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1.0
ENVIRONMENTAL HAZARDS AND METROPOLITAN DEVELOPMENT

1. 1
ENVIRONMENTAL CONCERNS

1.1.1
Importance to MPM Goals

Natural hazards such as cyclones, earthquakes, and 
■flooding occur throughout the world and can pose 
major threats to metropolitan areas (Figure HI). The 
social consequences are the most dramatic, and in
clude the loss o-f lives, injuries and displacement of 
persons from their homes and work. These disasters 
disrupt not only individual lives, but also the over- 
al 1 life of the community.

The economic consequences of natural hazards can be 
divided into two levels. The micro level, which 
represents losses to individuals and families, can 
include the loss of property, lands, housing, and 
cash reserves. These losses in-turn cause an in
crease in personal debt and create dependencies on 
municipal social services. In its broadest sense, 
economic losses at the micro level represent a loss 
of opportunity for it often means that individuals 
and families must redirect their effort simply to 
reacquire what they have lost.

At the macro, or community level, economic losses 
necessitate a diversion of resources into reconstruc
tion and rehabi1itation. They increase the public 
debt, delay development, and may retard the extension 
of municipal services.

Natural hazards also may have a cultural signifi
cance. The threat represented by the hazard may 
force adaptations in housing and urban development 
patterns. For example, in flood-prone areas, houses 
may have to be built on plinths or stilts in order to 
prevent inundation. Changes in housing styles may be 
required in order to make houses more earthquake or 
cyclone resistant. Urban development patterns may 
have to be modified to allow for safe zones to be 
created in hazardous areas and the basic construction 
patterns such as the typical Latin pattern of build
ing houses immediately adjacent to each other may 
have to be modified in order to promote better hazard 
resi stance.

IA-EDDTX047 DEVELOPMENT ANALYDIE AND PWODNAMHINE- INC.. M
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1. 1.2
Linkages to Other Environmental Concerns

The management o-f natural hazards is an important 
consideration in environmental planning activities. 
Concerns are usually divided into three areas.

Health - Environmental hazards may pose a threat to 
•facilities necessary to maintain a safe and healthful 
environment. Of special importance in the siting of 
facilities related to the provision of utilities and 
waste disposal areas. For example, sewage disposal 
plants exposed to flooding could spread infectious 
diseases and could contaminate wide-spread areas if 
not protected properly.

Spatial Considerations - Metropolitan development 
patterns and spatial requirements may be affected by 
natural hazards considerations. Unstable hillsides 
may best be developed as parks or open spaces rather 
than housing in earthquake or mud slide zones. Flood 
plains, likewise, should be restricted to low-density 
development such as warehousing or light industrial 
uses that could withstand flooding and recover with
out undue stress on the economy. In earthquake 
zones, housing and subdivision patterns may be al
tered to provide access in escape areas should vio
lent tremors occur.

Safety - Natural hazards pose special threats to 
hazardous materials, nuclear facilities, and toxic 
waste disposal areas. The siting of these facilities 
in relation to threats from natural hazards must be 
given clear attention in metropolitan planning.

1.1.3
Consequences of Neglecting Hazards in MPM

Unless hazard management becomes a routine part of 
metropolitan planning, the following adverse conse
quences are likely to occur:
o Improper siting of facilities - This could occur 

in areas where natural hazards could damage or 
destroy the facility.

o Increase risk - Increased risk may be a result of 
the improper placement or development of areas 
threatened by natural hazards or may be a result 
of induced risk, such as increased flooding due 
to an increase in impervious surfaces (such as 
roofs, roads, etc. resulting from development), 

o Increased disaster recovery costs - If natural 
hazards are not avoided or their impact reduced 
through proper planning the magnitude of the 
disaster and the recovery costs will be much 
greater. Conversely, if hazard management is 
integrated with metropolitan planning routines,

DEVELOPMENT ANALYSIS AMO PROSRAHNIMS, INC. . WARMTMSTQM. DC! 03-21 - 9 I16-ESSTXD47
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post-disaster costs can be substantial1y reduced. 
It should be remembered that the steps to inte
grate hazard management and metropolitan planning 
provide a basis for disaster mitigation and pre
paredness .

o Increased development costs - The cost of pro
tecting built-up areas in hazard zones through 
engineering works or retrofitting of structures 
is much greater than avoiding these areas and 
limiting development within them, 

o Importance of hazard management in relation to 
MPM goals - By integrating hazard management with 
metropolitan planning routines the overall goals 
of metropolitan planning are easier to attain. 
Conversely, without this integration, the cost of 
hazard management would be impossible to attain 
(and probably not politically feasible).

There are a number of options available to metropo
litan planners for controlling and managing hazards 
in the local context. The choice of which option to 
select depends on the type of disaster, whether or 
not there is a warning period, the communities land- 
use needs for a particular site, and what alternative 
sites are available.

1.2
CHARACTERISTICS OF ENVIRONMENTAL HAZARDS

The hazards of primary concern to metropolitan plan
ners are earthquakes, cyclones, and flooding. In 
order to understand each and to successfully inte
grate hazard management and environmental planning it 
is important to understand the effects of each hazard 
and the factors that contribute to making the hazard 
a potential disaster threat.

1.2.1
Earthquakes

Earthquakes occur along the major fault lines formed 
by the intersection of the great tectonic plates. 
The primary effects of earthquakes are: 
o Ground Shaking - This destroys buildings and 

other man-made structures unless special anti- 
seismic design features are incorporated in the 
structures (Figure H2 > .

o Liquefaction - This occurs in loose sandy soils 
with a high moisture content. The soils separate 
and water moves upward giving the surface a con
sistency much like that of quicksand, and heavy 
structures resting on the surface slowly sink 
into the ground.
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FIGURE H2: HOW AN EARTHQUAKE DAMAGES A BUILDINGrs

A vulnerable house consists ol 
heavy materials stacked in place 
without a continuous Irame tor 
remlorcement.

The house moves with the motion 
of the earth during an earthquake, 
creating new stresses in the 
structure.

Built to withstand only normal 
downward gravitational forces, the 
house now is sub;ec'.ed 10 com
plex lateral forces

a

As building componenis la'I apart, 
Ihe roof and walls collapse, bury
ing occupants beneath the rubble
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FIGURE H3! HOW HIGH WINDS DAMAGE A BUILDING
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Secondary effects include: 
o landslides;
o fires which result from damaged electrical faci

lities or chemical or fuel storage facilities 
being damaged;

o tsunamis, which are large seawaves caused by an 
earthquake abruptly moving the ocean floor.

Contributing factors to increasing the level of da
mage are:
o siting of man-made structures on areas subject to 

landslides, liquefaction, or strong ground emo
tion;

o poor construction practices;
o urban designs unsuitable for high risk areas (for 

example the clustering of buildings immediately 
adjacent to each other, thus permitting the 
transfer of forces from one building to another).

1 . 2 . 2
Cyclone®

Cyclones are huge tropical storms in which the air 
moves in a large, tightening spiral around a rela
tively calm center of extreme low pressure (the eye) 
reaching maximum velocity in a circular bank ex
tending outward 30-50 kilometers from the edge of the 
eye. Near the center, winds may gust to more than 
300 kilometers per hour and the entire storm system 
can dominate the ocean surface for tens of thousands 
of square kilometers. Figure HI depicts those areas 
that are threatened by tropical cyclones.

The primary effects of cyclones are:
o damaged to structures as a result of high winds 

(Figure H3);
o damage to communities and marine facilities in 

low-lying coastal areas as a result of wave or 
storm surge damage. (A storm surge is a rapid 
rise in the water, sometimes several meters above 
normal, that can produce flash-flooding in coas
tal low lands. The waves and currents erode 
beaches and barrier islands, undermine buildings 
and wash away roads and other man-made facili
ties. )

Secondary effects of cyclones include: 
o flooding, resulting from heavy rains; 
o mudslides, resulting from supersaturation of 

soils on steep or denuded hillsides.

Factors that contribute to increasing the hazard are: 
o improper siting of buildings and communities; 
o poor construction practices;
o poor development and land-use practices contri

buting to flooding, (see flood section below).

16-ED8TX047 DEVELOPMENT AMALYDIE AND PROO R A M M I N D , INC.. WABHIN8TON, DC I 02-71-84
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1.2. 3 
Floods

Flooding is a worldwide phenomena that threatens many 
metropolitan areas. Floods may result from unusually 
heavy rains during a short period or from sustained 
rainfall over a longer duration. Flooding may be 
increased by factors occurring in areas well upstream 
of the effected area (Figure H4).

The primary effects of floods are inundation of com
munities and structures. Buildings may be damaged 
through:
o water damage;
o undercutting by the streams current; 
o impact damage from floating debris.

Secondary effects of flooding include: 
o mudsli des;
o erosion of land.

The factors contributing to increasing the damage 
levels include:
o poor siting of buildings or communities;
o over development;
o inequitable land tenure practices; 
o poor land development practices;
o changes in the watershed such as over grazing, 

engineering works, etc., that could increase 
flooding downstream.

1.3
METROPOLITAN TRENDS THAT AFFECT HAZARD MANAGEMENT

Poor Urban Planning Practices - Many urban planning 
practices fail to consider the effect various urban 
designs have on lessening or increasing the effects 
of natural hazards. For example, settlements can be 
protected from high winds by placing them behind 
natural barriers such as hills or forests. Converse
ly:, wind speed can be increased by funnel effect.

Inability to Control Squatter Settlements - The in
ability of governments to control access to sites, 
site development, or the structures built in squatter 
settlements, usually results in poor urban design and 
marginal structures. This in turn increases the 
number of people vulnerable to natural hazards.

Inequities in Land Distribution - In many countries 
the lack of access to good safe land and the inabil
ity of governments to provide alternative sites to 
marginal lands forces those seeking urban land to 
locate in marginal areas.

1A-EDDTX047 DEVELOPMENT ANALYSIS AND PNODRAMM1N6, INC., NA8HINDT0N, DCI 02-''l-S4
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FIGURE H42 FLOODING AND ITS CAUSES
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Poor Development Practices - Governments often choose 
to develop marginal sites for low-cost housing be
cause the land is available and often purchase costs 
are less. Sites such as landfills or reclaimed land 
may be unsuitable for housing in areas threatened by 
natural hazards. For example, poorly compacted soils 
may experience liquefaction during earthquakes. Re
claimed coastal zones may be subject to storm surges 
or other types of flooding.

Inability to Control Urban Development - The inabil
ity of governments to stem urbanization results in a 
parallel inability to keep pace with demands for 
sites and housing. To a large extent this is beyond 
the control of metropolitan planners and it must be 
recognized that to improve the situation. increased 
development efforts must take place in the rural 
areas. Nonetheless, unchecked urban expansion les
sens the ability of metropolitan planners to control 
events and results in the proliferation of unplanned 
settlements and poor quality structures.

The Failure of Housing Codes and Zoning - The tradi
tional means of controlling urban development are 
housing codes and zoning. In developing countries 
where the municipal governments are greatly overex
tended and where urban expansion outpaces the ability 
of the municipality to provide serviced sites, these 
control measures have not proved suitable. Alterna
tive methods and controls as well as numerous incen
tives programs need to be considered as alternatives 
for controlling and improving the quality of urban 
development.

1.4
THE MANAGEMENT OPTIONS

1.4.1
Planning and Design Options

There are several options or combinations of options 
available to metropolitan planning authorities for 
managing and minimizing the risk from natural ha
zards. These include:
o Improving the structural performance of buildings 

and other facilities. This can be done by:
- improving designs;
- improving construction techniques;
- incorporating disaster resistant construc

tion methods into new buildings; 
retrofitting existing buildings with hazard 
resistant features.

o Engineering measures such as construction of 
dikes or dams to reduce flooding potential;

DEVELOfHENT ANAL V818 AND PAOBAANHINB, INC., NABMINBTON, DC I 02-21-9*16-ESBTX047
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flood control 
management and
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parameters to include 
where necessary. For 

often depends on proper 
in many cases the water-

include areas outside the flooded zone 
(Figure H5). In order to reduce flooding, coor
dination between metropolitan and regional autho
rities may be necessary.
Introducing urban design concepts that reduce 
risk. Certain urban designs can subst an t. i al 1 y 
reduce risk to buildings and communities in 
general. The orientation and clustering of 
buildings for example, can reduce wind speeds and 
provide protection to leeward buildings. Earth
quake losses can be reduced by limiting the 
height of buildings, increasing the separation 
between structures to reduce transfer of forces, 
and by creating safe zones for evacuation of 
buildings in major tremors.
Environmental management; example, reforestation 
and rangeland management in watersheds.

Environmental hazards can be managed and losses re
duced . However, metropolitan planning authorities 
must. take innovative measures and look for alterna
tives to the planning and control mechanisms now in 
use.

1.4.2
Administrative Options

The range of administrative mechanisms for 
environmental hazards are; 
o

o

a

o

mi ti gati ng 

standards, 

of sites

zoning, building codes, performance 
and other regulatory mechanisms; 
strategic development (or investment) 
and servi ces;
housing education, i.e., the training of home 
builders to improve the quality and performance 
of housing;
code encouragement, i.e., the establishment of 
flexible building standards and providing non
binding construction advice through building 
inspectors to encourage homeowners to utilize 
disaster resistant construction technique; 
financial incentives for using hazard 
construction techniques;
improving coordination between municipal 
ments. Often within municipal governments, 
vidual departments have authority to 
various urban development activities 
consultation with other departments, 
especially a problem when autonomous

i que;
d resi stant

pal depart-
ments, indi-
o undertake
es wi thout

Thi s is
us agencies
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operate within municipal boundaries, 
country for example, the establishment 
medical center with several hectares of 
and parking lots created a flooding 
several kilometers away. To improve 
tion, metropolitan planning authorities 
strengthened.

In one 
of a new 
buildings 
.probl em 

coord i na- 
should be

1 . 4 . 3
Selecting Options that Fit Local Circumstances

All of the control mechanisms listed above require a 
technical understanding of the threats and the possi
ble solutions. The selection of a particular set of 
control mechanisms must be within the economic capa
city of the metropolitan authorities as well as the 
administrative capacity of the municipality to imple
ment the mechanisms chosen. For example, the adop
tion of a building code would be dependent upon the 
capacity of the municipality to carry out enforce
ment. In a case where rapid urbanization and small 
metropolitan budgets would not permit enforcement, 
housing education or code encouragement could be 
chosen as an alternative.

Hazard management controls are not different from the 
normal metropolitan planning and management mecha
nisms. Each of the control mechanisms outlined above 
are normally used in metropolitan planning and man
agement, only hazard management has been added as a 
new dimension.

1 . 5
POLICY COORDINATION

1 . 5 . 1
Key Actors and Agencies

The following public and private bodies play a major 
part in policy coordination. From the diversity of 
these agencies and interests it can be seen that 
policy coordination is a complex problem that re
quires extensive attention in order to increase ef
fect i veness. 
o Municipal Agencies

Mayor or Town Council 
Town Planning Agency

- Housing Authorities 
Public Works Agencies

- Publie Ut i1i t i es
- Financial Planning Authorities of the

o Independent Bodies Operating Within Municipality
- School Boards
- Medical Districts
- Flood Control Authorities (Regional)
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- Water Districts
- Port or River Authorities
- Public Universities

0 Private Sector Bodies
- Major Industries
- Non-Government Organizations
- Housing Finance Organi2 ations (Banks, Co

operatives, etc.)
- Private developers
- Engineers and architects
- Insurance agencies

1 er O

Potential Conflicts and Policy Issues

Unawareness of risk from natural hazards lowers con
cern and the sense of urgency on the part of both 
metropolitan planners and the general populace. 
Thus, a low priority is assigned to managing natural 
hazards vis-a-vis other concerns. This in turn fos
ters a chain of conflicts that hinder not only hazard 
management but also comprehensive metropolitan plan
ning and management. Typically the cycle goes like 
this - unrestricted development creates a high demand 
for housing and the cost of good, serviced land

the demands, authorities must 
can only be done by increasing 
choosing land only marginally 
Increasing density reduces the 

effectiveness of urban design solutions to hazard 
management and increases the need for costly engi
neering solutions. Due to the lack of awareness of 
the risk or concern for the risk, the engineering 
solutions are omitted in the final design and con
struction of the buildings and communities, this 
increasing the number of people at risk.

escalate. To meet 
reduce costs. This 
density and often by 
suitable for housing.

The significance of the conflicts can be demonstrated 
by the fact that the number of people living in 
vulnerable conditions is increasing each year, and 
the magnitude of disasters, i.e., the number of 
buildings and persons affected has tripled in the 
last decade. Furthermore, the disruption to national 
economics from the impact of widespread disasters in 
metropolitan areas has significantly increased.

The primary issues in policy coordination are:
o who has authority or responsibility to develop or 

b u i 1 d 5
o what land is developed;
o which agency controls development, i.e. who makes 

the trade-offs and, for metropolitan hazard man
agement, who decides the significance of the 
r i s k;

o the quality standards of the development;

1A-ESSTX047 DEVELOPMENT ANALYSIS AND PAOSRAnniNS, INC., NASHINATOM, DCI ©2-!*!-**
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o how conflicts are resolved and policies 
nated.

coord i

1.5.3
Options for Resolving Conflicts

The prerequisites -for resolving 
metropolitan hazard management 
planning and management are: 
o

conflicts between 
and, metropolitan

o

o

to improve the information 
about the risks and the potential 
ignoring'the risks;
to improve the general awareness of the 
and the potential for adverse impacts.

gathering capacity 
consequences of

haz ards

The options for resolving conflicts are:
o to strengthen the capacity of metropol i tan Pi

ning and m a n <agemerrt authorit:ies, to col 1ect
for mat i on and prepare policy <□pt i ons;

o to establi sh ior expand mechan:isms for formu1at
and coordi. nat inq policies;

o to ex pand the muni cipalities-’ capac i ty to ut i 1

i n 

policy implementation such as codes, 
incentives, strategic investment, 
etc. ;
to improve coordination 
ning bodies and private 
ter est. s.

f i nanci al 
educati on,

between municipal plan- 
sector development in-

One model which has been used successfully in large 
metropolitan areas is to establish a hazard manage
ment commission within the municipal government. The 
staff is formed by a small permanent staff of hazard 
management specialists with the remainder of the 
staff being obtained from the municipal agencies and 
departments with responsibi1ities relating to hazard 
management and/or development. These personnel are 
rotated on a periodic basis so that they return to 
their ministries with experience in hazard management 
and on expanded awareness of the problems. The com
mission reviews all development plans and comments on 
potential conflicts.

For smaller governments of those with financial re
strictions, expertise in resolving conflicts may be 
found outside the government. Options include: 
o use of consultants;
o use of university personnel;
o use of personnel from national hazard management 

agenci es;
o sharing of personnel between municipal govern

ments in the same region;
o utilization of regional hazard management autho

rities in an advisory capacity.

1A-EBBTX047 DEVELOPMENT ANALYSIS AND PNOSRANNIMB, INC., MASHIM8T0M. DCJ 03-3?-•«



CNVIAONHENTAL SUIOCLIMKS VOL. It RAse |_| ^ 'T,*

In the Dominican Republic an interesting concept has 
been utilized. A group of private institutions have 
established and organization to provide hazard man
agement services to the government. This group is 
structured similarly to a planning agency and has the 
capability of carrying out a full range of planning 
and environmental management studies. Through agree
ments with the government, this agency provides non
binding reviews of all major development plans and 
draws attention to potential hazard and metropolitan 
planning conflicts.

Whatever mechanisms are chosen for institutionalizing 
hazard management, it is important that the ultimate 
decision-making authority be assigned to one specific 
agency. Failure to do so will result in an inability 
to resolve the conflicts.

1 . 6
INFORMATION MANAGEMENT

The primary tool for operationalizing hazard manage
ment is the the hazard management study. In essence 
these provide the data base that enables planning or 
hazard management authorities to determine what con
flicts may arise and how best to resolve them. (An 
outline for a typical hazard management study follows 
i n part 2.0.)

Information collection in management is one of the 
most important factors in managing environmental 
hazards. Without an adequate data base and the ac
tive exchange of information between agencies, metro
politan hazard management is difficult.

Steps to manage information are:
o determine what information is needed for hazard 

management;
o determine what information is needed for coordi

nation with other environmental concerns; 
o determine the status of existing information

- where the data is available?
- how the data is collected and stored; and
- how it is shared?

o identify the information gaps and assign appro
priate agencies to remedy the deficiencies.

1.6.1
Information Resources

To determine the location of hazards and the threat 
they pose to metropolitan environmental concerns, a 
wide variety of data must be collected, mapped, and 
then correlated with projects and other regional 
plans. The following is a list of essential informa-

16-E81TX047 OCVCLORNENT ANALYSIS AND RNOSNANHINS, INC. N ASH 1NSTON. PC » 0 2 - 2 1 -SO
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various countermeasures.

FLOODS

Information Resources Sources

Base Maps Public Works Department 
Geological Surveys 
Agr i cul t.ur al Ministries 
Military Engineers 
River Basin Authorities 
Hydroelectric Companies or 
Agenc i es

Topographic Maps National and State 
Geological Surveys 
Military Engineers

Soils Maps Geological Surveys 
Ministries of Agriculture 
Military Engineers

Vegetation Maps Ministries of Agriculture 
Geographic Surveys 
Departments of Forestry

Hydrologic Maps Eng i neer i ng Organ i. z at i ons 
R i v er B a s i n A l a  t h o r i t. i e s 
Specialized Flood Control 
Agenci es

Land-Use Maps Regional Planning
Author i t ies
Metropolitan Planning
Authori ties
Taxation Bodies
Urban and Regional Planning
Author i t. i es

Aerial Photos Commercial Resources 
Engineering Companies 
Planning Authorities 
Military Authorities

LANDSAT Imagery AEROS Data Center, Sioux 
Falls, SD or 
Regional LANDSAT Data 
Centers

Road Map>s Public Works Departments 
Highway Authorities

Utilities Maps Utility Companies

Hydrologic Data Public Works Departments

1 & - E B 8 T X 0 4 7  D E V E L O P M E N T  A N A L Y S I S  A N D  R R O B R A H H I N B ,  INC., N A S H  INSTJIN, SCI 0 2 - 2 I - R 4
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Subdivision Development 
Maps

Private Developers
City Planning Departments

EARTHQUAKES

Information Resources Sources

Fault Maps 
Epicenter Maps 
Isoseismal Maps

Geophysics Institutes 
Un i versi ties 
Earthquake Engineering 
Soc i et i es

Seismic Zones S< 
Mi cro-Zones

Geophysics Institutes 
Uni versi ties 
Earthquake Engineering 
Soci et i es
Insurance Companies

Bathymetric Maps Harbor Authorities 
Coastal and Marine Agencies 
Marine Navigation 
Harbor and Naval 
Author i t i es

Topographic Maps National and State 
Geological Surveys 
Mi 1 i t.ary Engi neer s

Soils; Maps and Maps 
Dep i c t. i ng Geo 1 ogy 
Substructure

Geological Surveys 
Ministries of Agriculture 
Military Engineers

Land-Use Maps Regional Planning
Author i t i es
Metropolitan Planning
Author i t i es
Taxat i on Bod i es
Urban and Regional Planning
Author i t i es

Maps that depict locations of critical facilities, 
structural conditions of housing, linear systems 
(such as power transmission facilities, pipelines, 
water and sewer lines, etc.) and transportation faci
lities or networks within the metropolitan area 
should also be acquired.
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Information Resources Sources

Information about 
past windstorms Meteroloqical Office 

World Meterological 
Organization Regional 
Hurricane Research Centers

Topographical Maps National Geographic Office 
Geological Surveys 
Military Map Services

Drainage Systems (See previous section on 
Floods^ for sources)

Land-Use Maps Regional Planning
Author i t i es
Metropolitan Planning
Authorities
Taxation Bodies
Urban and Regional Planning
Author i t i es

Bathymetric Maps Harbor Authorities 
Coastal and Marine 
Author i t i es 
Marine Navigation 
Port and Naval Authorities

Tide Tab1es Port Authorities 
Marine Navigation Agencies 
Military Agencies 
Commercially Available 
A1manacs

Maps of Landslide 
Zones ,* Geological Surveys or 

Hazard Management Agencies

Flash Flood Zone Maps Disaster Preparedness 
Agenc i es
Watershed Authorities 
Geological Surveys

Storm Surge Run-up 
Zones Disaster Preparedness 

Agenci es
Military Engineers

Subdivision Develop
ment MapsOr Metropolitan PIanni ng 

Authorities 
Private Developers
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1 . 6 . 2
Analysis Techniques and Applications

Once the various in-formation i dent i-fi eel above has 
been collected metropolitan planners may utilize the 
following routines to determine risk and potential 
impact of the various natural hazards.

FIood Routi nes:
o

o

o

o

Nap the high risk areas by 
topography, soils, vegetation 
Nap the vulnerable zones by 
where flooding is likely to 
major negative impact on human settlements or 
structures.
Overlay the map of vulnerable zones with maps 
depicting critical facilities, population 
ters, urban development projects or other 
of concern to the metropolitan planner.
Determine priority areas for action.

equating rainfall, 
and hydrology.
identifying areas 

occur and have a

cen- 
i terns

Earthquake Routines:
o Determine the high risk areas by mapping the past 

seismic occurences, epicenters and isoseismal 
d a t a .

o Prepare hazard maps by equating the risk to human 
endeavors that would be susceptible to damage in 
an earthquake and to environmental features that 
could be adversely affected such as steep slopes, 
earthen dams, etc.

o Overlay the vulnerabi1ity maps with population, 
project and critical facilities maps.

o Identify population, building or human settlement 
trends that would affect future vulnerability.

o Determine priority areas for action.

Windstorm Routines:
o Nap the high risk areas by equating topography, 

soils, vegetation and hydrology, 
o Nap the vulnerable zones by identifying areas 

where high winds and flooding are likely to occur 
within the metropolitan area and have an impact 
on buildings or other man-made structures, 

o Overlay the map of vulnerable areas with maps 
depicting critical facilities, population cen
ters, projects or other items of concern within 
the metropolitan area, 

o Determine priority areas for action.
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2 .0
TYPICAL LOCAL SCENARIO: TECHNICAL ISSUES AND SOLU
TIONS

The -following .i s a typical scenario demonstrating the 
application of the hazard management routine in a 
local context.

2 . 1
NEW HOPE - A HYPOTHETICAL TOWN

The town of New Hope is a large metropolitan are 
located on a coastal plain adjacent to the sea. I 
is a major shipping port, and an international trade 
center. In recent years it has experienced pheno
menal growth, and because the city has been unable to 
keep pace with development and because the cost of 
land is extremely high, large numbers of squatters 
settlements have developed. Three are of major con
cern. The first is located in the flood plains;, of 
the river that divides the city; the second is lo
cated on the steep slopes of the foothills that 
comprise the northern boundary of the city; and the 
third is located close to the beach on a landfill 
that had only recently been completed prior to its 
illegal occupancy by the squatters.

NEW HOPE IS THREATENED BY FLOODS

After heavy rains, residents of the squatter settle
ment in the flood plains inform the municipality that 
flood waters have inundated a small portion of the 
settlement. The municipality is concerned because 
this area has not been flooded in the past.

The Public Works Department is directed to look into 
the matter. They collect data and map the metropo
litan watershed. Of special concern and interest are 
changes in land-use upstream of the squatter settle
ment. The department notes that rapid growth has 
occurred in several sectors upstream and that in-

of run-off have been noted in 
PWD then contacts the Town 

to obtain information on new 
watershed. It is noted that 

new subdivisions are planned and a new uni- 
wit.h large parking lots are under construe-

creases in the level 
all the tributaries 
PI anni ng Depar t men t 
developments in the 
several 
versity
tion. It is also-noted that there are plans to build 
an airport several kilometers north of the city.

Contact is established with the national Ministry of 
Agriculture to determine land-use changers occurring 
in the watershed to the north of the? metropolitan
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area. It is noted that because of fuel costs, de
forestation has increased in the mountains in the 
upper portion of the watershed and efforts to control 
def or est. at i on have been unsuccessful.

Town 
hydr 
with 
stud 
shed 
chan 
onl y 
t h r e 
bei n

PIanni n 
ology in 
the Regi 

y of hydr 
The

ges in th 
in the 

aten a n 
g planned

g authorizes PWD to conduct a study a 
the metropolitan watershed and contracts 
ona.1 Watershed Authority to carry out a 
ology in the upper reaches of the water- 
two studies determine that land-use 

e watershed will increase flooding, not 
original area of concern, but also will 
ew government low-cost housing project 
in an area adjacent to the flood plain.

At this point, the conflicts the municipal government 
must resolve are whether or not: 
o to move the airport?

to move the squatters?
to move the government housing proiect;
to stop subdi vi si on devel opmentin t he upper 
regions of the watershed;
to ask the national government to build dams or 
other flood control measures north of the citv to 
control flooding?
to build levees within the municipality to pro
tect the existing areas and, if so,, were to 
1 oc:ate the 1 evees ?
to channelize and deepen the stream in order to 
increase run-off capacity.

In this scenario let us assume that the deforestation 
upstream is beyond control and the subdivision deve
lopment currently planned will only contribute mini
mally to the flood problem and that the university 
and its parking lots would contribute only to flash 
f 1 o o d i n g in t h e s g u a t. ter settle m e n t.

Biven these choices, it is probable that the metropo
litan planners in New Hope would choose the tollowinn 
alternatives: *
° continue work on the airport;

to halt construction on the new housing project 
for low income people;

° to change density levels in the new subdivision 
to reduce the discharge into the stream;

D to build levees in order t.o protect a portion of 
the squatter settlement;

o to provide alternative land and economic assis
tance in order to relocate the portion of the 
squatters who would still reside within the flood 
p 1 a i n .
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A NEARBY CITY IS DAMAGED BY CYCLONES

Cyclones damages to a nearby city cause planners to 
evaluate the impact of a cyclone on New Hope. The 
Town Planning Department is ordered to do a study of 
the potential impact. The Department collects data 
and requests that the Housing Authority conduct a 
housing vulnerabi1ity study within the metropolitan 
<=<rea. At the same time, the Planning Department 
commissions a study of potential storm surge run-up 
zones along the coast.,

The result of- the findings are as follows: 
o few owner-built homes can withstand the forces of 

hi gh winds and damage to over- of the build —
ings within the metropolitan area can be ex
pected ;

o the areas most exposed are squatter settlements 
on thE: coast and in the ravi nes! 

o the squatter settlements on the coast. are also 
threatened by storm surge run-up; 

o flooding caused by heavy rains proceding a cy
clone could reduce the chances of a successful 
evacuation of the squatter settlements on the 
coast;

o new housing settlements proposed by the govern
ment in low-lying areas adjacent to the squatter 
settlements are threatened by both winds and 
storm surge;

o a proposed refinery on the coast is also threat
ened by storm surge and high winds.

Given these findings the metropolitan planning autho
rities must now decide whether or not: 
o to upgrade the existing housing stock;
o to replace the existing housing stock;
o to relocate threatened communities; 
o to build levees to protect communities threatened 

by a storm surge;
o to build levees to protect the refinery from the 

storm surge;
° to build evacuation shelters within the threat

ened sguatter settlements to provide a refuge for 
people in the event, of a cyclone.

These conflicts might be resolved as follows:
° In areas subject to wind damage, housing educa

tion programs designed to teach builders how to 
retrofit existing houses and improve the quality 
of new construction to a more wind resistant 
standard would be initiated, 

o New development in threatened areas would be 
prohibited and other land uses initiated to re
strict the possibility that squatters would take 
over and expand the existing settlements.
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a The government would elect not to build shelters 
because safety could not be guaranteed and the 
presence of shelters would make evacuation to 
safe areas more difficult. To encourage evacua
tion, shelters outside the areas would be estab
lished and additional roadways and evacuation 
routes from the existing settlements would be 
constructed.

a Alternative land would be acquired and financial 
assistance would be extended to persons within 
the squatter settlement to enable them to relo
cate to the safer site. - Squatters in the ravines 
would also receive high priority for relocation 
to other areas.

o Where feasible, engineering works such as levees 
and bunds would be installed to protect those 
remaining in the coastal settlements, 

o The refinery on the coast, would be prohibited.

2.4
NEW HOPE IS INFORMED ABOUT EARTHQUAKE RISK

The national government completes an assessment of 
earthquake risk and determines that. New Hope is in a 
high risk area. At the urging of the national Disas
ter Preparedness Agency, the municipality decides to 
undertake an earthquake hazard analysis.

The Town Planning Department contracts with a consul
ting firm to complete a microzonation study of the 
community. When that, is completed, other consultants 
are retained to complete a housing vulnerability 
analysis, a lifeline vulnerability analysis and a 
structural analysis of multi-story buildings in the 
central business district.

The findings of the various studies are: 
o that 307„ of the housing is vulnerable to damage 

from earthquakes;
o that 257. of multi-story buildings are vulnerable; 
o many critical facilities are located on hazardous 

sites. Of major concern are:
- a municipal reservoir and dam situated di

rectly on a fault;
- a power generating station situated on a 

site with a history of liquefaction;
- the proposed refinery would also be situated 

on a site with a history of liquefaction;
o the squatter settlements located on hillsides and 

r a v i n e s wo u 1 d to e v u 1 ner able to e a r t. h q u a k e i n d u c e d 
1 andsii des;

o the vast areas of the metropolitan area situated 
along the coast are sited on soils subject to 
1 i quefaction.
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The choices -facing the metropolitan planning authori
ties are:
o to replace or retrofit housing to make it more 

earthquake resistant;
o to retrofit or condemn high rise buildings; 
o to relocate, replace or retrofit critical facili

ties;
o to relocate the squatter settlements situated on 

vulnerable sites;
o to prohibit the construction of the refinery; 
o to relocate housing located below the dam.

A typical set of decisions that might be made, given 
these circumstances are:
o to alter the building code to incorporate earth

quake resistant designs standards; 
o to develop flexible building standards for owner- 

built structures;
o to encourage residents to retrofit buildings and 

bring them up to an earthquake standard through 
housing education, code encouragement and finan
cial incentives;

o to improve building code enforcement for high 
rise structures;

o to phase out and relocate critical facilities 
located on hazardous sites; 

o to acquire alternative land for the residents of 
the hillside squatter settlements and encourage 
them to relocate through economic assistance and 
housi ng pr o j ec: t s;

o to restrict new development below the dam and 
initiate programs t.o gradually reduce the density 
in that area;

o to alter the urban design standards in the cen
tral business district and to gradually encourage 
the development of more open space in the area; 

o to take no action in squatter settlements in the 
coastal zones, but to discourage further develop
ment on the sites where liquefaction would be a 
pro'b 1 em.
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