasters weaken those who are already
weak and encourage diseases which have been controlled, as disturbed
pathogens may proliferate. In general, populations of mosquitoes and other
potental disease vectors increase after cyclones and tropical storms, as water
which has collected in roof gutters and various types of litter provides new
breeding habitats

After such an event action must be taken to reduce the potential of disease
transmission, for example, street-cleaning progremmes and health education
campaigns or issues such as the safe storage of water. During and after a disaster,
regular water supplies may be interrupted and people may store water in
inadequately covered containers. In such habitats, masquito vectors of dengue,
yellow fever, malana. lymphatic filariasis and other diseases can multiply rapidly,
causing nuisance through biting and the potential transmission of disease if the
agent is endemic or introduced.

Blame for the plague outbreak can be laid at the insanitery door of rattus
rattus. the black or ship rat. The species is susceptible to bubonic plague,
which is passed onto humans by fleas looking for a new host when the rats
die. Human bubonic plague victims swiftly develop lung infections. Their
coughing spreads the disease i a new form, pneumonic plague
(Maharastra earthquake secondary effects, Daily Telegraph, 30 Septernber
1994).

Public health officials, including the veterinary surgeon, need to plan for
intervention in response to these potential emergencies, by utilising local
knowledge and through anticipation and prevention of possible emergencies
based on the means and resources available. Effective preparedness measures
will ensure that adequate resources are available, and effective mitigation
measures will ensure that the emergency is contained. Planning intervention
measures enables rapid and efficient operation in the event of an emergency.
Preliminary activities are a basic prerequisite for effective mtervention in any
emergency, and mclude surveying the area concerned, identifying the
competent authority. establishing priorities, acquiring the necessary judicial tools,
preparing an action plan and providing accurate news bulletins for the media.
Food supply. Protection of safe focd supplies is likely to require the cooperation
of veterinary surgeons from different regions, to ensure that the region affected by
a natural hazard receives an adequate supply of wholesome food. Veterinary
surgeons and public works officials would need to ensure that transport systems were
operating and that cold stores were maintained at the correct temperature, that food
supplies affected by chemical or radioactive substances were condemned and
destroyed, and that diseased animals were also destroyed. If people or animals are



PART 2: UNDERSTANDING THE RISK

Table 6.5 [mmediate and delayed effects of disease vectors (from Emergency Vector

6 Control After Natural Disaster, PAHO, 1982)
Ne—" Vector Immediate: 1-7 days  Delayed: + 30 days
Filth flies Annovyance Diarrhoea, dysentery, conjunctivitis, typhoid,

cholera, fly larvae infestation, annoyance

Mosquitoes  Bites and annoyance  Encephalitis, malaria, yellow fever (urban),
dengue, filariasis, annoyance and bites

Rodents Rat bites Rat bite fever, leptospirosis, salmonellosis, rat
bites
Lice Bites and annovance  Epidemic typhus, louse-borne relapsing fever,

trench fever, bites and annoyance

Fleas Bites and annoyance  Plague, endemic typhus, bites and annoyance

Mites Bites and annoyance  Scabies, ricketisial pox, scrub typhus, bites and
annoyance

Ticks Bites and annoyance  Tick paralysis, tick-borne relapsing fever, Rocky
Mountain Spotted Fever, tularaermia, bites and
annoyance

Bed bugs, Bites and annoyance  Bites and annoyance, Chagas’ disease

kissing bugs

Ants, Envenamization, bites  Envenomization, snake bites, bites and

spiders and annoyance annoyance

scorpions,

snakes

compelled to eat unusual foods, or if food is reshricted or severely limited, illness
may develop due to natural food toxicants. Protecting the food supply requires a
plan which includes both preparedness and mitigation measures.

Animals. The welfare and disposal of livestock and poultry, companion and
wild animals also needs consideration. As a general rule all animals suspected of
contamination should be slaughtered. Dispasal can be by incineration, burial or
by the use of chemicals; however these methods can all create environmental
pollution problems and must be planned in accord with predeclared best practice.

It will also be necessary to capture stray animals, to identify their owners and, if
they have had to leave the area, to care for the animals. The spread of venomous
disease carriers must alse be monitored and controlled.

The role of veterinary surgeons The role of veterinary surgeons can be
summarized as follows.

» understand the various aspects of human/animal/environment relationships,
so as to differentiate the normal’ from the abnormal

« foresee the problems which may occur in case of natural disaster

+ decide on the measures which should be taken into consideration

« pre-determine ‘evacuation centres’ for animals

» assist others involved in disaster management

« Monitor the situation.
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Table 6.6 Mitgation measures for health services

Preventive measures Locate facilittes i less vulnerable areas. 6

Measures to reduce the structural vulnerability of
buddings, as discussed in Chapter 5.

Spread the nsk Ensure that hospitals and clinics are distributed
throughout the city.

Spread the responsibility  Encourage private sector pravision of addihonal health care

facilities.

Mintmize the impact Provide extensive first aid education for the community
Plan disaster Health services must have an adeguate plan for emergency
management response, incorporating both mitigation and preparedness

measures and addressing.

Hospitals are a focal point for any community and, after a disaster, have a vital ~ Hospitals and health
role in attending to the injured. However, hospital buildings and facilitiescan also  ¢finics

be susceptible to the effects of natural hazards. Many occupants of a hospital

building will be particularly vulnerable, due to their reduced mobility and their

high dependence upon technical equipment.

There is a widely held expectation that hospitals are prepared to deal with any
cnsis. In general this perception may be accurate; however past events, such as
the January 1994 Northridge earthquake, have demonstrated that hospital
buildings may be particularly vulnerable to earthquakes and therefore rendered
unable to respond.

Health-care facilities are also vulnerable to the effects of hazards on other lifelines.
The efficient operation of health-care facilities requires a transport system ta
provide access for staff and patients, a reliable supply of electicity to regulate
temperatures and operate equipment and lifts. an adequate supply of potable
water, and effective systems for waste water collection, solid waste disposal and
surface water drainage. For efficient operation during and after a major disaster
an effective emergency plan is essential.

Hospitals in Umargao and the neighbouring towns of Latur and Sholapur
were overwhelmed with survivors, many grievously wounded. Doctors were
hampered by the lack of electricity and medicines (The Guardian, 1 Octaber
1993).

The potential effects of natural hazards on health care facilities are similar to the
effects on other types of buildings described in Chapter 5, but also include flood-
ing of basements and service ducts, and damage to specialized equipment by
volcanic dust or earthquake movement (Table 6.6).

Provision of services.

« Define overall responsibility for health care, e.g. Mirustry of Health.

» Identify organizations providing health-care services (e g Ministry of Health,
city authorities. military. industrial and commercial agencies, private agen-
ctes tncluding NGOs and private practitioners).

» Coordinate and define lines of responsibility.

* Assess the geographical coverage of the emergency services.

« Plan routes of access for emergency vehicles

* Formulate detailed plans and triage procedures for each health care unit.
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Summary of main
points

Resources capacity.

Audit the range of services available throughout the city and assess their
capacity to respond to emergencies in terms of skilled trained personnel and
the availability of necessary equipment.

Provide training for medical freatment in emergencies and accidents, within
hospitals and local communities, including use of locally available materials
for bandages, splints and stretchers

Prevention Identify potential secondary health problems, by preparing maps
showing the location of potential sources of risk (such as industrial complexes
which could release toxic substances if damaged), potential medical effects and
vulnerable communities.

The main priority for the administrator is fo ensure that the appropriate agency
1s given responsibility and resources to coordinate emergency response, and that
the agency has a legal authority to act which overrides that of others dunng a
declared disaster emergency.

The socio-economic environment of the city — including factors such as:
income, culture, ethnicity, age, gender, and rehgious beliefs should be assessed
when formulating a mitigation strategy.

The nature of existing coping strategies and of existing social support
networks should be assessed as an essential part of the framework of an
effective mitigation strategies.

Activities should be decentralized, rather than centralized, wherever possible.
local intermediary bodies, community organizations and religious organi-
zations should be involved in the formulation of the disaster mitigation
strateqy.

The leadership, decision making and organizational skills of ordinary people
should be developed and utilized.

Qutside aid must be provided in ways that recognize and enhance the
capacities and resources of local people

Respanse plans should focus on immediate human needs for water and
shelter and take into consideration the psychological needs of the bereaved.
Veterinarians play an important role in the aftermath of a disaster. protecting
food supplies, locking after the welfare of animals, disposing of carcasses,
and controlling disease vectors such as vermin and insects.

Response plans should draw upon the knowledge of the types of injury that
can result from hazard events

Plans should identify health care capacity and training requirements, and
prepare plans and procedures for post-disaster medical assistance.

The risk of damage to heaith care facilities should be reduced by the
dispersal of facilities throughout the city and by strengthening buildings



Part 3
Reducing the risk



City management

Institutions consist of informal constraints and formal rules, and of their
enforcement characteristics. Together they provide the rules of the game of
human interaction. As I have defined institutions they could include organi-
zations, since organizations also provide a structure to human interaction.
Indeed, when we are examining the costs that arise as a consequence of the
institutional framewarks, they are the result of both the basic insttutional
framework and the organization that arises from 1t (Rationality, Institutions and
Eeonomic Methodology, Uskali Maki, Bo Gustafsson and Christian Knuden, eds,
Routledge, London, 1993)

This chapter examines the role that city governments may play in the face Clty govern ment
of the risk of natural hazards City governments can seek to reduce the
risks of natural hazards by taking action in any of therr five main areas of

activity: @ &

» Offering general protection from the risks of disaster, in addition to the
standard activity of protecting the public (i.e. mamntenance of public order,
supporting the rule of law and property rights, and collection of local taxes).

» Providing ~ or urging other government departments to provide — infra-
structure, utilities and land for housing, and to ensure the provision of public
transport, waste removal, sanitation and public health services to standards
that ensure the mitigation of disaster risk.

» Guiding the public sector into lines of action that protect the public interest
through offering incentives and disincentives, planning advisory manuals,
and supporting laws and regulations that will help to reduce risks. The
revision of building codes and strict implementation of land use planning
and zoning regulations are particularly important areas

* Regulating developmental activity in the city or undertaking development
projects directly (and/or in partnership with private bodies) to improve the
urban environment, its safety and general viability.

» Developing special programmes for the urban poor by devising, with
therr participation, low-cost solutions to water supply, solid waste
removal, sarutation and house construction, offering subsidies and cross-
subsidies for particularly deprived neighbourhoads at wvulnerable
locations.

A comprehensive approach to urban disaster mitigation will combine actions in
all of the above An implementing agency within city government. with supporting
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task force, will need to act as ‘focal points’ for planning, for monitoring of imple-
mentation, and for evaluation.

The form of the administration of nsk-reduction measures in a metropolitan
government will reflect the national system of government. Examples are given
below

Centralized at the national level

* Planning at the national level for pre-disaster risk reduction is through an
office in the department of the chief minister or president, or delegated to
a ministry or department for relief and mitigation planning.

* In both cases there is generally an advisory council of professionals (government
and private), and a cabinet or governing council subcommmuttee on risk reduction,
relief and rehabilitation. If there is a state planning committee then this sometimes
provides the executive arm to the governing council subcommittee.

* In this mode! a city corporation is, in many activities, directed from the
national level.

Dispersed.

+ Mitigation action under a national policy committee is delegated to provinces
and sometimes to administrative districts and te city corporations. This dis-
persal can be accompanied by dispersal in another form in which each
ministry {national or provincial} contains an administrative unit responsible
for disaster mitigation and preparedness in its professional area of operation,
for example, in water resource planning, irrigation, highways and bridges.

» In this model city governments have more responsibility for ensuring
preparedness and mitigation. They coordinate the contributory efforts of im-
plementing agencies working in their geographical area

Polycentric.

* The polycentric form of governmental organization is particularly associated
with large cities. They may have no overall ¢ity government but are govern-
ed by a loose grouping of geographically determined urban district councils.
If they form part of a national or provincial governmental structure there
may be implementing agencies for utilities, services and land development
operating in the city’s geographical area. The relative status of each depart-
ment 15 often difficult to determine, so making collaboration between their
officers difficult.

+ The pattern of a metropolitan institution’s form of organization reflects its
place in a particular national array of institutions and the allocations of duties
and functions within that array. One-function agencies such as gas and
electricity suppliers tend to have ‘clearer’ forms of organization than do the
administrative and multifunctional bodies responsible for public health, com-
munity care or development.

All institutional structures have advantages and disadvantages. An administration
designed to control financial allocations, cash flow and the mplementation of
legal instruments may not be the most effective to design, manage and implement
strategies and development projects. An institution with abilities in infrastructure
project implementation may be inexperienced in maintenance management and
operational supervision. Such strengths and weaknesses need recognition and
adjustment if mitigation policies and strategles are to be put in place and
sustaned



Coordinated planning of infrastructure provision is a necessary part of mitigation
planning. which has been covered in detail in Chapter 5. Supply agencies are
accustomed to set their own priorities and to establish their own emergency repair
and rehabilitation plans, in isolation from one another and according to their own
criteria. It is a considerable task to achieve a cross-referencing of agency priorities,
and to enforce design standards that will ensure mitigation, However, failure to
effect this will have major consequences. The following are two typical examples.
In flood-prone areas which are compartmentalized by dykes, rail and road em-
bankments, natural drainage 15 impeded, so the flood waters are held in com-
partments, or tanks, unintentionally devised. The insertion of bridges, conduits,
canal drams and local urban drains, together with pumping stations for those areas
otherwise impossible to drain can be a costly and time-consuming way of
correcting such accidental planning.

Designers of major buildings in flood-prone areas should consider a design brief
in which either the ground or first storey is assured as being above the level of
potential flooding. Supply and service lines should ideally enter and leave above
this level All mechanical equipment and electrical equipment (such as lift engines,
telephone switchboards and emergency power plant) should then be placed
above the critical level. Water storage should, at least in part, be provided on the
roof rather than in a basement tank. One external stair should protrude beyond
the building in a straight flight so that boats on fload water can effect a landing
point at whatever height the water level may be.

In any particular country or cily, such modifications or enhancements of infra-
structure and buildings will be undertaken by a number of agencies, the benefits
would be greatly increased by better coordination. A liaison systern, hinking
agencies at a number of administrative levels, would enable cooperation in the
planning of new work and maintenance For exampile, liaison could be required
twice a year at director-general level, quarterly at the level of planning and works
and maintenance deputy directors, and monthly between operations officers
within specific neighbourhoods at a time when any construction works of any
kind are in progress.

In addition to national institutions, representative offices of international
agencies such as UNDP and other United Nations agencies, the World Bank and
regional banks such as the Asian Development Bank are found in all but the
smallest countries. These agencies can act as catalysts. Most have become increas-
ingly sensitive to the need for disaster mitigation over the last decade. Regional
seminars have been organized to demonstrate how mitigation measures can and
should be included in the design of investment projecis.

Inlernational ‘donors’ can formulate assistance programmes with city govern-
ments, with the approval of the authorising arm of the national government.
Donors seldom have the autonomy to be the nominated signing authority on an
arranged loan, unless the loan is part of a previously agreed programme with
the national government. A city government may be appointed the executive
agency for a nationally conceived programme or project. [ funds are granted,
central government may disperse them ta the aity. This grant 1s conditional upon
the formulation of a detailed programme that includes ‘milestone’ achievements
and precise auditing of expenditure and quality.

Mitigation orgarization in Metro Manila. In the Philippines, a presidential
decree has strengthened the natural disaster control capability and established a
national programme of community disaster preparedness. In addition, a Naticnal
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Disaster Coordinating Council (NDCC) has been created, chaired by the secretary
@ @ of the department of national defence.

The NDCC, which is duplicated at the regional, provincial, city/municipal and

barangay levels, utilizes the Office of Civil Defenice {OCD) in discharging its

functions.

(i) Office of Civil Defence

The OCD is the national agency mandated to coordinate the activities and functions
of the various agencies and inshumentalities of the national government and private
institutions and civic organizations devoted to public welfare. The intention is that
the facilities and resources of the entire nation may be ufilized to the maximum
extent for the protection and preservation of the civilian populace and property
during time of war and other national emergencies of equally grave characier. It is
also the operating arm and the secretariat of the National Disaster Coordinating
Council (NDCC), the highest policy-making body of the country for disasters.

{i1) Department of Public Works and Highways (DPWH)

The government has placed substantial emphasis on floed control and drainage
works in metropolitan Manila, as frequent flooding has become a major constraint
on economic activities and the provisional social services. Flood control and
drainage works are exclusively handled by the DPWH. Metropolitan Manila
Infrastructure, Utilities and Engineering (MMINUTE), takes responsibility for urban
sanitation, and carries out minor infrastructure improvement works.

(ili) Metropolitan Waterworks and Sewage Systemn (MWSS)

The MWSS is a government carporation attached to the DPWH. [is principal work
is the construction and maintenance of water supply and sewage systems in metro-
politan Manila. MWSS collaborates with MMINUTE in undertaking a drainage
scheme called the programme to reduce and eliminate sewage from streets.

(iv) Metropolitan Manila Authority (MMA)

The MMA, created in 1975 as a commission, does not have the power to imple-
ment projects. Its major practical activities are garbage collection, sanitation
improvement and minor cleaning work inside water-courses.

(v) Philippine Atmospheric, Geophysical and Astronornical Services Admi-
nistration (PAGASA)

This organization, which functions as a meteorological office attached to the
Department of Science and Technology, has been carrying out flood forecasting
and warning systems in the major river basins, except for metropolitan Manila,
and for dam operations

(vi) Philippine Institute of Volcanology and Seismology (PHIVOLCS)

The institute is a research and service agency under the umbrella of the Department
of Science and Technology. It is tasked to avert disasters that may arise from
volcanic eruptions, earthquakes, tsunamis, landslides and other geotectoni phe-
nomena through menitoring and forecasting and issuance of timely warnings,
hazard assessment and zonation, disaster reduction planning and promotion of
geologic disaster awareness and preparedness. PHIVOLCS operates a network of
volcanoclogical and seismological monitoring stations throughout the archipelago.

(vi) Laguna Lake Development Authority (LLDA)

The authority was created in 1966 to lead, promote and accelerate the devel-
opment and balanced growth of the Laguna Lake area, a local source of many
flood problems in Manila. The lake's watershed has largely been stripped of s



forest cover and sediment flow into the lake has been high. Pollution from excreta
has been high: water quality for use in Manila is low.

Those responsible for the government of a city have crowded agendas. Issues
include the internal problem of the administration of their own staff and agencies,
raising of revenues. prowvision and supervision of services, responding to new
policy pressures (from various sources) and management of emergencies such
as those of public health or storm-water flooding.

Although the adoption of risk-reduction policies may be seen as an unaffordable
addition to an already full agenda, the introduction of such policies does not
generally entail exceptional items of new direct expenditure. The costs of
supporting a small technical staff group to advise and coordinate mitigation
measures, of implementing a public awareness programme and of undertaking
hazard mapping are small in return for protecting human life and the physical and
economic assets that underpin the metropolitan economy and provide its
investment and developmental base. The two main components of a risk reduction
pelicy are

* redirecting the on-going tasks of administration and maintenance to ensure
that exposure to identified risks from natural hazards is lessened

* defining terms of reference for all new development programming and
project briefs so that reducing exposure to natural hazard risks forms part
of the programming and project specification.

In addition, environmental impact assessments of project proposals should
include an estimate of how the proposed development will reduce the risk from
natural hazards both within and around the development project area.

In this way, mitigation action can be seen as a component of maintenance work
that 1s already obhgated, of environmental protection and biological conservation
policies already under consideration or being implemented, and of urban land-
use planning. Adopting a mitigation policy ensures the protection and sustainability
of all these other constructive policies in the face of natural hazards

Project finance can be assembled in such a way that its format helps to sustain
the mitigation procedures and works. Major projects are now often financed from
a number of sources and levels, both externally {beyond the national boundary)
and internally. This can be seen as an asset of the project which supports
sustainability. National funds are often supported by international agencies. Some
funds could be raised through city sales taxes. In flood-prone regions, manage-
ment and supply charges raised by local water boards could be directed towards
the project finance panel to provide funds for capital works Some dyke construc-
tion and maintenance work, channel clearance and foundation digging can be
undertaken by local communities, who thus contribute towards mitigation mea-
sures of local concern (as is done in Vietnam) ‘Food for work” agencies could offer
support and community parties could be held at construction sites to celebrate
coampletion of sections These and other unconventional solutions will need to be
considered if mitigation strategy is to be sustained.

Policy makers and prospective implementers of disaster management strategies
have a major communication task

+ to gain the attention of busy people
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* to link the abstractions of policy objectives with a definite plan of execution
* to shape and use a policy document that presents an agreed strategy shared
by all agencies active in the city,

The first step in gaining this attention is the implementation of a workshop or
conference for key government and professional people in the city, to which
regional, international and national representatives are invited Such an event
spreads the realization that many elements in society will be involved in shaping
and implementing a risk-reduction policy.

Open discussion in conference clarifies the need for an mtegrated strategy that brings
together development, project design and programming with disaster reduction
measures. (these concepts have been discussed in Chapter 3). Recommendations
for a mitigation strategy should then emerge, leading to the establishment of a
representative task force charged with preparing a draft strategy for comment and
for formal metropolitan and government approval. The composition and terms of
reference of such a task force are considered in Chapter 9.

Land-use planning is one method of reducing the nisk of disaster. Within cities
this planning 1s generally practised at the level of the metropolitan govern-
ment, either by a department of that government or by an authority
separately established to execute delegated powers.

... the regulation of the urban development process 1s going to reflect and
support a government’s wider economic and social policies and strategies,
and any legal input into that regulation and development process will
likewise be designed to advance or at least not unpede, those wider policies.
An awareness of this basic and inescapable fact of politics should assist any
discussion of or proposal for any legal input; it will prevent too great a
reliance being placed on law alone as a mechanism to bring about fun-
damental change in the urban development process. It will direct attention
to the need to take full account of the political and societal context of that
process and any possible changes to it, and of the fact that law is only one
of the mechanisms which are available for use in the management and
requlation of the pracess of urban development (Patrick McAuslan in
Managing Fast Growing Cities, Nick Devas and Carole Rakodi eds, Long-
mans, London with John Wiley, New York, 1993).

When it is supported by existing planning law. and by experienced professional
administration of development control, physical planning is credible and likely to
be implemented The planning process will then have the status to lead and guide
development in particular locations within the zone of concern. In practice this
presents a challenge to developing countries. In central urban areas that are
declared to be ‘developrment areas’ laws and development regulations are accepted
as a part of the project package and are generally recognized as being helpful.
However, outside the declared development control areas, planning law proves
difficult o enforce. If it does exist it is likely to be in the form of positive direction,
rather than precise law, setting out ‘what ought to be’. In this context, it serves as
an awareness-raising, standard-setting backdrop to advocacy planning

In advocacy planning, the planning team act as catalytic agents, presenting
choices to various publics (government departments, professional groups, urban
neighbourhoods) while seeking support for that approach which seems to bring
the most benefits to a wide range of beneficiaries. at a cost that is affordable (see
Fig 7 1}.



In a government administration framework, a physical planning department is
seldom a ‘spending department’. It can propose but not dispose. Outside of the
‘declared plan areas’ it can only propose action by another agency or receive a
proposal from an overall plan. It can seek to persuade, using whatever formal
powers it has under the law or by political announcement. This coupled with
advocacy needs to be supported by incentives. Governments' implementation
of a particular mitigation plan may provide one form of incentive.

Advocacy planning is often advanced by presenting a well-publicized plan, but not
one that necessarily has been formally approved. By stages it becomes accepted
as the appropriate way ahead, but it is a poor substitute for comprehensive planning
legislation, the importance of which must be recognized.

Private enterprises can be encouraged to comply with a plan through incentives.
For example:

« land development subsidy can be offered in some areas, and development
overhead charges levied in others

* industrial and residential location can be encouraged to safe areas by giving
these areas priority in urban servicing and utilities installation

* the public can be encouraged towards certain areas by differential land
pricing {in the sale of raw or slightly developed land) or by subsidizing
transport to employment or shopping sites

* the provision of information to the public becomes a tcol of advocacy
planning, as it enables households to consider flood and earthqueke risks
they may face if they move to particular locations.

The project formats of international financing banks often provide support for
the integration of disaster mitigation in urban development project design, and
may stipulate the need to ensure that particular elements of mitigation strategy
are carried out.

The planner using an advacacy approach is all too aware that households have
other considerations as well as disaster mitigation Being near to their place of
employment. school or market place is of considerably greater interest to the
average householder.

Organizations reflect national institutions. They vary in type and method, but can
uselully be grouped under two main classifications
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* organizations that promote and value a ‘work to rule' administration
* organizations that promote the solution of problems encountered in the
operational area of their concern.

The change from the first to the second type is necessary in the face of the
challenges in major cities as they evolve. A shift of culture may be needed and could
be cultivated by stating performance output targets against declared deadlines
Incentives and motivation can be introduced by forms of performance related pay
and job tenure. These changes characterize the transformation of three types of
metropolitan agencies:

» city urban planning and development control departments
+ urban development authorities
* special project implementation boards of management and evaluation.

The first two must work closely together, and the third would work in combination
with either or both.

Planning guidance and development control are activities that cut across the
projects of private developers and the functions of governmental agencies.
Planning regulation commands popular support when it is seen, through a good
public information policy, to be directed towards achieving public good and
access to urban amenity and services. A high level of public consultation will
ensure support and projects that reduce vulnerability to natural disaster are hikely
to command respect.

In practice many difficulties have been experienced 1n distributing responsibilities
effectively within national governments and cities: the balance of powers is com-
plex, involving national, provincial and metropolitan agencies and semi-
autonormous utility boards and suppliers. The office of urban planning is expected
by professionals and by the public to offer a sieve for ideas and proposals for
city development and to give these direction. It 15 also expected to be pro-active
and lead the development process, taking acecount of and encouraging private
sector initiatives.

Planning which is tied in closely with the city’s operational, developmental and
maintenance budgets, perceived as one budget exercise to be managed as whole,
has the potential to serve all, including minerity. interests. Within a uniting frame-
work of grants-in-aid, taxation and expenditure pragramming, urban planning
is an essential, rather than optional, activity, in which budgeting results in
physical works and in the provision of services. Policies that seek risk reduction
in the face of hazards can be integrated into this administrative framework with
relative ease.

Through effective delegation to its office of urban management and planning,
and to its other departments and agencies, a metropolitan government has instru-
mental powers to promote desired outcomes in risk reduction through ensuring
that:

* new settlement areas avoid vulnerable locations (as indicated by hazard
analysis and mapping)

* buildings and structures of post-disaster significance are located in the safer
accessible areas

* risk reduction measures are promoted with the cooperation of professional
institutes of environmental control, architecture, planning and engineering

« uisk reduction is a criterion of appraisal in assessing development and
building proposals



* building regulahons are amended in accordance with new perceptions of
hazard risk, and are appropriate to the wide range of building practices
found in the city of their application

* grants and subsidies encourage mitigation work

* development areas and non-development areas are declared

* risk reduction is a prionty in budget programming and item assembly

* risk-reduction seminars and urban property insurance seminars are promoted.

Urban development authorities are very much shaped by their origins. Some
evalved out of implementing housing agencies whose experience demonstrated
that housing could not be separated from work, shopping and education. Such
agencies developed into urban settlement and development agencies, either with
elected persons and local government officials on the board, or as semi-
autonomous units providing a separate ‘city government’ in their areas of
operation (such as the Kuala Lumpar metropclitan region of Malaysia).

In other cases urban development authorities have been established because the
metropolitan government had been considered unduly committed to short-term
difficulties and unable to manage the medium- to long-term issues of urban devel-
opment planning. Authorities with this background may merge into matured
metropolitan government. In other cases they remain detached and autonomous.
The differing time scales adopted in urban decision making remain a barier to
unification of such agencies. The polycentric type of metropolitan government is
particularly prone to differences of viewpoint, a situation experienced in Karachi.

A semi-autonomous authority can bring mitigation practices into its location
choices, design and construction work ahead of any decision by higher authority.
It can cooperate with community groups, non-governmental organizations and
transport authorities on a one-to-one basis. At the same time it can promote a
shared concern for risk reduction through city-wide discussion groups and
committees. [t can offer a service to others in the fields of

* infrastructure data management

* mapping: geological, surface and settlement

* geographical information systems

* preparation of risk maps showing areas liable to flood, earthquake fault or
landslide.

Special implementation boards emerge where the various agencies concerned
with the urban environment, water supply, sewerage and drainage have been
unable to find an administrative framework in which to work together. Despite
general agreement that major infrastructure works are required to upgrade present
systems, Karachi again offers an example Under the influence of international
lenders and doners. a special urban development board or unit is established to
oversee, manage and evaluate progress. Under such a board, or within a govern-
ment department but working on a smaller scale, project implementation units
may be set up While these units work in association with government depart-
menis, they are able to operate with fewer constraints than the agencies whase
programmes they implement.

The requirement for such boards and units highlights the fact that some local
admunistrations are still captured in a rule-and-rote culture, and have yet to move
to the problem-solving, implementation culture required for development work.
Boards and implementation action units have considerable powers within their
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area of operation and may be receptive to incorporating mitigation measures in
their project designs.

In some circumstances it may be useful if the task force responsible for devising
a mitigation sirategy continues as a programming and review agency for urban
maintenance and development projects. A number of projects may be initiated
by the agency itself, although most will originate from other parts of government.
Projects that do not have mitigation as a prime purpose could serve mitigation
purposes. and the review body would ensure that this was done.

In other circumstances a new group may be established to follow through the
work of the task force. This may be based in the office of the appointed lead
department for disaster mitigation In some countries (e.g. Indonesia, Bangladesh,
Vietham) this group has been called the disaster management unit, and also
operates as an information centre and as a professional advice centre on
mitigation techniques for designers of metropolitan projects.

Where a project review board is already in existence, a representative of the
disaster management unit could join that board, acting along the lines of the
mitigation agenda set out in Chapter 9.

Where a development project is centred on flood control or cyclone protection
the designers will be seeking a high standard of protection. Where a project is
multipurpose, such as a water resources project, the project designers and the
review body will be seeking the best possible mitigation of flood and cyclone risks
given the wider purposes of the project. Conflicts may arise, for exarnple in the
case of lakes or reservoirs, where levels are best kept low in order to reduce the
risk of flooding, but high levels are required to provide adequate storage during
seasonal drought.

Almost every project proposed, whether highway maintenance, river embankment
and bridge building, new drainage or neighbourhoaod extension schemes, will effect
a change in overall disaster risk for good or . To ensure that every project is
reviewed in the context of risk reduction, disaster risk assessment could form part
of an environmental assessment where this is conducted for project submission.

Almost every city project will have an impact on the urban community or
communities. Meetings should be held with communities when the project is in
the initial feasibility study stage. The success of a project and its continued
operation will partly depend on local understanding, goodwill, support and
participation. For example. drainage channels which are not kept clear of solid
waste materials by local househalders will soon cease lo meet surface water
drainage needs in a time of flooding

During its initial decade of implementation, a mitigation strateqy needs recog-
nition and leadership from a high governmental and city management level, if
it is to be sustained through a network of implementing agencies and metropolitan
neighbourhood councils. Periodic renewals of policy statements, instructive
seminars for professionals engaged 1n mitigatton work and public education
programmes will be needed. Agencies such as infrastructure and utiliny providers
should be required to publish statements, n their annual or biannual reports, of
the environmental impact of work undertaken, the impact on disaster prepared-
ness strategies and upon mitigation against flood, earthquake, high winds and
landslide {see Fig. 7.2).



A major objective of the first decade of implementing a mitigation strategy is to
involve all sectors of society to some degree, n contributing to the formulation
of appropriate mitigation measures, and in the execution of work where possible.
Some sectors will be involved in policy formulation at the national level, others
in policy elaboration at the provincial and city government level, and others at
the level of urban neighbourhoods and local cemmunities known to be at high
risk. Good communication within the network of programmes, projects and
actions is needed to sustain understanding and appropriate actions Opening
ceremonies offer an opportunity to note the contribution of may people, groups
and agencies and perhaps make awards to community groups who have assisted
physically in implementation of a drain or a dyke.

In the flood-prone Netherlands, a complex web af institutions and works has been
developed to manage sea and nwver flood risks. Policies stemming from the
national level are developed at provincial and city level and in many aspects are
implemented by local water boards. The tasks at each level and of each agency
are set out by law Sharing of agendas and priorities is practised and a constant
review of the results of actions is made so that policies and works are sustained
over time,

= City government should add the protection of the public from the risk of
natural hazards to the administration of law and order and property rights,
as an integrated civic task.

* To implement a mitigation strateqy, city governments should pursue two types
of activities: redirecting routine tasks of administration and maintenance to
mitigate exposure to identified risks, and creating new programmes and
projects that incorporate features which will mitigate damage.

* Provide or require other agencies to provide infrastructure and utilities,
buildings and installations of hazard-resistant standards.

* Encourage the private sector to implement mitigation strategies by offering
development incentives and disincentives for particular forms of land use
in accordance with approved urban development plans.

+ Initate mitigation work in the city by undertaking selected key projects
directly or in collaboration with the private sector.

* Develop a special programme to mitigate the vulnerability of the urban poor

* ldentify an implementing agency headed by a key person, such as the director
of urban disaster mitigation and preparedness unit, as a focus of the
mitigation planning and guidance programme. Provide access to an
mformation desk,

« Consider the establishment of a mitigation task force.

* Ensure that institutions and organizations are sufficiently staffed to be able
to attend to mitigation work and that the stall are given a career path,
adequate training and administrative and policy support.
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Public awareness

Disaster mitigation is currently not well integrated within donor aid pro- .
grammes. Why this should be the case is not entirely clear, but a key factor
is likely to be the view, which was widely shared among developing country
governments and donor officials for much of the last three decades, that
disasters represent a temporary distraction from efforts directed towards the
overall goal of raising living standards (Guidelines for Aid Agencies on
Disaster Mitigation, OECD, 1994),

The actions of government and of other public bodies will be central in alleviating
vulnerability to natural hazards, but the need to increase public awareness of the
risks posed and of the sirategies by which such risks can be reduced, is equally
important.

Increased awareness amongst communities at risk, the general public and specific
groups of people will enable each to contribute most effectively to the task of
alleviating vulnerability and reducing risk. In the long term, increased awareness
will also help to create a climate of informed public opinion which can influence
political priorities both directly and indirectly.

In general, any activity which brings together large groups of people with a shared
interest can provide an oppertunity to promate disaster mitigation but, to be
successful, this process must focus on the issues, risks and mitigation strategies
which are relevant to that particular group of people in that area. It must also
concentrate on developing understanding rather than simply disseminating infor-
mation, and should therefore be viewed as an educational process involving
practical activities and group discussion. For example, local residents’ organi-
zations could be helped to develop ‘risk maps” which identify the specific areas
of hazard and vulnerability within their community.

This educational process should be supported by distributing information as
widely as possible: the role of government authorities should be to coordinate
the collation and distribution of information. The type of information and its
presentation will depend on the needs of those to whom it is distributed. Detailed
technical knowledge will be appropriate for the professional specialist
implementing disaster mitigation strategies, while posters and leaflets with simple
messages and clear diagrams will be more suitable for residents of hazard-prone
areas or the semi-literate.

Mitigation

Introduction

@_
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This chapter discusses the role which the following agencies could undertake in
promoting a greater awareness of risks and of mitigation and preparedness
strategies:

* schools and other educational establishments

* local community organizations and residents’ groups
* local health clinics

* private sector companies and public sector bodies

* professional and trade associations

+ higher education establishments

* the communications media

* monitoring and warning agencies

» the insurance industry.

Lessons 1n disaster mitigation can be provided as part of the normal school
curriculum. Long-term objectives of the city or natonal government might be to
establish such lessons as a requirernent in all schools, and ta provide teaching material
and training courses for teachers. For example, the government of the Philippines is
considering the inclusion of 5 h fuition per year on natural hazards and mitgation,
as a standard requirement for all schoolchildren and students. [earning basic
principles of disaster mutigation at an early age will enable children to benefit from
this understanding throughout their life, and therefore to contribute positively to the
formulation of mitigation strategies in the future. Children can also share these basic
principles with their parents and other adults in their households (see Fig. 8.1).

Many schools also act as focal pomnts for the adult population, providing space
for adult education and other community activities. They could therefore be used
to provide education in disaster mitigation for the community as a whole.

These organizations can also act as a forum for raising awareness of natural
hazards and mitigation strategies amongst residential communities. This process
could be integrated into existing activities, such as infrastructure improvement
schemes, which involve the community as a whole

Marginalized communities are often the most at risk from natural hazards, and
particular empbhasis should be given to raising awareness amongst them. Most
communities will have focal points around which people gather; these may be
local religious centres or traditional leaders. established organizations which
represent residents or which work with them on social issues. To ensure that the
needs of the community are properly addressed and that their own experience
and skills are exercised, educational programmes should be provided by, or with
the close cooperation of these focal points.

These organizations are also essential in providing education for groups of people
who would not otherwise have access to it, including children who are nrot at
school, the illiterate and the unemployed.

Local health clinics can promote health education campaigns which address the
potential medical effects of natural disasters. which give advice on survival,
preventing disease, and recovery, and which provide training in basic first aid They
often serve as a focal point for the community, particularly for women with children.



Companies and crganizations should be responsible for providing education in
disaster mitigation to their members of staff. This should emphasize the risks
which staff may face at work, actions which they should take to minimize these
risks and emergency procedures. The process should be integrated into training
on general safety procedures to avoid accidents and to minimize risks from
technological hazards.

Public authorities also have an important role to play in raising the profile of
disaster mitigation, both within the city and in wider spheres. They should aim to
train their staff and to promote and encourage goed practice in disaster mitigation
education, for example by presenting awards in recognition of effective schemes.

These organizations can provide more extensive training in specialized areas, for
their members and other relevant groups. For example, organizations representing
civil and structural engineers have a significant role in encouraging their members
to learn about hazard-resistant design and construction techniques.

The role of these establishments is similar to that of professional and trade asso-
ciations: ensuring that professionals and other specialists have a basic under-
standing of the disaster mitigation issues affecting their work and an opportunity
to develop that understanding further. This role also encompasses research —
furthering knowledge of natural hazard processes and developing more effective
mitigation techniques. With the benefit of advanced training and research, these
professionals can then help to increase knowledge and awareness amongst their
colleagues (particularly those without specialist education or training).

This role can be adopted by all academic disciplines, although the topics involved
will differ. The confributions which various disciplines could make to disaster
mitigation are suggested below:

= scientific disciplines {e.g. geology and hydrology): understanding natural
hazard processes, forecasting their occurrence and predicting their intensity,
identifying hazard-prone areas

» construction disciplines {civil and structural engineering, architecture): under-
standing the effects of natural hazards upon structures, and hazard-resistant
design and construction principles

+ development and planning disciplines (e.q geography, urban planning,
economics): understanding the processes involved in directing development away
from hazard-prone areas and in controlling potentially vulnerable development

» medical disciplines: understanding the medical effects of hazard events, their
prevention and treatment
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* social disciplines (e g sociology, psychology): understanding the effects of
natural hazards on different groups of people, and the ways in which com-
munities can be mobilized to take protective action

* legal and political disciplines: understanding the constitutional framework
within which regulations are implemented and the processes by which
institutional change can be effected.

Large cries are generally focal points for higher education, and should therefore
be a natural focus for developing expertise within the country in each of these
disciplines. Incentives may help to encourage promising students to specialize in
these fields; for example, many aid agencies provide funding for post-graduate
students to undertake education and training in other countries.

One way of promoting study in disaster mitigation would be to establish a
separate research and training centre within an existing establishment. This centre
could draw staff from each of the relevant disciplines, who could then specialize
in disaster mitigation. working together to develop coordinated interdisciplinary
programmes of study. These staff movements would need to be carefully planned
to ensure maintenance of career structures.

A centre of this type could also:

* develop teaching materials for use in schools and other organizations

* undertake risk and vulnerability assessments and develop mitigation pro-
grammes on behalf of public authorities

*» organize workshops and short training courses to meet the specific needs
of different employers.

The communications The communications media (newspapers, radio and television) can be very
media influential and effective in disseminating information and raising awareness, but
their effect will depend on the number of people who have access to them,
= — g and on how those people use them (for example, many people watch television
L-lg purely for entertainment and may choose not to watch ‘educational

programmes).

The use of these media in the process of public education requires some form
of public conirol or influence over their output. Such influence is often not
available, the media of many countries being in private ownership often
controlled by transnational interests. The growing availability of videocassettes
and of transnational satellite services also reduces the potential for public
influence over the content and consumption of the media. Where such influence
exists, 1t is generally exerted at a national, rather than a local level and in these
circumstances, there is some potential for the media to contribute to public
education programmes at a national level. For example, Radio Tanzania played
a major role in a series of mass education campaigns held between 1969 and
1975. These focused on issues such as preventive health measures and empha-
sized the impartance of group discussions among listeners

Public education s unlikely to be a priority for media services in private ownership,
but it may be an important element in local and community media, where these
are owned and operated by non-profit-making organizations. For example, Radio
Sutatenza in Colombia is one of a number of radio schools’ in Latin America
which offer informal educational programmes to local peasants, supported by
other teaching materials.



Increased public awareness will enable the community as a whole to contribute
more effectively during the stages of preparedness, response and recovery. This
section considers the dissemination of information during each of these stages
(see Fig. 8.2).

With the development of international information gathering systems and
improved forecasting and monitoring techniques, the provision of forecasts and
warnings to the public could improve considerably. However, clear procedures
for issuing information have to be agreed between the scientific agencies and
public authorities responsible because without such procedures, there is a danger
of mnaccurate and misleading reports creating unnecessary panic and confusion.
In 1990, for example. a business consultant in the United States incorrectly
predicted an earthquake; the media did not question the accuracy of the
prediction, but exploited its inherent news value, re-screening a network television
special on a fictitious earthquake disaster. The consequences included time
wasted in preparedness measures and anxiety for millions of people, with the
direct and indirect costs being estimated at millions of dollars:

In issuing forecasts and warnings of hazard events, the main requirements are:

* speed' the warnings must be given as quickly as possible

« clanty: the situation must be explained as clearly and accurately as possible,
and recipients should be given clear advice on appropriate preparedness and
response measures

+ comprehensiveness: the warning must reach as many of the affected people
as possible

* credibility: the warning system as a whole must be perceived as accurate
and reliable, with false alarms minimized.

Radio and television services can offer both speed and clarity, although they cannot
guarantee to reach the entire population. For hazards of relatively slow onset, news-
papers ¢an also be useful in presenting more detailed, complex information. For
all media, some form of regulation is required to ensure that information is
conveyed accurately and without sensationalism; this 15 a practical requirement and
should not be confused with control of the media for political purposes

PUBLIC AWARENESS
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Forecasts and warnings:
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The following examples illustrate the dangers of irresponsible and inaccurate
reporting:

* During 10-14 November 1993, international television news services
warned that a cyclone developing in the Indian Ocean was likely to strike
the city of Karachi. This caused panic amongst residents, many of whom
evacuated the city. However, the local meteorological station, which had
been monitoring the situation with radar equipment, correctly advised the
city government that the cyclone would change course and would not strike
the city. By that time, the international media were no longer covering the
story, which had lost its potentially sensational value

* In February 1994, scientists monitoring volcanic activity around Mount
Pinatubo in the Philippines detected underground vibrations. Reports of the
detection of an increasing number of tremors featured prominently in a
leading newspaper, raising fears of a repeat of the devastating eruption of
1991 Scientific opinion that, despite an increase in the number of remors,
any explosion would be small and insignificant, was not reported. The story
was discarded when the number of fremors per day started to fall.

Public authorities within the city could contribute to improving standards of reportage,
for example by encouraging the training of local media personnel in this area. For
the reasons discussed above, such improved standards will ultimately be ensured only
through the development of protocals and codes of practice for media reporting at
international level Activities in this area are being progressed through UNESCO.

It is most important that public agencies and the local community supplement
the role of the media in issuing warnings of imminent hazard events, their role
being to ensure that accurate warnings are transmitted to every person m the
affected area Detailed planning is needed to ensure that this takes place, with
the methods used depending on the local situation and resources available.
Simple equipment such as public address systems are extremely useful in
transmitting warnings comprehensively and the responsibility for ensuring that
this is done could be devolved to community leaders at the local neighbourhood
level. Similarly, public buildings such as schools and commercial premises could
assign the responsibility for transmifting warnings to selected members of staff.

During and immediately after an event, the most important communication is
that between relief agencies and those affected. Media reporting can sometimes
serve three useful functions-

* publicizing relief and rehabilitation efforts and the resources available to
those in need

+ providing information to friends and relatives of those affected

+ alerting the international community to the need for assistance.

Although newspaper publishers and radio and television stations are completely
dependent on electricity supphies, they will often have standby generators which
can be used if the mains supply is interrupted. While transmussion to affected
areas may also be interrupted, information can usefully be conveyed to other
areas. Disaster preparedness plans shotld therefore address the role of the media.
to ensure that reporters are well briefed and are given access to aftected areas
providing they do not hinder the efforts of relief workers.

Insurance cover can reduce the economic impact of disaster by providing recom-
pense for losses caused. Increased awareness of risks can encourage business and



property owners to insure against the effects of hazards. Conditions can be
imposed by lending agencies to make insurance a requirernent of business and
other property loans Insurance could also be made mandatory by statute Building
regulations, codes of practice and site supervision quality can also influence
insurance rates.

Insurance against indirect economic effects is a more complex issue. Individuals
can take out personal insurance policies (although the majority of residents in
developing countries will be too paoor to afford insurance), and industries can take
out consequential loss policies. Although this form of insurance can help
companies to stay in business after the secondary effects of the hazard have
subsided, it does not contribute to recovery unless emplovers are required by law
to pay workers compensation for loss of earnings.

Insurance transfers part or all of the risk of loss from the individual business or
company to the insurer. The adoption of insurance and other protective actions
depends largely upon the individual’'s perception of potential hazards. It has been
shown (Arnell, 1983) that individuals do not think purely in economic terms, they
are likely to take action to reduce their vulnerability regardless of whether they
are insured.

It is apparent, therefore, that the insurance industry can encourage the adoption
of damage mitigation measures. Deductible premiums can be imposed, sharing
the risk of loss between the individual and the insurance company Such risk-
sharing may encourage the property owrer to seek protection against small losses
and may also save the insurance company the expense of dealing with small
claims. However, the benefits must be attractive to both parties. Insurance
companies need to make profits and therefore prefer to trade in areas where the
possibility of damage is slight and the perception of risk is relatively high, rather
than where the possibility of damage is greater and there is a low perception of
risk. [n the latter case, the insurance industry has decided not to trade in some
areas (see Fig. 8 3).

The insurance industry, therefore, has an incentive to encourage the adoption of
mutigation measures in return for reduced premiums. while ensuring that the
measures taken will reduce the level of claims more rapidly than the premium
income. The success of this strateqy depends on the population having a high
perception of risk.
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Higher premiums could be charged for dwellings which do not incorporate hazard
resistant features, and for commercial and industrial buildings which have not been
designed or audited by qualified engineers. Insurance can also be used to influence
the local administration’'s planning process, encouraging appropriate land use
which takes account of the principles of hazard mitigation. These conditions could
be established by the insurance industry, by national government legislation or
by local regulations.

The losses caused by hazard events pose special problems for the insurance
industry, as they tend to be very high and irregular. Losses in the Northridge,
Los Angeles earthquake of 1994 were estimated at U.S.$30,000 muillion, although
not all would have been covered by insurance. The 1990 earthquake in Luzon,
the Philippines caused damage estimated at about £100 million, although only
£2 million was covered by the private insurance market.

The particular problems associated with hazard insurance can be overcome by:

+ lirniting the amount paid on claims - by hmiting the maximum payment and
by applying deductibles or franchises

= controlling the number of policies sold in a particular area, by limiting the
exposure of an insurer

*» managing large losses by using reserves or by establishing a pool of insurers
to cover for catastrophic losses

* managing large losses by the insurance company reinsuring against its own
losses

» establishing government assistance or national insurance schemes.

However, if insurers limit payments on claims and/or limit the number of policies
within an area, the public may not receive the service it requires. Nor will they
if insurers cease trading. Government assistance may be limited where the
national economy is weak. However, national catastrophe funds have been
established 1n some countries, such as Iceland and New Zealand, to cover direct
losses caused by natural hazards: similar schemes could be considered
elsewhere. The use of reserves could be impractical due to the size of the potential
loss, and could be difficult to manage. Re-insurance, with or without company
reserves and government assistance, can facilitate private insurance companies
discharging their contractual liability for any size of loss. Although re-insurance
spreads the risk across a wider base and reduces the need for private insurance
companies to have large reserves, regulations are necessary to ensure that it is
not restricted within a local market of companies which may already be highly
exposed. To be financially sound, re-insurance may have to be placed in other
countries Re-insurance brokers are currently both raising their conditions and
insisting on mitigation surveys and correction work prior to their participation.

When providing insurance cover for catastrophic losses, insurers examune details
of the probable maximum loss (PML} for specific natural hazards with specific
annual probabilities (Fig. 8.4). (A methodolegy for calculating the PML 1s
illustrated in Fig. 9.2.) Many factors will influence the calculation of the PML;
while different urban developments may illustrate similar patterns, values will vary
considerably from city to city, depending on their levels of vulnerabihty

In the context of this project, it 1s possible to consider a world pool of insurance
where member nations self-insure critical elements of infrastructure such as water
distribution, electricity and transportation. While it would be essential that this
cover was limited to single points of failure of the infrastruchure, participants could
readily both pay and receive premiums. This mechanism could be instrumental
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in combating the spread of disease and limiting the economic impact of a
catastrophe to ensure self-sufficiency once again for the impaired economy. The
United Nations may very well perceive that ‘seed’ money covering the costs of
risk evaluation and administration of the pool would be a more effective way of
providing assistance than reaction to events, This would ensure the ‘building’ of
a world-wide fund and limit the extreme calls on disaster funding currently
requested,

After a natural hazard event has occurred, the media are often instrumental in
initiating widespread public debate, which can be developed through the other
agenctes involved in public awareness. Such debate provides an opportunity for
all involved to evaluate the strengths and weaknesses of mitigation and prevention
strategies, of preparedness and response measures. and of the rehabilitation
process. Valuable lessons can be learned from this debate; the strength of public,
professionat and political opinion at such a time provides an opportunity to effect
fundamental positive change.

* Raise awareness - coordinate a range of public education programmes,
devolving implementation to specific agencies and lacal community groups.

* Provide information and teaching materials to support public education
programmes.

* Encourage professional fraining and post-graduate research in disaster
muttgation.

* Promote improved standards in media reporting - support local community
media and encourage training of media personnel

* Agree on procedures for issuing warnings with warning agencies and the media.

* Plan procedures for transmitting warnings, using the resources of public
administration and the social structures of local communities.

* Plan the role of the media in reporting events, using press briefings and
requlating access to affected areas.

* The insurance industry shauld be given incentives to encourage the adoption
of mitigation measures, in return for reduced premiums. Reinsurance
schemes should be considered.

» High premiums should be charged for buildings which do not incorporate
hazard-resistant features, or have not been designed by qualified engineers
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Strategy for mitigation

Earlier chapters have described the extent of natural hazards and their increasing
impact upon cities; the need for long-term disaster mitigation strategies as a
fundamental aspect of urban development has been emphasized. The process of
mitigation has been described, with particular reference to physical infrastructure.

Many countries have established disaster management committees, which
generally operate at national level and are mainly concerned with response and
preparedness. Although there are examples of committees which aim to deal with
disaster mitigation, few have resources to implement the requirements of even a
basic mitigation strategy. Current solutions to natural hazards can be described
as responsive, though they may contain an element of preparedness for disaster
events in the future.

Although the level of relevant professional expertise and experience in most cities
is very high, an explicit and continuous commitment to mitigation is not a
common feature. The establishment of a mitigation committee or task force,
responsible for disaster mutigation within a large aity, would enable individual
specialists to combine their expertise in formulating a coordinated strategy.

This chapter gives general guidance on the formulation and implementation of
a comprehensive mitigation strateqy at municipal level, with reference to previous
chapters for more detailed discussion of each stage. Typical decisions and actions
aimed at achieving this objective are considered, and potential problems and
solutions identified. The chapter contains proposals for similar actians at inter-
national, national and local community level, and by private sector organizations.
It concludes with a summary of proposals relating to specific mitigation measures
recommended in the relevant chapters and gves models for action, for reference
and use by city administrators.

Different sequences of actions and different strategies could be equally effective,
provided that they address the following questions:

* What are the potential natural hazards facing the city?

+ What is the vulnerability of the infrastructure?

¢ What are the risks facing the city?

* What level of risk 1s acceptable?

* Which areas of risk reduction should be given highest priority”
* What are the most cost-effective ways of reducing these risks?

Background

Ig@d

Introductory
principles
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The role of the

administrator

Develop a wider base of
commitment
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Figure 9.1

Workshops are an effective way
of encouraging involvement and
sharing experience

* Is this strategy compatible with other policy objectives?
* Can measures to reduce risk be incorporated intc existing programmes?

A wider base of commutment could be developed through a workshop or
conference (Fig. 9.1), as suggested in Chapter 7.

The reader may comprehend the benefits of mitigation but be constrained in
terms of political influence and command of resources. It is crucial to address
these constraints which inhibit progress Influential individuals within the city and
its government need to be convinced that natural hazards present unacceptable
risks and that mitigation of these risks is necessary and feasible. A similar
commitment at national level will be of critical significance, but the lack of such
commitment should not deter progress at ctty level.

It is also important to develop commitment at city district level, within the smaller
political and adminustrative units to which many aspects of city management are
devolved. It is often at this level that actual progress can be most readily achieved.
Developing and maintaining commitment within the city is a continual process,
which is necessary to establish a momentum for implementation.

Awareness of the risks presented by natural hazards and of the potential benefits
of mitigation is low amongst the authorities and populations of some large cities.
Financial pressures and the realisation of other political objectives may seem
much more compelling than the need for disaster mitigation. To change such
attitudes, continued emphasis needs to be given to the wider societal and
economic benefits of miigation. Financial provision is anly ane of the criteria for
successful implementation of a mitigation strategy; information, education,
communication and the creation of incentives will be equally important. In the
long term, stable economic development will be the decisive factor.




This aim might be expressed in general terms as ‘to reduce the risks posed by
natural hazards to an acceptable level, while contributing to other economic and
social policy objectives’. It should be supported by all those who have an interest
in mitigating risks within the city. To ensure this support is a continual process
requiring both development of commitment and identification of ‘stakeholders’.
Defining an acceptable level of risk m the short term will no doubt depend on
economic factors, and in the longer term, on education and public awareness.

Successful implementation of a finite programme of actions 1s considerably more
productive than developing an ambitious programme which is never put into
effect. The former course of action will develop the skills, experience and
institutional strength required for long-term mitigation. It is necessary to identify
a series of clearly focused medium-term targets, such as undertaking a preliminary
risk assessment, passing legislative measures and identifying high-prionty actions.

Many groups of people both within the city and nationally have a potential

interest in reducing the risks which the city faces; the commitment and contri-

butions of these groups to the mitigation strategy will be a key to its success. These
groups are included within the intended readership of this book, and are referred
to collectively as ‘stakeholders’. They might include:

¢ the existing emergency planning and response agency or comrmuttee

* ministries of the national government and city government

» urban district governments

+ representatives of service and utility providers, such as power, water, sewerage,
highways, transport, public works, energy and telecommunications

* representatives of the building sector, including construction, education,
health, sport and agriculture

» representatives of local urban communities and informal settlements

» university research groups and other technical, scientific and professional
organizations with expertise in relevant disciplines

» local voluntary and community organizations

» flood. storm and earthquake control commissions

» appropriate training organizations

+ private sector industries and employers

» the insurance sector

* international agencies working in the region.

Many stakeholders will be progressing existing programmes of activities, into
which mutigation actions may be incorporated at little or no extra cost. Stake-
helders may also have the resources to initiate new activities.

Such a wide range of stakeholders will inevitably include groups with diverging
objectives and priorities; an essential element of the mitigation strategy is to
develop consensus. The establishment of a representative task force should ensure
that all views are represented and a level of consensus is achieved.

Existing resources which could contribute to the implementation of a mitigation
strategy include organizational structures, professional expertise and technical
skills, sources of funding, sources of information and technical data, and available
labour

A preliminary review of the organizational structure of the city and national

government will help to identify the most suitable agency through which the
mutigation strategy can be implemented This implementing agency should be
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clearly identified, must have the resources and capacity to coordinate further
action and should be linked to a key aity agency such as the office of the chief
executive, mayor or commissioner.

Other resources will be available both within and external to the city government
structure. Full account should be taken of centres of excellence, such as specialist
research departments of universities, which can provide both professional
expertise and data. National government and international agencies are sources
of potential funding. In all cases, the powers of the implementing agency to call
upon these resources should be reviewed and, where feasible, realized

Strategic The task force should comprise representatives of appropriate government
. agencies and other major stakeholders such as scientific organizations, the private
"eq uirements sector and of local communities. lts task should be to prepare a detailed mitigation
Establishment of a strategy for consideration and approval by metropolitan representatives, which
mitigation task force translates broad policy objectives into specific actions. Its terms of reference
should require the task force to:

@ \? * review existing data relating to natural hazards and previous disasters

* recommend an organizational framework that can ensure effective use of

existing and supplementary resources in responding to the risk; building
where possible on existing arganizational strengths

* recognize the current responsibilities of government departments, so as to
assess the need for additional resources to review how reduction of risks
might be approached strategically

* assess the role and functions of any separate government orgamzation set
up to carry through elements of risk reduction, and to guide the prepared-
ness measures and plans of other organizations

* establish the role and duties of individuals and organizations in a counter-
disaster framework by adminisirative level and by geographical location

* define the role of working groups established to progress specific actions
within the overall strategy

* devise a time schedule, 1n draft, of the implementation periods for acting on
the recommendations made; the action plan’

» advise on the role for non-governmental organizations (NGOs)

+ aduise on private sector assistance that may be required to act on the
recommendations

* draft the content of a law or ordinance for disaster mitigation and prepared-
ness (should one not exist)

* recommend incentive programmes to encourage development which sup-
ports the mitigation strategy

* identify professional development needs in disaster management and staff
training programmes required.

Those developing a strategy must seek to balance the powers and interests of
the national, provincial and metropolitan governments active in the city, which
will entail a ‘parallel action’ approach to devising the timing and coordination of
specific mitigation policies. This approach could be arganized around an
implementation framework setting out:

» Core activities under the leadership of specific government departments.
These rmught repert 1o a joint executive committee of, for example, the [DNDR
or a Flood Control Commission (at the highest leve! of government; or the
metropolitan government. Core actwities would include international water
resource planning, river basin planning. flood plain zoning, urban develop-
ment control, micro-zoning of risk and development areas.



* Adjunct activities of the development departments of government (as
embodied in the national budget and in a rolling plan), which are undertaken
primarily to meet other policy objectives. These could include development
programming and projects, proposed water management and irrigation
schemes, the siting of major installations of ports, industry and agricultural
processing (as these will accelerate urban growth in particular directions).

* Associate activities undertaken by private arganizations and NGOs, including
public education and organization staff training (see also Chapter 8)

Core, adjunct and associate actwities are implemented within the on-going
maintenance and developmental activities of agencies and private bodies. The
mitigation strategies should be embodied in programmes that may already be in
existence, and will entail adding new objectives to those programmes. For
example, a water supply network will be designed for resilience in the face of
earthquake and flood, rather than just to a standard ‘best pracuce’ specificaton.

The implementing agency should coordinate and host meetings of the
committee, and could also provide an information sharing office to encourage
liaison between the agencies involved in implementing the strategy.

The first core actiity which should be undertaken is a preliminary assessment
of hazard, vulnerability and risk, utilizing the research and data resources that
have been identified. This should be completed fairly rapidly {within three to four
months) in order to identify priorities for further action. Results should be taken
as indicative only, as they may be modified by further, more detailed studies. It
should 1dentify. using existing sources of information wherever possible:

 the nature of potential hazards: their predicted frequency, intensity and
duration

* the geographical areas of the city which are most vulnerable

* the communities, business sectors and infrastructure components which are
most vulnerable

« the estimated losses which would result from hazard events of different
magnitudes

Methods of assessing hazards and vulnerability are discussed in Chapter 4. The
combination of these assessments enables risk to be guantified, as a measure of
estimated losses. The process of risk assessment is simular to that of estimating
probable maximum loss (PML). Data on the PML for specific hazard events is
examined by the insurance sector in sefting premiums and accepting re-insurance.
There may. therefore, be some scope for cooperation between public authorities
and the msurance sector in collecting data and assessing risk. An dlustration of
this process is given in Fig. 9.2,

A possible organizational structure for the assessment is given in Fig. 9.3. Within
this structure, the assessment would be undertaken by a working group, consisting
of members of the task force with appropriate expertise and other specialists
coopted as necessary. Its programme and results would be regularly reviewed by
the task force, to ensure that they meet the needs of the overall strategy.

The implementing agency would provide financial resources. logistic services,
office accommodation and technical staff resources in support of the work. The
working group would seek advice and information from specialists in all relevant
disciplines Specific sections of the assessment could be delegated to existing
agencies where appropriate. For example, utilitics and other service infrastructure
could be appraised by the service providers, and structures by local authority
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engineering departments. Similarly, estimates of economic losses should be made
n consultation with the city’s commercial and professional associations, and with
government ministries for trade, industry, finance and economics.

The next priority is to link the abstractions of policy objectives with a concrete
plan of execution, by identifying the following:

* the range of possible actions to mitigate these risks; and
¢ the estimated costs and benefits of these actions.

The inthal appraisal will identify areas of greatest nisk, to which priority should
be given. Scope for further action will depend largely upon the type and extent
of resources available; for example, funding may be available for some types of
action but not for others, or may be subject to various conditions.

[t may seem that the extent of action required is far in excess of the funding
available. However, finance is only one of several resources that should be
utilized; labour, political mechanisms, specialist skills, and sources of information
can be equally important to progress. For example, labour-intensive proyects can
be particularly appropriate for low-Income communities; the financial cost of such
projects could be relatively low, the degree of community involvement and
support correspondingly high.

The principle of cost-benefit analysis should be applied at this pomnt.
Cost-benefit analysis is a process of assessing all of the costs of a particular action
or project, and all of the benefits which it will bring when completed Actions or
projects far which the henefits will be greater than the costs are described as ‘cost-
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etfective’, and should be given higher priority than those for which the costs are
greater than the benefits (see Fig. 9.4).

Costs and benefits include social, political and environmental factors, as well as
financial factors. These factors need to be given values, to enable the total costs
and benefits to be assessed. A difficulty with cost~benefit analysis is that different
groups of people disagree about the value of various factors; for example, the
construction of a new road may be supported by those who place more
importance on economic factors but opposed by other on environmental
grounds, The benefits of disaster mitigation actions also include reduced risk; the
value of these benefits will be based upon the estimated social, physical and
economic costs of the risk

A major difference in carrying out a cost-benefit analysis for a disaster mitigation
programme, compared with a single major development, is that the programme
will consist of a large number of separate and interrelated mitigation activities
Some activities will give a better cost=benefit ratio than others; judgement needs
to be applied

Having considered these peints, the stakeholder commitiee should agree upon
a set of actions which address high-priority concerns and can be achieved within
the prevailing constraints. The relative costs of alternative measures should be
estimated to allow decision makers to select the more appropriate strategy. To
facilitate this, the proposed measures can be evaluated for their likely impact.
Thus the costs can be compared to the value of the assets protected.

In Fig. 9.5(a), two hypothetical alternatves are evaluated. Option A is a high-
cost measure which offers a low value of protection, while option B is a low-cost
measure which results in a high value of protection Clearly, aption B would be
preferred. In fact. any measure which falls in the top triangle would be preferred
over any measure that falls in the bottom triangle. Indeed, options that fall in the
bottormn triangle should not be implemented since the value of the assets they
protect is less than the cost of implementing the measure.

Similarly. different options can be evaluated in terms of the number of people,
or percentage of the population (of the city or area being protected) that they
woauld protect (Fig. 9 5(b)}) Here, the options in the upper rectangle (those that
reach more than half the population) should always have priority over those in
the lower rectangle {(which reach a minority of the population). Ordinarily, public
monies should not be spent on measures that fall in the lower rectangle.

Finally, the options can also be evaluated against their relative risk-reduction
implications {Fig. 9.5(c)). Options undet curve B would involve a higher cost for
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Figure 9.5
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a lower reduction of rnisks than those under curve A. Obviously, the options that
fall under curve B should be selected in preference to those under curve A

In practice, it is suggested that all of these evaluation matrices should be used
simultaneously, so that decisions regarding risk-reduction strategies are taken in
the light of their relative costs and benefits. It will also mean that for a given level
of funds, those risk-reduction measures will be implemented that will produce the
greatest benefits for the largest number of people.

A mitigation strategy should encompass both actions which are initiated or

controlled by the implementing agency and also actions undertaken indepen-
dently by other stakehclders.

While 1t 1s adwisable to encourage different stakeholders, such as utility providers
and local communities, to initiate action in their own spheres of actvity, it is
essential to ensure that these are complementary and that they contribute to the
overall aim of the strategy. This coordinating role should be the responsibility of
the implementing agency, and should be undertaken by a full-time ‘project
manager under the guidance of the task force, who should be appointed prior
to the preparation of the detailed strategy and plan.

The project manager should have professional experience in a relevant
discipline, such as geography, urban planning, engineering or public admi-
nistration, and should be responsible for:



* mainfaining commtment and consensus through continual liaison with
stakeholders

* identifying and resolving potential problems

« facilitating action by stakeholders, through identifying and securing addi-
tional resources

* working with stakeholders to identify ways in which existing programmes can
be revised or extended to incorporate the objectives of disaster mitigation.

The work of the project manager should be reviewed and monitored regularly
by the implementing agency to ensure that the strategy is being implemented
effectively.

While implementation of medium-term targets should be devolved to the
implementing agency, project manager and stakeholders, the initiator of the
programme should focus upon achieving long-term fundamental objectives.
These objectives could include:

* to reform planning processes and development mechanisms

* to review and improve standards for building regulations, codes of practice
and specifications, and their implementation

* to improve professional standards, standards of construction and of con-
struction supervision.

This section proposes key objectives for the international community, national
governments and regions. [t is of particular relevance to those who are able to
exert influence at international or national level. The support of other readers
will further contribute to the realization of these objectives.

Sources of international direction and information, and sources of international
funding, are specified in Appendices 3 and 4.

Direction and information. The United Nations (UN) should give specific

consideration to the concept of:

* establishing on a permanent basis a non-executive central agency to
coordinate research and implementation of disaster mitigation activities
world-wide, including the activities of other UN agencies

* maintaining a database of relevant information, including sources of expert
advice, which is ‘user-friendly’ and directly and easily accessible to all
countries, perhaps based upon the DHA (Department of Humanitarian
Affairs) database or the UNIENET electronic bridge

= generating resources for the progress of work in developing countries

* facilitating the establishment of regional forums to exchange ideas and
information

* monitoring and encourage advances in technology with regard to hazard
prediction and environmental change (including climatology)

* ensuring that technological and scientific advances are incorporated into
mitigation and response sirategies world-wide

* promoting the review and reform of warning and reporting standards among
the media

* promoting exchange wvistts between key officials and experts from large cities,
to enable them to learn from major disasters affecting urban areas.

Funding. Major international funding agencies (e.g. UNDPE, World Bank, and
the regional banks such as the Asian Development Bank) are represented i most
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At national level

At regional level

Within the private
sector

countries. They have become increasingly aware of the need for disaster
mitigation, and have organized regional seminars to demonstrate how mitigation
measures can be included in design and standards.

International funding agencies should seek to amplify policies that promote the
significance of investment to ensure mitigation. Grants should be conditional
upon specific conditions of quality of planning and enforcement of standards.
These conditions should be clearly specified. Such linkage will have a consid-
erable effect in ensuring the advancement of mitigation plans.

Governments should be urged to:

adopt a disaster management strategy covering mitigation, preparedness,
prevention, response, recovery, reconstruction and development

ensure that the existing disaster management structure augments or amends
its systemn and constitution to ensure a sufficient emphasis on mitigation and
preparedness

allocate an adequate proportion of the national budget towards disaster
mitigation

define an appropriate role of the military sector in planning mitigation
strategies for physical infrastructure

consider the establishment of volunteer organizations to provide civil aid in
emergency

develop exusting centres of expertise and the scope of technical data available
enhance public awareness

District authorities and community organizations should be encouraged to:

identify vulnerable components within the district

ensure that all members of the community are aware of the potential effects
of natural disasters

disseminate advice notes and good practice guides for disaster mutigation
by the community

maintain contact with officials responsible for planning, construction, health
and welfare, 1ssuing warnings, fire and crowd control

ensure that members of the community receive suitable first aid training
implement community education and awareness programmes by working
with lacal schools

identify escape routes and the location of ‘safe sites’ and refuges.

Commercial and industrial employers should be encouraged to

nominate a senior executive to be responsible for disaster mitigation
ensure that staff are aware of the potential effects of natural disasters and
of regional safety procedures in force

audit builldings and infrastructure lifelines and assess the vulnerability of facilites
adopt a policy of planned disaster mitigation

avoid dependence on one supplier

work with other firms to introduce lower insurance premiums, to accord with
a policy of risk reduction

retain duplicate records 1n an alternative location

adopt recycling policies to minimize dependence on water supply and new
materials

provide standby generators and fuel for strategic operation

disperse preduction and starage facilities over several industrial areas
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Specific mitigation measures are recommended in the relevant chapters elsewhere S pedf ' cm Itl g ation
in this book; this section summarnzes those recommendations.

measures

Chapter 5 identifies the components of a city's physical infrastructure and their Physica/ infrastructure
potential vulnerability; the effects of the primary natural hazards on these
components are stated and mitigation measures are recommended under the J :

following headings

* preventive measures

= spreading the risk

= spreading the responsibility

* covering or minimizing the impact
* planning disaster management.

Mitigation of risks within informal communities can be difficult due to the lack
of an adequate tax base to raise revenue. The most realistic solution will often
be to enable communities to install, operate and maintain infrastructure and
services within their area. This solution will require the provision of technical
support and guidance, and of other assistance such as subsidized materials, by
the city government. Provision of secure tenure, land rights and incentives to
residents to improve their environment will often be the only effective way of
ensuring fundamental lasting improvements in these areas.

Chapter 7 discusses the social perspective of disaster mitigation and prepared-  Social and health
ness, and recommends the rapid appraisal method for assessing vulnerability.  measures
Brief discussions of post-disaster social and health needs are included, and

recommendations are made on the management of these needs, on the need to () y)
control disease vectors, animals and feod supply, and on the requirements for g
burial of the dead and care of the bereaved o/

The chapter also highlights the need for background information on health, and
recommends the formulation of natural hazard casualty models in order to predict
the number and type of casualties for a range of disaster scenarios. Recommen-
dations for reducing the physical vulnerability of hospital buildings are given, due
to thetr crucial post-disaster role.

Chapter 8 discusses the role of the following agencies in increasing public Public awareness and

awareness and specialist knowledge of natural hazards and disaster ritigation: education
* schools and other educational establishments [ ]
* local community organizations and resident aroups (— @
* local health clinics L.'E]
* prwvate sector campaigns and public sector bodies I H

» professional and trade associations
* higher education establishments

* the communications media

= moenitoring and warning agencies.

Schools also have a particularly valuable post-cisaster role, in providing a focal
pomnt for social cohesion. space for emergency shelter, and a central point for
distribution of emergency aid An ernphasis on higher education raises the profile
of disaster mitigation by increasing the level of professional expertise and training
The media can and often does make a positive contribution to public awareness,
for example by showing reports from events in other countries
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Models for action

Action plan

The role of the media in disseminating forecasts and warnings of events is very
important. Close cooperation and regular briefings between the administration,
warning agencies and the media is required. Forecasts and warnings must be
given as quickly as possible, must explain the situation and advise an precautions
as clearly as possible, must reach as many of the affected people as possible, and
must be percetved as generally reliable and accurate

Recommendations for government actions to raise awareness are summarized
in Chapter 8.

This section provides guidance on implementing mitigation strateqies. Contact
details are provided for international agencies and specialist centres with relevant
expertise. Examples of typical documentation are included for use as models.

The following logic has been proposed for action at municipal level:

+ agree on the ultimate aim of a mitigation strategy

¢ dentify stakeholders, and establish a formal mitigation committee

= identify resources available

¢ identify and task an implementing agency

 establish a mitigation task force, under the aegis of the implementing agency

* carry out an initial appraisal of the city {within one to two months)

* appoint a full-time project manager

* carry out a detailed city hazard vulnerability and risk assessment (city audit)

= establish a detailed strategy and city action plan, on the basis of cost-benefit
analysis (see Table 9 2)

* ensure support of the detailed city action plan within nation government

e where appropriate, apply to national budget and international funding
agencies for support in implementation of city action plan

¢ implement city action plan. which is to be reviewed at regular intervals.

Table 9.1 Example of estimated costs {at 1995 levels)

1. Initial appraisal of city {duraton 4 weeks)
Person weeks  Typical cost

Project manager 4 £4,000
Support staff (engineers, scientists. planners,economists) 12 £6,000
Expert consultants 4 £8.000
Expenses (travel costs, information, report production) £6,000
Total cost £24 000

2 Cily Hazard vulnerability and risk assessment {city audit)
Stage 2 1 - Project set up
Stage 2.2 — Data collection and analysis
Stage 2.3 - Reporting

Person months Typical cost
21 2.2 23
Project manager 1 2 2 £20,000
Support staff 2 8 4 £28 000
Expert consulting 1 4 2 £56,000
Cost £104,000
Expenses £24 000
Total cost £128,000

Estimates of costs will depend on local rates and on the availability and extent of
data for the city. Costs given here are indicative only, based on 1995 levels.



Table 9.2 Draft outline for aity achon plan

« Invite all stakehclders to a workshop or seminar, to discuss their contributions to
and roles in the mitigation programme, with the active involvement of the
mitigation committee, project manager and task force

* Invite stakeholders to contribute to a preliminary assessment of hazard, based on
surveys of the natural environment, histonical research, classification of physical
infrastructure, economic surveys, social surveys. medical research and veterinary
public health, against a standard framework of critena.

¢ Invite scientific organizations to assess the probability of hazard events of different
magnttudes occurring in the city, and to present this information in the form of
hazard zonation maps.

« Inwite those stakeholders who are responsible for provision of public services and
infrastructure to 1dentify the vulnerability of critical sections of lifelines and
buildings of post-disaster significance and to prepare schedules of elements at risk,
against a standard framework of criteria.

* Require the engineering profession to review existing codes of practice.

¢ Publish reqular reports on progress within different sectors to promote awareness.

* Prepare a prioritized programme based on economic and social criteria for
mitigation actions including retrofitting or replacement for each major section of
the infrastructure.

« Undertake feasibility studies for specific projects, and apply for funding.

* Establish education and training requirements based on assessment studies, and
initiate programmes

= Prepare good practice guides for the building trades and self builders, including
model units.

* Initiate low-cost community participation programmes.

* Raise the profile of disaster management, in particular mitigation. Increase
numbers of national professional experts and encourage contact with international
sources of expertise

* Invite stakeholders to report annually on their progress in implementing agreed
actions.

A suggested budget for an initial assessment of the city and for a more detailed
city audit are given in Table 9.1. Table 9.2 shows an outline of a draft city action
plan. Table 9.3 outlines a draft mitigation project review form and Table 9 4 gives
some rapid appraisal technicues.

Notes on workshop. Nominated ‘champions’ of organizations are invited to
the workshop, at which they would be asked to assess the potential effects of a
natural hazard, or of the failure of a lifeline on which their service depends, upon
their organization’s primary network. Results would help to identify critical nodes
and areas of weakness and provide the basis for an analysis of the cost of a failure
and its consequences, and the cost of strengthening.

The workshop would provide a forum for organizations which have already made
progress with mitigation to pass on experence, and an opportunity to establish
what additional information and assistance organizations require. Coptes of
briefing documents could be distributed. Champions would be made aware that
a review of their organization's vulnerability would highlight the importance of
the service and provide a basis to support applications for funding of mitigation
projects.

Notes on feasibility studies. Before agreeing to provide funding for a project,
an agency will require a feasibility study. This should be submitted with the project
review form, and should include

* details of implementing agency and project team

* description of scheme

* cost-benefit analysis of scheme, including arrangements for servicing of loan

STRATEGY FOR MITIGATION
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Table 9.3 Disaster mitigation project review form. A generic draft to be amended for
use in each city

Until disaster mitigation is fully embodied in the project design process, this review form
may be aftached to the formal project document, annual programme review or project
evaluation docurnent.

1 Project/programme title and reference number
2. Budget line and period of implementation
3. Mode of finance contributions from
local community
urban administrative unit
provincial government
central government
international grants and loans
other
4, Repayment assumptions and programming
5 Location of project in city
gas dismbution system
water distribution main
waste-water system
electricity supply
flood protection works
mass transit system
area development for mixed uses
low-income housing area upgrading
buildings of post-disaster significance
other
6. Use made of mitigation decision aids m project design:
surveys and hazard mapping
character and locations of past incidents
7. Method of establishing the safety and security standards adopted, for example ‘the
design flood’, ‘the cyclone wind’, the earthquake force and anticipated effect on
local ground conditions
8 Nature and assessment made of the underlying and direct causes of settlernent
vulnerability at identified locations
9 Define structural and non-structural steps taken in project design to reduce
vulnerability
10 Describe how project design meets the requirements of associated policies
development of societal facilities
development of economic and industrial facilities
reduction of environmental pollution
conservation of heritage sites and buildings
conservation of nature
11. Assess and give reasons for the impact that the project will make on local disaster
risk
lower nisk
no change
increased rsk (unless other steps are taken)
12 Define other measures external to the project framework that should be undertaken
to ensure the risks are lowered as the project design proposes
13 Define project implementation risks that need to be managed

* environmental impact assessment of scheme

¢ details of how the scheme will be implemented and managed

* proposals for operation and maintenance of the scheme once it is completed
* implementation programme or schedule.

Guidelines for city One way of encouraging widespread involvement 1s to develop guidelines
sectors for each secter, model guidelines have been prepared for the following seven
sectors:



Table 9.4 Rapd appraisal techniques

Rapid apprasal techniques involve various permutations of the following:
* key informant interview
« interviewing a select group of individuals who are in a position to provide the
needed information, ideas and insights; for example teachers or other
representatives of the communty. Thus, for example, ‘mothers’ are in a good
position to talk about the impact of disasters on the well-being of the family

Key informant interviews
* are essentially qualitative interviews
» are carried out with interview guides listing topics and issues to be covered in the
session
« mvolve a small number of interviewees selected on the basis of their specialised
knowledge and experience of the subject under investigation.

The accuracy and depth of information obtained depends primarily on:
* selecting sutable informants
» developing suitable interview guides
* training interviewers
* the care taken in conducting interviews, probing informants, and recording
responses.

Focus group interviews

Interviews conducted to discuss a specific topic in group sessions. Participants discuss
ideas, issues, insights, and experiences among themselves, and each member is free to
comment, criticize, or elaborate on the views expressed by others. The premise
underlying the focus group method is that free discussions generate fresh ideas and
insights because the participants stimulate each other

Community interviews

The interviewer asks questions, raises 1ssues, and seeks responses from the participants.
The primary interactions are between the interviewers and the participants rather than
among the participants. Although community interviews can be conducted by one
nterviewer, a team of two or more is preferable, because it is difficult for a single
ndividual to preside over the meeting, ask relevant questions, and record the answers.

Structured direct observation

Involves careful gathering of data based on observation forms, which are designed to
take 1nto constderation the nature of the object to be observed (for example, house
construction). In most instances, direct observation also involves individual or group
interviews, or both. Direct cbservation can deal with physical objects but not directly
with activities and institutions.

Direct observation is better conducted by a team of experts than by a single individual,
A team approach contributes to more comprehensive data collection and helps to
prevent individual biases.

Informal surveys

Such surveys are usually conducted on the basis of an open-ended questionnaire that
permits respondents to answer questions in therr own words. The sample size usually
ranges from 25 to 50 people.

MG1 - Schools MG5 - Utilities
MG2 - Hospitals MG6 — Media
MG3 - Industries MG?7 - Building owners

MG4 — Emergency services

These model guidelines are considered adequate to form the basis for the
preparation of detailed guidelines, which will differ significantly in different cities.
Other quidelines which could make a useful contribution to awareness and

mitigation in the city should be prepared for several other sectors including:
transport, food and catering, NGOs; and commerce.

STRATEGY FOR MITIGATION
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Figure 9.6

Assessment ladder to show
progress with miigation of
vulnerability.

Model guideline 1

Understanding the
requirements

4]

Individua! responsibilities

Sector |, Transpont
Division * Highways (bridges)
District . Central

Satety
zone

All structures have
been strengthened

-

We have receved the
funds and started work

Comfort
zone

We have an action plan
and apphed for funds

We know what the I
problems are
A
L

We are carrying out Danger
an audit

Wa are considering
the situation

Note: Similar ladders to be prepared for ait -
divisions of the infrastructure

Guidelines for schools {to be edited for each interest group; interest groups:
governors and owners, staff, children, parents, community leaders)

Those involved in education should be aware of the requirements of disaster
management (see Chapter 3} and of the activities appropriate to each stage. For
example:

Preparedness - formulate an emergency plan, with staff responsibilities
defined as for fire drills, prepare for all contingencies {such as absence of
the headteacher), provide training for staff in first aiud, store emergency
supplies of food and medicines.

Mitigation - locate schools in buildings which can resist extreme hazard events,
or which have specially designed ‘safe’ areas, and which have detailing and
strategic equipment that will remain stable during a hazard event.

Warning — disserminate official warnings and take appropriate action, as
detailed in the emergency plan.

Impact - practise safety drills. for example climbing under tables when an
earthquake occurs.

Response - search and rescue, apply first aid and assess the stability of
school buildings.

QOuwners and governors

What does the national and municipal law require?

Has an audit been carried out to identify safe areas within school bulddings
and grounds?

What are the consequences of failure of the water supply, drainage, gas and
electricity supply, telecommunications and transport links?

Ensure that the school has a short-term preparedness plan and long-term
mitigation plans, including clear procedures for action before, during and
after an event

Ensure that staff understand their roles in the event of a disaster, and carry
out periodic drills.

Ensure the fire safety team, first aiders and evacuation team receive spe-
cialized training.



Include hazard awareness and disaster management principles within the
school curriculum.

Headteachers, deputies and staff.

Ensure that procedures are in place and advise the owners or governors of
the school if any are not

As part of the emergency plan, define the role of each member of staff in
disaster response (for example, fire safety, first aid, search and rescue, site
security, food supply, communications and media, coordination of
volunteers).

In secondary schools and colleges, help students to create ‘risk maps” of their
classroom, school and neighbourhood, identifying hazards, counter-
measures and resources.

As part of the emergency plan, distribute a map showing the location and
telephone numbers of the nearest hospitals, clinics, fire station, police station
and public works department

Parents.

Is your children’s school safe from natural hazards? You should be entitled
to receive reassurance from the owners and governors.

Do vou understand the potential effects of natural hazards and their
mitigation? If not are you interested in attending adult classes to learn more?

The school and community.

-

Is the school located in a disaster-prone area? Should the building be
strengthened? What facilities does the school have which would make it a
useful community resource?

Have education programmes been arranged for children, staff and parents?

A strategy and action plan for the school should consider.

-

*

what are the risks of different hazard events?
plans for response

day or night

plans for preparedness

long-term plan for mitigation.

Guidelines for health care to be edited for each interest group; interest groups:
governors, owners, health centre staff, community leaders.

Health-care organizations should be aware of the requirements of disaster mana-
gement (see Chapter 3) and of the activities appropriate to each stage. For example:

Preparedness — formulate an erergency plan, including triage procedures,
stores of medicines and dressings, training of health-care personnel in
emergency first aid and disaster.related injuries such as crushing and burns,
food supplies to sustain the staff and patients and emergency water and
electricity supplies. The plan must be tested.

Mitigation — ensure that hospitals and clinics are distributed around the city,
established in buildings which can resist extreme natural hazard events and
have detailing and strategic equipment which will remain stable during and
after an event, have guaranteed alternative sources of water and electricity
and are readily accessible from alternative transport routes

STRATEGY FOR MITIGATION
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« Warning - disseminate official warnings and take appropriate action, as
detailed in the emergency plan. This could include discharging some patients
e ot relocating them to other health-care centres.
g ¢ [mpact - take cover
* Response - search and rescue, ensure that the building is safe, liaise and
coordinate with emergency services and city authorities.

Nt

Individual responsibilities ~ Owners and governors:

¢ what does the national and municipal law require?

* Has an audit has been carried out to identify any weaknesses in the location
and structure of the buildings and finishes®

* Ensure that the consequences of failure of the water supply, drainage, power
supplies, telecommunications or transport have been assessed, and where
necessary make arrangements for alternative facilities.

» Ensure that the health-care facility has a short-term emergency plan and
long-term mitigation plans, including procedures for response to an event.

* Ensure that key members of staff understand their roles in disaster response,
and that they carry out reqular drills.

« Ensure that key members of staff receive specialist training.

Chief executives, administrative managers and health-care staff:

* Because many health-care faciliies are occupied continuocusly, it is
particularly important to ensure that all necessary procedures are in place. If
this is not the case, the owners or governors must be advised immediately.

* As part of the emergency plan, define the roles of each member of staff in
the event of disaster (for example fire safety, first aid. search and rescue, site
security, logistics, communications, media liaison, volunteer coordinator).

* Dedicate a small medical unit to observe and record.

The health-care facility and the community — what role can the centre undertake
after a hazard event?

Training and education for each health centre — what programmes have been
arranged for staff?

* seminars
* workshops
* specialist.

Strategy and action plan for each health centre — do you have the information
and have you prepared a plan?

» what natural disasters

¢+ plans for response

*» day or night

= plans for preparedness

* long-term plan for mitigation.

Model guide“ne 3 QGuidelines for industries to be edited for each interest group; interest groups:
owners, shareholders, directors, managers and staff.
Iﬁ =I5 These guidelines are particularly suitable for those working in the chemical
=] l industry who wish to develop a suitable risk control and safety strateqy

Where there are no definitive and mandatory rules on the level of protection to
be provided against the risk of industrial hazards, minimum legal requirements



for basic health and safety are unlikely to provide for adequate protection of
property and persons in the event of a major hazard event.

The dynamic processes that take place during a natural hazard event can trigger
industrial hazards. Chemical processing plants may present significantly higher risks
than other industrial facilities. Safe design, adequate loss control and safety systems,
and risk-control management are therefore required to minimize the risk and
consequences of losses. The level of safety in design and loss control provision
should consider a number of factors, including risk management philosophy, cost-
benefit analysis, insurance considerations, and business interruption factors relat-
ing to long-term risk.

Industrial enterprises should be aware of the activities involved in each stage of
disaster management (see Chapter 3).

Preparedness, Formulate an emergency plan, briefing staff on their roles during
a disaster, holding regular fire and emergency drills, training some members of
staff 1n first aud and storing emergency medical supplies relevant to the industry.
An emergency plan must also cover:

* risk — an understanding of the potential effects of a hazard event on industrial
facilities

= fire protection -- water and foam systems and, for large sites, fire trucks

* emergency response — team organization, training and procedures, commu-
nication with relevant city services

* supplies — adequate provision of critical spare parts

* training and awareness — continual training of public and private sectors,
knowledge of response required by the local population {such as evacuation
and response of fire services)

* response measures — strategic placing of appropriate resources such as
containment and handling equipment

* communications - alternative means of communication to receive warnings
and to communicate with emergency management agencies.

Mitigation. Long-term planning to develop an industry which is not seriously
affected by hazard events Mitigation should include consideration of the following,

* site location - soil conditions, emergency access and proximity to emergency
services, exposure of the site to natural hazards and risk to the site during
hazard events

* site layout — separation and segregation between process units, control build-
ings, offices and hazardous storage facilities

* construction — protection of critical control systems

« spillage control and drainage - contamment of the maximum expected
process spill

+ utilties — backup and redundancy to provide safe plant shut-down

¢ insurance - property and production underwriting and standards for
compensation

In addition, a number of pre-event measures should be considered:

« regulatory measures — development of regulations and rigorous guidelines
on natural disaster risks and empowerment of agencies to monitor
compliance wirth regulations and guidelines

* mitigation programmes — analysis, development and implementation of
programmes, projects and plans

* vulnerability analysis — research into the interaction between natural hazards

and industrial emergencies
* risk reduction - dispersal of industrial facilities.

STRATEGY FOR MITIGATION
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Individual responsibilitios

Warning. Disseminate official warnings and take appropriate action, as detailed
in the emergency plan. Where necessary, establish a communication specific
warning system and evacuation plans for high-risk disasters and potential
secondary industrial emergencies.

Impact. The emergency plan should establish procedtres, such as safe areas
of the industrial complex where staff can assemble. Separate areas might be
located within each building.

Response. Search and rescue. apply first aid, ensure that the plant and buildings
are safe.

Training and education. What programmes have been arranged for staff?
* seminars

« workshops

 specialist.

Strategy and action pian. Do you have the information and have you prepared
a plan?

« what natural disasters

* plans for response

» day or night

« plans for preparedness

* long-term plan for mitigation

Guidelines for emergency services to be edited for each interest group; interest
groups: city councillors, managers, staff and the public.

Those involved in praviding emergency services [police, fire brigade, ambulance and
street clearance (PWD)] should make themselves aware of the requirements of
disaster management and understand the roles necessary for vach stage. For example.

* Preparedness — have a disaster plan with staff job functions defined so that each
individual knows his role without waiting for instructions. Ensure that if the
piped water supply fails, all potential sources of water are accessible for fire
fighting - lakes, sea water, swimming pools, streams. fire tanks. Ensure that all
health facilities that can treat aceidents — burns, crush, shock - are known and
alternative access routes identified. Make plans for dealing with 1000, 10,000,
100,000 or 1,000,000 fatalities, e.g. temporary mortuaries, procedures for
identification of the dead. mass burial grounds. Ensure that there 1s a plan to
control traffic o facilitate free movement of emergency vehicles

* Mitigation — have police, fire and ambulance stations in every district of the
city, each with independent communication systems and supplies of water
available if the piped system fails.

* Warning - stop all leave and motivate staff. If necessary, recruiting auxiliary
staff. Help to make space in hospitals to receive casualties.

* Impact — search and rescue.

* Response - search and rescue, clearing streets of debris, extinguishing fires,
controlling crowds, maintaining lifelines (food and water tankers)

City councillors.

* Insist on the preparation of a city audit which will show how and where the
city could suffer damage from a major natural hazard.

= Ensure that the services are adequately funded so that equipment and staff
can be located in every district of the city and kept in gocd order.



Ensure that there are clear lines of responsibility for all city organizations for
disaster response. Ensure that there is no doubt which is the lead
organization for each stage of a natural hazard event

Ensure that the emergency services are site and community driven and are
not subject to a theoretical central bureaucracy

Ensure that you appreciate the scale of a potential natural hazard disaster
(e.g. could be 1000 times normal daily problems) and all city services have
a plan to cope with the scale of the problems.

Encourage all communities, commercial and industnal organizanons to
nominate their own ‘first aiders’ and fire guards.

Emergency services chief executives and managers.

-

Ensure that equipment and staffing levels are sufficient to meet requirements
and that equipment is reqularly services and tested.

Establish secondment arrangements for augmenting equipment and staff to
be available to deal with the prablems of very large natural hazard events.
Ensure that regular specialist training is given to all emergency services staff.
Implement extensive public training programmes in first aid and fire
prevention, such as weekend or evening courses.

Ensure that all staff know their responsibilities in the event of a major natural
hazard.

Ensure that all fire teamns know where to obtain water if the piped water
supply fails, Ensure that all ambulance crews know to which health centre
to take casualties. taking into account blocked roads and damaged hospitals.
Are you aware of how other large cities in hazard-prone areas organize their
emergency services?

Have you developed scenarios for a range of potential events: e g a gas
explosion, a plane crash, a flood?

Public

Do you know the location of your nearest fire station, health care unit,
ambulance station, police station?

Do you know what to do in the event of a fire, injury to a member of your
family of a neighbouyr, particularly if no assistance is immediately available?
Are there people in your community who have been trained in first aid or
fire prevention?

Do you or members of your community know where fire prevention or first
aid training can be obtained?

Does your office. industrial complex or centre carry out fire drills?

Training and education What programmes have been arranged for directors,
managers and staff?

seminars

workshops

specialist presentations
exchange visits

joint exercises.

Strategy and action plan. Do you have the information and have you prepared
the plans?

what natural disasters: earthquakes, cyclone, flood, tsunamu, landslide,
volcano?

the coincidence of two or more natural hazard events

time of event: working day, non-working day, night

STRATEGY FOR MITIGATION
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PART 3 REDUCING THE RISK

Model guideline 5

Understanding the
requirements

)

Individual responsibilities

plan for preparedness
long-term plan for mitigation.

Guidelines for utilities to be edited for each interest group; interest groups:
directors, chief executives, managers, head office staff, field staff and users

Those invelved in providing utility services (gas, electricity, water, drainage) to
residential, cormmercial and industrial consumers should make themselves aware
of the requirements of disaster management and understand the roles necessary
for each stage. For example:

Preparedness - have a disaster plan with staff job functions defined primanly
to bring the service back into operation as quickly as possible. Hold spares,
test stand-by equipment, keep fuel tanks full, test shut-off valves, keep fire
reservoirs full, retain a fleet of water tankers.

Mitigation — strengthen systemns so that natural hazards have minimum effect
or the design the system so that, after failure, it can be brought back into full
operation within hours or days. Provision of redundancy and alternative
routing, provision of isolation valves and automatic shut-off valves. Dedicate
supplies for emergency services and strategic buildings.

Warning — cancel leave. Put repair teams on stand-by.

Impact - shut off services which could be damaged.

Response — shut off services which have been damaged, carrying out
emergency repair work, starting with mains, then industrial supplies and,
finally, all domestic supplies. Ensure that if piped domestic supplies are not
available, then regular tanker supplies are provided.

Directors.

What is your utility's responsibility for maintaining a continuous supply to
hospitals, pumping stations, the media, etc?

Ensure that an audit is carried out on the likely effect of natural hazard event
on your utility

Ensure that an assessment is made on the likely time necessary to return to
normal operations after different magnitude natural hazard events.

Ensure that your company has got a strateqy for reducing the impact of
natural hazard events.

Ensure that your company has a department which manages your mitigation
programme.

Ensure that staff understand their roles in the event of a disaster and encourage
them to participate in training programmes for disaster management

Field staff.

Learn requirements of disaster management.

Ensure that you have a plan which 1s kept up-to-date of the service in your
district and details of how and where it connects to the main system.
Ensure that you are familiar with the service in your district, its strengths and
weaknesses, and have an idea where a failure might occur.

Ensure that you have access to and regularly test all shut-off valves which
may need to be operated before, during and after a hazard event.

Ensure that you have an up-to-date programme ol the services that must
have priority for operation after a hazard event.
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Users.

» How long can your community manage without water or electricity supplies?
Can water supplies be obtained within a reasonable walking distance? Is the
alternative supply of drinking water standard?

« What community action can be undertaken before or after a hazard event,
e.g. clearing drains? . — [

» How long can your industry manage before the lack of water/electricity/ gas
effects production or damages the plant? What arrangements have you
made to mitigate or reduce the impact of natural hazards? ‘ /q L’.\_

* Have you got access to a mobile telephone? .

* Do you know where to switch of gas supplies until the service has been
checked for leaks?

o
e

Training and education. What programmes have been arranged for directors,
managers and staff?

* seminars

+ workshops -
* specialist presentations

* exchange visits.

Strategy and action plan Do you have the infarmation and have you prepared
plans?

* what natural disasters cause what damage

* recovery of service - preliminary assessment of the time to recover following
a major event

* time of event: day or night

* plan for response

* plan for preparedness

* long-term plan for mrtigation.

Guidelines for the media to be edited for each interest group; interest groups:
proprietors/directors, office manager, journalists and the pubilic.

Those involved in the media (radio, television, newspapers) should make them- N odel qu ideline 6
selves aware of the requirements of disaster management and understand the

roles necessary for each stage. The media has a special responsibility to assist

the city and report matters dispassionately without their usual role of locking for

stories For example:

* Preparedness — have a disaster plan with staff job functions defined primarlly  (Understa nding the
to maintain the media in operation before, during and after a hazard event, so requirements
that the city residents and the international community can be warned and kept
informed. Media preparedness also means testing thetr stand-by generators and
ensunng that adequate fuel supplies are held. Agree with city officials the access
needed to the media by them, to provide official announcements,

* Mitigation ~ have facilities in more than one location. Strengthen buildings
to minimize the impact of a natural hazard. Provide an independent
communications system.

* Warning - atiend briefing meetings with scientific centres and report to the
public in an informative way.

* Impact — quickly fly over damaged area to provide assessment of the extent
of the damage.

« Response - fly over damaged area to provide re-assessments of the extent
of the damage. Assisting the emergency services by reporting which roads
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Individual responsibilities

[

Model guideline 7

are blocked, which hospitals are damaged, which areas are flooded. Assist
the public by passing on information and advice.

Proprietors/directors.

Agree with the city authaorities how the media can best serve the public
interest in reporting warnings and natural hazard events.

Ensure that an audit is carried out on the likely effect of natural hazard event
on your station, mast, printing facilities, offices, electricity supply.

Ensure that your company has a strategy for reducing the impact of natural
hazards.

Agree with the educational and city authorities how the media can assist with
public awareness and education campaigns for many areas of disaster mitigation.
Consider running prize competitions for communities progress and ideas for
mitigation, and also for other city sectors such as schools and industry.

Journalists

Arrange meetings with scientific and technical groups and reach an outline
agreement on how technical information should be supplied to the media
and how the media should present it to the public.

Establish a liaison committee with all relevant city groups to review media
activities, with meetings to be held on a regular (e.g. twice yearly) basis.
Find out what assistance the city and emergency services require and
publicize these requirements, €.g. blankets, tents, money, specific medicines.
Do not encourage international rescue teams to offer their services

Have you got access to independent communications?

The public.

-

Do you understand how natural hazard warnings are given? Do you
understand what they mean?

Do you know what to do when natural hazard warnings are given?

Do you know how to contact the media to report local events?

Training and education.
What programmes have been arranged for directors, managers and journalists?

seminars

workshops

specialist presentations
exchange visits.

Strategy and action plan Do you have the information and have you prepared
plans?

what information do you have about the city and the damage that can be
cause by different natural hazards

the effect of the time of event: day or night
plan for response

plan for preparedness

loeng-term plan for mitigation.

Guidelines for the building industry to be edited for each interest group; interest
groups owners/directors, managers, owner occupiers, designers, contractors,
tenants and the public



Those involved with buildings (housing, flats, offices, public halls, factories,
warehouses, shopping complexes, hotels) should make themselves aware of the
requirements of disaster management and understand the roles necessary for
each stage. For example.

Preparedness - have a disaster plan with staff job functions defined for public
buildings, including fire officers and first aiders Consider keeping some
emergency supplies of water, medicine and food For residential buildings,
issues guidance notes to all tenants on what to do before, during and after
a hazard event

Mitigation — design new buildings, particularly public and residential
buildings, to resist hazard events. Design ‘safe’ areas which have non-
structural finishes and strategic equipment that will remain stable during a
natural hazard event. Up-grade all strategic buildings by retrofitting.
Warning - cancel leave of strateqic personnel. Take appropriate action to
protect the building

Impact - search and rescue. Shut off services {gas, water, electricity).
Response - search and rescue, applying first aid. Make building safe. Find
or provide temporary accommeodation.

Quwners/directors.

Know what the national and municipal law requires and what your
responsibilities are for people’s safety.

Know the strength of your building to withstand natural hazards.

Arrange for safe areas in the building if moderate damage is possible from
a natural hazard.

Arrange for emergency plans to be developed to deal with damage from
natural hazards

Ensure that people using the building have a procedure to follow in the event
of a natural hazard event.

Provide information for emergency services at the entrance - floor plans,
structural plans, services and the location of shut-off valves.

Before buying a building, insist on full information - an ‘audit’ ~ of the
building, covering the foundaton, structure, cladding and other finishes.
Before commissioning a new building, ensure your design team is expert in
the design of buildings to minimize the impact of the relevant natural hazards.

Designers {architectsfengineers).

Become familiar with the natural hazard events that could occur in the city
and the likelihood of different magnitudes.

Understand that natural hazards can severely damage all buildings and
structures if they are not designed correctly. Make yourself familiar with the
likely effects of natural hazards on buildings including the cladding and
finishes and research the best designs to resist the natural hazard forces.
Be familiar with the city zonation plans; including the areas that require special
foundations and those areas which have a high exposure to natural hazards.
Use relevant specifications and codes Adopt an international code if the
local one is out-of-date or not comprehensive

Ensure that detailing of steelwork, ties, bracing, anchors are in accordance
with good practice

Ensure that the client 1s aware of the need for detail supervision of the
construction.

STRATEGY FOR MITIGATION

Understanding the
requirements

Individual responsibilities
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I———-]  — Tenants
6 v + Do you understand the natural hazard events that can occur in your city?
I l u * [s your house, office or factory vulnerable? Do you know the strength of the

building to withstand natural hazards. Is it located in an area which could
be susceptible to landslides or floods?

+ Do you know what to do when a natural hazard warning is given?

* Do you know who in the building has had first aid training?

Training and education.
What programmes have been arranged for owners, designers and contractors?

* seminars

» workshops

* specialist presentations
* study teams.

Strategy and action pian.
Do you have the information and have you prepared plans?

* what information do you have about the city and the damage that can be
cause by different natural hazards

* the effect of the time of event: day or night

» plan for response

* plan for preparedness

* long-term plan for mitigation, including retrofitting.



IDNDR world conference

objectives:

outcome of the conference,
iIncluding a plan of action for
natural disaster reduction

Appendix

Draft Yokohama message submitted by the Chairman of the Open-ended Drafting
Group of the Main Committee, Mr Daniel D. C. Don Nanjira (Kenya), at the
World Conference on Natural Disaster Reduction, 23-27 May 1994,

We, the State Members of the United Nations and other States, having met at
the World Conference on Natural Disaster Reduction, in the city of Yokohama,
Japan, from 23 May to 27 May 1994, in partnership with non-governmental orga-
nizations, and with the participation of international organizations, the scientific
community, business, industry and the media, deliberating within the framework
of the International Decade for Natural Disaster Reduction, expressing our deep
concemn for the continuing human suffering and disruption of development caused
by natural disaster, and inspired by the Yokohama Sirategy and Plan of Action
for a Safer World,

Affirm that:

The impact of natural disaster in terms of human and economic losses has risen
in recent years and society in general has become more vulnerable to natural
disasters. Those usually most affected by natural and other disasters are the poor
and socially disadvantaged groups in developing countries as they are least equip-
ped to cope with them.

Disaster prevention, mitigation, preparedness and relief are four elements which
contribute to, and gain from, the implementation of sustainable development
policies. These elements, along with environmental protection and sustainable
development, are closely interrelated. Therefore, nations should incorporate them
in thewr development plans and ensure efficient follow-up measures at community,
national, sub-regional, regional and international level.

Disaster prevention, mitigation and preparedness are better than disaster response
in achieving the goals and objectives of the Decade. Disaster response alone in not
suffictent, as it yields only temporary results at a very high cost We have jfollowed
this limited approach for too long. This has been further demonstrated by the recent
focus on response to complex emergencies which, although compelling, should not
divert from pursuing a camprehensie approach. Prevention contributes to lasting
improvement in safety and is essential to integrated disaster management.

The world is increasingly interdependent. All countries shall act in a new spirit of
partnership to build a safer world based on common interests and shared

responsibility to save human lives, since natural disasters do not respect borders.
Regional and international caoperation wul significantly enhance our ability to
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achieve real progress in mitigation of disasters through the transfer of technology
and the sharing of information and joint disaster prevention and mitigation
activities. Bilateral and muitilateral assistance and financial resources should ke
mobilized to support these efforts.

The information, knowledge and some of the technology necessary to reduce the
effects of natural disasters can be available in many cases at low cost and should be
applied. Appropriate technalogy and data, with the corresponding training, should be
made available to all freely and in a timely manner, particularly to developing countries.

Community involvement and their active participation should be encouraged in
order to gain greater nsight in to the individua!l and collective perception of
development and risk, and to have a clear understanding of the cultural and
arganizational characteristics of each society as well as of its behaviour and
interactions with the physical and natural environment. This knowledge is of the
utmost importance to determine those things which favour and hinder
preventton and mitigation or encourage or limit the preservation of the
environment for the development of future generations, and in order to find
effective and efficient means to reduce the impact of disasters.

The adopted Yokohama Strategy and related Plan of Action for the rest of the
Decade and beyond:

(a) Will note that each country has the sovereign responsibility to protect its
citizens from natural disasters;

(b) Will give priority attention to the developing countries, in particular the least
developed, land locked countries and small island developing states;

{c} Will develop and strengthen national capacities and capabilities and, where
appropriate, national legislation for natural and other disaster prevention,
mitigation and preparedness, including the mobilization of non-governmental
organizations and participation of local communities;

(d) Will promote and strengthen sub-regional, regional and international
cooperation in activities to prevent, reduce and mitigate natural and other
disasters, with particular emphasis on;

{i) Human and institutional capacity-building and strengthening;

(ii) Technology sharing, the collection, the dissemination and the utilization
of information;

(iii) Mobilization of resources.

The framework of action of the International Decade for Natural Disaster
Reduction provides all vulnerable countries, in particular the developing countries,
with the opportunity to achieve a safer world by the end of this century and
beyond. In this regard, the international community, and the United Nations
System in particular, must provide adequate support to the International Decade
for Natural Disaster Reduction, and its mechanisms, especially the Secretariat of
the Decade to enable them to carry out their mandate.

The Yokohama Conference is at a crossroad in human progress. In one direction,
lie the meagre results of an extraordinary opportunity given to the United Nations
and its Member States. In the other direction, the United Nations and the world
community can change the course of events by reducing the suffering from natural
disasters Action is urgently needed

Nations should view the Yokohama Strategy for a Safer World as a call to action,
indwidually and in concert with other nations, to implement policies and goals
reaffirmed in Yokohama, and to use the International Decade for Natural Disaster
Reduction as a catalyst for change.



Glossary

This glossary is based upon definitions given by the United Nations Department
of Humanitarian Affairs (DHA) in its publication, Glossary: Internationally Agreed
Glossary of Basic Terms Related to Disaster Management.

Acceptable risk Degree of human and material loss that is perceived by the
community or relevant authorities as tolerable in actions to minimize disaster
risk.

Assessment Survey of a real or potential disaster, to estimate actual or expected
damages, and to recommend prevention, preparedness and response
measures,

Civil defence Systerns of measures, usually run by a governmental agency,
to protect the civilian population in wartime, respond to disasters, and prevent
and mitigate consequences of major emergencies in peacetime.

Damage classification Evaluation and recording of damage to structures,
facilities, or objects according to three {or more) categories: (a) ‘severe damage’
precludes further use of the structure, facility, or object for its intended purpose.
(b) ‘Moderate damage’ to principal members which precludes effective use of
the structure, facility, or object for its intended purpose, unless major repairs
are made, short of complete reconstruction. (c) ‘Light damage’ such as broken
windows, slight damage to roofing and siding, interior partitions blown down,
and cracked walls. the damage is not severe enough to preclude use of the
installaton for the purpose for which it was intended.

Design earthquake Earthquake parameters selected for designing an earth-
quake-resistant structure according to code requirements.

Design flood Flood hydrograph or peak discharge adopted for the design of
a hydraulic structure according to code requirements

Design storm Rainfall amount and time distribution adopted over a given
drainage area, used in determining the design flood.

Disaster A serious disruption of the functioning of society, causing widespread
human, matenal, or environmental losses which exceed the ability of the
affected society to cope using only its own resources. Often classified according
te its cause (natural or manmade).

Disaster epidemiology Medical discipline studying the influence of such
factors as lifestyle. biological constitution and other personal or social
determinants on the incidence and distribution of disease as it concerns
disasters.

Displaced persons Persons who, for different reasons or circumstances, have
been compelled to leave their homes They may or may not reside in their
country of origin, but are not legally regarded as refugees

Appendix
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Elements at risk The population, buildings and civil engineering works, eco-
nomic actvities, public services and infrastructure, etc. exposed to hazards.
Environmental degradation Unfavourable modification of the ecological
state and environment through natural processes and/or human activities.
Evaluation Post-disaster appraisal of all aspects of the disaster and its effects.
Exceedance probability Probability that a given magnitude of an event will

be equalled or exceeded.

Forecast Statement or statistical estimate of the occurrence of a future event.
Used with different meanings in different disciplines, as 1s ‘prediction’.

Hazard A threatening event, or the probability of occurrence of a potentially
damaging phenomenon within a given time period and area,

Lifelines Public facilities and systerns that provide basic life support services
such as water, energy, sanitation, communications and transportation

Mean return period The average time between occurrences of a particular
hazardous event.

Microzonation (microzoning) Subdivision of a region into areas where
similar hazard-related effects can be expected. Seismic microzonation is the
mapping of a local seismic hazard using a large scale (order of magnitude from
1/5000 to 1/10,000)

Mitigation Measures taken in advance of an event aimed at decreasing or
eliminating its impact on society and environment.

Non-governmental organization (NGO) Non-profit making organization
operating at local, national and international levels, with no statutory ties to
a national government.

Non-structural elements Parts of a building (e.g. partitions, ceilings, etc.)
which do not belong to the load-bearing system.

Population at risk A well-defined population whose lives, property, and liveli-
hoods are threatened by given hazards. Used as a denominator

Prediction Statement of the expected time, place and magnitude of a future
event (for earthquakes and voicanic eruptions).

Preparedness Activities designed to mimmuize loss of life and damage, to orga-
nize the temporary remaval of people and property from a threatened location,
to facilitate timely and effective rescue, relief and rehabilitation.

Prevention Activities designed to provide permanent protection from disasters,
including engineering and other physical protective measures, and legislative
measures controlling land use and urban planning.

Public awareness The process of infarming the community of the nature of
the hazard and actions needed to save lives and property prior to and in the
event of disaster

Reconstruction Actions taken to re-establish a community after a period of
rehabilitation following a disaster, including construction of permanent housing,
full restoration of all services, and complete resumption of the pre-disaster state.

Rehabilitation QOperations and decisions taken after a disaster which aim to
restore a stricken community to its former living conditions, and to encourage
and facilitate the required adjustments to the changes caused by the disaster.

Relief Assistance and/or interventon during or after disaster fo meet hife preser-
vation and basic subsistence needs. It can be of emergency or protratted
duration.

Resettlement Actions needed for permanent settlement of persons dislocated or
otherwise affected by a disaster to an area different from their last place of habitation.

Response Decisions and actions taken during and after disaster, including
immediate relief, rehabilitation. and reconstruction.

Risk Expected losses (of lives, persons injured. property damaged, and eco-
nomic activity disrupted) due to a particular harard for a given area and
reference period. Based on mathematical calculations, risk is the product of
hazard and vulnerability.



Search and rescue Process of locating and recovering disaster victims and
application of first aid and basic medical assistance as required.

Secondary hazards Hazards occurring as a result of another hazard or disaster,
i.e. fires or landsldes following earthquakes, food shortages following floods.

Voluntary agencies Non-governmental organizations or agencies. Some pos-
sess personne! trained to assist when disaster strikes. Some have capabilities
extending from local to national and internatonal levels

Vulnerability Degree of loss (0-100%) resulting from a potentially damaging
phenomenon.

Warning Dissemination of message signalling imminent hazard, which may
include advice on protective measures.

Zonation Subdivision of a geegraphical entity (counuy, region, etc.) into
homogeneous sectors with respect to certain criteria (e.g. intensity of the
hazard, degree of risk, same overall protection against a given hazard, etc.).
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International agencies
active in disaster
mitigation

DHA-UNDRO - Department of Humanitarian Affairs/Office of UN Disaster Relief
Coordinator
Palais des Nations
CH-1211 Geneéve 10
Switzerland
Tel: (41 22) 734 60 11
[disaster emergencies: (41 22) 733 20 10]
Fax: (41 22) 733 56 23
* assists in disaster assessments and relief management
¢ advises on hazard risk assessments
* gives advice on mitigation planning and implementation,

FAQ - Food and Agriculture Organization
Viale delle Terme di Caracalla
1-00100 Roma
Italy
Tel: (39 6} 52251
Fax: {39 6) 5225 3152
* offers technical advice on the reduction of vulnerability
* monitors and advises in food production, including urban market gardening.

UNCHS (Habitat) ~ United Nations Centre for Human Settlements
2 UN Plaza
Room DC-2-0946
New York, NY 10017
U.S.A.
Tel: (1 212) 963 4200
Fax: (1 212) 963 8721
* advises on settlement planning that will reduce risks
* advises on post-disaster reconstruction.

UNDP - United Nations Development Programme

One United Nations Plaza

MNew York, NY 10017

UsaA

Tel: (1 212) 906 5788

Fax. (1 212) 906 5365
* ncorporates disaster mitigation in development planning
* funds technical assistance for disaster management

Appendix
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United Nations
agencies with
support roles in
mitigation

* offers administrative support to resident coordinator
* advises on flood loss prevention, mitigation and management, through
agencies such as Economic and Social Commission for Asia and the Pacific.

UNESCO - United Nations Educational, Scientific and Cultural Organization
7 place de Fontenoy
F-75700 Paris
France
Tel: (33 1) 45 68 10 00
Fax: (33 1) 45 67 16 90
» research in mitigation
« strengthening of heritage structures against lood and earthquake damage
* supportive of floocd management programmes
* publications programme.

UNCRD - United Nations Centre for Regional Development
Nagono 1-47-1
Nakamura-ku, Nagoya 450
Japan
Tel: (81 52) 561 9377
Fax: (81 52) 561 9375
* provides training and research in regional development and planning, and
related fields, for developing countries
* projects focus primarily on research and training, but include advisory
services and information dissemination components
« operational units include Regional Disaster Prevention Unit (RDPU).

UNEP - United Nations Environment Programme

PO Box 30552

Nairobi

Kenya

Tel: (254 2) 230 800, (254 2) 520 600

Fax: (254 2) 226 890
* perceives and includes disaster mitigation in its environmental programming
« working relationship with UNCHS (Habitat)
« publications programme.

UNICEF - United Nations Children’s Fund
UNICEF House
Three United Nations Plaza
New York, NY 10017
U.S.A.
Tel: (1 212) 326 7000
* attends to well-being of women and children including at time of disaster
* collaborates with WHO and WFP in social programmes, including improve-
ment of water supply, sanitation and health
¢ publications programme
¢ now entering into disaster preparedness, planning and mitigaton work in
alliance with other agencies.

UNIENET - United Nations International Emergency Network
¢/o United Nations

Department of Humanitarian Affairs

New York, NY 10017

USA.

Tel: (1 212) 734 6011



Fax: (1 212) 733 5623
+ through a network of computer, places members of the worldiwide disaster
management community in direct communication with each other, and
provides them instantaneously with both background and operational
disaster related information.

WFP - World Food Programme
Via Cristofora Colombao 426
[-00145 Roma
[taly
Tel; (39 6) 522 821
Fax (39 6) 512 3700
+ provides targeted food aid, sometimes linked to ‘food for work’
programmes for construction of flood protection structures
 coordinates emergency food aid pre- and post-disaster
+ publications programme.

WHO - World Health Organization
CH-1211 Genéve 27
Switzerland
Tel. (41 22) 791 21 11
Fax: (41 22) 791 07 46
* assistant in post-disaster rapid response
* promotes ‘healthy cities’ programme
» supportive of disaster mitigation measures
» the Scuth American Regional Office (Pan American Health Organization)
is active in disaster preparedness and mitigation planning, studies and advice
* publications programme

ADB - Asian Development Bank
PO. Box 789
1099 Manila
Philippines
Tel: (632) 711 3851
Fax: (632) 741 7961
* finances projects in Asia and the Pacific
+ committed to ensuring disaster mitigation is included in programmung of its
projects
« publishes mitigation handbooks
« publishing pregramme and advisory work under technical assistance.

ADPC -~ Asian Disaster Preparedness Centre

G.PO. Box 2754

Bangkok 10501

Thailand

Tel: (66 2) 524 5353

Fax: (66 2) 524 5360

* provides an advice, training and information service for countries in the Asia

and Pacific regions, to formulate policies and develop capabilities in all areas
of disaster management.
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ECHOQ - European Community Humanitarian Office
c/o European Commission
DG VIII - Emergency Aid Unit
Rue de la Loi 200
B-1049 Bruxelles
Belgium
Tel. (32 2) 299 32 45
Fax: (32 2) 299 28 76
» newly founded, but active in the development of disaster-mitigation
strategies
» the parent body (Commission of European Communities) organizes
funding of mitigation structures such as cyclone shelters in Bangladesh
*» forums and publication programme.

[IED America-Latina - International Institute for Environment and Development
Avida Corrientes 2835
Cuerpo A— 6 piso B
1193 Buenos Aires
Argentina
Tel: (54 1) 961 3050
Fax' (54 1) 961 1854
* promotes and disseminates research on:
— the development of tenements and squatter setflements in urban areas
— social factors which cause or contribute to natural disasters; and
- interventions that can limit their impact on the poorest sectors of society
* provides technical assistance to national and international agencies.

QECD - Organization for Economic Cooperation and Development
2 rue André Pascal
F-75775 Paris Cedex 16
France
Tel: (33 1) 45 24 82 00
Fax: (33 1) 45 24 85 00
*» has 1ssued guidelines, through its Development Assistance Committee, to
aid agencies on disaster mitigation
» publications programme.

World Bank (IBRD ~ International Bank for Reconstruction and Development)
1818 H Street NW
Washington, DC 20433
USA
Tel: (1 202) 477 1234
Fax: (1 202) 477 6391
= offers structural adjustment and project loans
+ plays catalytic (sometimes controversial) role in the development of
mitigation strategies
* funds large-scale flood control and water management projects
+ publications programime.



ODA - Overseas Development Administration (U.K.)
(Foreign and Commonwealth Office)
94 Victoria Street
London SWI1E &JL
UK.
Tel: (44 171) 917 7000
Fax: (44 171) 917 0072
* operates disaster response unit
* undertakes advice and studies in disaster mitigation
+ finances consultancy and construction work post-disaster and for disaster
preparedness
» publications programme.

OFDA - Office of Foreign Disaster Assistance (U S.A.)
Room 1262/A NS
Agency for International Development
Washington, DC 20523
US.A
* halds regional seminars on mitigation strategies
* supplies advisors and publications
¢+ publications programme,
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Specialist centres

This appendix lists socurces of specialist information and expertise .in various
disciplines related to disaster mitigation. These sources include international
assaciations, and government and independent research agencies. The latter are
based primarily in the U K., although comparable agencies exist in other countries.

IAEE - International Assoclation for Earthquake Engineering

Kenchiku Kaikan 3rd Floor

5-26-20 Shiba

Minato-ku

Tokyo 108

Japan

Tel: (81 3) 453 1281

Fax: (81 3) 453 0428

* promotes international cooperation among scientists and engineers in the

field of earthquake engineering, through excharige of knowledge, ideas and
results of research and practical experience.

IAVCEI - International Association of Volcanology and Chemistry of the Earth’s
Interior
Australian Geological Survey Organisation
G.PO. Box 378
Canberra ACT 2601
Australia
Tel: (61 6) 249 9377
Fax: (61 6) 249 9746
* studies scientific problems related to volcanic processes
* encourages volcanologists to alert authorities to the importance of adequate
surveillance of volcanic activity and of voleanic risk assessment.

ISC - International Seismological Centre
15 Windmill Lane
Epsom
Surrey KT17 1HY
UK
Tel: (44 1635) 861022
Fax: (44 1635) 872351
» collects, analyses and publishes data on terrestnal seismic events, to advance
scientific knowledge of the Earth’s structure and prediction of earthquakes
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Research and
training agencies

* publishes and keeps seismogram readings from world stations for analysis
in computer-readable form

* computes and publishes focal coordinates and magnitudes for events for
which adequate data are available.

Asian Disaster Preparedness Centre
Asian Institute of Technology
G.PO Box 2754
Bangkok 10501
Thailand
Tel: {66 2) 524 5354
Fax: (66 2) 524 5360
* provides training programmes, technical advice and Information on disaster
management in Asia and the Pacific
» works in collaboration with the United Nations, governmental and non-
governmental agencies
* conducts research into hazard-resistant construction, vulnerability and risk
analysis.

British Geological Survey

Murchison House

West Mains Road

Edinburgh EH9 3LA

UK

Tel: (44 131) 667 10600

Fax: (44 131) 667 1877
* consultancy and research in earthquake and tsunami
« geologic information prepared for planning use
¢ publications programme.

Building Research Establishment
Garston
Watford WD2 7JR
UK
Tel: (44 1923) 894040
Fax: (44 1923) 664010
« nisk reduction studies for large dams and major structures
* detailed design in the face of specific hazards
* advisory work
* publications programme.

Cranfield Disaster Preparedness Centre

Cranfield University

RMCS

Shrivenham

Swindon SN6 8LA

UK.

Tel: (44 1793) 785287

Tel: (44 1793) 782179
* provides research, training and consultancy services in disaster management
* special interests include institution building, community preparedness and

emergency management.



Development Planning Unit
University College London
9 Endsleigh Gardens
London WC1H QED
UK
Tel: (44 171) 388 7581
Fax: (44 171) 387 4541
* research and education in development planning, with expertise in the
informal and non-engineered sectors.

Geohazards International
123 Townsend Street #655
San Francisco, CA 94107
USA.
Tel: {1 415) 543 9030
Fax: (1 415) 543 9032
= charitable consultancy dedicated to reducing the social and economic
consequences of earthquakes
+ through the SeismiCity Program, focuses international technical and policy
expertise on specific cities at risk.

Intermediate Technology Development Group (U K.)

Myson House

Railway Terrace

Rugby CV21 3HT

UK

Tel: (44 11788) 560631

Fax: (44 11788) 540270
* promotes disaster mitigation at the community level
= special focus on mitigation in South America.

Ministrie van Verkeer en Waterstaat

Strategische Beleidsgroep

Plesmanweg 1-6

2597 JG Den Haag

The Netherlands

Tel: (31 70) 351 6761

Fax. (31 70) 351 6988
» water resources management and flood control
* publications programme,

Overseas Development Institute
Regent’s College
[nner Circle
Regent’s Park
London NW1 4NS
UK
Tel: (44 171) 487 7413
Fax: (44 171) 487 7590
* independent non-governmental centre for research into institutional and
economic development issues.
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Oxford Centre for Disaster Studies (U K.)
Oxford Brookes University
Gipsy Lane
Headington
Oxford OX3 0BP
UK.
Tel: (44 1865) 819230
Fax: (44 1865) 819455
* provides training, consultancy and research on post-disaster response and
sustainable rehabilitation

University of Delaware
Disaster Research Center
University of Delaware
Newark

Delaware, NJ 19716
U.SA.

Tel: (1 302) 831 4203

Fax: (1 302) 831 2828
» undertakes research on sociological and social research aspects of disaster.

University of Wisconsin-Madison
Disaster Management Center
University of Wisconsin-Madison
432 North Lake Street
Madison, WI 53706
USA
Tel: {1 608) 262 5441
Fax: (1 608) 263 3160
+ disserninates information and training materials, such as self-study courses
and UNDP/UNDHA Disaster Management Training Programme
+ provides professional training, including Disaster Management Diploma
Programme.
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