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1

Introduction

James K. Mitchell

The Great Hanshin earthquake of 17 January 1995 was a signal event in
the history of urban disasters." Not only was it Japan’s most deadly and
destructive natural disaster in over 70 years,? it also raised disturbing
questions about existing hazard-management policies and programmes
that had been regarded as among the most effective in the world. Despite
decades of attention to the goals of hazard reduction by Japanese gov-
ernments, industries, and citizens’ organizations, over 6,000 residents of
the country’s second-largest metropolitan area® were killed, 10 times as
many were injured, and large parts of the Kobe—Osaka urban region
experienced heavy damage and disruption.* Fires took hold rapidly and
burned out of control, structures and lifelines that had been designed and
built to hazard-resistant standards gave way, emergency management
operations failed to live up to expectations, and recovery programmes
dragged on well beyond their anticipated termination dates.> Not since
the massive Kanto earthquake of 1923 devastated Tokyo and Yokohama
has a major Japanese urban area been so grievously stricken by natural
disaster. Indeed, this was the first time that Japan’s annual disaster death
tolls have climbed back above double digits into the thousands since the
Ise Bay typhoon of 1959 killed over 5,000 people and triggered a major
restructuring of the country’s hazard-management systems. Economic
losses may have exceeded a staggering US$100 billion!®

The Hanshin earthquake is just the most recent in a string of natural
disasters that have inflicted unprecedented losses on very large cities

1



2 JAMES K. MITCHELL

Table 1.1 Recent natural disaster losses in mega-cities

Year Location No. of deaths Cost (USS$ billion)
1985 Mexico City 5,000-10,000+ ?

1989 San Francisco Bay, CA 62 8

1991 Oakland, CA 25 2

1992 Miami, FL 38 30

1994 Northridge, CA 57 20

1995 Kobe, Japan 6,300 100+

Sources: Official loss estimates provided by various national and international
agencies.
Note: Figures are best available estimates.

(table 1.1). Often these have involved earthquakes, but hurricanes and
wildfires have also led to heavy losses. Though the upward trend in eco-
nomic losses is most striking, death tolls have also been substantial. These
events have far-reaching implications for much of the world’s population.
Among others, they suggest that cherished notions about the security of
cities in the face of natural extremes are no longer tenable and that dis-
asters in large cities are likely to pose troubling new problems for society.
Viewed against the emergence of a predominantly urban world where
people increasingly live in giant urban agglomerations (i.e. mega-cities”),
recent disasters also underscore the potential for even larger losses in the
future.

This book focuses on natural hazards and disasters in mega-cities partly
because of their potential for catastrophe. That does not mean that other
kinds of hazards are incapable of producing urban catastrophes. Wars
have frequently been associated with large-scale destruction of urban
areas, especially in the twentieth century (e.g. Hiroshima, Dresden,
Phnom Penh, Kabul). Political terrorism and crime are also potent agents
of urban destruction. So too are hazardous industrial technologies (e.g.
Bhopal, Texas City). In view of this record, why single natural hazards
out for special consideration?

The answer is that natural hazards are joint products of nature and
society. Unlike the other threats just mentioned, they are only partly
created by humans.® This gives them a special role in debates about
humanity’s future because they are not, ipso facto, entirely susceptible to
human will. They represent an “‘other’ that can be modified by humans
but is not ultimately reducible to a human construction, in either the
material sense or the mental one. In other words, natural hazards invite
humans to recognize that our knowledge of the Earth and its peoples is
incomplete, uncertain, disjointed, and subject to penalizing contingencies
beyond our control. It is likely to remain so in the foreseeable future. We
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should prepare our institutions and environmental management strat-
egies for the twenty-first century with this firmly in mind, especially in the
mega-cities that will likely become the pivots of global society. For mega-
cities are, in effect, crucibles where new kinds of hazards are being fash-
ioned and old ones reshaped so that existing ways of dealing with both
are thrown into doubt.

Crucibles of Hazard explores the emergence, re-emergence, and
transformation of environmental hazards in contemporary mega-cities.
Although this process is driven primarily by changes in the location, size,
structure, and functions of cities and in the composition of city pop-
ulations, many other factors — including global economic restructuring
and global environmental change — are also involved (International Dec-
ade for Natural Disaster Reduction, 1996). As table 1.1 shows, leading
indicators of the transformation are already detectable. However, the
complete results of this large-scale experiment in Nature—Society rela-
tions will not be clear for decades to come.

The thesis that natural hazards are joint products of nature and society
is one of two main principles that underlie this volume. The other is that
mega-cities are intensely human-constructed environments that — to
varying degrees — shield their inhabitants against natural processes. When
the shields are inadequate, as is often the case for poor populations in
many third world cities, the human engagement with hazard can be
immediate, personal, and highly unpleasant (Main and Williams 1994).
But, for most people in large cities and for most of the time, extremes of
nature are experienced indirectly in the form of signs and symbols that
act as cues to thought and behaviour. In other words, mega-city residents
are constantly bombarded with information about hazards — which is only
occasionally put to the test by actual events. Unlike the simpler hazard-
scapes of rural areas and small towns, evidence of mega-city hazard
crowds in upon the senses, demanding consideration of many different
threats and responses: direct and indirect; past, present, and future; real
and imagined; stated and implied — often in startling juxtaposition.

An hour’s drive along the Tijuana—San Diego urban corridor provides
many examples. Here, in one of North America’s fastest-growing mega-
cities,® a plethora of natural and human-created risks is embedded in a
jumble of contrasting neighbourhoods, institutions, and peoples from the
first and third worlds. Evidence of hazard is plentiful — though often
contradictory, ambiguous, and paradoxical. In one locality, affluent
homes crowd along an eroding beach in the shadow of a massive bullring.
Minutes away, new cars topped with surfboards and golf bags stream
through an expressway cutting that is overhung by droop-shouldered
wooden shacks clinging to a much-eroded slope. Nearby on an outdoor
movie set, a large-scale replica of the ocean liner Titanic is poised in the



4 JAMES K. MITCHELL

act of sliding beneath the Pacific, within sight of a tollroad where wrecked
vehicles have been placed in conspicuous positions to caution unwary
drivers. Concrete flood-control works line the course of the Tijuana River,
which usually carries only a trickle of heavily polluted water that is ulti-
mately returned, untreated, to Mexico via a pipeline from the United
States. Signs on US Interstate 5 warn motorists to beware of colliding
with illegal immigrants, most of whom now prefer to avoid this well-
patrolled road and to risk death from exposure in barren mountains that
gird the metropolis. Further north, submarines and aircraft carriers ply
navigation channels past slumping coastal bluffs and endangered migrat-
ing whales. Visitors to the San Diego Historical Museum learn about the
central role of droughts and floods in the city’s history, while the building
— hastily concocted as a temporary exhibit for a 1915 Exposition —
vibrates in the wake of large passenger jets threading down through hills
and houses to land on a city-centre runway. These examples do not
exhaust the range of hazards that occur in just one mega-city, but they are
sufficient to illustrate a typical cross-section of threats and to hint at the
complexity of contributory factors that must be taken into account by
populations at risk and by urban managers. In the contemporary mega-
city, knowledge and ignorance of threats help to shape the burden of
hazard; so do affluence and poverty; human propensities for taking and
avoiding risks; professional training and political adroitness; intended
actions and unintended reactions; lessons from past realities and hopes of
idealized or fantasized futures, as well as many other factors.

Global scientific, engineering, and hazard-management organizations
have taken note of the increasing disaster potential of mega-cities (Ichi-
kawa, 1995). While curiously silent about natural disasters, the global
community of urban leaders, urban managers, and urban researchers has
focused attention on other human crises of mega-cities such as rapid
population growth, chronic unemployment and underemployment, inad-
equate housing, poor public services, weak pollution controls, danger-
ously decaying infrastructures, fractious relations among different ethnic
and racial subpopulations, and insufficient citizen access to decision-
making systems (see Postscript). To many observers, the crises and dis-
asters of humankind and of Nature are interrelated; a comprehensive
approach to all kinds of urban environmental hazards — natural, techno-
logical, biological, and social — is warranted. However, efforts to reduce
the burgeoning natural hazards of mega-cities have been slow to develop
and joint initiatives to address the full range of mega-city hazards have
not yet occurred. More progress is urgently needed. This book is a con-
tribution to the task.

Crucibles of Hazard is based on a set of invited papers delivered at the
International Conference on Megacities and Disasters (Tokyo, 10-11
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January 1994) and subsequently updated for publication. The conference
was sponsored by the United Nations University, which is also engaged in
a broad range of projects on mega-cities.’® Initial contributed papers
were later supplemented by others to provide a wider spread of case-
studies drawn from different parts of the world. The Tokyo conference
also functioned as a springboard for initial studies carried out by
the International Geographical Union’s Study Group on the Disaster
Vulnerability of Megacities (Parker and Mitchell, 1995; Mitchell, 1995;
see also other articles in special issues of GeoJournal, November 1995,
and Applied Geography, January 1998, Vol. 18, No. 1).

The core of the book consists of 10 chapters that highlight environ-
mental hazards in specific mega-cities on five continents. The case-studies
are: Tokyo, Seoul, Dhaka, Sydney, London, Lima, Mexico City, San
Francisco, Los Angeles, and Miami. The emphasis is on geological,
meteorological, and hydrological hazards, but biological, technological,
and social hazards are also addressed. A wide spectrum of places and
communities is included (table 1.2). There are older slow-growing cities
in more developed countries (e.g. London) and newer fast-expanding
ones in less developed countries (e.g. Dhaka). Half of the cases are drawn
from English-speaking states that share many other cultural traits (the

Table 1.2 Profiles of case-study cities

Annual
Population  population Economic

City” (million) growth (%)  Political function  function®
Tokyo 26.8 1.40 National capital Global city
Seoul 11.6 1.98 National capital World city
Dhaka 7.8 5.74 National capital -
London 7.3 0.00°¢ National capital Global city
Sydney 3.6 0.47 - World city
Lima 7.5 3.30 National capital -
Mexico City 15.6 0.78 National capital World city
San Francisco 3.9 1.24 - World city
Los Angeles 12.4 1.72 - World city
Miami 2.1 1.67 - World city

Sources: United Nations Commission on Human Settlements (1996), pp. 21-22,
451-456; World Resources Institute (1996), pp. 10-11; Brunn and Williams
(1993), p. 19.

a. Mega-cities in less developed countries are underlined.

b. Global cities are commanding nodes of the global economic system; world cities
articulate large national economies into the global system.

c. Not known, but assumed to be static.
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United States, the United Kingdom, and Australia) and half from cultur-
ally varied Asian and Latin American countries. Two of the world’s most
populous urban centres are included (Tokyo and Mexico City) together
with a variety of smaller cities (e.g. Miami and Sydney). Some of the case-
study cities are fulcrums of the international economic system (e.g. the
“global cities” of Tokyo and London) whereas others are less strategi-
cally placed (e.g. Lima), but most can be counted among the so-called
“world cities.” Apart from the three US cases and Sydney, the cities are
national capitals and the biggest urban agglomeration in their respective
countries.

All of the case-study cities are acknowledged to be “large” or “very
large,” with populations ranging in size from 2 million to nearly 27 mil-
lion. Precise rankings by size are unavailable and may be misleading
because territorial definitions of cities are not consistent. The case-studies
employ the definitions and size criteria that are used in the different
mega-cities. The results may or may not be the same as those found in
standardized city rankings published by the United Nations or other
sources (see appendix 1). Thus, here Tokyo (i.e. the Tokyo Metropolitan
Region) contains around 27 million people and London (i.e. Greater
London and the Outer Metropolitan Area) houses approximately 13
million. Likewise, the urbanized area of Dhaka is 155 sq. miles whereas
that of Los Angeles is 34,000 sq. miles. To some extent, gross disparities
such as these are a function of choices made by the experts who establish
urban classifications, but they also reflect real contrasts between sprawl-
ing automobile-based cities in more developed countries and compact
animal-powered ones in some less developed countries.

The case-study authors are drawn from various countries and pro-
fessions. Half (six) are geographers trained and working in the United
States or the United Kingdom. The authors of the Asian and Latin
American case-studies come from other fields: urban studies and urban
planning (Kumagai, Nojima, Puente); anthropology (Oliver-Smith);
landscape architecture (Kim); and development planning (Huq).

In chapter 2, I contend that mega-city hazards are difficult to address
not just because urban natural processes are complex or because there
are many competing urban issues, but also because urban areas are
changing rapidly. I believe that the members of hazard interest groups
and urban-management interest groups are typically mobilized by differ-
ent contingencies and separated by wide gaps of experience, training,
problem conceptualization, and professional outlook. Before hazard-
sensitive urban sustainability can become a reality, the potential for
mobilizing action in response to varied contingencies must be known and
the gaps that separate the interest groups must be bridged. I liken the
task to one of managing contacts between mutually unfamiliar cultures
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and I recommend that the goal of reducing mega-city hazards be pursued
in concert with the resolution of other problems that face these places.

The case-studies begin with Tokyo, one of the premier ‘‘global” mega-
cities, one of the most hazard prone, and one that possesses a highly
sophisticated system of hazard management. Chapter 3 reviews the far-
reaching influence of management policies for earthquakes, fires, and
related hazards on the development of Tokyo during the past century.
Yoshio Kumagai and Yoshiteru Nojima point out that the city is now
undergoing its third major rebuilding since the Great Kanto earthquake
of 1923. Whereas the once frenetic pace of national legislation on hazard
management seems to have slowed, the government of Tokyo continues
to plan for and implement many metropolitan hazard-reduction policies.
These undergird a three-tiered strategy that combines: (1) extensive
training of citizens to assume immediate responsibility for local hazard-
fighting in the event of a sudden disaster; (2) land-use and building con-
trols that permit evacuation and sheltering of exposed populations while
retarding the spread of acute hazards; and (3) advanced prediction and
warning systems that are intended to be linked with burgeoning tech-
nologies for the prevention of disasters. This chapter reflects the unique
blend of inputs from science, technology, government, management, and
citizen action that has been the hallmark of Japanese approaches to
urban hazard reduction for many decades and that has been held up as a
successful example to others. It was prepared before the Hanshin earth-
quake levelled much of Kobe and called into question widely held
assumptions about the appropriateness of existing Japanese policies.
Whether this system will continue unchanged in the light of Kobe’s
unwelcome experience remains to be seen.

Though floods, storms, and landslides are among the natural hazards of
Seoul, they are neither as widely recognized nor as well documented as
other environmental problems such as air pollution, traffic congestion,
and shortages of affordable housing. But floods have inflicted substantial
damage since the Second World War and — without proper attention —
are likely to move into the front rank of Seoul’s public concerns early
in the twenty-first century. In chapter 4, Kwi-Gon Kim reaches this con-
clusion by way of a quantitative flood hazard assessment based on Geo-
graphic Information Systems that is believed to be the first of its kind
employed in this city. A number of factors suggest that existing meas-
ures for reducing floods are already severely constrained. Flash-flooding
challenges current prediction systems, engineering works are subject to
failure, and there are no flood-control reservoirs in the surrounding hills.
In addition, adequate flood insurance is unavailable in Korea, natural
hazards are not taken account of in Seoul’s master development plan or
in local action plans, and flood-risk zoning is unheard of by those who
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manage municipal lands. Without a more determined effort to incorpo-
rate flood hazards into future development strategies, the prospects are
for fast-rising losses.

From the viewpoint of effective public programmes for hazard reduc-
tion, the situation in Dhaka (chap. 5) is considerably worse than in
Seoul. Not only is the city surrounded by areas that are at grave risk from
severe storms and vast floods; it also faces multiple burdens of very rapid
population influx from rural communities, grinding poverty, under-
financed and inefficient urban services, and a disadvantageous location on
the periphery of the global market-place. Saleemul Huq offers an over-
view of these problems that underscores the links between rural hazards
and urban ones, and between local hazards and the global economy. He
also illustrates the importance of dykes and embankments not just as
flood-protection works but as centrepieces of planning strategies for land
reclamation in support of urban expansion and as barriers to the drainage
of polluted water that becomes trapped behind them. Increased industri-
alization is beginning to displace inner-city residences and to fill the last
remaining buildable spaces within existing municipal boundaries. The city
now seems poised on the edge of a major expansion phase that will push
new developments into locations that were once subject to frequent
floods and now are likely to be affected by less frequent but larger events.

John Handmer explores the growing vulnerability of Sydney to an
expanding list of environmental hazards and addresses the implications of
these for urban sustainability (chap. 6). He organizes the analysis around
several contradictions. One is the national myth of Australia as a land of
severe natural hazard, which does not match the experience of a city
where such problems have not historically been very serious. Second is
a carefully nurtured image of Sydney as a vibrant centre of hedonistic
recreation, high culture, and international investment, which sits uncom-
fortably with the daily realities of life in sprawling undistinguished
neighbourhoods that are chronically underserviced, subject to growing
social polarization, increasingly polluted, and at risk from environmental
extremes. Third is the ambiguity that surrounds the concept of planning
in Australia; planning is often paid a kind of lip-service that undermines
its effectiveness, so that formally “planned” communities are frequently
less well matched with their environments than those that grew fortui-
tuously. These and other contrasts throw up challenging questions about
Sydney’s prospects for a sustainable future. How, for example, can
organizations whose purpose is to protect lives and property against
immediate environmental hazards contribute to the achievement of
urban sustainability when their actions usually have the effect of but-
tressing people and encouraging behaviours that are undermining longer-
term environmental stability? Handmer’s assessment is that without
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institutional and attitudinal reforms Sydney faces an uncertain future.
Today, different types of acute hazard are generally well managed by
narrowly specialized agencies. However, neither these bodies nor any
foreseeable alternatives seem capable of dealing with the growing num-
ber of chronic slow-developing hazards that are emerging to threaten this
mega-city.

London (chap. 7) has been a major city for almost 1,000 years and a
mega-city for almost 200. During its history different types of disaster
have severely damaged the city including, among others, disease epi-
demics, fires, floods, windstorms, and aerial bombardment. But, as
revealed by Dennis Parker, the lessons of these experiences have fre-
quently not been incorporated into improved hazard-management poli-
cies and programmes. Hazards are typically — and erroneously — viewed
as problems that are separable from their social, economic, and political
contexts. Instead of comprehensive responses that target the linkages
among different contributory factors, the dominant approaches are
usually incomplete, piecemeal, and poorly coordinated. In the coming
decades, increased exposure to risk and differential vulnerability among
the city’s multiple interest groups are likely to be the driving forces in the
hazards adjustment equation.

Chapter 8 switches the focus to Latin American mega-cities, as repre-
sented by the capital of Peru. Lima’s history and hazard profile are
laid out by Anthony Oliver-Smith. For almost five centuries, the city’s
capacity to rebound from repeated earthquakes, economic shocks, and
other hazards has been seriously hampered by Peru’s lack of control over
the international market and political forces that permitted foreign
investors to exploit its resources. During this period Lima presided over
incoming flows of investment capital and metropolitan cultural influences
and outgoing flows of minerals and other exports. Though repeatedly
damaged by earthquakes and other extreme phenomena, the city was
buffered against the worst hazards because it remained small and because
it housed the most powerful Peruvian institutions and leaders who could
command available resources in time of need. Unfortunately, Lima’s
capacity to provide for the safety of its residents has been swamped in
recent decades by an unprecedented wave of poor peasants fleeing land-
lessness, a precarious rural economy, and the civil and military violence
of rural areas in pursuit of uncertain but seductive futures in the bur-
geoning metropolis. What was once a medium-sized city that kept its
élites well protected against most hazards, and also provided the sub-
dominant classes with a modicum of security, has become a sprawling
metropolis that increasingly offers a hazardous future to all its residents.

The vast metropolis of Mexico City is the focus of chapter 9. Sergio
Puente describes the experience of living there as “‘chaos that is perma-
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nently on the verge of catastrophe’ and points to continuing problems of
seismic instability, flooding, fire, poor air quality, industrial explosions,
and a variety of other hazards. Mexico City is viewed as the product of
interactions among three groups of stakeholder: real estate developers,
the state, and poverty-stricken citizens. In recent years the weakening of
the state has contributed greatly to changing patterns of urban vulner-
ability, as evidenced by the emergence of citizens’ action organizations
that largely took over the task of meeting public demands for services in
the wake of a catastrophic 1985 earthquake. Yet the state is one of the
few third world institutions that is capable of acting against market-
driven forces that have often played a large role in creating conditions of
vulnerability in mega-cities. Puente indicts rapid population growth and
deep social polarization as the two overriding factors that hamper state-
backed attempts to address urban environmental hazards in third world
cities, but he argues that the vulnerability of such places also varies
widely in proportion to the weakness of their infrastructures, their degree
of dependence on rural hinterlands, their positions in national urban
hierarchies, and their peripherality in the global economic system. He
then proposes and demonstrates a methodology for analysing vulner-
ability to environmental hazards in Mexico City. This employs a matrix
that permits different factors of vulnerability in different urban neigh-
bourhoods to be scored. The use of vulnerability matrices for analysing
urban hazards is widely accepted among professionals, but Puente’s
version is more sensitive to the social dimensions of Mexico City’s vul-
nerability than others that have preceded it. Maps of composite vulner-
ability based on matrix scores show that only about one-third of the
mega-city is actually vulnerable to hazards, compared with over one-half
as suggested by conventional analyses that rely solely on natural and
physical factors.

Three chapters on North American mega-cities (San Francisco, Los
Angeles, and Miami) round off the case-studies. All three cities have
recently experienced major events that inflicted record losses — but none
was the much-feared ““Big One” of the respective communities. In other
words, these are places where worse is not only possible; it is likely!
Conversely, all three cities are also associated with (carefully cultivated)
images of earthly paradise; they hold out the prospect that ambitious
dreams of material success can be realized in an exotic location by the
bold, the resourceful, or the fortunate. The tensions between these con-
tradictions are expressed differently in each of the cities and all face
daunting challenges that invite inspired responses.

In chapter 10, Rutherford Platt focuses on earthquake and wildfire
problems of the San Francisco Bay Area. High levels of disaster planning
and management expertise already exist among many Bay Area institu-
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tions, although coordination among different levels of government, dif-
ferent jurisdictions, and different service areas is often very difficult.
Mutual aid agreements and other arrangements have improved the
area’s capacity to cope with disaster by means of greater system inter-
connectivity, but these adjustments are being hard pressed by changes in
the broad context of hazard: increasing risks of wildfires on the urban
periphery; a disturbingly long interval since the last great earthquake; the
probability of renewed seismic activity along the heavily populated and
poorly protected Hayward Fault; and the emergence of San Francisco as
one pivot of a disaster-sensitive global economic system. Reduction of
infrastructural vulnerability is perhaps the most pressing problem of the
Bay Area, especially the ease with which vital lifelines can be disrupted
for long periods. This is a problem that affects many other mega-cities,
particularly those built near lakes, major rivers, or other physical
impediments to the movement of people and resources. In light of the
social and physical changes that are occurring in greater San Francisco,
there are no guarantees of permanent success for the varied approaches
to hazard management that have been tried there. None the less, the Bay
Area’s record of constructive engagement with environmental hazards
has made this mega-city an important teaching laboratory for the inter-
national community of hazards scholars and managers.

Platt’s guarded assessment of Bay Area hazards is followed by a vivid
case-study of another metropolis that accentuates the deterioration of
prospects for successful hazard management (chap. 11). This focuses on
the “improbable city” of Greater Los Angeles. While acknowledging the
skills of researchers, managers, and other professionals who have dili-
gently pursued “top—down” adjustments to natural and technological
hazards, Ben Wisner offers the opinion that the best efforts of such
groups have been steadily undercut by a combination of post—Cold War
economic shocks and widening ethnic and class divisions between rich
and poor Angelenos. These have the effect of sorting and segmenting
populations at risk, so that some hazards are characteristically associated
with certain groups and the aggregate burden of hazard falls dispro-
portionately on the urban poor. Alternative grass-roots (bottom-up)
initiatives are recommended and examples are provided of inner-city
community action groups that have incorporated hazard reduction within
their agendas. From Wisner’s perspective, a collaborative strategy that
unites top—down and bottom—up components is called for. Though the
twin forces of global economic restructuring and rampant individualism
tend to work against such broad-based metropolitan policy-making, Los
Angeles may — as so often in the past — once again be an exception to
conventional explanations of urban development.

The final case-study examines a North American mega-city that is
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still recovering from unprecedented losses inflicted by a catastrophic
storm (chap. 12). Greater Miami experienced relatively few deaths as a
result of hurricane Andrew (1992), but property damage dwarfed the
record of previous hurricanes anywhere in the world. William Solecki
analyses the role of natural hazards in the development of Miami and
assesses Andrew’s impact on regional social ecology, land-use patterns,
and demographic trends. He points out that the stereotypical image of
Greater Miami as a series of more or less tranquil beach resorts is at
variance with the place’s dynamic and hazardous setting. Ambitious
drainage and water-management projects, which expanded the originally
small area available for building, have their roots in efforts to avoid a
repetition of damage inflicted by a series of hurricanes that swept through
the area in the 1940s. Solecki notes that this mega-city was ripe for dis-
aster when Andrew struck, both because its vastly increased population
lacked recent experience of major storms, and because the community
had suffered serious economic reverses combined with the fragmentation
of its political structure into fractious groups that lacked a perception of
common interests. In agreement with impact studies of similar events
elsewhere, Solecki reports that the disaster accelerated existing develop-
ment trends but did not initiate any fundamentally new ones. However,
the vulnerability gap between the poorest residents and others widened
in the wake of the storm. As this study’s analysis of post-disaster inter-
est group coalitions makes clear, because of their volatility, political
arrangements in large cities of the developed world pose major difficulties
for the construction of long-term disaster recovery and mitigation pro-
grammes, but they also open up opportunities for creative approaches to
these subjects. The challenge for scholars of hazard will be to find ways of
exploiting these openings.

In chapter 13, I draw together findings and examine a series of new
departures that they stimulate for urban hazards researchers and policy
makers. I find that there is a strong case for ranking natural hazards and
disasters among the most seriously underestimated problems of urban
management and suggest that, without changes in the outlook of urban
managers, they will only become worse. In recent decades, natural
hazards and social hazards have been more troubling in large cities than
have technological hazards and biological ones. Certain kinds of poten-
tially valuable adjustment to hazard have been neglected in mega-cities.
These include: non-expert systems, informal procedures, non-structural
technologies, and a wide range of private sector initiatives suitable for
families, neighbourhood groups, and small firms. Shifts in patterns of
exposure and vulnerability are among the most striking changes in the
parameters of hazard during recent years. A wide range of spatial indi-
cators reflects both the dynamics of hazard within cities and the operation
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of causal linkages between hazard at the mega-city level and socio-
political and economic processes at other scales of analysis. This chapter
concludes by identifying new and potentially fruitful research areas that
are indicated by the case-studies. Among these are the roles of hazards as
agents of urban diversification, as catalysts of contingency in decision-
making, and as sources of metaphor for urban policy-making. High pri-
ority should be accorded to the mapping of urban hazard ecologies, to
exploring the influence of indirect signals of hazard in the urban envi-
ronment, and to charting the role of hazards in conflicts among the major
interest groups that shape contemporary urban policy.

The book ends with an extended postscript prompted by recent pro-
ceedings of the Second United Nations Conference on Human Settle-
ments (Habitat II). Despite preparatory meetings that identified envi-
ronmental hazards as an important urban problem, this bell-wether
conference paid scant attention to them. Failure to recognize natural
hazards as a worsening urban problem suggests a peculiarly myopic view
of urban management and signals flaws in the conceptualization of
sustainable development as a principle of urban management. It is to be
hoped that renewed efforts will be made to correct these deficiencies in
the near future.

Notes

1. The Great Hanshin earthquake is also known as the Hanshin-Awaji earthquake and the
Hyogoken-Nambu earthquake. It occurred at 5.46 a.m. and registered 7.2 Ms (surface
wave magnitude) and 6.9 Mw (moment magnitude) on the Richter scale. The quake’s
epicentre was located in Osaka Bay just south of the port city of Kobe. Major damage
occurred in Kobe, with lesser effects in Osaka and adjacent communities. For details, see
the special issue of the Journal of Natural Disaster Science 16(3), 1995.

2. It is estimated that 6,300 people were killed by the Hanshin earthquake. This surpasses
the 1959 Ise Bay typhoon, which brought about over 5,000 deaths in and around the city
of Nagoya, but does not compare with the Kanto earthquake of 1923, whose ground
motion and fires destroyed over one-third of Tokyo and most of the adjacent port of
Yokohama, killing more than 140,000.

3. The Keihanshin metropolitan region (Osaka—Kobe) contained approximately 14 million
people in 1990, second only to the Tokyo region, which had almost 27 million.

4. In this book no attempt has been made to standardize estimates of city populations
and city areas or quantitative estimates of disaster impacts. Varying estimates faithfully
reflect the diversity of measurement criteria adopted by urban analysts and disaster
assessors as well as the provisional nature of information about rapidly changing places
and events.

5. Contributory factors to the disaster included, among others: a large stock of wooden
houses in crowded neighbourhoods that were developed before the Second World War
and never subsequently upgraded; infrastructure that was haphazardly installed during
the heady post-war years of Japan’s economic expansion; and transportation facilities
that were seriously underdesigned for the risks that they faced (see Ichikawa, 1995).
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6. American usage of the term “billion” (i.e. 10°) is employed throughout this book.

7. As used here, “mega-city” means a metropolitan area with a population of at least
1 million people. Other analysts have employed higher population thresholds (e.g. 3
million, 8 million, or 10 million), but the term has no universally accepted definition.

8. This is a distinguishing feature of some other contemporary debates, including those
about the demise of certain ancient cities and the consequences of anthropogenic
atmospheric warming.

9. The combined populations of both cities are close to 4 million, of whom a slight majority
live in the United States.

10. See, for example, Buendia (1990), Fuchs et al. (1994), Gilbert (1996), Lo and Yeung
(1996), and Rakodi (1996).
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Natural disasters in the context of
mega-cities

James K. Mitchell

“Give me a place to stand on, and I will move the earth.”
(Archimedes — 287-212 B.C.)

Introduction

Among the many global transformations that are occurring at the close of
the twentieth century is a shift from a predominantly rural world to a
predominantly urban one — a brave new world dominated by increasingly
large metropolitan complexes of 1 million or more people.! The societal
and environmental implications of this transition are not yet fully under-
stood, but it is already clear that the context of natural hazards manage-
ment — and perhaps the very nature of hazards and human responses — will
be profoundly altered as a result. At the same time, the entire universe of
natural hazards issues and institutions is already changing in response to
other factors. The combination of these two trends is producing a sit-
uation that is fraught with uncertainty and ripe with opportunities for
new departures in mega-city hazard-reduction programmes and policies.

Background

Urbanization — especially rapid large-scale urbanization — is a major
contributor to the rising global toll of disaster losses (National Research

15
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Council, 1987; Science Council of Japan, 1989, pp. 13—14; US Office of
Science and Technology Policy, 1992, p. 10). The world’s big cities are
rapidly becoming more exposed and more vulnerable to natural hazards
and disasters (Havlick, 1986). Unfortunately, the special problems of
urban disasters have not received much attention from scholars and pro-
fessionals (Somma, 1991). “Too much of our efforts to assist ... for too
long have been focused on rural populations which are of ever diminish-
ing relative magnitude and importance” (Jones and Kandel, 1992, p. 70).
Much of the most useful information on urban disasters is part of a “‘grey
literature” that is not readily available to potential users (Earthquake
Engineering Research Institute, 1985; Organizing Committee of the
International Seminar on Regional Development Planning for Disaster
Prevention, 1986; IDNDR, 1990).

During the 1990s a number of researchers addressed the intersecting
problems of cities and disasters. One of these was the disaster relief
expert Frederick Cuny, whose strong convictions about the pivotal role of
cities in international disaster operations began to appear in print just
before his disappearance and probable murder in Chechnya (Cuny,
1994). Other notable contributions during this period include Sylves and
Waugh’s (1990) case-studies of emergency operations in American cities;
Zelinsky and Kosinski’s (1991) valuable compilation of data on urban
evacuations; Berke and Beatley’s (1992) analysis of earthquake planning
in mid-sized US cities (Salt Lake City, Palo Alto, Charleston); a path-
breaking edited collection of papers by geographers on housing and haz-
ards in cities in less developed countries (Cairo, Bhopal, Mexico City,
Agadir, Caracas, Hong Kong) (Main and Williams, 1994); a special issue
of a European geography journal that focuses on geological hazards in
mountain cities (Revue de Géographie Alpine, 1994); and the proceedings
of a workshop on urban hunger in developing countries organized by the
International Geographical Union’s Commission on Vulnerable Food
Systems (Bohle, 1994). The headquarters staff of the UN-sponsored
International Decade for Natural Disaster Reduction (1990-2000) has
also published a slim volume that reviews projects designed to improve
urban disaster mitigation in 11 different countries and supplies informa-
tion about organizations that are active in this field (IDNDR, 1996).
Though all of these publications deal with hazards and disasters in
exclusively urban settings, none focuses specifically or exclusively on
large cities. Recent works with a more explicit focus on mega-city hazards
include collections of papers prepared by contributors to a World Bank-
sponsored conference (Kreimer and Munasinghe, 1992) and by members
of the International Geographical Union’s Study Group on the Disaster
Vulnerability of Megacities (Parker and Mitchell, 1995). In addition, the
UK Institution of Civil Engineers has published a report on mega-city
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vulnerability (Institution of Civil Engineers, 1995). A number of note-
worthy individual papers have also appeared (e.g. Aguilar et al., 1995;
Boone, 1996; Dando, 1994; Degg, 1993; Driever and Vaughn, 1988;
Ezcurra and Mazari-Hiriart, 1996; Firman and Dharmapatni, 1994;
Guterbock, 1990; Jairo-Cardenas, 1990; Kim, 1990; McGranahan and
Songsore, 1994; Masure, 1994; Mitchell, 1993a; Reed, Tromp, and Lam,
1992; Setchell, 1995; Steedman, 1995; UNEP/WHO, 1994).

Curiously, although the published volume of mega-city hazards
research is not large, certain mega-cities have attracted a dispropor-
tionate amount of attention. For example, several recent books by geo-
graphers, historians, and cultural analysts have dealt with the role of fire
in the development of Chicago (Cronon, 1991; Miller, 1990; C. Smith,
1995) and Tokyo (Seidensticker, 1983, 1990). There has also been an
unusually large number of articles on connections among rapid urban-
ization, flooding, civil war, and refugees in contemporary Khartoum (Abu
Sin, 1991; Agmad, 1993; Bakhit, 1994; El-Bushra and Hijazi, 1995; Han-
sel, 1991; Ibrahim, 1991, 1994, 1995; Ruppert, 1991; Walsh et al., 1994;
Woodruff et al., 1990; Yath, 1991, 1995). However, the bulk of mega-
cities with admittedly serious hazards problems receive little or no
focused coverage. Clearly, given the societal importance of mega-cities,
the size of the threats, and the complexity of the associated problems,
there is a need for more scholarly attention to this subject.

Because the likely impact of natural disasters on mega-cities is so great
and so little understood, ‘“‘the vulnerability of mega-cities” was identified
as a high-priority topic for research and action during the International
Decade for Natural Disaster Reduction (IDNDR). A major effort in
support of that theme was mounted by the global scientific and technol-
ogy community under the auspices of the International Council of Scien-
tific Unions (ICSU). At ICSU’s invitation, the International Association
of Engineering Geologists and the World Federation of Engineering
Organizations were encouraged to bring together a variety of academic
and professional groups with the objective of formulating a collaborative
agenda for mega-cities and disasters. This included projects by the UK
Institution of Civil Engineers and the International Geographical Union
as well as the World Bank and Habitat, among others. Independent but
related programmes were also organized by the global community of
landscape architects and other professional bodies. Most of these activ-
ities involve organizations of scientists, engineers and urban managers.
The conference sponsored by the United Nations University on which
this book is based is distinctive because it is the only one that has adopted
a broad approach to the subject of mega-cities and disasters based on
human ecology and social science. The difference in approach has
important philosophical and practical consequences.
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The intellectual principle on which the IDNDR rests is a well-founded
recognition that society already possesses a great deal of valuable infor-
mation about the reduction of natural disasters but has largely failed to
put that information to appropriate use. For most of the scientific and
engineering community the main task is to apply existing knowledge
about disaster reduction to a series of specific contexts — in this case,
mega-cities. It is assumed that, like Archimedes, managers can stand on
the stable base of accumulated technical knowledge and engage the lever
of science to “‘move’’ the world of urban disasters. Undoubtedly, if reso-
lutely followed, this strategy will produce important benefits, especially
when it results in genuine partnerships between the producers and users
of scientific information (Mitchell, 1988). By itself, however, it is an
approach that incompletely engages the subject of mega-cities and natu-
ral disasters.

A basic dichotomy

Cities and disasters belong to two distinct research and management tra-
ditions that are organized by different groups of scholars and pro-
fessionals around different founding assumptions, frequently in pursuit of
different objectives. Often there is little communication between these
groups as well as a lack of mutual understanding. The differences are
readily apparent in the professional literature of both fields. Few journals
about urbanization or urban issues give much prominence to environ-
mental topics — fewer still to natural disasters — and few of the journals on
natural hazards and disasters highlight urban disaster issues.

Differences in outlook and action between the two groups exist in large
part because the starting points for intellectual discourse on cities and on
disasters are so far apart. Natural disasters are widely regarded as
Nature’s ultimate sanction on human behaviour — sharp reminders that
we do not live in a world that is entirely of our own making. On the other
hand, cities are popularly seen as supreme human achievements — affir-
mations of societal power to alter Nature and sustain an environment that
is, to a very large extent, divorced from Nature. When earthquakes,
floods, and storms strike cities they intrude on places that are monuments
to the human control of Nature. Urban disasters are, in effect, affronts to
civilization!? This helps to account for the disproportionate importance,
in popular culture, of such disasters compared with similar rural events.
For example, the celebrated Chicago fire of 1871 took 250 lives on the
same day that 1,200 people died during a fire in rural Wisconsin. The
Chicago fire has become the stuff of popular legend but only aficionados of
American disasters know what happened at Peshtigo — despite the fact that
it was the country’s most deadly and physically destructive conflagration.
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For a student of natural hazards, the city is but one among many
physical settings of extreme events, albeit a setting that usually makes few
concessions to the natural systems that are the agents of disaster. Con-
versely, from the perspective of urban managers, natural disasters are just
one among many problems that must be confronted within city bounda-
ries — and an infrequent one, at that! Hazard management has a place in
the spectrum of urban issues but that place must be negotiated among
competing demands for attention to other problems (e.g. new urban in-
migrants, decaying infrastructure, poor housing, hazardous facilities,
deindustrialization, pollution, homelessness, lack of mass transit, street
crime, inadequate social services, ethnic and racial tensions).

Nor is it simply that natural disasters must compete with other urban
issues for public attention; they are intimately bound up with those issues.
For example, the flood and landslide disasters of Rio de Janeiro, Caracas,
and Tijuana are closely connected to problems of obtaining affordable
housing faced by poor migrants from rural areas. Prospects for earth-
quake hazard reduction in Tokyo are affected by the high cost of urban
land, which encourages crowded neighbourhoods, restricts open space,
and pushes new developments onto hazard-susceptible low-lying filled
land in Tokyo Bay. The protection of Calcutta or Lagos against flooding
is also tied up with inadequate means for disposing of solid wastes, anti-
quated or non-existent sewage systems, and budgetary conflicts between
city and national governments. The fragmentation (‘‘de-urbanization’’) of
metropolitan populations and governments has a significant bearing on
the design and operation of hazard-management systems in mega-cities of
the United States (e.g. Los Angeles, Miami) and other developed coun-
tries. The implications are clear. If natural disasters are to be reduced in a
big-city setting, the Archimedean metaphor of science-driven solutions is
not an appropriate guide. Urban disasters are not merely a kind of inert
problem that will yield to the direct application of scientific knowledge —
they push back! In other words, not only do disasters affect cities but
urbanization affects the creation of vulnerability, the scope for mitigating
action, and a wide range of related topics. In brief, urbanization provides
an interactive context for disaster.

There is one further twist to the relationship between disasters and
mega-cities — perhaps the most important factor of all. Both elements of
the problem — cities and disasters — are now changing in complex ways.
(Some of these changes are treated at length later in this chapter and can
be only previewed here.) The nature of disasters is changing: new kinds
are emerging — some of them unprecedented. The management of dis-
asters is changing: in many countries, existing institutions and policies are
coming under increased criticism and there are calls for new ones. The
ways we think about disasters are changing: for example, a post-modernist
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dialogue is beginning to appear in the professional literature. Equally, the
nature of cities is changing: not only are they more numerous, bigger, and
non-Western, but their economic and cultural functions are in flux, cast-
ing previous models of urban development into doubt. The management
of cities is changing: pressed from below by burgeoning demands from
their rapidly growing and diversifying populations, governments of mega-
cities are also shifting to adjust to other pressures such as the changing
role of national governments in the face of global economic integration
and the reluctance of those governments to honour existing commitments
to assist the cities. Urban mass movements and emergent neighbourhood
organizations are also exerting pressure for the “reinvention” of mega-
city governments. As big cities become increasingly important actors on
the world stage, their populations are drawing on the experience of peer
cities beyond national boundaries. As a response to such changes, it is no
surprise that the intellectual basis of urban analysis is also in flux.

In these circumstances, the Archimedean metaphor requires further
modification. Not only are the problem spheres of disasters and urban-
ization interactive (i.e. urban disasters ‘“‘push back’’), but given the speed
and scope of changes that are now afoot in both spheres there may no
longer be a truly stable base from which the leverage of scientific knowl-
edge can be pivoted. This means that taken-for-granted assumptions
about scientific information and disaster reduction need to be critically
examined in light of the highly changeable contexts that bracket both
disasters and mega-cities. Until these contexts are better known, the
transfer of knowledge and technology among countries and cities should
proceed with caution. Mega-city disaster-reduction initiatives will have to
be carefully tailored to local conditions and specific settings. It is one of
the tasks of this book to show how this process might proceed in different
mega-cities.

A contextual model

In coming to grips with the complexities of a dynamic set of relationships
between mega-cities and natural disasters it may be helpful to think in
terms of a contextual model (fig. 2.1; Mitchell, Devine, and Jagger, 1989).
Such a model is intended to show how a more or less discrete process
relates to the broader environment of which it is a part. For the purposes
of this chapter, the central process is one of hazard and the larger context
is that of urbanization.® Both components of the model can be considered
separately and in conjunction. The hazard component includes four main
elements: physical processes, human populations, adjustments to hazard,
and net losses. As people seek to adjust to hazardous natural environ-
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Fig. 2.1 A contextual model of hazard (Source: Mitchell, Devine, and Jagger,
1989)

ments, these four elements modify each other through seven endogenous
feedback relationships. A change in one or more elements may set in
motion a cascade of reflexive changes in the others. The stimulus for
change may be some or all of the following: an extreme natural event
such as an earthquake or a storm; community encroachment into an area
of known hazard; urban technologies that inadvertently alter existing
physical risks; the development of vulnerable groups, institutions, or
technologies; the adoption of specific new hazard-management measures
and the decay of old ones; and a broad-based commitment to raise gen-
eral thresholds of public protection against hazards of various kinds.

Change can also come from outside the hazard system — in this case
from the urban context in which the hazards are situated. That context
includes exogenous factors or processes that interact with components
of hazard, but are largely independent of them. These include variables
such as the stages of city development (including the growth of mega-
cities), the internal structure and functioning of urban areas under dif-
ferent sociocultural, political, and economic systems, and the urban
implications of a wide range of contemporary changes in science, tech-
nology, environment, economics, politics, and culture. Among the latter
are: the flow of new scientific information and the diffusion of new tech-
nologies; the growing recognition that humanity now has the capability to
affect environmental change on a global scale; worldwide economic
restructuring and integration; the collapse of an existing international
geopolitical order and the development of replacement arrangements
(e.g. continental trading blocs, ethnically fragmented states, “‘reinvented”
governments, non-governmental organizations, urban mass movements);
and the adoption of “post-modern” modes of thought and action both
within the intellectual community and beyond.

These two components (i.e. hazard system and urban context) are a bit
like the “figure” and “‘ground” of visual illusions. In the same way that a
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viewer can construct different interpretations of an illusion by focusing on
either the figure or the ground, it is possible to arrive at an explanation of
urban disasters that depends on disaster agents and proximate human
responses or to fashion an explanation around the distal structuring
characteristics of urban systems and urban lifeways. The latter approach
may redefine the meaning of disaster in an urban setting and predispose
cities to “disasters” that are different from those natural scientists cus-
tomarily think of.* But urban disasters are not just amalgams of disaster
and urbanization; they are the products of a set of changeable relations
between both components. This feature makes it difficult to fashion
effective programmes of urban disaster reduction by employing only the
perspectives on hazards management or urban management. The per-
mutations of natural hazard and urbanization produce different outcomes
in different settings at different times. Moreover, the set of possible per-
mutations is significantly larger than the set of outcomes to date; an
understanding of this fact opens up a vast untapped potential for inter-
vention to make cities safer places.

Mega-cities

Because mega-cities are a relatively recent phenomenon, the literature on
mega-city disasters is sparse — though suggestive of problems to come.
Much more is known about the relationship between natural disasters
and urbanization in general. This section begins with a long caveat about
attitudes to city hazards by urban analysts and other social commentators.
It continues with a brief historical overview of mega-city disasters and
then surveys the changing balance of safety in mega-cities. This is fol-
lowed by a discussion of the disaster-forcing attributes of urbanization, a
review of the evolution and status of mega-cities, an examination of dif-
ferent types of urban structure that may be reflected in mega-cities, and
an exploration of the contrasting disaster issues of rich mega-cities and
poor ones.

The intention is to show that, despite some tendencies toward uni-
formity and homogenization, there is a great deal of variety among
mega-cities and considerable uncertainty about their eventual dimen-
sions. Different types of mega-city are likely to have quite different dis-
aster-susceptibilities and different capabilities for response. Whether this
will continue is another matter. Mega-cities may grow, becoming both
more complex and more alike. Or there may be perhaps two or three
basic variants. For example, if the organization of the global economic
and political system continues to be dominated by a relatively few coun-
tries, it may well be that the natural hazard profiles of mega-cities in the
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dominant (rich) countries will continue to diverge from those of the
(poor) rest, thereby rendering problematic the exchange of hazard expe-
rience and hazard-reduction technologies between both. On the other
hand, there is evidence that some of the characteristics of third world
cities are beginning to show up in places such as Los Angeles and Miami,
thus raising the possibility of eventual reconvergence.

The best of places; the worst of places

He compared Los Angeles and Mexico City (which he knew well) to volcanoes,
spilling wreckage and desire in ever-widening circles over a denuded countryside. It
is never wise, he averred, to live too near a volcano.

(Davis, 1992, p. 14)

Recent urban scholarship is reconceptualizing the city and the process of
urbanization. But there is little consensus about what is emerging. For
some analysts, cities are simply enduring features of the human landscape
whose public images wax and wane (Hall, 1988; Jones, 1990). According
to Peter Hall, during the past century people have passed through a great
cycle of belief about cities. In the late nineteenth century, cities were
widely regarded as places of physical decay and spiritual desolation —
“The City of Dreadful Night” (Hall, 1988; Jones, 1990). Thereafter,
especially during the period from 1920 to 1970, more positive and hopeful
images appeared, partly in response to an array of efforts at urban
improvement. But, towards the close of the twentieth century, the city —
especially in Western societies — is again being viewed as a place of decay
and despair. On the other hand, different commentators have challenged
these views by suggesting that urbanization has begun to take on entirely
new forms that call into question the very notion of the city. In the
United States, commentators have pointed to the emergence of vast sub-
urbias (Fishman, 1987) or “edge cities”” (Chudacoff and Smith, 1994) or
to “‘cyburbias” that are plugged into an information revolution and dis-
connected from particular places (Sorkin, 1992). Similar trends have been
reported — at least in embryonic form — among cities of the third world
such as Bangalore in India (New York Times, 21 December 1993). Yet
other writers have identified cities whose purposes and forms are so
deeply and continually contested by subgroups of inhabitants that it is
difficult to form a coherent picture of the whole (Davis, 1992).

Against this background of critical scholarship, the dominant view
of the city seems to be that of a place riven by problems (Brunn and
Williams, 1993, pp. 32-41; Jones, 1990, pp. 163-166; McHarg, 1969;
Teune, 1988). Natural hazards and disasters are usually fitted readily — all
too readily — into these problem sets.
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Both in rich and poor countries, the growth of such giant urban agglomerations
poses major metropolitan planning problems which must be solved in a broad
regional context. Food, fuel, electric power, and drinking water must be brought
in from considerable distances, and massive quantities of waste materials must be
disposed of. The giant metropolis needs very sophisticated transportation systems
if it is to function effectively, and city dwellers may have to travel considerable
distances to recreational facilities and surviving farm and wilderness areas. Most
major cities also have some special problems resulting from the peculiarities of their
sites, for example subsidence, earthquakes, and air and groundwater pollution
buildups in Mexico City, and flooding and typhoon damage in Dacca. (Bromley
et al., 1989, p. 372; emphasis added)

No one would contest that many cities do indeed face serious problems.
However, the reality of urban living — and the role of natural hazards
in mega-cities — is more complex. This is aptly recorded in Alexander
Frater’s book Chasing the Monsoon (1991). At one point in a journey
around India following the monsoon, Frater asks a Bombay poet whether
the sudden arrival of torrential rains at the end of the dry season is a
romantic event. The reply comes back:

“Not in the big cities. ... Where’s the romance in mud, slush, rats and floods? Or
in the anguish of watching those who live in the streets trying to cope?... For
many of my fellow-citizens it is a period of misery and hardship.” (Frater, 1991,
p. 141)

But, a few days later in Calcutta, Frater concludes that:

despite the excess rain that kept sousing and rotting its foundations ... the city
was indestructible. ... For the people on the streets it was a haven. They were in
Calcutta by choice, victims of starvation or persecution elsewhere, and would
rather be here, living rough, than in the places from which they had fled. (Frater,
1991, p. 236)

These two, quite different, observations capture the ambiguity of living in
a hazardous big city; such places may be exposed to serious physical
hazards but they are also centres of human opportunity (Tuan, 1988).
Both aspects of the situation need to be kept in mind by those wishing to
address the hazards of mega-cities. The two contrasting characterizations
of the city are freighted with policy implications for the reduction of nat-
ural hazards and disasters. A pathological perspective on cities is readily
paired with an emphasis on disaster vulnerability; a more benign assess-
ment of cities underscores their potential for resilience (Sachs, 1988). An
emphasis on vulnerability tends to narrow the scope for individual actions
or informal group actions by populations at risk; they are regarded as
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passive victims in need of protection. Conversely, an emphasis on resil-
ience points hazard analysts in a different direction. We are reminded
that laypeople are often capable of acting in their own best interests, and
that this may mean finding ways to live with hazards, rather than seeking
to control them or the populations they affect.

Mega-cities affected by natural disasters

Large cities of antiquity certainly experienced heavy losses as a result of
natural disasters, but the data are highly incomplete.®> Chandler and Fox
(1974) show that at least a score of cities each recorded tens of thousands
of deaths in the wake of earthquakes, floods, volcanic eruptions, and
other events. But few of these places had populations that exceeded
200,000 and most were considerably smaller.

The Tokyo—Yokohama metropolitan area was probably the first mega-
city to be devastated by a natural disaster. The Great Kanto earthquake
(1923) killed approximately 100,000 people in Tokyo and destroyed more
than 700,000 houses in a city of over 2 million (Seidensticker, 1983,
p- 259). In the half-century between 1945 and 1995, around 100 natural
disasters affected large cities. The most physically destructive single
events during this period took place in: Nagoya (typhoon, 1959), Tang-
shan (earthquake, 1976), Bucharest (earthquake, 1977), Mexico City
(earthquake, 1985), Miami/Dade County (hurricane, 1992), and Kobe
(earthquake, 1995). However, a focus on great catastrophes may be mis-
placed, because the aggregate impacts of lesser events can be much
larger. This is particularly so in third world mega-cities, where small
storms, floods, and seismic shocks, events that would be considered
inconsequential elsewhere, often wreak disproportionately heavy losses.
In such places, natural hazard is a more or less chronic everyday problem.
Earthquakes, severe storms, and wildfires appear to be the most frequent
catastrophic urban events.

It is worthwhile noting that urban areas are the sites of many different
types of disaster: natural, technological, biological, and social. Thus far,
most of these have been simple events of one type, but compound events
that involve two or more of these components are beginning to appear
(e.g. floods that disperse toxic materials, earthquakes that rupture oil
pipelines and storage tanks, droughts that uncover flooded waste disposal
sites). The potential for further “surprises” is obvious.

A shifting balance between hazard and opportunity

Evidence of increasing disaster-susceptibility in mega-cities bespeaks a
change in the balance of hazard and opportunity in urban life. Of course
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changes in the mix of urban hazards and shifts in the hazard—opportunity
balance have gone on throughout history. For several centuries the bal-
ance has tilted steadily towards higher levels of safety and opportunity
for most city residents, while hydrological, meteorological, and geological
hazards have declined relative to other types of threat. Urban concen-
trations of wealth, knowledge, talent, and power have justified — and
made possible — extraordinary efforts to protect people and property
against the more obvious extremes of Nature. The avoidance, prevention,
and mitigation of natural hazards were a primary responsibility of those
who ruled the ancient cities of Egypt, China, and Central America (Tuan,
1979; Wu Qingzhou, 1989). Dyking, drainage, and irrigation schemes
were among the earliest urban public works in these places. The sup-
pression of fire was a high priority in the crowded cities of medieval
Europe and elsewhere at other periods (Rosen, 1986). A widely shared
commitment to protect urban lives and property against natural extremes
continues today. Contemporary Japanese cities are showplaces of hazard
engineering, the metropolitan areas of Rotterdam and London are
flanked by some of the world’s most modern and technologically
advanced flood defences, Mexico City has invested in the world’s only
public earthquake alarm system (New York Times, 19 December 1993),
and the vast drainage network of greater Los Angeles has been so
extensively modified by humans that it is now an almost totally artificial
construct (Cooke, 1984; McPhee, 1989).

Heightened urban sensitivity to hazards and the benefits of hazard
reduction do not mean that big cities have been — or are — entirely
safe from extreme natural events. Nor do they mean that cities have
been free of other types of hazard. (The historical record of urban
epidemics, riots, fires, industrial accidents, and similar social ills is salu-
tary.) But, over the long run, it is clear that a quite remarkable record of
success has attended efforts to provide many urban dwellers with
improved security against geological, meteorological, and hydrological
hazards.

Now there is growing concern that cities are becoming so numerous, so
large, so complex, and so volatile that the balance between risk and
reward will tilt back towards conditions of increased natural hazard in the
absence of determined efforts to reverse that trend. A world of mega-
cities may well be more risky, more exposed, and more vulnerable than
the world we currently inhabit. The scale of potential mega-city losses
imposed by floods, storms, earthquakes, and other phenomena compels
attention to the problem. So too does the timing, for we are fast becom-
ing a predominantly urban world, a world where half the urban pop-
ulation will be citizens of mega-cities.
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Urbanization: An agent of disaster

Before examining the links between mega-cities and disasters it is neces-
sary to identify the general hazard-intensifying and disaster-forcing aspects
of urbanization. Urban development increases disaster-susceptibility in a
number of ways. First is the frequent association of cities with naturally
risky locations such as seacoasts and floodplains because such places also
confer important benefits (e.g. buildable land, well-appointed sites for the
collection and transhipment of goods, fertile hinterlands). Initial settle-
ments may take advantage of available safe sites but subsequent growth
typically spills over into adjacent high-risk areas. Coastal metropolises of
the eastern United States (Boston, New York, Miami, Houston) and the
seaward-expanding cities of Japan are good examples.

Secondly, the physical process of building cities often creates or ex-
acerbates existing environmental risks. For instance, paving over water-
sheds reduces infiltration, speeds runoff, and increases flood volumes;
constructing coastal defences may reduce supplies of beach sand and
facilitate erosion during storms. As the leading edge of urban develop-
ment marches across the landscape, the incidence of natural disasters
tends to keep pace (Cooke, 1984). The human role in creating conditions
for disaster is clearly visible. Bangkok klongs (canals) that used to
accommodate overflow from the Chao Phraya River have been filled in to
create streets that are now chronically flood prone, while the city con-
tinues to subside owing to pumping of water from underlying aquifers.

Thirdly, cities increase disaster potential by concentrating people and
investments. A disproportionate amount of material wealth is bound up
with cities in the form of buildings (ceremonial, commercial, industrial,
and residential) and infrastructure (i.e. the complex and expensive net-
works of lifelines that sustain urban populations and make it possible for
them to interact with each other and the outside world). When an
extreme event occurs, urban losses are often very heavy. In a matter of
hours, hurricane Andrew inflicted over US$20 billion of property damage
on the Miami metropolitan area, whereas it took about six weeks of
heavy flooding in mostly rural sections of nine Midwestern states to pro-
duce approximately half as much material loss (Myers and White, 1993).

Fourthly, the built environment is continuously wearing out but the
rate of urban replacement rarely matches the rate of urban obsolescence.
As a consequence, most cities contain large concentrations of old build-
ings that fail to meet present standards for hazard-resistant construction.
Differential ageing and uneven replacement of the physical stock typi-
cally produce a complex patchwork of disaster-susceptibilities.

Fifthly, many urban areas contain populations that are particularly
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vulnerable to disaster. For example, metropolitan areas often attract
large numbers of in-migrants, most of them poor and all of them sepa-
rated both from the familiar landscapes of home, whose risks were
known, and from traditional support networks or customary behaviours
that provided a modicum of security in the event of disaster.

Finally, few governments of rapidly growing cities have been able to
allocate significant resources to hazard reduction when they are already
stretched to breaking point by the task of providing basic support services
for their expanding populations. In short, cities often contain all of the
ingredients for disaster: heightened risks, concentrated exposure, and
increased vulnerability. In light of the available evidence about intensi-
fied urbanization associated with mega-cities, the potential for a quantum
leap in disaster-susceptibility is clear.

Changing patterns of urbanization

Some time during this decade there will be more people living in urban
areas than anywhere else on Earth. In 1990 urban dwellers accounted for
47 per cent of the world’s population but that number is expected to rise
to around 63 per cent by 2020. Some 6,000 years separated the earliest
urban centres from the first cities of more than 1 million people. Now
there are about 300 such places and their numbers are growing rapidly.
At the beginning of the twentieth century approximately 2 per cent of all
humans lived in just 14 mega-cities.® Today the proportion is close to
20 per cent and it will probably rise to around 30 per cent by the year
2020 (Fellman et al., 1992, p. 371).

Moreover, the size of mega-cities is increasing rapidly. In 1900 there
were no cities of more than 10 million and only three that exceeded
3 million (London, Paris, and New York). Now there are about 60 cities
with populations greater than 3 million and 14 super-mega-cities of more
than 10 million (table 2.1).” What is, by some counts, the world’s largest
city (Mexico City) currently contains at least 15 million people. The
entire contiguous area of Mexico City (i.e. the central city plus adjacent
smaller cities, towns, and suburbs) may hold more than 20 million. It is
projected that there will be two or three urbanized areas of 20 million by
the year 2000 (Mexico City, Sao Paulo, and perhaps Tokyo—Yokohama)
and another 20 of between 10 and 20 million (Jones and Kandel, 1992,
p.- 75).

Mega-cities now occur in almost every culture and region on Earth.
They are absent or scarce only in Oceania and high latitudes of the
northern hemisphere. Countries that are notably rich in mega-cities
include: the United States (36), China (31), India (21), Russia (15), Brazil
(13), Germany (10), and Japan, the United Kingdom, and Indonesia
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Table 2.1 The world’s 20 largest metropolitan areas ranked by population,
estimated for 1995

Population Area Density (-
Rank Location (million) (km?) inh./km?)
1 Tokyo-Yokohama 27.2 2,819 9,664
2 Mexico City 20.9 1,351 15,465
3 Sao Paulo 18.7 1,168 16,017
4 Seoul 16.8 885 18,965
5 New York 14.6 3,298 4,434
6 Osaka-Kobe-Kyoto 13.9 1,281 10,825
7 Bombay 12.1 246 49,202
8 Calcutta 11.9 541 21,990
9 Rio de Janeiro 11.7 673 17,364
10 Buenos Aires 11.6 1,385 8,416
11 Moscow 10.4 981 10,646
12 Manila 10.2 487 20,867
13 Los Angeles 10.1 2,874 3,525
14 Cairo 10.1 269 37,509
15 Jakarta 9.9 197 50,225
16 Teheran 9.8 290 33,726
17 London 9.1 2,263 4,028
18 Delhi 8.8 357 24,570
19 Paris 8.7 1,110 7,797
20 Karachi 8.0 492 16,292

Sources: United Nations (1987); Jones and Kandel (1992).

(7 each). Conversely, most African states (20) have none. Coastal loca-
tions predominate, especially in Latin America and Australia.

The spatial distribution of mega-cities has also undergone a major shift
in recent decades. Most of the early twentieth-century mega-cities were
located in Europe and North America (Berry, 1990, pp. 109-110). Today,
by far the great majority — and most of the super-mega-cities — are in less
developed countries of Asia, Africa, and Latin America (Gilbert and
Gugler, 1992; Yeung, 1990). To a greater degree than ever before, mega-
cities will be composed of large numbers of poor people who depend on
informal economic institutions and systems for support (Perlman, 1987).
As we shall see, this change has important implications for the manage-
ment of urban hazards.

How far will the trend toward global mega-cities proceed? Is it essen-
tially unilinear — towards more, bigger, and increasingly complex places?
Might deconcentration and dispersal be an alternative future pattern?
Are all mega-cities likely to evolve in the same way? How might expected
changes affect prospects for disaster and disaster reduction? If current
trends continue, and mega-city development follows the pattern of North
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America and Europe, most of the signs point in the direction of increased
population concentration at the global and national scales, with the pos-
sibility of regional and local deconcentrations and dispersals. In the
United States, the aggregate pattern of population and investments has,
for some decades, been shifting from the interior to the coasts, from the
north towards the south, and from the east towards the west. Massive
growth of cities such as Los Angeles and Miami follows in the wake of
these trends. Similar processes are at work in many other countries. If
Doxiadis’s vision of the future is correct, the eventual outcome a century
hence may involve the coalescence of linear mega-cities to form a more
or less continuous urban ‘“‘ecumenopolis’ comprising a population of
around 12 billion people (Jones, 1990, pp. 137-139)!

At the same time, in developed countries, there is a substantial amount
of deconcentration (counter-urbanization) at the scale of the individual
mega-city. Central-city growth has slowed dramatically or gone into
reverse and the populations of many such cities are emptying out into a
far-flung web of low-density suburbs and exurban developments. Some
observers argue that there is no longer a need for urban concentration
and that future large cities will be spread out over such large areas at such
low densities that they will not resemble the historical city at all. Whether
or not this occurs, it is clear that third world mega-cities have a long way
to go before reaching this stage. In such places, the process of deconcen-
tration is slow, indeed barely detectable in most.

Effects of city form and structure on natural disaster potential

Urban analysts recognize a number of different cultural variants of city
form and structure, each with their own characteristic patterns of land use
and population distribution. For example, Latin American cities tend to
be made up of concentric zones, with old but well-maintained housing
near a single central business district and poor shanty towns on the
periphery. Industrial areas and the élite residential zone cut across these
rings in the form of wedge-shaped blocks of territory. In contrast, the
typical North American city more or less reverses this pattern, with a ring
of decayed housing surrounding the central business district and affluent
suburbs on the periphery. Also the central business district may be in
decline, its functions challenged by many secondary shopping and indus-
trial nodes scattered throughout the metropolis. West European cities
often have well-marked historic cores with many preserved public build-
ings, surrounded by old houses — newly upgraded by middle-class gentri-
fiers — side by side with the cramped homes of working-class residents.
Segregated urban ethnic neighbourhoods are less marked than in the
United States. Suburbs may be either rich or poor and are often flanked
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by green belts with dormitory villages in the countryside beyond. African
and south Asian cities tend to contain substantial tracts of market
gardens within the built-up area. Middle Eastern cities often preserve
distinct religious ‘‘quarters.” The former socialist cities of Russia and
Eastern Europe have a high percentage of their land given over to
industrial districts and relatively few socio-economic contrasts among
neighbourhoods. For much of the post—-Second World War period, new
investment was denied to Shanghai and other coastal cities of China, as
national leaders sought both to hold down the growth of all large cities
and to spread economic development more widely into the interior. The
contrast between outmoded facilities and today’s resurgent economic
boom in the coastal mega-cities of China is striking (Gaile, 1983; Sit,
1988; New York Times, 22 December 1993).

These examples do not exhaust the catalogue of cultural and regional
variations of urbanization but suffice to make the point that cities are
functionally organized in different ways that have distinctive areal
expressions. These patterns are then draped over a varied physical land-
scape and adjusted to it, a process that helps to disguise the underlying
organizing principles. When a natural disaster strikes, it disrupts — and
may destroy — not just the lives of citizens and the city’s physical fabric
but also the functional organization of the metropolis. However, the same
organizing principles typically reassert themselves during post-disaster
reconstruction.

Different types of organization have different loss potentials, different
vulnerabilities, and different prospects for recovery. Likewise, different
types of city require different types of preparedness-planning and differ-
ent hazard-mitigation strategies. For example, a single central business
district plays an irreplaceable role in Lima (Peru), a city that contains
30 per cent of the country’s population and 70 per cent of its industry; the
several business districts of a typical multi-nucleated North American city
share economic functions and rarely serve the entire nation. Likewise, the
Lima periphery would hardly be a suitable location for the replication of
suburban watershed management schemes borrowed from an American
mega-city. In similar vein, the in-city agricultural lands of African and
South-East Asian cities provide amounts of open space for hazard ref-
uges and post-disaster relief staging areas that could only be dreamed
about in the typical large Japanese city.

The preceding variants notwithstanding, there are also significant sim-
ilarities among mega-cities. For example, the great majority are ports —
very often the most important ports in the respective countries. Therefore
protection against waterborne hazards and disasters is likely to be a
shared concern, and safeguarding marine facilities, ship channels, and
water-dependent land uses may receive high priority. Furthermore, if, as
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some studies suggest, the physical fabric and organizational structure of
mega-cities are becoming more uniform, then existing differences may
gradually disappear in the future.

Mega-city disasters: Polycentre and periphery perspectives

A global trend towards ever-larger cities is unmistakable. So too is a
trend towards increasingly similar urban forms. But it is equally clear that
there remain vast differences between the mega-cities of developed
countries and those of the developing world. Chief among these is the
contrast between wealth and poverty. That dichotomy has important
implications for the management and reduction of urban natural dis-
asters. A brief review of the contrasting perspectives makes this clear.

Much of the concern about natural disasters in mega-cities of devel-
oped countries stems from the fact that such places contain a large pro-
portion of the world’s material investments and economic wealth. A dis-
aster that takes many human lives is clearly possible in cities such as
London, Los Angeles, or Tokyo, but such places are much more likely to
suffer heavy economic and material losses in the wake of extreme natural
events. As hurricane Andrew demonstrated for Greater Miami and the
Hanshin earthquake for Kobe, a single metropolitan disaster in a rich
country can produce economic losses that rock the global reinsurance
industry.

However, the issue of mega-city disasters in rich countries is not simply
one of losses that are inflicted on the affected communities themselves; it
is increasingly connected with the roles that such places play in the global
economy and the capacity of disasters to disrupt global economic func-
tioning (Sassen, 1991). Several years ago the world’s business community
was jarred by reports that a major earthquake in Tokyo might precipitate
a collapse of the global economic system (M. Lewis, 1989). This reve-
lation followed on the heels of a record 1987 windstorm in southern
England that had shut down the London Stock Exchange and may have
helped to trigger the worst international stock market crisis since the
Great Depression (Mitchell, Devine, and Jagger, 1989). Since then a
series of other events has further underlined the disaster-vulnerability of
mega-cities that anchor the global finance and trading network. They
include: an underground flood that immobilized much of Chicago’s
financial district; riots and the possibility of a great earthquake in Los
Angeles; an earthquake that disrupted the San Francisco Bay Area; and
the bombing of the World Trade Center in New York. Between them
these six mega-cities house the headquarters of more than 60 per cent of
the world’s leading private corporations (Berry, 1990).

Now there is evidence that the urban-based new information tech-
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nologies on which the global economy increasingly depends are highly
vulnerable to disruption by storms, floods, earthquakes, and other unex-
pected events. Nineteen mega-cities together make up a global “poly-
centre’ that directs and controls the international entrepreneurial system
(Berry, 1990).® Fifteen of these places account for 70 per cent of all
electronic data flows in the contemporary world (J. Lewis, 1990). Not
only are mega-cities of the polycentre full of expensive buildings and
infrastructure and strategic economic functions, their sophisticated but
demanding technologies that make for economic (and perhaps geo-
political) dominance may be susceptible to new kinds of vulnerability. In
these cities, as well as the familiar consequences of natural disasters,
there is considerable potential for disaster ‘‘surprises” in the future
(Mitchell, 1996).

What do we know about the ability of mega-cities in developed coun-
tries to respond to severe natural events? The Loma Prieta earthquake
and other recent mega-city disasters provided evidence that some of the
measures that have proven to be effective in reducing losses in smaller
cities may not work quite so well in emerging Western mega-cities
(Mitchell, 1993a). Prediction, warning, and evacuation systems that
depend on sophisticated technology and highly effective public bureau-
cracies are particularly open to question. In addition, big-city disasters
possess features that have not been common in smaller communities and
that may raise entirely new problems of disaster management. For
example, disaster impacts in mega-cities that dominate mass media
markets are likely to be extensively, continuously, and obsessively
reported whereas impacts on other communities that have less access to
these channels are likely to be overlooked. The consequences for skewing
post-disaster relief are considerable. Secondly, the complex societal mixes
of mega-cities pose new problems for the delivery of emergency response
services and disaster relief; linguistic, ethnic, and other differ-
ences are often marked in such places. Thirdly, the sheer size and com-
plexity of mega-city infrastructure networks make them particularly
liable to disruption. Finally, recovery is apt to occur more slowly than in
smaller places. In short, past lessons of disaster management may no
longer be applicable in the mega-cities of the polycentre.

Of course, most of the world’s mega-cities are not part of the poly-
centre. Instead they serve as primary contact points between the poly-
centre and regional or local markets on the global periphery. Tijuana
(Mexico) is a good example. Once a small regional town, it is now the
fourth-largest city in Mexico with a population of well over 1 million.
Tijuana’s recent growth has been fuelled by investments of multinational
corporations in maquiladora firms near the US border. As more shanty
towns go up in the steep semi-arid valleys of the city fringe, and more
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people crowd into the riverside lowlands, the incidence and severity of
floods and landslides in Tijuana are also accelerating.

In places such as Manila, Dhaka, Ankara, or Lima there is the potential
for heavy loss of life during disasters as well as catastrophic material
destruction. The situation in Lima is typical. This is a city that has suf-
fered severe earthquakes at least five times in the past 300 years. At the
end of the Second World War, just over half a million people lived in the
metropolitan area. Today, there are more than 5 million. Vast numbers of
poor rural peasants have flooded into Lima. Not all groups are equally
exposed to hazard. Indeed, the pattern of hazard-susceptibility is a com-
plex one that has evolved in response to changes in demography, eco-
nomics, land ownership, building practices, and other factors. Middle-
and upper-income groups live in well-constructed houses that often com-
ply with antiseismic codes and are sited in neighbourhoods with wide
streets and ample open spaces. If affected by an earthquake there are
enough resources to ensure quick recovery. The peripheral shanty towns
(pueblos jovenes) are also low-density settlements, this time composed of
light bamboo structures that do not collapse when the ground moves.
People are poor, but levels of social organization are high. In contrast,
seismic vulnerability is high in the inner-city slum areas. Here many poor
families are crowded into old adobe brick structures, adjoining streets are
narrow, and open spaces are non-existent. There are few neighbourhood
organizations or other local institutions that might be called on in the
event of a disaster. Here earthquake protection measures are minimal or,
more often, non-existent. As summarized by one observer, the situation is
full of bleak prospects:

The inhabitants of critical areas would not choose to live there if they had any
alternative, nor do they neglect the maintenance of their overcrowded and
deteriorated tenements. For them it is the best-of-the-worst of a number of dis-
aster-prone scenarios such as having nowhere to live, having no way of earning a
living and having nothing to eat. Given that these other risks have to be con-
fronted on a daily basis, it is hardly surprising that people give little priority to the
risk of destruction by earthquake. (Maskrey, 1989, p. 12)

In summary, there is a high degree of uncertainty about the future of
mega-cities. Their growth seems assured, but at what density? New ones
may spring up in unexpected places under the influence of changing geo-
economic forces. Increasingly similar in outward form, mega-cities in dif-
ferent cultures and continents may still retain distinctively different
internal structures. The divisions between rich mega-cities and poor ones
may become wider and their disaster-susceptibilities may also diverge.
But, at the same time, the differences between all mega-cities and their
rural hinterlands may become sharper. It would be foolhardy to assume
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that the disaster-susceptibility of any one mega-city will be quite like that
of any other. This is a period of great urban flux; it bears close watching
by students of hazards and disasters.

Hazards and disasters

As the previous section shows, the process of large-scale urbanization is
complex and changing. So too are the study and management of natural
hazards and disasters. This section focuses on some of the policy and
management-related changes of recent years. Although the US experi-
ence is highlighted, the changes noted apply to many other countries. At
the same time, new ways of thinking about hazards and disasters are
emerging, whose long-run implications are difficult to foresee. A brief
introduction to some of these changes is provided; the reader is referred
to other sources for more exhaustive coverage (Mitchell, 1993b).

Emerging crises of natural hazards management

The adequacy of existing means for managing natural hazards and other
types of environmental hazards is increasingly being called into question
in the United States and the global community. This is illustrated by a
sampling of the issues that have recently emerged in professional and lay
forums.

First are problems that are posed by new types of hazard. These come
in several varieties. Some are amalgams of natural and technological
hazards (Showalter and Myers, 1994). When a storm or a tsunami affects
a chemicals manufacturing or storage facility it is not just the threat of
high water and strong winds that is of concern; it is also the possibility
that toxic materials may be dispersed throughout surrounding areas (e.g.
Nagoya, 1959; Times Beach, Midwest floods, 1993). If an earthquake
affects a nuclear reactor site, radioactive materials may be released. The
flooding of old mines can cause surface collapses.

Given the expanding variety of technological hazards, the possibilities
for new or unusual combinations of natural and technological hazards are
spiralling upwards. Three classes of technological hazard pose quite dif-
ferent sets of problems when combined with natural hazards:

(a) Unsuspected hazards involve substances or activities that were
regarded as harmless or benign until scientific evidence or human
experience showed otherwise (e.g. DDT, asbestos).

(b) Improperly managed hazards involve failures of various kinds of
hazard-control systems (e.g. nuclear facilities such as Windscale,
Three Mile Island, Chernobyl; chemical plants such as Seveso, Basle,
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Bhopal; transportation systems such as the US space shuttle Chal-
lenger and supertankers such as the Exxon Valdez; storage and dis-
posal sites for toxic materials such as Kyshtym, Times Beach, Love
Canal, Minamata).

(c) Instrumental hazards are intended to cause harm and are consciously
employed towards that end; they include sabotage, arson, and war-
fare. Military industrial technologies belong to this group (e.g.
nuclear, biological, and chemical weapons such as defoliants and
nerve agents; deliberate oil-spills and oilfield conflagrations).

The UN Department of Humanitarian Affairs, created in 1992, has
begun to examine a different but related set of problems that they call
complex emergencies. These refer to events such as those occurring in the
former Yugoslavia, Kurdistan, southern Sudan, Mozambique, and Soma-
lia, where political conflicts, drought, famine, and other problems are
intertwined (DHA News, January-February 1993). Hazards of global
environmental change constitute a separate but related class of events
that are now making their way onto the public policy agenda (Mitchell
and Ericksen, 1992). It is widely accepted that a build-up of greenhouse
gases in the atmosphere might trigger climate changes and other reper-
cussions such as sea-level rise. Some of the industrial hazards are suffi-
ciently well known to be classifiable as “routine’ hazards, but others —
including most of the hazards connected with global environmental
change — are entirely unprecedented in the human experience. They are
best considered “‘surprises’ (Mitchell, 1996). How should public policies
be changed to take account of the widening range of threats to human
survival?

A second way in which natural hazards are changing grows out of the
first. It is that there are now strong pressures to expand the legal defi-
nition of natural disasters. In the past, only the victims or potential vic-
tims of events triggered by natural phenomena (somewhat erroneously
labelled ““acts of God”’) were considered eligible for public assistance to
upgrade preparedness or provide relief. However, in recent years there
has been an unmistakable trend towards broadening the range of tech-
nological and social phenomena that are eligible for aid. In the United
States this began with natural gas shortages in the cold and snowy winter
of 1977 and later included the community of Times Beach, Missouri — a
notorious case of contamination by the toxic chemical dioxin. More
recently, the collapse of an old, disused, and deteriorating underground
railroad system was treated as a ‘“natural’” disaster when water from an
adjacent canal inundated the basements of high-rise buildings in down-
town Chicago. In 1992, civil unrest in Los Angeles also qualified for
disaster status, as did the 1993 bombing of the World Trade Center in
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New York city. These events suggest that distinctions between different
kinds of disasters are waning in the public policy arena. What accounts
for such changes? Perhaps they reflect the growing impact of socio-
technical hazards and the decline of natural phenomena in the intensely
human-made environments of a rich country? Maybe they are linked to
further politicization of public decisions about disasters, or to the political
influence of specific interest groups that place a high premium on pre-
dictability and stability (e.g. business corporations)? It is also possible
that they are products of a general shift in public attitudes towards risks
of all kinds.

A third type of change is swelling public dissatisfaction with hazard-
management agencies. Criticism of disaster management in developing
countries such as Bangladesh or the states of the African Sahel is not
new. Mass media reports about the poor performance of national gov-
ernment organizations and international agencies are legion. Natural
hazards and disasters can be volatile political issues in developed coun-
tries and a certain amount of controversy about governmental responses
is the norm — as anyone who has observed the aftermath of Italian earth-
quakes, or Australian wildfires, or American hurricanes can attest to. But
recently there has been a sharp escalation of complaints about the effec-
tiveness of hazard-management agencies in major developed countries
such as the United States, the United Kingdom, Italy, Australia, and Russia.

The US Federal Emergency Management Agency (FEMA) has been a
particular target. It has been accused of providing insufficient and inap-
propriate relief to disaster victims. It has also been criticized for encour-
aging the occupation of hazardous lands by offering low-cost insurance to
rich investors; and it has drawn fire for devoting too much effort to
cleaning up after past disasters and too little effort to reducing the prob-
ability of future disasters. FEMA’s mishandling of relief in the wake of
hurricane Andrew (Florida, 1992) triggered a major investigation by the
US Congress. Critics called for the nation’s armed forces to replace
FEMA, and large numbers of military personnel have, in fact, been
deployed after recent disasters. The military is commonly in charge of
disaster management in third world nations because it is often the only
institution capable of providing aid during disasters and one of the few
organizations that can be counted on to enforce government policies at
other times. But in the United States and other Western nations pro-
posals for a larger military role in civilian affairs are often controversial.
Advocates of civil authority and legal due process are concerned that
increased military involvement in disasters may signal an erosion of citi-
zen rights and responsibilities, while others point to the reduction in
international tensions and the need for more cost-effective national insti-



38 JAMES K. MITCHELL

tutions as grounds for making creative use of military expertise in new
roles.

Without going into detail, it is worthwhile to note that there is a wide-
spread loss of faith in the ability of national public agencies to combat
natural and technological hazards in many other countries. The failures
of Soviet agencies in connection with the Armenian earthquake (1988)
and the Chernobyl nuclear power station fire (1986) have been well
documented and they are believed to have contributed to the collapse of
the Soviet government. British civil defence agencies have also been
roundly criticized for inadequate preparedness and lack of attention to
hazard mitigation (Mitchell, 1989; Parker and Handmer, 1992).

Partly because government agencies have come under attack, there has
been a determined effort to shift the burden of disaster management onto
private individuals and institutions. In countries such as the United
States, Germany, and the United Kingdom, this began with a con-
servative revolution in politics led by people such as Margaret Thatcher,
Ronald Reagan, and Helmut Kohl. In the context of hazard management,
policy reforms commonly took the form of insurance schemes (flood
insurance, earthquake insurance, crop insurance, etc.), limitations on
central government spending for disaster relief and recovery, an end to
public subsidies for building in hazardous areas, and penalties for people
who wilfully build — or rebuild — in such places.

Now there is a growing body of evidence that such policies may not
work as intended. For example, insurance is not the panacea it was once
proclaimed to be. Many potential victims are uninsured or underinsured
and those who have adequate insurance often experience serious prob-
lems securing reimbursements. Not all perils are covered by insurance,
and major problems arise when hazards involve several perils (e.g. hur-
ricanes bring floods, erosion, wind damage, landslides, and other events).
Cut-backs in government funding of social services have become common
throughout the developed world in recent years, and spending on dis-
asters is no exception. As a result, policies that emphasize private
responsibilities for hazard management may help to widen the gap
between richer and better-educated victims — that is, those who can afford
to make provisions for their own security — and the poor or dis-
advantaged groups that lack such a capacity. In short, a hazard-protection
system that relies primarily on market mechanisms may well be detri-
mental to broader public interests.

British experience with the great storm of 15 October 1987 illustrates
several of these problems (Mitchell, Devine, and Jagger, 1989). Before
the storm, local governments and private individuals in England had been
encouraged to be self-reliant and not to expect the national government
to provide recovery funds in the event of a disaster. But the storm —



NATURAL DISASTERS IN THE CONTEXT OF MEGA-CITIES 39

which recorded the highest wind speeds in 250 years — blew down some
15 million trees and inflicted economic losses greater than any natural
disaster in Britain since the end of the Second World War. In the process
it exposed the limitations of local resources for coping with disasters and
it compelled a major reversal of national policies that would have left
local governments to take care of natural disasters.

If there is concern about the general effectiveness of disaster manage-
ment by the private sector, there is deep consternation about the future
of hazard insurance systems. Lack of insurance coverage and inadequate
reimbursements are continuing problems, but the central issue is that
very large disasters may bankrupt the entire international insurance sys-
tem. Insurance and reinsurance companies in Germany, Japan, and the
United States are all deeply troubled by this prospect. These include
Lloyd’s of London, which ran up losses of US$4.2 billion in 1993 as a
consequence of heavy pay-outs to victims of earthquakes, hurricanes, and
pollution emergencies (New York Times, 30 April 1993). In 1989, the
Loma Prieta earthquake (northern California) and hurricane Hugo
(Puerto Rico, Virgin Islands, South Carolina) inflicted severe losses on
the American insurance industry and the global reinsurance market. But
these losses were nothing compared with the losses sustained in 1992 as a
result of three ‘“‘superstorms’ that occurred within a few weeks: typhoon
Omar (Guam), hurricane Andrew (Florida), and hurricane Iniki (Hawaii).
The total bill for insured storm losses was at least US$20 billion. Yet
worse is possible — indeed likely. It is estimated that a single large hurri-
cane could cause US$30-40 billion in insured losses and that a major
earthquake in Tokyo or southern California might wreak even worse
damage. These are the kinds of event that could disrupt investment
markets throughout the world and trigger a collapse of the global finan-
cial system. Such circumstances underline the increasing interdependence
of global society and its vulnerability to strategic loss.

Failure to make use of available hazard-reduction information and
measures of known effectiveness constitutes another general policy issue.
It is one that helps to stimulate the ongoing UN-sponsored International
Decade for Natural Disaster Reduction (Mitchell, 1988). In many places
it would be possible to mitigate losses simply by putting what is known
into effect. For example, the value of warning and evacuation systems has
been proven repeatedly; yet such systems are often underused. Likewise,
hazard-mitigation schemes offer reliable paths toward reducing the long-
term costs of disasters but they are often resisted in favour of immediate
post-disaster relief, insurance, and compensation programmes. Why do
individuals and governments fail to make optimal use of available
knowledge? There is no single answer to this question. A large number of
factors are involved.
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lack of agreement about definition and identification of problem:;

lack of awareness of hazards;

misperception or misjudgement of risks;

lack of awareness of appropriate responses;

lack of expertise to make use of responses;

lack of money or resources to pay for responses;

lack of coordination among institutions;

lack of attention to relationship between ‘“‘disasters” and ‘‘develop-
ment’’;

failure to treat hazards as contextual problems whose components
require simultaneous attention (i.e. reciprocity);

lack of access by affected populations to decision-making;

lack of public confidence in scientific knowledge;

conflicting goals among populations at risk;

fluctuating salience of hazards (competing priorities);

public opposition by negatively affected individuals and groups.
Underlying all of these specific reasons is a larger problem. It is this:
society fails to treat natural hazards as complex systems with many com-
ponents that often require simultaneous attention. We tinker with one or
another aspect of these systems when what is required are system-wide
strategies. Perhaps even more important, we fail to address the direct
linkage between natural hazard systems and economic investment deci-
sions that drive the process of “development’ and affect the potential for
disasters. That such links exist has been known for a very long time:

If a man owes a debt, and the storm inundates his field and carries away the pro-
duce, or if the grain has not grown in the field, in that year he shall not make any
return to the creditor, he shall alter his contract and he shall not pay interest for
that year. (The Code of Hammurabi, King of Bablyon, c. 2250 B.C.)

But most of the decisions that are taken to build new facilities or rede-
velop old ones, or to adopt new production and distribution processes,
or to develop new land, or to effectuate a myriad of other development
goals are not currently very sensitive to considerations of natural hazards.
They should become so. And that is a task that will require a great deal of
effort by natural hazard scientists to go beyond the laboratory and the
research office or the field study site to acquire an understanding of
how best to apply their expertise in public settings. It will also require
the users of scientific information about hazards (architects, engineers,
planners, banks and mortgage companies, international development
agencies, and investment financiers) to nurture a mutually interactive
relationship with the scientists who are producers of that information.
“Development” is only one of the major public issues that overlaps
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with natural hazards reduction. Others include: environmental manage-
ment; public health; security (personal, social, and national); and urban-
ization. All of them are major problem sets in their own right, each
patterned by philosophical and managerial disputes and unresolved
issues. Efforts to work out mutually supportive policies and programmes
raise entirely new sets of contextual issues for hazards experts. How shall
the different kinds of policies for these broad problem sets be articulated?
Can they be organized around a single concept such as sustainable
development, or will it be necessary to make trade-offs among each of
them separately on an ad hoc basis? Some of the experience gained from
attempts to work out sustainable development programmes in the World
Bank and elsewhere might prove useful here (Cohen and Leitmann,
1994; Goode, 1996; Jones and Ward, 1994; Stren et al., 1992; White, 1994;
and Wikan, 1995). So might the experience of “harmonizing” laws and
regulations among countries that join together in new continental-sized
free trade blocs (e.g. the European Union or the North American Free
Trade Agreement).

The difficulties of merging hazards reduction in the overlapping context
of sustainable development are instructive and require further comment.
The rising incidence of disasters throughout the world is one of the most
commonly cited indicators of non-sustainable development. (The other
major villains are loss of biodiversity, impairment of natural systems,
and global economic crises.) As Odd Grann, Secretary General of the
Norwegian Red Cross, has said:

All major disaster problems in the Third World are essentially unresolved devel-
opment problems. Disaster prevention is thus primarily an aspect of development,
and this must be a development that takes place within the sustainable limits.

The evidence that disasters and development are connected is simply too
overwhelming to be ignored. In the case of problems such as drought
and famine in the African Sahel or the deaths of poor slum dwellers in
landslides that affect the unstable slopes of Latin American cities, the
connections between disasters and development are clear. But it is
another matter entirely to believe that most or all natural disasters will
disappear if only we adopt sustainable development policies and pro-
grammes. “‘Sustainable” development does not necessarily equal ‘“‘safe”
development.

It will probably always be necessary to support and nourish institutions
that have the capability of responding to unexpected natural disasters.
Much of what our existing hazard-management organizations do could be
described as preparing for and coping with “routine disasters,” that is,
problems that were bound to occur sooner rather than later and for which
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we have developed reliable management responses. These are the sorts

of things that it is hoped will diminish if sustainable development is

properly implemented.

Clearly, the roster of hazard-management issues is packed with still
unresolved old issues and emerging new ones. Among the topics that
require attention are the following:
¢ the changing contributions of people, natural systems, and technology

to the creation of hazard;

® measures to encourage improved use of available information about
hazards (including scientific knowledge and folk wisdom);

e global interdependence and the vulnerability of large institutions (e.g.
economies, cities) to major disruptive events;

e the relative human impacts of cumulative small-scale hazards and
single large disasters;

e innovative procedures for coping with unprecedented hazards (i.e.
surprises);

e attitudes toward risk and hazard;

e cquity in the distribution of hazard costs and benefits;

e the illumination of polarizing debates about appropriate hazard-
management strategies (e.g. “top—down” versus ‘“bottom-up,” cen-
tralization versus decentralization, rights versus responsibilities, anti-
cipation versus reaction);

e alternative means for sustaining stakeholder involvement in decision-
making beyond periods of acute crisis; and

e coalition-building between hazards interest groups and others that
address overlapping problems (e.g. sustainable development).

This is by no means an exhaustive catalogue of potential research

opportunities and needs. Note that urbanization or urban hazards and

disasters, as such, are not explicitly identified in this list, but they are
interwoven with most of these issues and topics.

Changes in the theory of hazards and disasters

The theory of research on natural hazards and disasters has been exten-
sively reviewed elsewhere (Emel and Peet, 1989; Hewitt, 1983; Kates,
1978; Mitchell, 1984, 1987, 1989, 1990, 1991, 1993b; O’Riordan, 1986;
White, 1973; Whyte, 1986; Whyte and Burton, 1980). I wish to focus
only on recent (i.e. circa post-1988) changes. Two major research para-
digms were in existence by the late 1980s: an older, human ecology one,
which focused on decision-making by individuals and groups in the face
of extreme events, and a newer, political economy paradigm, which
emphasized underlying political, economic, and social structures that
create conditions of hazard and prevent populations at risk from taking
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appropriate safety measures. Since 1988, debates between proponents of
each paradigm have continued (Emel and Peet, 1989; Hewitt, 1992;
K. Smith, 1992; Blaikie et al., 1994), but the two groups have tended to
focus on different topics. Human ecologists have carried their ideas for-
ward in a specialized literature on the social amplification of risk and risk
communication, particularly in the context of major technological hazards
(Greenberg et al., 1989; Wynne, 1989). Political economists have pre-
ferred to examine issues of vulnerability and equity, although others have
also addressed those themes (Anderson and Woodrow, 1991; Dow, 1992;
Kates and Weinberg, 1986; J. Lewis, 1990; Liverman, 1990; Taylor, 1990).

There have been some attempts at intellectual synthesis, including the
creation of a new subfield — political ecology (Blaikie and Brookfield,
1987; Dalby, 1992; Little and Horowitz, 1987). Such syntheses incorpo-
rate elements of both paradigms and sometimes also include other per-
spectives (Alexander, 1993; Bryant, 1991; Palm, 1990). At the same time,
a number of scholars have sought to forge links between hazards research
and overlapping fields, in the hope of providing explanations for a wider
range of problems. For example, medical researchers have called for
attention to biological and disease hazards that were formerly neglected,
and students of geopolitics have underscored the growing importance of
environmental disasters as threats to national and global security (Dalby,
1992; Lewis and Mayer, 1988; Mintzer, 1992).

Overall there has been a recognition that broader interpretive frame-
works are necessary — frameworks that incorporate both society and na-
ture and a variety of contextual variables (Mitchell, Devine, and Jagger,
1989). However, whereas some have approached the task of extending
hazards theory by means of synthesis among existing approaches, others
have subjected long-accepted foundational concepts to critical analysis.
For example, students of industrial disasters have questioned assump-
tions about a return to ‘“normal” that underlie cyclical equilibrium
models of disaster (Couch, 1996; Edelstein, 1988). They suggest that
some disasters are essentially open-ended processes that may persist
indefinitely. Other have criticized a widespread assumption among haz-
ards researchers that public leaders want scientists to help them reach
good decisions by eliminating uncertainty. Waterstone counters that the
manipulation of uncertainty is a core political device that few leaders
willingly surrender (Waterstone, 1993, p. 150). Wynne (1992) has also
expressed doubts about the applicability of “uncertainty’ as a basic con-
cept in hazards studies. Drawing on a variety of evidence about recent
surprises, he argues that many types of hazards may be better understood
as indeterminate phenomena. Such risks as stratospheric ozone depletion,
the build-up of greenhouse gases in the atmosphere, and the hazards of
new industrial technologies are unprecedented in human experience; they
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represent a break with past knowledge. By invoking the concept ““inde-
terminacy,” Wynne and others imply that hazards research is pressing
against the limits of scientific methods and scientific philosophies
(Wynne, 1992; P. J. Smith, 1990). Funtowicz and Ravetz (1990) have
come to similar conclusions by examining the quality of scientific knowl-
edge about global environmental hazards. When assessing emergent
types of hazard they judge that we may need to think of several orders of
scientific knowledge, each characterized by different degrees of certainty
and reliability. O’Riordan and Rayner (1991) carry this analysis further
and call for the creation of risk-management institutions that explicitly
seek to combine science and politics. O’Riordan (1986) has also gone
on record in support of creative use of knowledge from the arts and
humanities to inform hazards research and education.

Thoughts like these lie at the interface between science and other
forms of knowing. They are part of a general questioning of established
knowledge that constitutes ‘“‘postmodern discourse” in the social sciences
and, especially, the humanities. In a surprising turn of events, hazards
research — an interdisciplinary social science with ties to the natural sci-
ences — is now beginning to be fertilized by ideas from the humanities. It
is not easy to characterize either postmodernism or the special attributes
of postmodernist theory (see Harvey, 1989; Hayles, 1991; Rosenau,
1992). Postmodernism is both a cultural condition and an intellectual
construct. As a cultural condition, it is identified with certain architectural
and artistic styles that involve the unexpected juxtaposition of forms and
characters, transitory states, fluidity, and eclecticism. As an intellectual
construct, postmodernism can be viewed as one outcome of a long-
running border war between science and the humanities, wherein the
allegiance of social scientists has been divided. The basic ideas of post-
modernism have been fashioned by literary theorists and other humanists
who have been concerned about the excesses and limitations of rational
analysis and the neglect of alternative forms of knowing. Their thesis is as
follows. The dominant global society is a product of the European
Enlightenment. This ‘“modern” society has endured for several hundred
years, founded on beliefs about rationality in the organization and func-
tioning of both the natural and social worlds and on the capacity of
people to discover these truths and to act in light of them for their own
benefit (i.e. to achieve “progress”). It is now argued that modernity has
run its course and is being replaced by a fundamentally different ““post-
modern” era.

For social scientists, the salient characteristics of postmodern thought
are: its rejection of grand theory and so-called metanarrative; its adher-
ence to pluralist interpretations; its characterization of change as dis-
continuity; its celebration of difference, contingency, and the primacy of
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local experience; its use of paradox and metaphor as investigative tools;
and its non-pejorative assessment of alternative (i.e. non-scientific) forms
of knowing. In the words of one commentator:

Post-modernists rearrange the whole social science enterprise. Those of a modern
conviction seek to isolate elements, specify relationships, and formulate a syn-
thesis; post-modernists do the opposite. They offer indeterminacy rather than
determinism, diversity rather than unity, difference rather than synthesis, com-
plexity rather than simplification. They look to the unique rather than the general,
to intertextual relations rather than causality, and to the unrepeatable rather than
the re-occurring, the habitual, or the routine. Within a post-modern perspective
social science becomes a more subjective and humbling enterprise as truth gives
way to tentativeness. Confidence in emotion replaces efforts at impartial obser-
vation. Relativism is preferred to objectivity, fragmentation to totalization.
Attempts to apply the model of natural science inquiry in the social sciences are
rejected because post-modernists consider such methods to be part of the larger
techno-scientific corrupting cultural imperative, originating in the West but
spreading out to encompass the planet. (Rosenau, 1992, pp. 8-9)

Few hazards researchers have self-consciously placed their work in a
postmodern context, but there are clear echoes of postmodern sensibility
in many recent critiques of the field (Cooke, 1992; Curry, 1988; Taylor
and Buttel, 1992). The following statement by Hewitt is a good example.

[The] elements of today’s dominant view of hazards ... are fully symptomatic [of]
the abstracted, gender-blind, class-blind, secular and amoral, mechanistic and
technocratic style of work that prevails in international “Big Science” and the
preoccupations of agencies and publics in the wealthier and more powerful
centers.... They not only display the Enlightenment desire to generalize and
command “‘rational” interpretation by reducing everything to a common language
and set of concepts. They are repeatedly beguiled by the most “advanced” or
fashionable concepts, the worries of “fast-breaking” technologies in their own
places of origin, and a belief these define and alone can solve “problems” else-
where. (Hewitt, 1992, p. 58)

Hewitt’s statement is an indictment of current theory as well as current
practice in the management of hazards. He is not alone in holding such
views. This is not to say that contemporary hazards research is riven by
postmodern critiques. The challenges that I have reported here are not
yet a dominant presence in the field. But they are beginning to tap into a
distinct undercurrent of disquiet among many who are conscious of the
limitations of existing theory and practice (Browning and Shetler, 1992).

Whether postmodernist critiques will fundamentally alter the nature of
hazards research is an open question. At first glance there are grounds for
scepticism. The existence of close links between research and praxis sug-
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gests that there will be strong counterpressures to resist any theory that
calls for thoroughgoing institutional and social change — and evinces deep
suspicion of the very organizations that are most involved with the mak-
ing and execution of policy. Of course, current debates about hazards
need not lead to postmodern theories of hazard that blend the contri-
butions of scientists and humanists. Other purely scientific (‘“modern”)
approaches are possible, including those based on theories of evolution,
chaos, and complexity (Argyros, 1991; Waldrup, 1992). (For example,
some Russian colleagues are developing ideas about processes that limit
the disturbance of large systems that are based on the application or
extension of the well-known Le Chatelier Principle in chemistry.) But
hazards researchers have been slow to link up with this more formal
work, most of which is firmly in the tradition of Enlightenment thought.
It is too soon to assess the advantages that a “‘science of chaos and com-
plexity”” might offer to hazards scholars.

Mega-cities and natural disasters reconsidered

In this chapter I have attempted to take a very broad conceptual stance
towards the subject of mega-cities and natural disasters. This is deliberate
because I am convinced that the task of reducing mega-city disasters is
not simply one of applying existing practical knowledge that scientists,
engineers, and hazards professionals — myself among them — have gained
from years of working with those events. If we are to reap success,
a commitment to mutual understanding and collaboration among aca-
demics, professionals, and laypersons who are hazard specialists and
academics, professionals, and laypersons who are urban specialists will
have to be made. Because of the changes that are now taking place in the
study and management of natural hazards and the study and management
of cities, and also because new forms of hazard and new types of urban
phenomena (i.e. mega-cities) are emerging, the road ahead is not well
signposted for either set of interest groups. So we must proceed like two
well-founded cultures that are coming into contact for the first time.

This is a process with which Japanese society has had considerable
experience from the late nineteenth century onwards. And the Japanese
experience offers instructive parallels, both in a general sense and in a
more restricted one that applies specifically to issues of hazard and dis-
aster. After the Meiji restoration, contacts between Japan and the rest of
the world were managed in such a way as to permit Japan to benefit while
at the same time preventing Japanese society from being inundated by
foreign cultural influences. A successful transition to a new social order
was obtained. As part of that transition, Western science came to Japan
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and with it an interest in the scientific and technical analysis of natural
hazards and disasters. Out of this arose leading institutions of disaster
research and a distinctive style of hazards management that attracts visi-
tors from all over the world. Whether one learns about the means by
which Kagoshima beneficially coexists with its hyperactive backyard vol-
cano, or the gated rivers of the Japanese coast, or Nagoya’s three-tiered
elevated highway, ground-level park, and underground flood reservoir
scheme, or Tokyo’s firewall high-rise complex, there can be no mistaking
the fact that a very distinctive blend of scientific knowledge, technological
innovation, and societal cooperation has been achieved in a variety of
big-city contexts.’

In coming to grips with the burgeoning disaster potential of the world’s
mega-cities, the hazards community and the urban community are
embarking on a somewhat similar exercise in cultural contact, this time
among professional and academic cultures as well as national ones. We
cannot know how the contact will turn out, but we can make sure that the
best thinking from each community is incorporated into the process.

Notes

1. Most sources suggest that there are now between 300 and 400 such places, but it is not
possible to provide a more precise count owing to limitations of population data and the
wide range of criteria that are used to define and delimit urban areas.

2. Of course, the starting points for analysis are not necessarily reflected in contemporary
theories and explanation. For example, most natural disaster specialists are uncomfort-
able with the label “natural” because they realize that a hazard is an interactive process
that involves both people and natural systems. Some might even go so far as to assert that
all so-called “‘natural”” hazards and disasters are entirely human created. In the same way,
many urbanists are well aware that natural environmental factors have affected the
development of cities.

3. There is nothing to prevent the reader from reversing this order, making urbanization the
process and disasters the context. Indeed, it can be argued that such an analysis is prob-
ably essential to a complete understanding of the urban disaster nexus. However, for
convenience and because my own primary experience lies in the field of natural hazards
research, I have placed hazard at the centre of the model. The background to this model
is discussed in greater detail in Mitchell, Devine, and Jagger (1989).

4. The American humorist Garrison Keillor touched on this phenomenon in a piece about
the various imagined disasters that arise in the minds of people who are trapped in mal-
functioning high-rise elevators: “In the city of New York, you go out your door in the
morning, you take your life in your hands. You may not get off an elevator the same
person you get on. Choose your elevator wisely”” (New York Times, 19 December 1993,
p- E13). He might just as readily have said “choose your city wisely”!

5. Appendix 2 provides a list of known pre-twentieth-century urban disasters that killed
more than 10,000 city residents.

6. London, Manchester, Birmingham, Glasgow, Berlin, St. Petersburg, Moscow, New York,
Chicago, Philadelphia, Boston, Calcutta, Peking, and Tokyo.
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7. Fellmann, Getis, and Getis (1992) identify the 10+ million cities as: Beijing, Bombay,
Buenos Aires, Cairo, Calcutta, London, Los Angeles, Mexico City, Moscow, New York,
Osaka—Kobe, Paris, Rhine-Ruhr, Rio de Janeiro, Sao Paulo, Seoul, Shanghai, and
Tokyo—Yokohama.

8. New York, Chicago, Los Angeles, San Francisco, Philadelphia—Wilmington, Dallas—Fort
Worth, Houston, St. Louis, Detroit, Pittsburgh, Tokyo, Osaka—Kobe, Seoul, London,
Paris, Ruhrgebiet, Frankfurt, Randstadt, Rome.

9. Many critics might contend that this blend is not readily transferable elsewhere without
major modifications.
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Urbanization and disaster mitigation
in Tokyo

Yoshio Kumagai and Yoshiteru Nojima

Editor’s introduction

Tokyo is one of the world’s largest and richest mega-cities and also one
of the most hazard prone (Alden, 1984; Cybriwsky, 1993; Fujita, 1991;
Geographical Review of Japan, 1990; Sassen, 1991). Since being founded
over 400 years ago it has been repeatedly devastated and rebuilt after fires,
earthquakes, and aerial bombings (Busch, 1962; Hewitt, 1983; Scawthorn
et al., 1985; Seidensticker, 1983, 1990). Usually the urgency of reconstruc-
tion frustrated attempts to redevelop a formally planned city (Williams,
1993: 447). Tokyo has also undergone a different kind of transforma-
tion with equally profound consequences — first from provincial capital to
pre-eminent national urban centre and then to co-leading global city
(Douglass, 1993, Harris, 1982). Now, at the end of the twentieth century, as
it awaits the possibility of another major earthquake (Katsuhiko, 1987),
Tokyo has had to cope with the vicissitudes of high land costs, cramped
living quarters, substandard housing, lack of open space, severe traffic con-
gestion, air pollution, and a rash of terror gas attacks. In the face of these
ills, as well as for other reasons, there are strong pressures to relocate the
national capital outside of Tokyo on a safer site (http://www.keidanren.
or.jp; hitp://www.infoweb.or.jp).

To confront its various threats the city has deployed an arsenal of engi-
neering technologies that far surpass in scale and sophistication those of
most other places. Indeed, Tokyo provides a striking example of the use of
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high-technology means to manage high-stakes natural hazards; it also
highlights the role of centralized decision-making under conditions of
widespread public acceptance and cooperation. The potential appeal of this
approach to other disaster-vulnerable countries is one factor that underlies
Japan’s leading role in the International Decade for Natural Disaster
Reduction (1990-2000). Although this case-study does not take up the
issue of limitations on Tokyo’s methods of disaster mitigation, it will be
important for others to assess the circumstances in which this city’s experi-
ence might be applied elsewhere and to ask whether residents and leaders
of Tokyo might in the future become resistant to heavy public expenditures
for massive hazard-reduction projects.

The Tokyo Metropolis

Tokyo is one of Japan’s three mega-cities (fig. 3.1). At its core is the
so-called 23 Wards Area, which encompasses the city as it existed in 1943,
just before it was combined with the then-existing Tokyo Prefecture to
create an administrative region known as the Tokyo Metropolis.! The
Metropolis now houses approximately 12 million people in a densely
settled band of 60 municipalities that wraps around the western side of
Tokyo Bay and extends into the adjacent Kanto Plain. Together with a
lightly populated fringe of plateaux, hills, and mountains to the west (the
Tama District) and a number of offshore oceanic islands, the built-up
area is administered as one of Japan’s 46 prefectures (fig. 3.2).

The Tokyo Metropolis is nested within two successively larger admin-
istrative units. The Tokyo Metropolitan Region comprises the Tokyo
Metropolis and the prefectures of Chiba, Saitama, and Kanagawa. In
addition to Tokyo, this region contains Yokohama — a separate city of
3 million whose history of disasters and human responses is almost as
long and complex as Tokyo’s. In 1990 there were 31.8 million people in
the Tokyo Metropolitan Region — 25.7 per cent of the total population of
Japan. The Metropolitan Region is, in turn, part of the National Capital
Region, which also comprises the prefectures of Ibaraki, Tochigi, Gunma,
and Yamanashi. The present chapter focuses on the mainland districts of
the Tokyo Metropolitan Region.

Urban evolution
Tokyo’s predecessor city (Edo) was founded in 1603 but this chapter

begins with the formal birth of Tokyo as Imperial capital (1868). There-
after the city’s growth can be divided into three phases: 1868—1923; 1923—
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1945; and 1945-present. During the first period the city was in transition
from an old provincial city to a modern national capital. Population grew
steadily, from 1 million in the mid-1880s to 1.7 million in 1908 and 2
million by 1920. Urban neighbourhoods spread outwards in all directions
from the new Imperial Palace near the city centre. This phase was
brought to an end by the Great Kanto earthquake and fire of 1923, which
destroyed much of what was already a very crowded city. The second
period (1923-1945) was marked by reconstruction of the destroyed
neighbourhoods and rapid suburbanization, particularly along major
railroad lines that radiated north-west, west, and south from the down-
town core (fig. 3.3). During this time the formerly separate built-up areas
of Tokyo and Yokohama began to merge. By 1930 there were 5.5 million
residents in the Metropolis and just over 7 million on the eve of the
Second World War. The third period (1945-present) began after the
devastation of the Second World War, when Tokyo’s population had
fallen to around 3 million. Post-war recovery reached a watershed in 1964
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Fig. 3.2 The Tokyo Metropolis (Source: Tokyo Metropolitan Government)

during the Tokyo Olympiad; from then onwards the Japanese economy
was so strong that the country became a front-rank global economic
power. By 1955 there were again more than 7 million residents in Tokyo
and by 1962 the total was over 10 million.

Since the end of the Second World War, population has concentrated
in the Tokyo Metropolitan Region at rates that exceed those of Osaka,
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Nagoya, and other metropolitan areas in Japan. Many of the nation’s
most important political, economic, and cultural activities are located in
Tokyo, especially the central administration of the Japanese government,
premier wholesale and finance firms, the publishing industry, and leading
educational institutions. In addition, Tokyo now discharges rapidly
growing international functions such as banking, investment finance, and
information dissemination; these reflect Japan’s recent rise to prominence
in the global economy. While post-war development has brought many
benefits to the city, it has also contributed to an extraordinary upsurge in
land prices, severe traffic congestion, and deterioration of the physical
and social environments. Significant changes in patterns of urbanization
have taken place in every decade since 1945.
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From the end of the Second World War (1945) to 1960: Recovery

Much of Tokyo was demolished by air raids during the Second World
War. A total of 16,230 hectares (equivalent to about 40 per cent of the
urbanized area) was burned and 759,000 houses were destroyed. City
reconstruction projects received high priority from national and munici-
pal governments. Passage of the Special Urban Planning Act for War
Disaster Restoration (1946) ushered in a nationwide series of municipal
land-use and development plans. Tokyo’s War Damage Rehabilitation
Plan sought to keep the city’s population below 3.5 million. Additional
population and industries were to be accommodated in satellite cities and
outer towns all over the Kanto Plain. Post-war austerity and the weakly
developed nature of municipal finance doomed this plan almost from the
outset. The Korean War, which broke out in June 1950, marked a turning
point in the economic fortunes of Tokyo. Private economic investment
and construction activities increased rapidly and land prices began to
soar. However, it proved difficult to implement large public urban devel-
opment projects.

The 1960s: Rapid growth

The 1960s were marked by rapid economic growth and equally rapid
urbanization of the Japanese population (Harris, 1982; Fujita and Hill,
1993). More than a quarter of a million people flowed into the Tokyo
Metropolitan Region each year and buildings mushroomed everywhere.
The Olympiad of 1964 was a particular catalyst for change. Planners took
advantage of the Olympic Games to initiate projects that would help
Tokyo achieve its new role as home to the central management functions
of a vast range of private and public institutions. This included remodel-
ling Tokyo’s built-up area and building 117 km of new expressways. The
Tokaido—Shinkansen (Bullet Train) railway also came into operation just
before the Games opened. At the same time, the mega-city’s problems
were becoming acute, as evidenced by the frequency of traffic-related air
pollution and a rash of disputes about sunlight deprivation owing to con-
struction of multi-storeyed buildings. Later in the decade, Tokyo’s street
cars were largely abolished to improve traffic flow.

The 1970s: Budding disenchantment

Inner-city land prices were already high by the 1970s but now suburban
land prices also began to soar. Urban sprawl replaced compact develop-
ment as new housing sites were increasingly forced to locate further
from the city centre. For example, large-scale housing projects such as the
Tama New Town were started on the distant hilly lands south-east of
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Tokyo. Open space declined drastically. Between 1945 and 1973 the
proportion of open space fell from around 47 per cent to less than 20 per
cent (Nakazawa, 1988). Although some mid-rise and high-rise housing
was constructed on the sites of old factories near the central business
district, almost all new housing was expensive, cramped, and far removed
from workplaces. Significant clusters of new high-rise buildings emerged
in the inner suburbs, especially around important junctions between
radial and circumferential railroads.

Widespread signs of public disenchantment with the quality of life in
Tokyo marked the 1970s. In this respect the year 1973 was particularly
notable. For example, during March residents of Koto Ward forcibly
blocked the transportation of garbage from Suginami Ward through their
neighbourhood after people in Suginami Ward opposed construction of a
new local waste incinerator. This was a highly symbolic incident in an
emerging ‘“Garbage War” brought on by the onset of a mass con-
sumption society, subsequent pollution, and delays in the provision of
waste-treatment facilities. In May, passengers damaged trains and facili-
ties at Ageo Station in Saitama Prefecture because of accumulated dis-
content about overcrowded commuter trains and failures to extend the
fast rail service in step with the expansion of urban settlements. In June,
the Tokyo Assembly was confronted with residents’ demands for the
enactment of a Sunshine Ordinance. These and other incidents were a
sharp indictment of the costs associated with fast economic growth, the
concentration of central business management functions, and failures of
urban planning in Tokyo.

During the 1970s there were also significant changes in patterns of
urban migration. The inflow of new residents to the Tokyo Metropolitan
Region slowed and the locus of new population growth moved further
out of the city. For example, between 1970 and 1975, areas 30-40 km
from the city centre experienced the largest population increases.
Between 1975 and 1980 the largest population growth occurred in areas
40-50 km out. Conversely, resident population declines in the Ward Area
of Tokyo (i.e. the central city) began during the 1960s and are continuing.
This phenomenon is similar in appearance to the decline of inner cities in
many Western countries, although some of the causes and consequences
are different. For example, unlike North American cities, population out-
migration to the suburbs of Tokyo has not been accompanied by
increased rates of social pathology in the central city and land prices
there have remained at high levels.

Since 1980

Since 1980 Tokyo has undergone yet a further transformation. According
to one American observer:



URBANIZATION AND DISASTER MITIGATION IN TOKYO 63

Now that Japan has risen to become firmly established as a global economic
power, Tokyo is undergoing yet another rebuilding — the third this century. This
rebuilding is driven by money instead of by disaster, and involves expansion of the
city upward to new heights of skyscrapers, outward to previously non-urbanized
expanses of the Kanto Plain, to new land being made in Tokyo Bay, and to a
remarkable extent, downward to even greater depths of subterranean construc-
tion. (Cybriwsky, 1993, p. 2)

The Tokyo mega-city continues to dominate Japan, and many prob-
lems of pollution, crowding, and declining quality of life that were noted
during the 1970s have worsened. At the same time, deindustrialization of
the metropolitan area is occurring both because of international eco-
nomic forces and because of Japanese policies that encourage industries
to relocate elsewhere. Between 1979 and 1986 there have been declines
in the numbers of manufacturing plants, in the industrial workforce, and
in the total value of manufactured goods as the city has shifted its focus to
service industries.

Central-city land prices soared in the early 1980s as the yen’s value
accelerated relative to the US dollar. High-rise offices, hotels, and shop-
ping centres became — and remain — the most typical buildings in the
central business district (CBD) and the 22 other regional commercial
centres that are scattered throughout the metropolitan region (e.g. Shin-
juku). Important settlement centres are springing up at considerable dis-
tances from the old city core. They include residential communities 40 km
west of central Tokyo in the Tama district, the “‘science city” of Tsukuba
65 km to the north-east, and new industries clustered near the city’s
recently expanded international airport at Narita (70 km east of the
CBD). Meanwhile, high-status residential buildings are beginning to be
erected on former industrial sites near the city centre and more attention
is being paid to redressing the city’s chronic lack of open space. For the
first time in the modern era, beaches are being created along Tokyo Bay
to improve recreational and aesthetic amenities for Tokyo residents.

Natural disasters in the Tokyo Metropolis

Hazard-susceptibility

Harris has pointed out that most Japanese cities are affected by serious
natural and industrial hazards but that, compared with third world cities
and North American cities, they are relatively free of urban social haz-
ards (e.g. shanty towns, slums, decaying inner cities, crime, social con-
flicts) (Harris, 1982; Nakano, 1974). Tokyo closely fits that description.
Because of its low-lying coastal location near the junction of four highly
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active tectonic plates, the Tokyo Metropolis is susceptible to a variety
of seismic hazards, including ground shaking, liquefaction, landslides,
tsunamis, and fires (Matsuda, 1980, 1990; Nakano and Matsuda, 1984;
Terwindt, 1983). These are compounded by subsidence problems con-
nected with the withdrawal of underground water and the compaction of
filled land in offshore areas (Dolan and Goodel, 1986; Matsuda, 1980).
About 68 km? of Tokyo now lie below sea level, with an additional
57 km? below high-tide level (Nakano et al., 1988). The city also lies in
the path of typhoons that sweep north and east from the South China Sea
and adjacent Pacific Ocean waters. In addition to inflicting direct damage
by means of flooding, winds, and heavy rainfall, typhoons often trigger
secondary hazards such as landslides and other ground failures (Tamura,
1993). Widespread wind and water damage, including riverine floods,
occur occasionally; economic losses associated with heavy winter snow-
falls are more frequent. Although the imposing bulk of quiescent Mount
Fuji reminds many Tokyo residents of the potential for volcanic erup-
tions, the likelihood of a damaging event from this source is generally
considered to be very low.

Concern about the susceptibility of Tokyo to another major earth-
quake has been growing since the mid-1960s. For example, in June 1968
the Tokyo Metropolitan Disaster Prevention Conference took up the
issue of evacuation routes that would be needed in the event of a future
quake. Today, much of the inner city is particularly at risk, including the
main commercial and governmental districts. Industrial plants, ware-
houses, and port facilities that were built on filled land around the edges
of Tokyo Bay and in deeper waters further offshore are also at risk. So
too are residential and artisanal zones in the Koto Delta and elsewhere.
Moreover, a large part of the transportation infrastructure that ties
together the entire metropolis occupies areas that are susceptible to sub-
sidence, inundation, or seismic disturbances.

Urbanization and hazard-susceptibility

The built-up area of Tokyo is sited on two kinds of land forms: uplifted
and dissected river and coastal terraces that comprise modestly hilly
inland districts (2-50 metres); and a series of floodplains (e.g. on the Edo,
Ara, Sumida, and Tama rivers) that cut across the terraces to form deltas
along the shores of Tokyo Bay (fig. 3.4). Dyking, filling, and reclamation
projects were begun as early as 1590 and have progressively moved the
shoreline seawards, especially during the twentieth century. These two
subregions have been characterized by contrasting patterns of human
occupance throughout the history of Tokyo, so much so that they are
often referred to as the High City (yamanote) and the Low City (shita-
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machi) (Seidensticker, 1983). Tokyo’s main middle-class and upper-class
residential neighbourhoods are generally located in the hillier districts,
whereas the lowlands are primarily occupied by commercial and indus-
trial facilities as well as blue-collar housing. For example, the Keihin
Industrial Zone stretches for 40 km along the Tama River and Tokyo Bay
and is home to steel mills, machinery fabrication plants, and chemical
works. The portion of lowland that is sandwiched between the Ara and
Sumida rivers (i.e. the Koto Delta District) is now heavily occupied by
housing as well as other uses.

The lowlands have historically been more susceptible to natural dis-
asters than the upland terraces (Nakano et al., 1988). However, the rela-
tion between urbanization and hazard losses is a complex one. For
example, the need quickly to provide housing for Tokyo’s rapidly grow-
ing population after the Second World War led to the construction of
tightly packed masses of wooden apartment buildings in western parts of
the city. Many of these have been replaced by reinforced concrete struc-
tures but dense clusters of inflammable wooden buildings still remain in
other places. There has also been an upsurge in the use of city gas, pro-
pane gas, petrol, and kerosene throughout Tokyo. In addition, the num-
ber of multi-storey buildings, the number of large-scale underground
shopping malls, and the volume of automobile traffic have all increased.
These changes have added to the disaster-vulnerability of the Tokyo
Metropolis. In summary, the general level of environmental hazard in
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Tokyo has tended to increase because urbanization concentrates pop-
ulations and investments. Innovations of urban design and occupancy
often introduce unexpected patterns of exposure, and the potential for
large losses has spurred extra efforts to reduce both physical risks and
human vulnerability.

Significant hazard events

Most natural hazard losses in 1963-1993 were caused by heavy rain and
high winds associated with typhoons and other storms, but non-damaging
earthquakes also occurred as well as an assortment of other hazards such
as winter blizzards. In an average year the city was affected by 5-20 sig-
nificant hazard events, but total annual numbers of affected households
rarely exceed a few thousand. In an unusual year (1966) typhoons dis-
rupted or damaged almost 200,000 households; even more damaging
storms have also affected Tokyo outside this period of record (e.g. the
Kanogawa typhoon, 1958). Severe earthquakes have historically occurred
at intervals of several decades, although none took place between 1963
and 1993. Nevertheless, the threat of a major earthquake is treated very
seriously by Tokyo’s leaders and its citizens.

Earthquakes and fires

Since 1615 the area that is today encompassed by Tokyo has experienced
at least six earthquakes of magnitude 5 or greater on the Japanese scale
(1615, 1649, 1703, 1855, 1894, 1923) (Matsuda, 1993).> Two of these
quakes (1703 and 1923) were centred offshore in the Sagami Trough,
which bounds the Philippine Sea tectonic plate and the Pacific Ocean
plate, and four occurred directly under the site of Tokyo. Heavy losses
were sustained in both types of quake. For example, the 1855 event (M 7)
caused the collapse of 14,000 dwellings with an estimated death toll of
around 10,000 (Katsuhiko, 1987). The Great Kanto quake of 1923 and
the fire that followed killed 140,000 and devastated approximately 44 per
cent of the built-up area. The latter was the most destructive natural dis-
aster to have affected any of the world’s large cities during the twentieth
century and one of the largest disasters to have affected any community
during recorded history.

Earthquake damage in Japan is closely related to weather conditions
that favour the spread of fires ignited by ruptured gas lines and the scat-
tered embers of cooking fires. For example, the Kanto earthquake of
1923 occurred just before noon at the end of a hot and dry summer when
strong winds were blowing. Non-earthquake-related fires have also been
a frequent hazard. Before the Second World War, the city was over-
whelmingly composed of inflammable wooden buildings. During the Edo



URBANIZATION AND DISASTER MITIGATION IN TOKYO 67

period (1603-1868) there were at least 89 urban fires that burned large
areas. It was said that new wooden buildings had an average lifespan of
seven years before being consumed by fire. Since the 1960s, the incidence
of large fires has declined sharply as a consequence of improved fire-
fighting services and increased use of non-flammable materials in urban
buildings (Scawthorn, Arnold, and Scholl, 1985).

Floods

Tokyo is subject to three types of flooding: storm surges associated with
typhoons; heavy rainfall that fills low-lying areas directly; and breaches
in sea walls and dykes caused by earthquakes (Nakano et al., 1988).
Although there have been at least eight major surge floods since 1900 and
numerous rainfall floods, there has been no significant flood damage in
the Tokyo lowlands since 1966. This is primarily due to massive invest-
ments in embankments, pumping stations, and water gates throughout
the lowlands. In contrast, flooding has increased in the upland tributary
valleys. This illustrates a well-known relationship between urbanization
and increased flooding as permeable undeveloped soils are replaced by
impermeable roads, parking lots, and buildings. The resulting pattern
marks a dramatic shift in the location of flood risks (fig. 3.5). For example,
widespread flooding in September 1949 inundated areas that were almost
totally confined to the lowlands. Nine years later the flood zone included
valleys in the hillier regions of the ‘‘tableland.” By June of 1966 areas
affected by urban flooding were showing up on the west (inland) side of
the Ward Area and flooding in the lowlands was less of a problem.

Disaster mitigation

Public policies for disaster reduction in Tokyo are heavily influenced by
the city’s experience with devastating fires. These have occurred as a
result of accidents, earthquakes (1923), and aerial bombings (Second
World War). Early efforts focused on fire awareness, fire prevention, and
fire fighting, and these are still central components of hazard manage-
ment. For example, residents and visitors are constantly reminded about
the dangers of fires by signs and information pamphlets; lay citizens are
expected to provide the first line of defence against fires; specialized local
stores sell emergency supplies; neighbourhood fire houses are stocked
with ingenious lightweight fire-fighting devices powered by human muscle
and other portable energy sources; and the Tokyo Fire Service is both
highly trained and equipped with advanced machinery for fire fighting
and rescue operations. These kinds of responses are already well devel-
oped and widespread throughout the city. A second tier of protection is
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Fig. 3.5 Changes of inundated area in the Tokyo Metropolis (Source: Tokyo
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provided by various land-use and building construction measures that are
designed to: (1) retard the spread of fires; (2) provide shelters for evac-
uees; and (3) supply relatively secure bases from which emergency coun-
termeasures can be mounted. In some parts of Tokyo all of these
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responses are already in place, but elsewhere many are still being devel-
oped. Eventually there will be a third tier of protection which is based on
assumptions about the prediction of risks and the reliability of “disaster-
proofing” technologies. Residents may not only be forewarned about
earthquakes and other threats by sensors and monitoring devices; they
will be provided with enough protection to obviate the necessity of evac-
uation. Many of the adjustments to fires also serve to offset other envi-
ronmental hazards (e.g. earthquakes, industrial accidents) but they do
not necessarily guarantee protection against flooding, windstorms, and
landslides. Separate initiatives are sometimes undertaken for hazards
such as these.

Japan possesses a highly centralized, hierarchical form of government,
which is reflected in the disaster-mitigation process. This is complemented
by an extensive system of consultation and consensus-seeking among
different constituencies before policy changes are enacted. Although
rancorous conflicts are not precluded (and may become more frequent),
there is rarely much publicly voiced opposition to government edicts.?
National legislation and policies set the context for local responses and it
is appropriate to begin with a brief review of disaster mitigation at the
national level.

The evolution of disaster countermeasures in Japan

Since the Meiji Restoration of 1868 a wide range of natural hazard laws
has been enacted in Japan (table 3.1). Between 1880 and 1911 there were
seven major national laws that addressed issues of flooding, erosion, and
disaster relief. After an interval of 36 years, marked by numerous earth-
quake and typhoon disasters as well as the trauma of the Second World
War, a renewed round of national disaster legislation began in 1946.*
This continued until 1980 and involved the passage of 35 additional acts
and related initiatives.

The most important of these was the Disaster Countermeasures Basic
Act (1961). Other laws passed during this period addressed fire fighting,
flood control, forest conservation, slope failures, coastal hazards, heavy
snowfall, petrochemical complexes, and the prediction of earthquakes
and volcanic eruptions. In addition, several disaster science and manage-
ment agencies were established, an annual national “disaster prevention
day” (1 September — the anniversary of the 1923 earthquake) was pro-
claimed, and legislation was enacted to address the special problems of
disasters in large cities. Particular attention was directed towards the
threat of future earthquakes in urban areas.

Since 1980 the pace of national disaster legislation in Japan appears to
have slowed. Only two major laws were passed in almost 15 years; one of
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these was again directed at preparations for the anticipated Kanto earth-
quake and the other focused on Japan’s emerging role as a supplier of
disaster-management expertise to other countries. However, the Great
Hanshin earthquake that devastated Kobe in January 1995 may well
stimulate an upsurge in disaster-related legislation and other public
policy initiatives. The pattern of disaster legislation directly affecting
Tokyo is somewhat different (fig. 3.6). Disproportionately more laws and
regulations were enacted during the period 1919-1924 (which encom-
passes the 1923 earthquake) and again in the years between 1952 and
1980. Whereas the pace of national legislation appears to have decreased
in recent decades, there has been no diminution of the legislation affect-
ing hazard management in and around Tokyo.

The Disaster Countermeasures Basic Act (1961)

After the Second World War, Japan experienced a series of large dis-
asters, culminating in 1959 in the Ise Bay typhoon, which took a particu-
larly heavy toll (5,098 deaths) and prompted national leaders to adopt a
wholesale reform of the disaster-management system. Subsequently, the
Disaster Countermeasures Basic Act was promulgated in November 1961
with the goal of developing a nationwide, comprehensive, governmental
system for disaster prevention.

This Act required the central government to form a Central Disaster
Prevention Council headed by the Prime Minister. Members of the
council are ministers and heads of designated administrative organs and
designated public corporations. The Council deliberates important
matters relating to disaster prevention and reports to the Prime Minister.
The Council also prepared the Basic Plan for Disaster Prevention in 1963.
Individual administrative organs are required to make their own Opera-
tional Plans for Disaster Prevention in accordance with the Basic Plan.
Local governments (prefectural governments and municipalities such
as cities, towns, and villages) are also required to establish Prefectural
Disaster Prevention Councils and Municipal Disaster Prevention Coun-
cils. These bodies prepare Local (Prefectural and Municipal) Plans for
Disaster Prevention that define specific actions to be taken in their
respective areas.

Disaster countermeasures plan of the Tokyo Metropolitan
Government

The Prefectural Plan for Disaster Prevention

In accordance with the national Basic Plan for Disaster Prevention, the
Tokyo Metropolitan Government has prepared a Prefectural Plan for
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Disaster Prevention. This plan is checked every year and amended when
necessary. It is printed in book form and available for sale to citizens. The
Earthquake Disaster Volume (last amended in 1986) alone consists of
803 pages of information about appropriate disaster countermeasures.

Plan for earthquake disaster prevention

There is a high level of concern about the potential effects of large
earthquakes on Japan. The earliest major legislative manifestation of this
is the Large-scale Earthquake Countermeasures Act (1978). Under the
terms of the Act, special measures have been taken to prepare for a
massive earthquake that may occur in or near Suruga Bay (the so-called
Tokai earthquake). An intensive earthquake observation system has
been set up to monitor much of Kanagawa, Yamanashi, and Shizuoka
prefectures beyond the southern and western edges of the Tokyo Met-
ropolis. This system is designed to provide warnings of an impending
quake which will trigger various disaster prevention actions throughout
the region. According to most Japanese studies it is not expected that
Tokyo buildings would experience devastating effects from a repeat of
the 1923 Kanto (offshore) quake. Most of the worst physical impact
would be felt further south in Shizuoka Prefecture. However, there is
concern about the possibility of social disruption, panic, and loss of
confidence in public authorities. A Stanford University engineering
researcher, Haresh Shah, has calculated that economic losses might
amount to US$1.2 trillion and other commentators have speculated about
the possibility that this scale of losses might trigger vast global financial
repercussions (Lewis, 1989).

In August 1992, the Expert Committee of the Central Disaster Pre-
vention Council pointed out that there was a significant possibility of a
Richter scale 7 earthquake occurring just beneath the South Kanto land
area (Saitama, Chiba, Tokyo, and Kanagawa prefectures) in the near
future. At the same time, the Council announced a set of guidelines for
addressing the consequences of such an event. These noted the difficulty
of predicting this kind of earthquake and the localized pattern of damage
that would result. The Metropolitan Government was charged to begin
risk assessment of earthquakes in the Tokyo Metropolis during fiscal year
1994, and the National Land Agency was given responsibility for devel-
oping methods of assessing risks associated with local quakes.

In Tokyo the system for coping with earthquakes is highly detailed.
The Metropolitan Government has enacted a Tokyo Metropolitan Ordi-
nance for Earthquake Disaster Prevention (1971). A specific Plan for
Earthquake Disaster Prevention has been developed and is updated
every five years. It includes a provision that requires the Metropolitan
Government to assess earthquake vulnerability regionally and to publi-
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Fig. 3.7 Framework of vulnerability assessment in Tokyo (Source: Tokyo Metro-
politan Government)

cize the results. The findings of the vulnerability assessment were made
public in 1975 and 1984 for the Ward Area, in 1980 for the Tama District,
and in 1992 for the whole of the Metropolis.

The assessment was based on the effects of an earthquake similar to the
one that occurred in 1923 (i.e. 7.9 Richter scale magnitude with an
epicentre located under Sagami Bay). The urbanized area of Tokyo was
divided into 5,017 blocks (500 m x 500 m) and a survey of vulnerability
conducted for each block using the following indicators on a scale of 5
(most vulnerable) to 1 (least vulnerable) (fig. 3.7):

1. collapse of buildings

2. human lives lost

3. occurrence and spread of fire
4. evacuation.
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Fig. 3.8 Loss assessment for the forthcoming great Kanto earthquake in Tokyo

This survey provides a picture of the relative vulnerability among dif-
ferent districts of Tokyo at the time of the earthquake. It does not take
account of cumulative losses incurred before, during, and after the
earthquake, including chains of consequences throughout the recovery
period. These omissions have been rectified by a later loss assessment
that is based on an assumed repeat of the 1923 earthquake at 6 p.m.
during winter when winds are blowing with a velocity of 6 metres per
second. Damage has been estimated in three stages: (1) immediate dam-
age to buildings due to ground shaking, liquefaction, and slope failure;
(2) loss of life and property due to subsequent fires, floods, and other
hazards; and (3) after-effects such as the prolonged loss of urban func-
tions and services. Figure 3.8 summarizes the overall estimated losses for
the Tokyo Metropolis. It suggests that approximately 80 per cent of the
old built-up (Ward) district of Tokyo would be affected by ground shak-
ing and 20 per cent by liquefaction. In this area, loss of gas supplies would
be nearly total (98.5 per cent) and 30 per cent of the 1.5 million buildings
would be burned down. Losses in the rest of the Tokyo Metropolis would
be proportionately less but still very substantial. Loss of life is estimated
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at around 10,000 with total casualties around 70,000, but these figures
may be revised upwards in the light of Kobe’s recent earthquake experi-
ence. There a Richter scale 7.2 quake on 17 January 1995 caused much
more damage than anyone had anticipated.

Urban disaster-prevention planning

The basic elements of disaster-prevention planning in Tokyo are
intended to increase the fire resistance of buildings, to provide residents
with safe evacuation routes to secure shelter areas, and to equip these
areas with the means to combat surrounding fires.

Fireproof buildings

The Metropolitan Government has designated 56,553 ha (or 95 per cent)
of the Tokyo Ward Area as special districts for purposes of fire sup-
pression and reduction. There are two types of districts: (1) fireproof
districts and (2) quasi-fireproof districts. In the former, all buildings of
more than three storeys or more than 100 m? of floor space are required
to be built of non-flammable materials such as reinforced concrete. In
quasi-fireproof districts, fireproofing is required of only certain taller and
larger buildings; other buildings are regulated to a lesser degree. Nearly
all parts of the Ward Area are designated as quasi-fireproof districts and
areas within Loop Road 6 are designated as fireproof districts. The latter
area represents the ‘‘disaster-proof” core of modern Tokyo.
Government subsidies to encourage the use of fireproof materials in
building construction constitute a second strand of the fireproof building
strategy. Subsidies are available to owners of buildings in the designated
fireproof districts of Tokyo as well as similar districts in Osaka, Nagoya,
and other large cities that face significant earthquake risks. So far under
this programme, 34 districts (732.3 ha) have been designated as so-called
“Fireproof Building Promotion Districts.”” Therein the main objective is
to retard fire and permit evacuation in the wake of an earthquake rather
than to prevent fire occurring. Of these districts, 28 (638.8 ha) are located
in the Ward Area of Tokyo. In other words, just over 1 per cent of Tokyo
city is included in this programme at present. The rate of the subsidy is 50
per cent (local government 25 per cent, national government 25 per cent);
in fiscal year 1990, ¥510 million were spent on 198 buildings in 29 Fire-
proof Acceleration Districts (i.e. ¥2.6 million or US$25,000 per building).

Open spaces for evacuees

More than 1 million people survived fires that followed the 1923 earth-
quake by evacuating to large open areas such as public parks. Compared
with most cities in Europe and North America, however, Tokyo is
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chronically short of public open spaces. Creation of parks, green prom-
enades, and similar open areas receives high priority in parts of the city
where they are currently lacking.

In Tokyo, 149 evacuation sites have been officially designated. Typi-
cally they are large parks, university or high school campuses, other
public facilities (e.g. Haneda Airport), non-flammable housing complexes
such as the so-called Metropolitan Residents’ Housing, cemeteries, and
riverbanks. The largest are located in an arc close to Tokyo Bay and in a
band of shrines and parks surrounding royal residences that stretches
west from the Imperial Palace. Each is intended to provide space for
evacuees at a density of not less than 1 m? per person. According to
government guidelines, no person should have to travel more than 2 km
to reach an official evacuation site. Non-flammable buildings, parks, and
open spaces, which provide the majority of evacuation sites, are shown in
figure 3.9. Other evacuation sites are also shown.

The number of evacuation sites has increased in recent years with the

DA W

T %w

Fig. 3.9 Fire risk, open space, and evacuation sites
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departure from Tokyo to Tsukuba of many national research institutes
and one university. The grounds of these facilities are typically converted
into public parks, which are also frequently designated as evacuation
sites. In addition, the government has made use of former US military
bases now returned to Japanese control. Eleven such bases cover 1,116 ha
and four of these (244 ha) are now designated as evacuation sites. The
Tokyo Metropolitan Government is also eagerly purchasing abandoned
factory sites for use as roads, parks, and housing that incorporate the
principle of disaster resistance. Finally, agricultural land also plays a
role in increasing human survivability during disasters in the Tokyo
Metropolis. Most such land is privately owned. Farmers can sell it to
developers at any time without penalty. For a long time taxes on agricul-
tural land were also held at very low levels but the tax laws were
amended in 1991 to remove this provision; property taxes are now set at
the same level as on built-up land. If an owner’s land is designated as
“Agricultural Green Space” it is taxed at the previous low rate provided
that it remains in agriculture for at least 30 years. The new taxation
system in effect divides farm land into two different groups: land that will
be converted to urban uses sooner or later; and land that will continue
to be farmed for at least 30 years. In the Tokyo Metropolis, 53 per
cent (3,983 ha) of the farm land in the Urbanization Promotion Areas
(17,520 ha) is designated as ‘“Agricultural Green Space.” Although such
land is scattered in small parcels, these might perhaps be amalgamated
and put to work as evacuee reception areas at some time in the future.

Evacuation routes

Successful evacuation depends in part on the availability of suitable
roads, and in much of the metropolis these are lacking. A need for better
roads is recognized both inside the built-up (Ward) area of Tokyo —
where 1,705 km of new main roads have been included in urban planning
documents — and in the (Tama) hinterland, where an additional 1,368 km
are so designated. Unfortunately, owing to the high price of land and the
difficulty of negotiations with prospective sellers, only 54 per cent of these
roads in the Ward Area and 38 per cent in the hinterland have been
completed.

Urban redevelopment and land adjustment projects

Urban redevelopment projects provide a suitable — though expensive —
means of converting districts full of wooden buildings into fireproof
districts. For example, Tokyo Metropolitan Government has completed
the Shirahige-higasi District Urban Redevelopment Project (27.6 ha)
on the eastern bank of the Sumida River; three more projects are under
way (Shirahige-nishi District, 49.6 ha; Kameido-oojima-komatsugawa
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District, 98.4 ha; Kouenji-eki-kita District, 4.0 ha). In each of these cases,
improved disaster resistance is the primary motivation for the project.
Elsewhere, disaster resistance is an important secondary goal of two
completed urban redevelopment projects (Nishi-ookubo District, 2.9 ha,
and Iidabashi District, 2.3 ha), and one ongoing project (Akabane-kita
District, 3.5 ha). The foregoing are publicly sponsored efforts. Private
sector redevelopment projects are also being undertaken.

Land readjustment projects are an additional means of making urban
areas less vulnerable during disasters. These projects involve realigning
roads and property boundaries so that disorderly patterns of urban
sprawl can be replaced by more coherent land-use patterns. Many of
Tokyo’s existing roads were former agricultural tracks and as such they
are often narrow and winding. Land readjustment projects were success-
fully adopted to achieve the rationalization of urban land uses after the
Kanto earthquake of 1923 and again after the Second World War.

Disaster-prevention bases

Since 1978 the National Land Agency has been promoting a model pro-
ject for the construction of disaster-prevention bases. The main purpose
is to strengthen disaster-prevention systems at the neighbourhood level.
In the event of a disaster such places are intended to act as bases from
which disaster countermeasures would be mounted; during normal times
they serve a variety of other disaster-prevention functions including
public relations, education, and training. So far, six bases have been
completed in different parts of the country: Kawasaki City (1980), Osaka
City (1981), Nagoya City (1982), Kita Ward of the Tokyo Metropolis
(1984), Amagasaki City (1986), and Shizuoka City (1989). Two additional
bases are under construction.

One particular disaster-prevention base deserves special mention. The
Tachikawa Regional Disaster-Prevention Base is located at an airport
that was formerly a US military base. Its purpose is to provide emergency
countermeasures in the event of a widespread disaster affecting the South
Kanto area — including parts of the Tokyo Metropolis. Together with the
adjacent Showa Memorial National Governmental Park, the disaster-
prevention base encompasses 180 ha. Since 1983 there has been a build-
up of investment in this facility. All related ministries, other agencies, and
the Tokyo Metropolitan Government have begun to improve the base,
under the coordination of the National Land Agency. It is intended to
function as the substitute facility of the national government’s Head-
quarters for Disaster Countermeasures.

Comprehensive water-control measures

Flooding in the western (Tama) district of the Tokyo Metropolis is
mainly a problem of overflow from small rivers during periods of heavy
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rainfall, exacerbated by increasing urban occupancy of floodplains. Here
the main strategy involves structural engineering measures such as em-
bankments, underground river systems, diversion channels, and sewers.
These are designed to accommodate rainfall at the rate of 75 mm per
hour (a once-in-15-year event). The eastern half of Tokyo includes a
number of so-called ‘“‘zero metre areas” (e.g. Koto Delta) that are at or
near sea level and at risk of typhoons, high tides, and earthquake sub-
sidence. Here, engineering responses again dominate, including tidal
dykes, coastal embankments, water gates, and inland water discharge
facilities.

Along large rivers such as the Tama in the west and the Ara and
Sumida in the east, the Ministry of Construction is promoting con-
struction of “super banks.” These are wide flat-topped berms that have
shown superior ability to resist earthquakes and to protect adjacent urban
areas against floods. Property developers and landowners have welcomed
the super banks because they afford view lot sites for housing in areas
that are otherwise flat. At present, ‘““super banks” are found only in scat-
tered locations but — when connected in a continuous line — it is believed
that they will afford permanent protection to the areas that they enclosed.
(They are similar in concept to the medieval Dutch “ring dykes” that
preceded polderization and reclamation schemes, but on a more mon-
umental scale.)

Disaster-prevention shelter bases in the Koto Delta District

One of the most earthquake-vulnerable districts in the Tokyo Ward Area
is the Koto Delta District, which covers about 4,500 ha between the
Sumida River and the Ara River. Most of the land here is very low-lying
owing to subsidence caused by excessive use of underground water for
industrial purposes since the late 1920s. It is barely at sea level or lower
and the ground condition is soft. Homes and industries are primarily
constructed of wood and there are a great number of petrochemical
installations.

Land reclamation has dominated the history of the Koto Delta District.
After a large fire in 1657 destroyed most of the existing buildings of Edo,
including the shogun’s castle, it was decided to reduce overcrowding (and
vulnerability to fire) by expanding the amount of buildable land. Refuse
and other materials were dumped along both sides of the Sumida River to
create suitable sites, and the area east of the river became a residential
zone, which was also home to many temples that were transferred there.
By this means the Koto Delta District came into existence and continued
to expand throughout the Edo era.

In the wake of the Meiji Revolution (1868), Japan became an increas-
ingly industrialized society and the Koto Delta District was the primary
location of industrial production in Tokyo. This situation persisted until
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1960, when protective trade and monetary controls were abolished by the
national government. That action had the effect of encouraging many
private companies to concentrate production in smaller numbers of new,
very large facilities located elsewhere. By 1964 the Tokyo Metropolitan
Government had taken advantage of these changes to acquire former
factories for badly needed residential development sites. But it was clear
that the entire area was susceptible to disaster and that a plan for disaster
prevention was needed both for the occupants of new residential devel-
opments and for existing residents living in dense clusters of old wooden
houses.

The startling effects of earthquake-induced liquefaction and subsidence
on new low-rise housing in Niigata (1964) underscored the urgency of a
disaster-prevention project for the Koto Delta District. As a result, the
Ministry of Construction proposed to develop 16 square-shaped disaster
prevention bases, each 250,000 m? in size. This plan was modified by
replacing the square bases with cross-belt (X) shaped ones to take
account of the possibility that massive post-earthquake firestorms might
occur. In the end this proposal was abandoned because it was too costly.
Finally the present ‘‘Disaster-Prevention Shelter Base Concept” was
adopted by the Tokyo Metropolitan Government in 1969 because it
would address the dual goals of reducing disaster and increasing the
supply of housing. Six disaster-prevention shelter bases were proposed,
each having an area of 50-100 ha. The objective of this plan is to secure
safe open spaces to which people can evacuate within approximately 30
minutes in the event of a large earthquake. The estimated total cost
(in 1969 prices) was ¥500 billion (table 3.2).

Considerable progress has been made toward implementing this plan.
Urban redevelopment projects were adopted for Shirahige-higashi Dis-
trict, Shirahige-nishi District, and Kameido-oujima-komatsugawa District;
the first of these was completed in 1985. Park development projects were
adopted for Shirahige-higashi District (Higashi-shirahige Park, 10.3 ha),
Kameido-oujima-komatsugawa District (Oujima-komatsugawa Park, 24.7
ha), and Kiba District (Kiba Park, 24.2 ha). Fireproof building promotion
projects for urban disaster prevention were also adopted in Shirahige-
nishi District, Kiba District, Yotsugi District, Ryougoku District, Chuou-
sarue District, and Chuou-sumida District.

Creation of disaster-resistant living zones

Recently a new round of more advanced countermeasures is being added
to Tokyo’s defences. These include so-called ‘‘disaster-resistant living
zones’’ where residents will not be called upon to evacuate in anticipation
of future threats. The area included in a disaster-resistant living zone is
roughly the same as the service area of an elementary school or junior
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Table 3.2 Shelter bases in the Koto Delta District

Area of base Area of open Population of

Name of base (ha) spaces (ha) refuge (000)
1. Shirahige

Shirahige-higashi 37.9 10.3 80

Shirahige-nishi 57.9 11.6 120
2. Kameido-oujima-

komatsugawa 114.1 22.6 200

3. Kiba 75.8 242 150
4. Yotsugi® 88.1 44.1 230
5. Ryougoku 47.5 53 53
6. Chuou

Chuou-sarue 53.0 17.4 110

Chuou-sumida 94.5 18.1 139
Total 568.8 153.6 1,082

Source: Tokyo Metropolitan Government.
a. Yotsugi district includes 44 ha of riverbed.

high school (about 65 ha). Disaster-resistant living zones shall be sur-
rounded by firebreaks composed of main roads, parks, railways, and
rivers. Along these firebreaks, construction of fireproof buildings is pro-
moted. So long as fires do not break out within these zones, the residents
are presumed to be completely safe; they will not suffer from fires in
neighbouring blocks.

Within the Tokyo Ward Area disaster-resistant living zones, a series of
additional improvements will be made. These include: widening of pas-
sageways; improvement of areas crowded with wooden rental apartment
houses; development of parks, shopping malls, and community bases for
disaster-prevention activities; preservation of residential amenities; and
promotion of voluntary community activities for disaster prevention. The
Tokyo Metropolitan Government is now experimenting with promotion
schemes for disaster-resistant living zones in three areas of the city.
However, even under the present plan, many of the outer western
neighbourhoods of the Ward Area will not be designated as disaster-
proof living zones.

Countermeasures against other aspects of disaster

Traditional problems of disaster such as building collapses and fires have
now been joined by new ones that are a consequence of recent changes
in urban infrastructure and associated technologies. In particular, the
spread of high-rise buildings and the multiplication of supporting lifelines
(i.e. electricity, city gas, telecommunications, etc.) have raised problems
of complexity and interdependence. This affects the choice of disaster
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countermeasures in various ways. For example, gas systems require at
least four types of hazard adjustment: (1) earthquake shock sensors that
are attached to household gas meters and shut off supplies when strong
ground motion is detected; (2) earthquake-resistant gas pipelines to gen-
eration plants; (3) shut-off valves on large gas holding tanks at these
plants; and (4) technologies that permit some parts of the entire gas dis-
tribution network to be isolated from the rest when disruptions affect the
system. Similar principles of hazard-resistant design and redundancy (e.g.
loops, bypasses, duplicate facilities, multiple distribution channels, emer-
gency standby generators; portable satellite communications) are appro-
priate for infrastructure systems that convey electricity, water, voice
communications, and electronic data, among others. Bridges, tunnels,
railways, and harbour facilities pose related network-failure problems.

Although many of the newer buildings of Tokyo are in compliance with
hazard-resistance standards, much of the city is occupied by old buildings
that do not satisfy these provisions. In addition, a variety of problems are
not adequately covered by any building controls. These include standards
for glass windows and cladding on exterior walls. Another problem that is
peculiarly modern is the presence of large numbers of day-time shoppers
in the centre of Tokyo. Many of the city’s 2 million daily commuters are
concentrated around stores in the vicinity of railroad stations. These
people are unfamiliar with the local area and far removed from relatives,
friends, and known environments, so they will require special handling in
the event of a disaster. The elderly and foreigners already pose special
problems, particularly with respect to providing information and assis-
tance about appropriate evacuation routes and shelters. As Tokyo’s role
as a global city strengthens and its population ages, these will become
increasingly serious issues. All of these problems underscore an increas-
ing need for improved public education about disasters.

Long-range planning

Since the end of the Second World War, two long-range plans for the
Tokyo Metropolis have been completed and a third is now in progress.
Unlike its predecessors, which were both oriented to encouraging eco-
nomic development, the 1990 plan — known as “My Town Tokyo” —is a
direct attempt to redress some of the problems that have arisen as a result
of rapid development.

According to the 1990 plan, Tokyo in the future should be organized to
achieve the following goals:
¢ an expanding global role,
e a balanced polycentric layout,
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the safety and comfort of residents,

high levels of environmental quality,

a healthy industrial base,

lives with a feeling of affluence,

a lively ageing society,

a city that is open to the world.

Clearly, improved disaster management is called for if the third of
these goals is to be realized. Accordingly, the plan calls for additional
emphasis to be placed on: (a) disaster-proof construction and fireproof
construction; (b) measures to protect lifelines; (c) training of disaster-
prevention volunteers; (d) measures to prevent earthquake disasters; and
(e) development of a city-wide drainage system that can handle rainfall
at rates up to 75 mm per hour. All of these efforts will take place in a
city that is more international in outlook and function, more dependent
on information acquisition and transfer, and occupied by an ageing
population. These characteristics will have important — if not entirely
foreseeable — effects on the formulation of future disaster-mitigation
programmes.

Summary outlook

As in the past, the emphasis of Tokyo’s future disaster policies and
programmes will be on technologically based hazard-prevention and
hazard-management projects, but additional attention will probably be
given to integrating disaster education, voluntary private mitigation
initiatives, disaster drills, and other non-structural measures into non-
structural strategies.

Earthquakes are the primary concern, and long-term plans call for
various improved responses. Most of these are incremental changes over
existing practice, but there are significant new initiatives that involve
region-wide coordination of energy, transportation, and communications
services, and special provisions for vulnerable subgroups such as the
aged, the handicapped, and (non-Japanese-speaking) foreigners. Plan-
ning is still largely oriented toward an offshore-centred earthquake,
whereas a local onshore earthquake in the South Kanto region may be
more imminent. It is urgently necessary for the Tokyo Metropolis to
assess possible losses and to strengthen the emergency response system
against such a local earthquake.

Future adjustments to flooding are geared to the characteristics of dif-
ferent areas. For lowland and waterfront districts, the preferred methods
will rely on: strengthened river banks; deeper, wider, and straighter river
channels; and sea walls. In the uplands, the emphasis will be on compre-
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hensive flood-control plans for specific river basins. These would include
land-use controls as well as rainfall retention and absorption measures on
building sites.

Opverall, integration and coordination are watchwords of the envisaged
disaster-proof Tokyo Metropolis. Soft technologies will be integrated
with hard ones and the various organizations that are involved in emer-
gency response activities will be closely articulated. Finally, even though
the city of Tokyo intends to pursue an aggressive programme of coun-
termeasures against natural disasters, it must also be prepared to absorb
some losses. The capacity for rapid recovery and restoration still needs to
be maintained and the general quality of public facilities in many areas
of the city requires upgrading — especially during future post-disaster
periods.

Notes

1. The Metropolis includes 23 wards, 26 cities, 7 towns, and 8 villages in a territory of
2,156 km?. Wards were the basic unit of Tokyo’s municipal government, but much of the
urbanized part of the metropolis now lies outside the “23 Wards Area” of old Tokyo,
(593 km?). This complicates the interpretation of urban data, which are often presented
separately for wards and other areas.

2. On the Japanese Meteorological Agency scale, 5 is roughly equivalent to VIII on the
Modified Mercalli scale of earthquake intensity.

3. For details of recent Japanese environmentally oriented protest movements, see Li
(1992), Hasegawa (1991), Huddle et al. (1987), Kawamura (1994), and Maruyama
(1996).

4. Curiously, the Great Kanto earthquake of 1923 did not spur many changes in national
legislation, although it did stimulate governmental investigations that gave a major boost
to earthquake research (Imamura, 1932).
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Flood hazard in Seoul:
A preliminary assessment

Kwi-Gon Kim

Editor’s introduction

Seoul is sometimes known as the Phoenix City because of its ability to re-
cover from disaster (Williams, 1993, p. 450). Such disasters have usually
been the result of military actions, most recently the Korean War, which
completely destroyed the city. Today’s rebuilt Seoul lies only 20 miles south
of the demilitarized zone with the People’s Republic of Korea; the city
exists in an uncertain political relationship with its flood- and famine-
stricken northern neighbour. There is also uncertainty about the country’s
ability to weather recent economic shocks that are linked with a broader
crisis of East Asian economies. Although blizzards, winter freezes, and
earthquakes are significant natural risks, and the city’s best-known envi-
ronmental hazard may be its severe air pollution, this chapter focuses on
the relatively neglected — but worsening — hazard of riverine flooding.

Flooding is an increasing problem in metropolitan Seoul and the man-
agement of floods and floodplains is a neglected priority for urban plan-
ning. The causes of flooding are well known but the effects are poorly
documented. Typically, floods are triggered by heavy rain, rapidly melt-
ing snow, or tropical storms, especially under conditions where soils
are already saturated. Rivers overflow into surrounding built-up areas,
bringing death and injury to people as well as considerable damage to
buildings. During the past four decades, particularly serious floods

92
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Table 4.1 Flood damage in Seoul, 1960-1991

Monthly
Total Damage
Population precipitation precipitation WLHRB“ (million Buildings

Year (°000) (mm) (metres)  won) lost

1960 2,445 1,188 313 6.84 3 216
1961 2,577 1,437 361 6.25 57 687
1962 2,983 986 139 7.04 8 42
1963 3,255 1,627 514 8.30 30 2,380
1964 3,424 1,794 504 8.27 64 7,654
1965 3,471 1,216 632 10.80 442 10,770
1966 3,793 2,020 898 10.78 605 23,000
1967 3,969 1,269 284 6.60 16 1,170
1968 4,335 1,288 412 7.75 33 1,584
1969 4,777 1,737 455 9.71 67 2,196
1970 5,525 1,708 426 9.02 33 8,557
1971 5,851 1,360 530 6.75 120 1,728
1972 6,076 1,770 882 11.24 1,980 41,200
1973 6,290 928 191 4.97 15 134
1974 6,542 1,251 319 7.22 11 44
1975 6,890 1,067 385 7.45 3 198
1976 7,255 1,110 462 8.41 52 497
1977 7,526 1,148 405 4.28 713 8,158
1978 7,823 1,161 375 8.86 63 732
1979 8,114 1,269 354 7.98 57 218
1980 8,367 1,242 332 7.72 24 3
1981 8,676 1,216 464 8.12 188 122
1982 8,916 949 256 4.99 15 134
1983 9,204 1,057 399 4.23 188 121
1984 9,501 1,250 348 11.03 20,274 34,905
1985 9,639 1,545 439 4.58 173 218
1986 9,799 1,247 370 5.05 287 14
1987 9,991 1,751 651 7.00 15,595 17,603
1988 10,287 761 382 5.46 16 6
1989 10,577 1,426 344 3.98 119 17
1990 10,613 2,356 570 1127 22,528 21,599
1991 10,905 1,158 488 6.74 993 614
Total 64,771° 186,521
Mean 1,353 436 7.46

Source: Annual records, Seoul Municipal Government.

a. WLHRB = Water level at Han River Bridge.

b. Approximately US$80 million (1995).

occurred in 1966, 1972, 1977, 1984, 1987, and 1990. Between 1960 and
1991 more than 130 people died, 975 were injured, and over 185,000
buildings suffered flood damage at a total cost of around US$80 million
(table 4.1). Among the residents of Seoul, flooding is most often attrib-
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uted to failure of the pumping system that is the city’s chief line of
defence against inundation. However, other analysts believe that a major
reduction in the amount of green open spaces is contributing to increased
flood risks. Issues of urban poverty are also mixed in with the flood
problem. This is made clear by a newspaper report:

The residents who live in the frequently inundated areas regard flood disasters
as man-made disasters rather than natural disasters. Those people, who are
low income class people, believe that flood disasters are due to their poverty.
(Dong-a, 15 September 1990)

This chapter emphasizes recent changes in the relationship between
flood risks and urbanization in Seoul. It also assesses the consequences of
development plans for human safety and well-being and it explores pos-
sible management solutions. An overview of urban problems, processes,
and issues in Seoul is followed by what is believed to be the first system-
atic assessment of Seoul’s flood hazard. A simple procedure for identify-
ing flood risks is described. Opportunities for making hazards reduction a
priority of urban government and community life are also reviewed.

Urbanization and urban issues in the Seoul Metropolitan
Area

It is important to understand how particular factors of geography, history,
economics, climate, ecology, culture, and politics have combined to create
a distinctive contemporary context for flood hazard in Seoul.

Physical setting

Seoul occupies a location that commands major transportation routes
through Korea. It is sited on the banks of the Han River in a mountain-
rimmed basin near the edge of the western coastal plain (fig. 4.1). The
Han drains much of central Korea into the Yellow Sea. Nearby mountain
peaks of up to 836 metres are linked together by scenic ridges, and well-
vegetated smaller hills are scattered throughout the built-up area. The
ocean port of Inch’on lies approximately 30 km to the west, and inter-
vening areas are served by a network of major highways and inter-
connecting railroads.

Urbanization

The earliest traces of urban settlement in this vicinity date from 2,000
years ago when the town of Viryesong was chosen as capital of the
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Fig. 4.1 Seoul Metropolitan Area

Paekche Kingdom (18 B.C.—A.D. 660) (Seoul Metropolitan Government,
1992). Following a number of name changes, Seoul became capital of all
Korea at the beginning of the Choson Dynasty (1392-1910). The new
capital was laid out in 1394 according to principles of geomancy. After
600 years of existence it now houses around 11 million people — more
than a quarter of the entire population of the Republic of Korea.

In 1428, approximately one-third of a century after Seoul’s founding,
103,328 people lived within the city walls and approximately 110,00 more
lived outside them. Thereafter, the urban population remained close to
200,000 for over 400 years. Then, in the late nineteenth century — when
the country was opened to foreign contacts — the population of Seoul
began to grow. This process continued when Korea was annexed by
Japan in 1910, and by 1936 about 700,000 people lived in the city. After
the Second World War, municipal boundaries were expanded to include
268.35 km?, which encompassed about 1,400,000 people.

Seoul was devastated during the Korean War (1950-1953) and had to
be extensively rebuilt. By means of a special legislative measure the
Seoul Metropolitan Government came under the direct control of the
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Table 4.2 Population and area of Seoul, 1961-1991

Year Population (’000) Total area (km?)
1961 2,577 268.35
1962 2,983 268.35
1963 3,255 613.04
1964 3,424 613.04
1965 3,471 613.04
1966 3,793 613.04
1967 3,969 613.04
1968 4,335 613.04
1969 4,771 613.04
1970 5,525 613.04
1971 5,851 613.04
1972 6,076 613.04
1973 6,290 627.06
1974 6,542 627.06
1975 6,890 627.06
1976 7,255 627.06
1977 7,526 627.06
1978 7,823 627.06
1979 8,114 627.06
1980 8,367 627.06
1981 8,676 627.06
1982 8,916 627.08
1983 9,204 627.08
1984 9,501 605.38
1985 9,639 605.43
1986 9,799 605.42
1987 9,991 605.42
1988 10,287 605.40
1989 10,577 605.43
1990 10,613 605.34
1991 10,905 605.33

Source: Seoul Metropolitan Government, Seoul! Statistical Yearbook, 1992, p. 4.

Prime Minister in 1962 and this enabled it to develop rapidly. The
municipal boundaries were further expanded in 1963 to encompass
613.04 km? and were redrawn yet again in 1973 to include 627.06 km?
(table 4.2, fig. 4.2). If present trends continue, it is estimated that the
city’s population may reach 15 million by the year 2000, at a density of
400 persons per hectare. However, it is also government policy to dis-
perse urban activities to less developed areas. A Capital City Con-
struction Plan has been prepared, which includes incentives and other
provisions for moving industries out of Seoul as well as increased taxes on
urban in-migrants (Working Group for the Middle-Range Development
Plan of Seoul, 1979).



1990 (Source: Seoul

Fig. 4.2 Expansion of the Seoul Metropolitan Area, 1926

Metropolitan Government)
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Table 4.3 Land-use changes in Seoul City, 1979-1991

1979 1991

_ _ Change

km? % km? % (km?)
Built-up area 253 42 390 65 +137
Agricultural land 87 14 36 6 —51
Forest land 242 40 153 25 -89
Water 23 4 26 4 -3
Source: Seoul Metropolitan Government.
Table 4.4 Land-use changes in Seoul Region, 1979-1991

1979 1991

_ _ Change

km? % km? % (km?)
Built-up area 528 11 997 20 +469
Agricultural land 1,543 31 1,342 27 —-201
Forest land 2,805 56 2,525 50 —280
Water 151 3 163 3 +12

Source: Seoul Metropolitan Government.

Recent demographic trends have brought about considerable land-use
changes in Seoul. Based on an analysis of LANDSAT imagery carried
out by the Korea Research Institute for Human Settlements, it is known
that built-up areas within the municipal boundaries increased by 54.2 per
cent between 1979 and 1991. During the same period, agricultural land
declined by 58.6 per cent and land in forests decreased by 36.8 per cent
(table 4.3). In the larger Capital Region (within 40 km of Seoul City
Hall), built-up areas have increased by 8.9 per cent, while agriculture and
forests have decreased by 13.1 per cent and 10.0 per cent, respectively
(table 4.4).

During the years leading up to the 1960s, Seoul maintained a single
central business district and grew by peripheral expansion along major
access highways. Thereafter, the pattern of urban functions began to
change. In the 1970s, large-scale city planning projects resulted in rapid
development of selected localities such as Kangnam. Following con-
struction of an extensive subway system in the 1980s, urban functions
have become more decentralized. Now subway stations are the foci of
secondary business districts. In other words, multiple economic nuclei
have emerged to challenge the dominance of the downtown business
core.
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Table 4.5 Centralization of functions in Seoul, 1989

Country Seoul % in Seoul

Area 99,237 km? 605 km? 0.6
Population 42,380,000 10,577,000 25.0
Central

government

organizations 45 31 69.0
Headquarters of

large firms 1,711 851 50.0
Loans 62 trillion won 35 trillion won 56.0
Cars 2,660,000 990,000 37.0
Physicians 34,498 14,577 42.0
Colleges 474 161 34.0
Publishing

companies 1,654 1,546 94.0
Newspapers

(daily and weekly) 195 162 83.0

Source: Seoul Metropolitan Government.

Urban environmental problems

Seoul suffers from a variety of urban environmental problems, including
overcrowding, housing shortages, transportation congestion, air pollu-
tion, building fires, and flooding. The city is the pre-eminent centre of
national life in Korea and a magnet for the rural population. Political,
economic, social, and cultural organizations of Korea are heavily con-
centrated in Seoul. For example, half of the headquarters of large
businesses are here and 56 per cent of all financial loans are made for
investments in Seoul (table 4.5). The city produces 40 per cent of the
country’s gross national product, houses 90 per cent of the nation’s
administrative functions, and hosts 70 per cent of Korea’s college stu-
dents (Koo, 1989). The country’s publishing industry and most of its
public institutions are also located here. Inner districts of Seoul are now
centres of labour-intensive industries while suburban Seoul is occupied
by capital-intensive industries. Technical and computer services are also
concentrated in the city.

In-migration from rural areas is heavy, demand for housing and public
services is acute, and urban population densities are among the highest in
the world. Between 1980 and 1990 housing units grew from 1 million to
over 1.4 million, while numbers of schools increased from around 1,100
to over 2,600. The population density is around 18,000 people per km?.
Because the city’s population is growing so fast (about 4 per cent per



100  KWI-GON KIM

8600

7000 K
GO0 /
5000 m
4000 |

Miliion Weon

3000 f.‘
[+
n r“\-f

1000 m Ve

T T T F YT Y TR T T T T T T T T T

Q- LML TR N
1960 1965 1870 1975 1980 1985 1990
Year

Fig. 4.3 Trends of fire damage in Seoul, 1961-1992 (Source: Seoul Metropolitan
Government)

year), there is strong pressure to develop existing open spaces within the
metropolitan boundaries and to permit expansion further into the coun-
tryside. High-rise construction helps to ease some of the pressure on land
and the city is surrounded by an officially designated green belt, which
was created in 1971. More than 27 per cent of all land within the boun-
daries of the Seoul administrative area is included in the green belt. It has
been effective in minimizing the spread of non-conforming urban land
uses (Kim, 1990).

Housing shortages are severe. In 1988 there were fewer than six
dwellings for every ten families (Clifford, 1989), and squatters now make
up about 20 per cent of the metropolitan population. Most squatters are
poor migrants from rural areas who congregate in the peripheral districts
of the city. With demand for downtown land at record levels, housing and
land prices there have risen steeply. Closely packed wooden homes are
also susceptible to fire, and total fire losses are accelerating. In the years
between 1980 and 1990, annual losses rose by about 400 per cent and by a
further 50 per cent in the two succeeding years (fig. 4.3).

During the 1980s it was estimated that 400,000 additional housing units
would be required in the near future. These will consume about 34 km?
of land. Some of the land will come from redevelopment of existing resi-
dential areas and abandoned factories, but at least 12.6 km? of green
open space land in the outer parts of the city will also be consumed. By
1989 work was already under way to convert 8.5 km? of green areas to
housing sites in 17 city districts. Profits from the sale of housing are rou-
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tinely reinvested in the construction of roads, public utilities, and addi-
tional houses (Seoul Metropolitan Government, 1989). Conversion of
green spaces inside Seoul’s boundaries for new towns-in-town is believed
to increase flood risks and lessen human safety.

Crowding produces other serious problems. These include traffic con-
gestion, air pollution, water pollution, and solid waste disposal (Shin,
Lee, and Song, 1989; Moon, Lee, and Yoon, 1991; Sohn, Heo, and Kang,
1989; Shin, Koo, and Kim, 1989). More than 40 per cent of Korea’s vehi-
cles are concentrated in Seoul and approximately 300 more cars are being
added every day (Won, 1990). In contrast, relatively little land is devoted
to streets and roads — around 14.5 per cent compared with 20-35 per cent
in American and European cities of similar size. Since 1981, road space
has risen from 15 per cent to 17 per cent of the city’s total area. Traffic
accidents have increased from 27,483 in 1981 to 49,413 in 1987 (Lee,
1988; Parsley, 1993).

The Han River provides a major barrier to surface transportation
systems and is a main contributor to congestion. Roads are funnelled
over nine major as well as eight lesser bridges; and there are three main
railroad bridges. Only one of the seven cross-river subway lines uses a
tunnel, the remainder being carried on combined road and rail bridges.
Because Seoul occupies a mountain basin protected from high winds, the
potential for air stagnation is high. Especially in winter there is a high
frequency of inversions marked by calm atmospheric conditions and lim-
ited vertical mixing. Urbanization and industrialization have combined
with a rise in living standards to produce a dramatic increase in energy
consumption. As a result, the air over Seoul contains high levels of
sulphur dioxide and suspended particulates. Most of these problems are
traceable to the use of particular fuels: anthracite briquettes for home
heating and cooking; bunker oil for industry and power stations; and
gasoline for motor vehicles (UNEP/WHO, 1992).

Flood-risk assessment
Framework for the assessment of flood risk in Seoul

The following conceptual and methodological framework for flood-risk
assessment is based on two premises: (1) urbanization and land-use deci-
sions are important determinants of flood risk; and (2) urban planning
and decision-making have not effectively incorporated flood risks or
made provisions for their reduction. The analytic procedure used here
produces estimates of likely future losses by combining floodplain loca-
tion data from Geographic Information Systems with statistical analysis
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Fig. 4.4 Framework for flood-risk assessment in Seoul

of flood probabilities and populations at risk (fig. 4.4). Public perceptions
of floods and appropriate responses are also examined by means of a
survey of newspaper articles.

The Han River basin covers 26,200 km?, or 26 per cent of Korea’s land
area, and contains nearly one-third of the country’s population (Republic
of Korea and Asian Development Bank, 1982). In Seoul, floodplains
border the Han and its tributaries (fig. 4.5). Although flood risks are
increasing, no systematic analysis of these risks has ever been completed.

Methods

For the purposes of this analysis, exposure to flooding in Seoul is
assumed to be a function of two variables: (1) elevation; and (2) distance
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from a river channel. Generally, in Seoul’s reach of the Han River valley,
land up to 10.5 m above sea level is at risk of flooding. LANDSAT images
were analysed to identify three levels of elevation corresponding to three
different probabilities of exposure to floods: less than 10 m above mean
sea level; 10—15 m above mean sea level; and more than 15 m above
mean sea level. The three elevation land classes are shown in table 4.6
(areas below 15 m appear in fig. 4.5). Areas under 10 m include 31.37 per
cent of the total area of Seoul. Areas between 10 and 15 m include 7.2 per
cent of Seoul. And areas above 15 m include 61.43 per cent of the city.
Thus, about one-third of Seoul is below the threshold elevation for
serious flood risk. There are many dwelling units and other buildings in
this area. Of the 22 wards (gu) of Seoul, Yongdungp’o-gu has the great-
est percentage of land under 10 m (84.21 per cent).

The study area was also divided into three zones based on distance
from the boundary of the Han River channel: within 500 m; 500-1,000 m
(1 km); beyond 1 km. Table 4.7 illustrates these three distance classes.
Just under 6 per cent of the area of Seoul is within 500 m of the Han
River channel. An additional 5.24 per cent lies between 500 m and
1,000 m, but most of the city is located further away from the river
(88.79 per cent). Map’o-gu contains the largest amount of land closest to
the river (19.83 per cent within 500 m).

The results of combining elevation and distance data are shown in
table 4.8. It is clear that a significant number of city wards are at risk
of flooding. These include: Map’o-gu, Kangdong-gu, Songdong-gu,
Yongdungp’o-gu, Yongsan-gu, Songp’a-gu, Kangnam-gu, and Dongjak-
gu. Only one ward (Chung-gu) is considered to be safe from flooding by
virtue of its high elevation and distance from the river. This ward contains
much of the central business district, including Seoul City Hall and many
government buildings, as well as hotels, foreign embassies, and the
headquarters of major firms.

Ideally, it should be possible to identify the numbers of people and
buildings that occupy different elevation and distance zones. However,
technical limitations of the Geographic Information System that was used
in the analysis precluded this possibility. To determine the accuracy of
the preceding analysis it was checked against the record of flood damage
for three recent years (1984, 1987, 1990) (table 4.9). This shows that there
is a high degree of agreement between wards that are assessed as having
a high risk of flooding and actual losses.

It was also observed that water rose to a height of more than 11 m at
the Han River Bridge on three occasions between 1960 and 1991. This
indicates that the potential for flooding in Seoul is large. Flood events
with a frequency of once in 400 years could rise to 13.85 m above sea
level at this bridge.
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Fig. 4.5 Han River valley in Seoul (Source: Seoul Metropolitan Government and
various others)

Statistical risk assessment

Clearly there is a significant potential for serious flooding in Seoul.
Floods are likely to become worse as the amount of green space declines
and undeveloped land is replaced by impermeable paved surfaces that
shed runoff quickly and speed up the arrival of flood waves in populated
areas downstream.

To what extent does conversion of green space contribute to increasing
future floods? The procedure employed to answer this question is shown
in figure 4.6. Several simple regression analyses were performed for Seoul
using historical data on green spaces and flood damage. It is important to
note that there are insufficient data to produce a reliable statistical ana-
lysis of the relationship between green space and flood damage for Seoul
at this time. What follows is illustrative of the procedure that might be
used with more confidence if better information becomes available.
Those who might wish to adopt this method elsewhere must be aware
that it requires long-term data, which may be difficult to acquire in places
where human and material resources are limited.
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Table 4.8 Distribution of flood hazard zones by ward

Areas within Under 10 m Flooding

Code 500 m of Han above experienced
No Ward River sea level (inundated area)
1 Tobong-gu 0
2 Nowon-gu 0
3 Map’o-gu 0 0 0
4  Yangchon-gu 0 0
5 Kangdong-gu 0 0 0
6  Songdong-gu 0 0 0
7 Unpyong-gu 0 0
8 Songbuk-gu 0
9 Chongno-gu 0
10 Chungnang-gu 0 0
11  Sodaemun-gu 0 0
12 Tongdaemun-gu 0 0
13 Kansgo-gu 0 0 0
14 Chung-gu
15  Yongdungp’o-gu 0 0 0
16  Yongsan-gu 0 0 0
17  Songp’a-gu 0 0 0
18  Kangnam-gu 0 0 0
19  Socho-gu 0 0 0
20  Dongjak-gu 0 0 0
21 Kuro-gu 0 0
22 Kwanak-gu 0

Simple regression analysis

A series of simple regression analyses was carried out for the city of
Seoul involving area of green space (open vegetated land) as the inde-
pendent variable and a series of measures of flood loss as the dependent
variables. The results are shown in table 4.10. These calculations reveal
that several measures of loss are strongly explained by the amount of
green space. Indeed, the presence of green space explains 31 per cent of
the total variation in deaths and a comparable amount of the building
damage. This finding is consistent with the hypothesis that green space
helps reduce the risk of floods.
Regression equations:

Log (Death and..... ) = 4.28198 — 0.000125644 x Green Space
(R* = .31068. SIGNIF F = .1936)
Log (Building Damage) = 5.28678 — 0.000161053 x Green Space
(R* = .27955. SIGNIF F = .0772)
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Phase 1: Determine relation between green space and flood damage

v

Phase 2: Estimate decrease in green space area by 2010

4

developed in Phase 1

Phase 3: Application of estimates from Phase 2 to Predictive model

Fig. 4.6 Procedures employed to determine the relation between flood damage

and land use

Table 4.10 Results of simple regression analysis of green space and flood losses,

1980-1991
Independent
variable

Dependent variable Constant (green space) R? SIGF

Total Damage 16145.98543 —0.55955 .084 .3608
(0.3022) (0.3608)

Log (Total Damage) 5.32885  —0.000130613 .15159  .2109
(0.0566) (0.000097714)

Life Damage 245.0611 —7.34254 04276 5191
(0.4005) (0.3608)

Log (Life Damage) 3.85621 —0.000100735  .165 2439
(0.0934) (0.2439)

Death & Life Loss 129.19862  —0.00401596  .04608  .5029
(0.3975) (0.5029)

Log (Death & Life Loss) 428108  —0.000125644 .31068 .1936
(0.1001) (0.1936)

Public Facilities Damage 17491123  —0.000107922  .0000  .9986
(0.9090) (0.9986)

Log (Public Facilities Damage) 5.28678 —0.000161053  .27955 .0772
(0.0291) (0.0772)

Other Building Damage 5860.98634 —0.20861 13429 2413
(0.1967) (0.2413)

Log (Other Building Damage) 5.03357 —0.000127812  .15094  .2672
(0.1016) (0.2672)

Source: Calculated by the author.

The amount of green space is known for every year during the period
1980-1991. A regression equation was developed to allow annual esti-
mates of the amount of green space remaining to be made up to the year
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2010. It is of the form:
Green Space = 48634.342 — 309.88532 x year
(R* = .9417. SIGNIF F = .0000)

The results of projecting this equation into the future are shown in
table 4.11. This provides estimates of the increased flood losses that are
likely to occur as green space disappears. A visual display of the rela-
tionship between future land-use changes and flood risks can be obtained
by superimposing table 4.12 on the land-use plan contained in the General
Development Plan of Seoul Towards the Year 2000. At present these
maps and tables on flooding should be regarded as inexact guides to the
future. They can be refined as more and better data on damage and land
use become available.

Responses to flooding

City leaders in Seoul face a dilemma over what to do about flooding.
Much of the potentially developable land is exposed to significant risks of
flooding, but in a large, densely populated, fast-growing city it is difficult
to leave that land in open space uses. Already the costs of rehabilitat-
ing flood-damaged property and land are substantial (table 4.12); over
a recent eight-year period they exceeded US$50 million. There is no
adequate insurance programme for floods, so most (70 per cent) of the
costs are borne by individual victims.

At present, the city of Seoul relies on a combination of forecasting
and protective engineering works to help reduce flood losses. Flood-risk
zoning is not practised and public officials appear to believe that there are
no standard planning methods for incorporating this kind of zoning into
urban planning strategies. However, this study shows that much can be
done toward that end even with the limited information that is now
available.

Flood forecasting

The Action Plan for Preventing Flood Damage (1994) recognizes that
meteorological information about water levels and discharge volumes
should be provided to the public through the mass media (Seoul Municipal
Government, 1994, p. 9). However, because it does not take long for
excess water that accumulates in upland catchments to create a flood
wave in the populated lowlands of the Han valley, it has proven difficult
to institute a system for disseminating effective flood warnings.
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Table 4.12 Costs of rehabilitating flood damage (million won)

Paid by victims Payments by

and loans* government Totals
1984 15,445 273 15,718
1985 0 5 5
1986 0 5 5
1987 6,663 370 7,033
1988° - - -
1989 1 19 20
1990 7,836 11,694 19,530
1991 67 30 97
Totals 30,012 (71%) 12,396 (29%) 42,408 (100%)

Source: Seoul Metropolitan Government.
a. Losses of less than 100,000 won register as 0.
b. Data not available.

Protective engineering works

Pumping stations and river improvements constitute the main counter-
measures against floods that are practised in Seoul. According to the
Seoul Municipal Government’s Action Plan for Preventing Flood Dam-
age (1994, p. 3), the main efforts are directed toward strengthening and
maintaining flood disaster prevention facilities such as pumping stations,
levees, and reclamation works. Although there are many reservoirs in the
surrounding hills, nearly all are designed for water supply purposes — not
to assist flood control. Many people in Seoul believe that additional
flood-control reservoirs are necessary if flooding is to be curtailed.

Land-use controls

Little attention has been paid to risk zoning as a means of reducing flood
damage in Seoul. For example, risk zoning and other hazard land-use
controls are not included in the Second Comprehensive National Physical
Development Plan (1982-1991) (Government of the Republic of Korea,
1982). This document is intended to ensure orderly improvement and
balanced growth of the capital region by affecting the distribution of
population and industry. Under the plan’s provisions, Seoul is divided
into five areas characterized by different physical conditions and different
degrees of prospective development: an improvement promotion area;
a restricted development area; a development promotion area; a re-
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source conservation area; and an area reserved for development (Korean
Planners’ Association, 1980, p. 34).

Seoul also possesses a General Development Plan that was prepared
by the Ministry of Construction in 1990. It is intended to guide the city’s
emergence as a fully fledged world city. Under the provisions of this plan,
the Seoul of the future will be: (1) an international city with a mature
spatial structure that is built around information and intelligence-
oriented industries; (2) a city that meets citizens’ needs for improved
living; (3) a city that offers a diversity of opportunities for citizen partic-
ipation; (4) a city that discharges metropolitan functions; and (5) a city of
upgraded culture, recreation, and social welfare. Although the criteria for
commercial, industrial, residential, and open space land uses are spelled
out in some detail, natural hazards — including flooding — are not included
among them. Likewise, flood-risk zoning or related land-management
measures are not mentioned in the local-level Action Plan for Preventing
Flood Damage prepared by the Seoul Municipal Government (Seoul
Municipal Government, 1994, pp. 1-2).

Unless they are substantially amended, existing development plans will
probably place substantially more people and buildings at risk of floods.
For example, according to the General Development Plan of Seoul, two
of the most frequently inundated wards — Map’o-gu and Kangso-gu — are
targeted to receive significantly increased populations. In this document,
areas near the Han River are generally designated for low-density resi-
dential development. It is clear that the criteria that are used to identify
potential development districts in Seoul do not include flood risks. As
a result, undeveloped areas of Nowon-gu, Map’o-gu, Kangnam-gu,
Kangso-gu, and Songp’a-gu that are at risk of floods are designated
as suitable for future development. Nor are other frequently experi-
enced natural hazards, such as wind and landslides, taken into account.
Clearly, controls on new buildings and gradual relocation of residents
currently at risk are worthwhile measures that should be adopted by city
leaders.

Citizen participation might well be employed to good effect in the
design of flood-sensitive city development plans. The 1981 Urban Plan-
ning Act of Korea requested municipal governments to provide citizens
with opportunities for participation by means of compulsory public hear-
ings and public displays of proposals. However, this mechanism still does
not operate effectively for a number of reasons. These include: lack of
communication between officials and the public; citizen indifference; and
opposition by planning professionals. Research on flood-risk perception
by local populations could provide important inputs to the participation
process and should be encouraged.
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Conclusion

The recent rapid growth of Seoul has been accompanied by the develop-
ment of a serious flood problem in areas adjacent to the River Han. If
present trends continue, large numbers of people and buildings will be at
risk in the twenty-first century. Thus far, the city has relied almost totally
on structural engineering works to provide protection against floods.
However, the limits of these measures are already evident, as indicated
by increased pumping failures and subsequent floods. Non-structural
flood-reduction measures have been neglected in Seoul.

This study is the first to identify relationships between flood damage
and land use in Seoul. Its shortcomings are many, but — even in the pres-
ent preliminary form — it has produced useful information that can be
used to guide future land-use plans and development programmes.
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Environmental hazards in Dhaka

Saleemul Hugqg

Editor’s introduction

Since its founding as an independent state in 1971, Bangladesh has
been affected by numerous public problems that seem to defy effective
solutions.! Prominent among these are natural hazards and disasters.
Tropical cyclones, riverine floods, riverbank erosion, and tornadoes have
inflicted a continuing sequence of heavy losses (Brammer, 1987, 1990a,
1990b; Choudhury, 1984, Chowdhury, 1993; Hossain, 1993; Islam, 1974;
Jabbar, 1990; Khalil, 1992, 1993; McDonald, 1991; Matsuda, 1993; Mont-
gomery, 1985; Paul, 1993; Rahman and Bennish, 1993; Zaman, 1993).
Scientists are divided about the mix of natural and societal factors that is
involved in these disasters, and sharp disputes about appropriate hazard-
management policy have sometimes soured relations between the govern-
ment of Bangladesh and the international aid community (Anon., 1988,
1993; Bingham, 1992; Custers, 1992; Haque, 1993; Ives and Messerli, 1989;
Pearce, 1993, 1994; Rasid and Paul, 1987; Sklar, 1993; Tickell, 1993).

Dhaka, the capital of Bangladesh, faces many profound challenges. Not
the least of these are a very rapidly growing population and a position
amid some of the world’s most flood-prone lands.> Dhaka is already
bursting at the seams trying to house, feed, employ, and care for a vast pool
of extremely poor inhabitants. Within two decades it is likely to be counted
among the world’s largest cities (Miah and Webber, 1990; Meier and
Quium, 1991 ).

119
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Flooding is perhaps Dhaka’s best-known hazard, though by no means
the only one. In recent years most of Dhaka has been inundated by pro-
longed record-setting floods, some of which were clearly visible on space
satellite photographs (Rasid, 1993a). During 1988 approximately 900,000
of the city’s residents found shelter in refugee camps during the height of
one such flood episode (Christian Science Monitor, 13 September 1988). A
strategy for flood control has been developed but its prospects for success
are uncertain. Not only are there formidable technical, economic, and
political obstacles to be overcome, but the approach is narrowly conceived
and not well coordinated with the city’s other (limited) efforts to improve
environmental quality and raise levels of living. Very few of the public
agencies that are responsible for guiding the future development of
Dhaka have taken account of environmental hazards and their effects.
Non-governmental organizations are attempting to fill some of the gaps in
the umbrella of public agency responses, and some noteworthy successes
have been achieved. However, it will require a major shift in the commit-
ments of urban and national leaders and a vast increase in resources before
the environmental hazards of Dhaka are brought within a range that would
be regarded as acceptable in mega-cities of the developed world.

Urbanization

Bangladesh remains a predominantly rural country, although the level of
urbanization is increasing. The urban population is around 20 per cent
and growing at a rate of 7 per cent per year. Forty-five per cent of urban
Bangladeshis are concentrated in five cities, with the largest number
(25 per cent) in Dhaka. It is estimated that in 1991 over 6 million people
lived within the 400 km? of the Dhaka Statistical Metropolitan Area. If
present trends continue, by the year 2000 this region’s population will be
around 8 million, rising to over 12 million by 2025 (table 5.1). The city’s
population growth is fuelled primarily by migration from rural areas and
many of the migrants are located in 1,125 slums and squatter settlements.
It is estimated that about 1 million people now live in such places, often
at densities of more than 650 people per acre. These are the people
most vulnerable to floods, epidemics, crime, and other environmental
hazards.

Dhaka is sited on the north bank of the Buriganga River, approxi-
mately 160 km upstream from where the Ganges river system empties
into the Bay of Bengal (fig. 5.1). Historically the city’s fortunes have
waxed and waned in response to geopolitical events that often originated
far outside its boundaries (Ahmed, 1986). It was established as the capital
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Table 5.1 Population, area, and density in Dhaka City, 1951-2025

Area Density
Year Population (km?) (inh./km?)
1951 335,926 72.52 4,632
1961 550,143 90.65 6,069
1974 1,607,495 323.75 4,965
1981 3,440,147 401.45 8,569
1985 4,200,000 401.45 10,462
1989 5,500,000 401.45 13,700
1991 6,100,000 401.45 15,195
20014 8,400,000 401.45 20,924
2025¢ 12,500,000 401.45 31,137

Sources: Based on various Bangladesh statistical sources.
a. Projected.

of Bengal in A.D. 1610 by Governor Islam Khan during the period when
Mughal kings ruled the Indian subcontinent. Later, when Britain took
control in the eighteenth century, the state capital was shifted to Calcutta
and Dhaka’s pre-eminence faded. Thereafter Dhaka enjoyed a brief
resurgence when Bengal was partitioned in 1905 and it again became a
capital — this time of East Bengal. For a few years the city expanded and
there were new investments in infrastructure. However, when the two
parts of Bengal were recombined (1911), this promising development was
cut short. Following the partition of India in 1947, Dhaka again became a
capital city (of East Pakistan) and there was a further major spurt in
urban growth. An even larger increase took place in 1971, when the
independent country of Bangladesh was created with Dhaka as national
capital (table 5.1). At that time there were between 1 and 2 million
people living in the city.

The locations of residential, commercial, and industrial land uses have
changed in step with the city’s expansion. In pre-Mughal times, Dhaka
was a small market town that possessed 52 bazaars, each of which pro-
vided a focus for its own residential neighbourhood. When the Mughals
came to power, Chawkbazar emerged as the central business district and
high-class residential areas began to expand along the bank of the Bur-
iganga. Later, during the British period, Chawkbazar gradually surren-
dered its retail functions and by 1930 it had become a wholesale trade
centre. At the same time, the riverfront also lost its desirable residential
character and became both a low-class residential area and the city’s
main commercial centre. In the early part of the twentieth century, large
and small industrial areas emerged at Hatkhola (glass), Shadhana Aush-
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the north of the city at Dhanmondi, Lalmatia, Gulshan, and Banani.
Former high-class areas (e.g. Gandaria, Purana Paltan, Wari, and Shen-
gunbagicha) were taken over by middle-class residents. The central busi-
ness district expanded and new industrial areas were added at Postagola
and Demra. By the time Bangladesh became independent, the old part of
Dhaka was increasingly congested and unable to expand. New planned
and unplanned developments spread north to the vicinity of the inter-
national airport and in other directions where high ground (above flood
level) was available. New residential and commercial areas were also
built on earth-filled lower-lying sites. Lower-class areas (bustees) are now
found along the railroad line between Gandaria and Mahakhali and in a
variety of other places. Although much of the industrial development is
concentrated in formal industrial zones, the garment industry occupies
widely scattered premises throughout the city.

Future growth of Dhaka

The dominant direction of expansion for Dhaka has long been towards
the north over a series of old (Pleistocene) river terraces. It is widely
believed that future growth will continue this trend, but there is little
agreement about the details. The Dhaka Metropolitan Area Integrated
Development Project has identified three possible growth scenarios. The
first of these assumes the existence of a comprehensive flood protection
plan for areas that are at risk of inundation from five nearby rivers. If
constructed, this might permit expansion of settlement into areas that lie
immediately east and north of the present city. The second scenario
emphasizes the development of a number of locations that are now on the
periphery of the present built-up zone. The third scenario is an extension
of the second and assumes that additional land will be developed north of
the city. One estimate of the city’s layout in the year 2025 is portrayed in
figure 5.2.

In-migration from rural areas accounts for the lion’s share (74 per cent)
of Dhaka’s recent growth. Natural increase (18 per cent) and annexation
of surrounding territory (8 per cent) have had less effect on the size of the
city’s population. Natural hazards are one of four factors that explain
Dhaka’s magnetic attraction for rural dwellers (Choguill, 1987). Floods,
cyclones, and shifting river beds displace huge rural populations and
frequently are stimuli for beginning the trek to the city. In addition,
Dhaka is widely perceived as a place that will provide superior economic
opportunities and access to cultural enrichment. A long-standing neglect
of small towns by public policy makers also contributes to the pressure
on Dhaka. Finally, the agrarian structure of Bangladesh — and its larger
rural economy — are still adjusted to overseas colonial era markets. For
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Fig. 5.2 Dhaka in 2025 (Source: Dhaka Metropolitan Government, Dhaka Met-
ropolitan Area Integrated Development Project)

example, despite the poor international demand for jute, a dispropor-
tionate amount of the country’s resources go into jute production for
export. Only limited effort goes into building up Bangladesh’s ability to
feed itself and to supply other domestic demands.

Dhaka is affected by pressures of the contemporary global economic
system. The bulk of present exports consist of manufactured clothing,
which is subject to quota restrictions in the United States and Europe. As
a result, many industrial entrepreneurs are shifting production into other
fields, including shoes, toys, pharmaceuticals, and petrochemicals. Elec-
tronic circuits and computer software are also being produced. Demand
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for new factories, workshops, backyard manufacturing units, and make-
shift offices is blossoming, thereby pushing people out of houses in the old
part of Dhaka and into new residential suburbs and peri-urban slums.
Rich agricultural land in the Savar and Tongi corridors is likely to be
converted to urban uses in the near future. The remaining vacant land
within the Dhaka Metropolitan Area will probably become filled by
industrial premises, houses, offices, hotels, and entertainment premises.

Land ownership and income are directly correlated in Dhaka. Upper-
and upper-middle-income households constitute 30 per cent of the city’s
residents but control over 80 per cent of the land and housing assets
(Islam and Khan, 1987). The highest-income population makes up
around 2 per cent of the households but occupies 20 per cent of all the
residential land. At the opposite end of the socio-economic spectrum,
70 per cent of the city’s families are classed as middle- and low-income
groups; nearly 30 per cent of them fall below the hard-core poverty line.
They live in slums and squatter settlements, often being repeatedly
pushed to ever more distant peripheral sites (Shakur and Madden, 1991).
These people are marginalized both by market forces and by public
inaction (Islam and Khan, 1987).

In summary, metropolitan Dhaka will probably continue to expand by
filling the remaining undeveloped areas within the municipal boundaries.
More and more people who live on the city’s outskirts will begin com-
muting to the main centrally located facilities. Since urban services are
now stretched to breaking point, the prospect is that the quality of life
in Dhaka will only deteriorate unless large capital investments can be
attracted to the city.

Hazards and disasters

Historical data on hazards and disasters in Dhaka are almost totally
lacking. This makes it difficult to project likely patterns of risks and
potential losses in the expanding city of the future. None the less, it is
possible to make some pertinent generalizations about future hazards.
For the purpose of this analysis these can be divided into two categories
of events: routine hazards and surprises.

Routine hazards

Flooding

Flooding is both a routine hazard in Dhaka and an extreme one. For
example, in 1995 small-scale to moderate floods occurred in and around
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Dhaka during the months of April, July, August, and November. These
were mostly a result of strong outflows from the Brahmaputra river
system, which caused water in other rivers to back up near the city. Out-
breaks of diarrhoea were prevalent in Dhaka during mid-August because
floods carried untreated sewage into drinking water. Much routine
flooding occurs as a result of drainage backups and storms, but the resi-
dents of Dhaka are affected by a number of other routine hazards
including: environmental pollution, traffic congestion, and a suite of haz-
ards associated with inadequate housing, slums, and squatter settlements
(Rahman, 1993). These are essentially everyday problems that threaten
human safety, health, and well-being although, sometimes, their intensity
and extent may assume surprising proportions.

Drainage backups are a general and worsening problem throughout
the city. Dhaka was built on a series of dissected river terraces above
adjacent floodplains. In earlier centuries the city was crossed by major
drainage canals (khals) such as the Dholai khal and the Begunbari khal,
which carried away runoff. Increased urbanization has resulted in the
low-lying areas becoming filled with residential, industrial, and other
urban land uses. Drainage is impeded and backups of water are endemic
in a large part of the city. Many neighbourhoods are impassable or inac-
cessible after normal rains. When downpours occur, such as during
annual monsoons, the problems are compounded. Widespread and
lengthy disruptions of roads, telecommunications, electricity supplies, and
water supplies are common. Many low-class and middle-class residences
go under water at these times. As the city expands, the pressure on
remaining open spaces becomes more intense and these problems grow
worse.

Cyclones and other large storms

Cyclones and other large storms affect Dhaka frequently, disrupting the
city and causing extensive losses to people and property. Owing to a lack
of records it is not possible to give more than notional indications of total
storm impacts. It is clear that the residences of low- and middle-income
families are particularly susceptible to damage. They most often possess
roofs made of metal sheeting or of bamboo matting, which are easily
blown off by high winds. Hardship for the occupants is a common
result. The Building and Housing Research Directorate and some non-
governmental organizations are seeking to develop low-cost housing
alternatives that will offer better protection against storms. This is a
much-needed project. In general, upper-class residents of Dhaka do not
face similar problems because the quality of housing construction is much
superior (Syed, 1993).
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Waste disposal

Waste disposal is a chronic problem of major proportions in Dhaka that
has an impact on many other hazards, including flooding (Hoq and
Lechner, 1994; Bhide, 1990). Waste problems are primarily caused by
unplanned land-use changes and poor management of sewage and gar-
bage. The rising potential for industrial effluents to affect residential
populations is a good example. Originally, most industrial areas were
located on the outskirts of the city, but they have now been surrounded
by encroaching residential settlements that were not subject to zoning
controls or other land-use regulations. The Hazaribagh and Tejgaon
industrial areas are particularly vulnerable because there large numbers
of tanneries and other effluent-generating industries rub shoulders with
many housing developments. Similar processes are also occurring in areas
like Demra, Fatullah, Narayanganj, Tongi, Jaydevpur, and Savar.

Environmental pollution

Water pollution and land pollution have already reached alarming pro-
portions. Watercourses are often choked with debris (e.g. animal viscera,
vegetable scraps, plastic bags) and they act as breeding grounds for mos-
quitoes (Hasan and Mulamoottil, 1994). About one-third of Dhaka’s
households are connected to sewer systems. Another one-third employ
septic tanks or pit latrines. The rest either have no sewage disposal
facilities or use surface latrines (United Nations Department of Inter-
national Economic and Social Affairs, 1987). It is not unusual to see
overflows of sewage in the streets and drains during the rainy season.
Areas of polluted stagnant water have frequently been trapped within the
urban area behind the embankments that protect against river flooding.
The garbage disposal system is also woefully unable to cope with existing
demands. The entire city possesses 186 garbage trucks, and disposal sites
are becoming difficult to find in the vicinity of the built-up area (Rahman,
1993).

Air pollution is a growing problem traceable to vehicle emissions and
open burning of kerosene, firewood, and other biomass as well as to brick
kilns and the incineration of rubber tyres in poor neighbourhoods. Many
ornamental trees that had flanked the principal streets were cut down
during the past two decades both to provide fuel and to reduce the inci-
dence of bird droppings (Hasan and Mulamoottil, 1994). It is estimated
that there are around 160,000 motor vehicles in the city, of which
approximately 50,000 are driven by highly polluting two-stroke engines.
Aerosol lead is a particular problem because most motor vehicle engines
are poorly maintained and use leaded gasoline, which is the only kind
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Table 5.2 Vehicular modes on Dhaka’s roads

Type of vehicle % of total
Powered

Motor car 18.74
Bus 2.13
Truck 1.26
Motor cycle 5.92
Auto-rickshaw 7.00
Non-powered

Rickshaw 59.38
Bicycle 3.81
Other 1.76

that can be produced by the country’s single oil refinery. Recently, air-
borne lead levels in Dhaka have exceeded those of Bombay and Mexico
City (Reuters, 1997).

Traffic congestion

Traffic clogs the roads of Dhaka and the vehicular accident rate is high.
The development of new streets and roads more or less kept pace with
expanding population until Bangladesh became independent, but a wide
gap has since opened up. Nearly 65 per cent of the traffic is composed of
non-powered vehicles (i.e. rickshaws, bicycles), which are not physically
separated from cars, buses, and other powered vehicles (table 5.2). Traffic
jams are common at peak hours and the circulation system is often
thrown into disarray by political demonstrations and natural disasters.
With road traffic projected to double during the decade from 1990 to
2000, the prospects for improvement are poor. As in many cities of the
developing world, noise is a pervasive urban problem that has not been
addressed by public authorities. Vehicle exhausts, horns, and loud
speakers commonly operate at high decibel levels and the growth of new
suburbs close to the airport is raising the salience of aircraft noise as a
serious problem.

Fire
Fire is another everyday hazard in Dhaka. In most years the city experi-
ences several major fires that consume hundreds of houses and small

businesses at a time. For example, in 1992, three large fires destroyed 640
houses. The following year two fires burned down over 200 houses. A
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Fig. 5.3 Fire hazard zones in Dhaka: 1987-1988 (Source: Center for Urban
Studies, University of Dhaka)

recent study found that there is a direct correlation between population
density and fire frequency. Slum communities and the densely developed
sections of old Dhaka are most at risk. The big fires of 1992 and 1993
affected slum districts and most of them began in the premises of small
plastics and rubber companies. A combination of hazardous materials,
congested living and working spaces, and narrow streets is involved in
most fires (fig. 5.3).
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Surprises

Floods

In some years the monsoon rains are abnormally intense and prolonged,
thereby giving rise to surprise floods. This last occurred in 1987 and 1988.
In 1987 an estimated once-in-50-year flood inundated the southern two-
thirds of Dhaka for several months (fig. 5.4). Almost two-thirds (66 per
cent) of all slum dwellings in the city were affected. The following year, a
100-year flood took place and covered 77 per cent of the city (fig. 5.5).
Both events disrupted road, rail, and air transportation and severed
electricity, telecommunications, and water supplies. As Dhaka expands
into low-lying areas that now act as emergency retention basins, it is
likely that there will be more of these surprises.

After the big floods of the late 1980s the government of Bangladesh
formulated a number of Flood Action Plan studies, one of which focuses
specifically on Dhaka. A Dhaka City Flood Control and Drainage Project
has begun in haste as part of an overall Flood Action Plan (FAP) that
was funded by 15 donor countries and coordinated by the World Bank.
The national FAP has occasioned much controversy both inside Bangla-
desh and in the international development assistance community. It relies
on large-scale, sophisticated, and expensive engineering technology —
reminiscent of the Dutch system of structural measures for flood control.
There is only limited attention to protecting coastal areas that are at even
greater risk of cyclone-driven floods than inland areas are of riverine
flooding, and the equally serious hazard of drought is largely ignored.
Some critics contend that the FAP is intended to divert water away
from relatively well-off cities such as Dhaka and into poverty-stricken
rural areas that already bear a disproportionate share of flood losses
(Robinson, 1993, pp. 170-171; Blaikie et al., 1994, pp. 138-144). It has
also been argued that the floods of 1987 and 1988 should be regarded as
highly unusual events that do not warrant the launching of a massive
“tech-fix” project whose side-effects may be as upsetting as the problems
it is intended to resolve.

The Dhaka City Flood Control and Drainage Project is one element of
the larger national strategy. It is a huge engineering and drainage scheme
that covers a 265 km? tract around Dhaka bounded by several rivers.
Plans call for the construction of a continuous embankment along the
edges of the tract and pumping stations within it to remove any water that
accumulates there. The western side of this giant ring-dyke (30 km long)
was completed in 1990 and sluice gates were added in 1993/94. A second
phase (29 km), on the eastern side of Dhaka, is still incomplete. Part of
the project, the Dhaka—Narayanganj—Demra Polder south of Dhaka,
surrounds a largely agricultural area on the periphery of the city and is
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intended to improve flood control, increase agricultural yields, and
enhance fishing. However, one of the main effects of this project has been
to encourage urban invasion of the floodplain in an area that is not served
by municipal services, including water supply and sewers (Rasid, 1993b;
Rasid and Mallik, 1993, 1996). In addition, the construction and main-
tenance costs and the operational requirements of the entire scheme are
very heavy for such a poor country.

Cyclones and tornadoes

From time to time, cyclones and tornadoes have affected Dhaka. When
this occurs, cyclone damage is usually widespread, whereas tornado
damage is confined to small areas. However, the city is acquiring more
high-rise structures that may be at risk in the future.

Earthquakes

Although there have been no major earthquakes in recent decades,
Dhaka is also known to be susceptible to serious earthquake hazards
(Reuters, 1995).
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Crime

Finally, it should be noted that the incidence of urban crime has been
increasing very rapidly in Dhaka. In an attempt to curb the trend towards
violent crime, in 1992 the government of Bangladesh introduced stringent
laws directed against illegal ownership of firearms.

Management of hazards and disasters

Environmental planning and management are improving in Dhaka, but
the city has a long way to go before it possesses the tools and institu-
tions necessary for effective urban management let alone the capacity to
address the human dimensions of environmental hazards. For example,
the city’s master plan is seriously outdated. It was prepared in 1959 before
Bangladesh became independent, when the metropolitan population was
around 2 million, yet it remains the only legal document for land-use
regulation (United Nations Centre for Human Settlements, 1996, p. 256).
Recently, efforts have been made to separate planning and building
regulations into two comprehensive codes and to readjust complicated
landholding boundaries to permit easier development of fragmented
and irregular plots (United Nations Centre for Human Settlements, 1996,
pp- 299, 303).

There have been a number of initiatives to reduce the environmental
hazards of Dhaka at various times during the past 150 years. For exam-
ple, in August 1840 a Municipal Committee was established to address
problems of sanitation, economic decline, and corruption. The Commit-
tee undertook to create embankments along the rivers, to reclaim low-
lying flood-prone areas, and to improve navigation by modifying river
channels, but its efforts were undercut by legal and financial difficulties.
At the same time, many poor residents moved out of Dhaka to settle on
adjacent flood-prone territories because the municipal authorities raised
city taxes (Ahmed, 1986).

Today, the Dhaka Municipal Corporation has overall responsibility for
government services but its authority is limited (e.g. no zoning powers).
There is very little coordination among departments and agencies whose
missions overlap, such as the Water Development Authority (flood con-
trol), the Urban Development Directorate (housing), and the Public
Health Engineering Department (mosquito control, sanitation) (Hasan
and Mulamoottil, 1994). Most of these units are hard-pressed to meet
their obligations and they often are glaringly deficient. Perhaps as a
result, non-governmental organizations have begun to assume leadership
of some disaster-management functions during recent years.
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The Dhaka City Planning Authority (Rajuk) is charged with responsi-
bility for planning the future expansion of the metropolitan area. It has
authority to regulate land use, including high-rise buildings and filled
land — two of the potential hazard trouble spots of the future. Dhaka
Municipal Corporation has responsibility for garbage disposal and street
lighting among other matters. Dhaka Water and Sewer Authority is cur-
rently unable to meet the city’s needs for potable water; projections
indicate that the gap between demand and supply is likely to grow
wider. This agency is also involved in efforts to improve drainage for
already developed parts of Dhaka. However, undeveloped districts are
filling up with new settlements at a rate that will likely outpace the effects
of these efforts. The Fire Brigade and the Civil Defence Authority play
roles in emergencies, but they are all too often unable to intervene
effectively.

In recent years, non-governmental organizations have begun to address
some of the deficiencies of the formal hazard-management agencies and
to offer alternatives. Residents of the Dhaka—Narayanganj—Demra
Polder were particularly adept in forming neighbourhood groups to
assist with flood-fighting and recovery tasks during the floods of 1987 and
1988.

Conclusions

The hazard dilemmas of Dhaka are multifaceted and interrelated. At
their heart is the fact that this is a large, rapidly growing city on a con-
gested site that lacks safe areas for expansion, in a very poor country that
has set a high priority on fast economic development. As a result, there
are many competing priorities for resources that might be devoted to
hazard reduction and a narrow range of feasible hazard-reduction alter-
natives. The impacts of existing risks are increasing and settlement is
encroaching into flood-prone areas, while the vulnerability of poor in-
migrants grows and the efficacy of public responses remains low.

Clearly there is a need for more information about the genesis and
status of environmental hazards in Dhaka. The social composition of
this mega-city makes it likely that there are very substantial numbers of
vulnerable people already resident therein but it is also possible that
the general conditions of human existence are better in Dhaka than
throughout the rural districts outside it. None the less, it would be
unfortunate if arguments about the need to improve safety and security
for rural Bangladeshis were to obscure the reality that hazards are
growing worse in Dhaka and other urban centres. This is likely to
happen as the city’s population grows and marginal lands are occupied
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by housing and industry. Whether the hazards will increase at a faster
rate than those of rural areas remains to be seen but the trends are not
favourable.

As a first step towards improving the prospects for a reduction in
hazards in Dhaka, a quantum increase in basic research on the human
ecology of hazard is necessary. Baseline information about the distri-
butions of populations at risk, their capabilities to adjust to hazard, and
the range of available means for coping with hazards is required. Case-
studies of neighbourhoods that are particularly at risk and groups whose
vulnerability is increasing are especially warranted. Moreover, a careful
analysis of the similarities and differences in hazard-proneness and coping
strategies between rural and urban centres in Bangladesh would pay rich
dividends.
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Notes

1. Two contrasting images of Bangladesh have been fashioned over the past two decades.
One is the view, variously attributed to John Kenneth Galbraith, Henry Kissinger, and
Alexis Johnson, that Bangladesh is “an international basket case’’; in other words, a state
that is unable to care for itself and must rely on the charity of others. The second is an
image of “Golden Bengal” — a land of future plenty whose potential has not yet been
realized (New York Times, 23 June 1985).

2. Dhaka is sited on the southern fringes of an area that is seldom flooded but immediately
across the river from lands that are normally below 6 feet of water during the wet season
(National Geographic Magazine 183(6), 1993, p. 125).
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Natural and anthropogenic hazards
in the Sydney sprawl:
Is the city sustainable?

John Handmer

Editor’s introduction

Sydney is the largest in a chain of well-watered coastal cities that surrounds
the dry interior of Australia. Remarkably free of severe natural hazards in
previous centuries, it is now beginning to experience increasing problems
with wildfires and floods as new, underserviced suburban housing spreads
out and pushes inland toward the Blue Mountains. It is also affected by a
wide range of worsening technological and social hazards that challenge
municipal myths and international stereotypes about the high quality of
urban living in this mega-city. As Sydney struggles to find an appropriate
formula for sustainable urban development in the twenty-first century, it is
beginning to confront issues that have heretofore received too little atten-
tion from urban specialists. Chief among these is the role of environmental
hazard in the concept of sustainability. Without an adequate accounting of
environmental risks and hazards, the search for sustainability runs the risk
of pursuing an unobtainable utopia.

Sydney in the early 1960s ... was no more than a harbour surrounded by suburbs —
its origins unsavoury, its temper coarse, its organisation slipshod ... [but, there is
now] a new vision of Sydney ... resplendent, festive and powerful ... the most
hyperbolic, the youngest in heart, the shiniest [of the cities left by the British
Empire].

(Morris, 1993, pp. 4-5)

138



NATURAL AND ANTHROPOGENIC HAZARDS IN SYDNEY 139

Introduction

Sydney is the largest and most important city in Oceania. With 4 million
people and international institutions of politics, commerce, finance, com-
munications, and the arts, it is arguably the best example of a “world”
metropolis in the southern hemisphere. The city is being propelled into
an increasingly important role in the global economy by several per-
ceived advantages. These include modern information technology and a
time zone that encourages synchronous economic relations with Japan
and the emerging markets of East Asia (Lamont, 1994). At the national
scale, Sydney is Australia’s pre-eminent city and the major destination
for immigrants. At the metropolitan scale, it is an inexorably expanding
low-density sprawl of bungalows (i.e. single-storey ranch-style houses)
that cover an area exceeded only by New York, Los Angeles, and
London.

Although Sydney is subject to a wide range of environmental threats, it
is not especially susceptible to natural hazards. None the less, many
Australians conceive of their nation as one that regularly does battle with
a harsh natural environment, characterized by devastating floods, bush-
fires, and drought (Hughes, 1986, pp. 13, 110, 559). This attitude is
reflected in general expectations that natural hazards occur — even in the
country’s major cities — and that society will set aside resources to cope
with them. Though less deeply embedded in the country’s self-image,
technological hazards, pollution hazards, and social hazards are also
important attributes of Sydney. In addition, there are substantial and
growing lifestyle inequalities among city residents, but they have not yet
produced the vast ghetto areas and gross neighbourhood disparities of
many other mega-cities, especially those in less developed countries.

At issue in this book is whether the massive urban agglomerations that
are fast becoming the favourite habitat of humanity are also becoming
more vulnerable to disaster. And, if this is so, with what implications for
sustainability (WCED, 1987; Harrison, 1992)? Increases in the number of
environmental disasters are often seen as evidence of weak or declining
sustainability. But such damaging events may be offset by increasingly
sophisticated responses and loss-redistribution mechanisms that operate,
at least in richer countries, through global networks of reinsurance and
commerce. Which trend dominates in Sydney and what is the connection
between hazard management and urban sustainability? In order to
answer these questions it is first necessary to clarify some broader issues.
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Hazard in the modern mega-city

Are mega-cities necessarily more hazardous?

Major cities seem to be intrinsically hazardous because they com-
bine large concentrations of people with vast — almost unknowable —
ranges of risk-laden commercial, industrial, and transportation activities
(Alexander, 1993). In addition, many cities have grown with scant regard
to aspects of the biophysical environment such as flooding, unstable
slopes, and topography that exacerbate air, ground, or water pollu-
tion. Uneven effectiveness of institutions for managing cities and urban
hazards complicates the picture (Blaikie et al., 1994). For example, in
many places poor urban construction practices and inadequate building
standards persist in the face of substantial risks because of ignorance or
uncertainty about hazards. Elsewhere, sound standards exist on paper but
cities lack the institutions necessary for effective administration and
enforcement. Alternatively, appropriate legal, bureaucratic, professional,
and educational institutions may exist but fail to function. Finally, even
the best efforts of hazard managers may be frustrated by the fact that
rules and regulations — the cutting tools of programmatic action — usually
fail to affect the informal sector of city life. Taken together, these factors
are likely to produce a city that is increasingly susceptible to hazards.

Vulnerability in the context of sustainability

Susceptibility to hazard does not guarantee that losses will occur.
Affected communities must also be vulnerable. Vulnerability is a complex
concept that connotes both susceptibility to immediate loss and the
inability to draw on physical, human, psychological, or institutional
resources that might be applied to prevent or offset such losses. In the
intellectual world of hazards research and the operational world of dis-
aster management, the concept of vulnerability is frequently paired with
its opposite — the concept of resilience (i.e. the ability of a stressed system
to resist change and return to a pre-disaster state). In the past, city-wide
disaster-related changes have usually been few and have rarely amounted
to more than ‘““fine-tuning” of the total urban system. However, very
substantial changes have occurred in city neighbourhoods and in the
lives of individuals, families, and other groups that were affected by such
hazards as earthquakes (Yong et al., 1988), toxic chemical releases
(Shrivastava, 1992), and dam failures (Erikson, 1976). Vulnerability to
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disaster is increased by factors such as poverty, war, and the denial of
basic human rights (Red Cross/Red Crescent, 1994). These chronic
problems preoccupy many urban residents, leaving them unprepared for
periodic disasters. In this connection, slow-onset hazards that are almost
imperceptible at the outset (e.g. famines, epidemics, environmental de-
gradation) may pose the most difficult problems.

The relationship between urban vulnerability and urban sustainability
is complex and little understood. As defined by the Bruntland Commis-
sion (WCED, 1987), sustainability is a prescription that rests on two
moral principles — intergenerational equity and intragenerational equity —
plus the assumption that environmental integrity should be maintained
(WCED, 1987). The concept of sustainability is itself subject to much
debate, with the result that standard policy-implementation tools and
institutions have yet to come to grips with its wide-ranging implications
(Dovers, 1995). Perhaps more important, the idea of sustainability poses
special problems for disaster managers, whose primary function is to
ensure the safety and security of people who are subject to forces that are
capable of undermining existing settlements and social arrangements.!
Resilience in the face of sudden-onset hazards (i.e. quickly getting back
to normal after a destabilizing event) may not be a good indicator of
a city’s ability to achieve sustainability in the long run (Handmer and
Dovers, in press). The reverse is more nearly correct; it may be necessary
to make fundamental changes in the way a city operates to ensure that it
is in a better position to cope with future disruptions.

Different types of support network operate at different scales, so issues
of scale are important in determining urban sustainability. For example,
some of the resources that are used to assist disaster recovery originate at
national and international levels of the private sector (e.g. insurance and
government aid); others employ local kinship networks to channel private
donations and NGO remittances from equally far-flung sources. When a
disaster is highlighted by the mass media, especially the media of devel-
oped countries, there can be near-global mobilization of resources. This
is especially so where major cities are concerned, because these are gen-
erally linked to national power structures through densely patterned sys-
tems of elected leaders and non-governmental organizations.

If a wealthy community suffers damage it will usually be well insured
and is likely to have adequate surplus resources for reconstruction and
recovery. If these means do not suffice, such a place will almost certainly
be very well connected to effective political and bureaucratic systems that
can deliver demanded assistance. Paradoxically, however, frequent one-
way transfers of resources to prop up wealthy urban areas may be indi-
cators of unsustainability!
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Sydney as a mega-city
Spatial and temporal setting

Modern Australia was founded on 26 January 1788 at “Sydney Cove,”
with the arrival of the First Fleet. This convoy of 11 ships brought some
1,000 men and women convicts with their goalers on an eight-month
voyage from England. The objective was to establish an urban penal col-
ony in the vicinity of Port Jackson. In the eyes of the native people, this
was an invasion that dispossessed them of their land; arguably they still
constitute Sydney’s most underprivileged group.

Port Jackson was chosen for settlement in preference to the flat
swampy area of Botany Bays, just to the south, which is now the site of the
international airport and a major industrial complex. Key rationales at
the time were the need for secure anchorages, good building sites, and a
nearby source of fresh water. The port is an extensive, well-sheltered
deepwater harbour with a number of arms, separated by prominent and
well-vegetated sandstone ridges. Three-quarters of the city’s popuation
lives within 5 miles of tidewater (Rose, 1993, p. 205). North of the harbour
and along the coastal suburbs the sandstone plateaus are steeply scarped.
Many of the more rugged slopes have provided fine building sites for the
wealthy; they also provide parks and pockets of bushland — with attend-
ant bushfire risks. The coastal area is also well supplied with excellent
beaches. Not surprisingly, the beaches, harbour, and national parks
within and on the outskirts of the city are a major recreation resource.
Together with the harbour and its unmistakable images of bridge and
opera house (photo 6.1), the ocean beaches and adjoining expensive
suburbs are globally recognized symbols of Sydney that are used to
attract international commerce and to market the city.

The climate too has always been a part of Sydney’s image. In the words
of an officer who accompanied the First Fleet:

The climate is undoubtedly very desirable to live in. In summer the heats are
usually moderated by the sea breeze ... and in winter the degree of cold is so
slight as to occasion no inconvenience, once or twice we have had hoar frosts and
hail, but no appearance of snow... Those dreadful putrid fevers by which new
countries are so often ravaged, are unknown to us. (Tench, 1790)

However, Sydney extends well beyond the harbour — some 50 km or
more from the central business district (CBD) (fig. 6.1). Much of the
northern part of the city is not greatly dissimilar to the area that surrounds
the harbour. But the sprawling suburbs and newer dormitory areas on the
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Photo 6.1 Sydney Harbour Bridge and Opera House (reproduced with the per-
mission of the National Library of Australia)

undulating clay plain to the west show none of the attractiveness and
offer few of the services found in the central and northern districts. The
west is drained by major rivers and streams, the Hawkesbury/Nepean to
the north and Georges to the south. These often deliver damaging and
disruptive (but not devastating) floods. In addition, they are gradually
being poisoned with wastes generated by the growing city (Borthwick and
Beek, 1993; Warner, 1991).

Open space is another historic attribute that was bequeathed to
Australia’s biggest city. “Sydney is indeed fortunate that the army and
navy appropriated so much foreshore land in the 19th century and that ...
they have resisted the temptation to build on it” (Spearritt and DeMarco,
1988, p. 122). Today, the city retains much natural bushland around the
harbour and in close proximity to the city centre. Other types of national
park are located near the central area and on the northern and southern
boundaries of the metropolitan district. These fulfil recreational and aes-
thetic purposes and provide habitat for indigenous species. They also
increase the potential for bushfires, and offer refuge for the feral fauna
and flora that are making inroads on native species and reducing natural
biodiversity.
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Consolidation and expansion

Early Sydney was essentially an unplanned settlement (Hughes, 1986,
p- 296), but Lachlan Macquarie — a British governor — was responsible for
drawing up a system of housing codes, street widths, and land plats that
guided the growth of today’s inner city, beginning in the 1820s. By the
1830s, increased trade and commerce fuelled continuous steady expan-
sion (fig. 6.2). The “free settlers” and ‘“‘emancipists” (freed convicts)
formed a society that offered far more opportunities and social mobility
than England’s — although native people were not included on equal
terms. Local government was well established by the mid-1800s, and it
came to be quite different from the British model. In Sydney, many of the
traditional functions of British city government were passed to or shared
with separate statutory authorities; these include roads and bridges,
transport, water supply, sewerage and drainage, and aspects of flood
mitigation. Such bodies are still important features of Australian govern-
ment and they go some way towards providing area-wide coordination of
public services in the absence of municipal government on the metropol-
itan scale. They can usually be relied on to execute their narrowly defined
missions; but they are also slow to respond to new agendas of environ-
mental concern and public participation. Indeed, lack of political
accountability has sometimes led to power struggles between the separate
public authorities and the elected governments (Day, 1991; Lowe, 1984;
Smith and Handmer, 1991).

In Australia, the chief role of local government has been to promote
economic growth. Social reformist concerns about slums, which led Ebe-
nezer Howard and others to pioneer the profession of urban planning as
a means of human betterment, were not part of the vision of Australian
leaders during the 1890s. During the 1920s and 1930s, land-use plan-
ning gradually gained legislative acceptance in Australia, but the Great
Depression and the Second World War cut short opportunities for the
beneficial exercise of public power through effective planning.

Post-war expansion

Rapid population growth dominated public agendas in Australia and
Sydney during the post-war period. This was fuelled by federal govern-
ment immigration policies that reflected the popular slogan “populate
or perish.” Paranoia about a possible inflow of migrants from Asia,
entrenched in the “white Australia policy” and other racially inspired
programmes, disappeared only slowly. As late as 1961 even the major
Australian current affairs weekly, The Bulletin, sported the motto
“Australia for the white man” (Horne, 1989). None the less, by the early
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1970s these views had been replaced by a firm public commitment to
“multiculturalism.”

Sydney was, and still is, a favourite destination for immigrants. Cur-
rently population growth rates are around 0.7 per cent per annum, and
new arrivals are accommodated by westward expansion of the city
(fig. 6.3). For example, the area of Cabramatta is popularly known as
“Vietnamatta” (Mellor and Ricketson, 1991). Strategic planning might
have improved the quality of living in these western districts, but it was
never attempted; growth was simply accommodated rather than man-
aged. Partly as a result, western and southern sectors of Sydney rank low
on a wide range of socio-economic and environmental indicators; the
poor facilities of the western suburbs are legendary.

Sydney today

Any examination of contemporary Sydney must take account of the city’s
strong population growth and remarkable areal expansion over the past
few decades. Today, in the words of a local government representative:

Only Los Angeles can match [Sydney’s] area. No major city in the world matches
its low population density. Overseas visitors are surprised by a metropolitan area
stretching 140 kilometers from new release areas near Wyong south to Appin.
(Latham, 1992, p. 72)
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The city is a very low-density sprawl of nearly 4 million people, cover-
ing an area exceeded by only a few mega-cities. Most of Sydney’s
population (about two-thirds) live in detached houses on their own
land blocks. The remainder occupy terraces, townhouses, apartments, or
boarding houses (Spearritt and DeMarco, 1988). Property lots are now
half the size of the early “‘quarter-acre blocks.” Apart from a few com-
muter areas in the Blue Mountains and parts of north Sydney, develop-
ment has generally avoided difficult topography. The city is bounded to
the north and south by national parks that function as limiting green
belts, but many people commute from well beyond these.

Settlement has encroached into flood-prone zones and fire-prone areas
while the physical environment has become seriously degraded. Com-
bined with increasing use of private transport and a lack of interest in
environmental issues (until the 1970s), the result has been steadily
increasing risk, exposure, and vulnerability to hazard. Decentralization
has been fuelled by escalating central-city rents, but attempts to rede-
velop central districts have also generated local protests that raised
awareness of heritage and environment issues. For example, the “Green
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Bans” of the early 1970s saw unlikely alliances between the communist
Builders Labourers Federation and a variety of groups with heritage and
community interests (Roddewig, 1978). They were effective at blocking
the redevelopment of areas such as the ‘“Rocks” — the site of Sydney’s
original settlement.

Whether Sydney will continue to expand as a low-density city is not
clear. Certainly, there are countervailing trends at work. In the words of a
contemporary student of Australian urban history:

Economic scarcity and the threat of environmental catastrophe have made the
suburban sprawl seem as profligate and dangerous as it once seemed safe and
boring. If the tide has turned against the suburban way of life, however, it is not
just because we can no longer afford it, but because we have also begun to ques-
tion the social aspirations and political arrangements that so long supported it.
Declining levels and changing sources of immigration, lower fertility, and smaller
government have produced a new urban agenda in which urban consolidation
comes to seem not only virtuous but attractive. (Davison, 1995, p. 69)

Contemporary urban issues

Three overlapping issues have dominated recent debates about urban
policy in Sydney: the acceptability of public sector planning as a means
of guiding land development; links between low settlement densities
and a declining quality of life; and the dominant role of motor vehicle
transportation.

Planning

Post-war suburban development in Sydney was driven by the Australian
dream of a detached home on a substantial block of land, connected to
the rest of the world via long ribbons of tarmac. A private car rapidly
became an essential part of the dream. The seemingly never-ending
sprawl has, according to Leonie Sandercock (1979), turned land spec-
ulation into the national hobby: “One of the most sensational themes in
the history of Australian cities has been the story of land speculation and
the corrupt behaviour of politicians and public officials . .. associated with
that speculation.” Town planning schemes are accused of providing a
“punters’ guide” to speculation because they identify areas to be devel-
oped far in the future. Indeed, speculation is one factor that has under-
mined the planning process because land is purchased in anticipation of
rezoning, thereby driving up prices ahead of actual development. Among
other results, purchasers may exert pressure for modification of plans to
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enhance their profits, and price inflation consumes funds that would have
been available for public authorities to provide services (Stilwell, 1993).
Until recently, profits from land speculation were untaxed.

Writing in 1966, a leading Australian planner, Peter Harrison, com-
mented that, despite a “hopeful period” after the Second World War,
which resulted in ““a good deal of intelligent optimism about reconstruc-
tion,” particularly in Sydney, planning had little influence over post-war
urban growth. Instead, the pattern was one of private speculative devel-
opment serviced by public authorities (quoted in Ashton, 1993, p. 90).
There are two main types of urban plan in Australia: statutory plans and
strategic plans. Today, as in the past, statutory plans are the main devel-
opment control instruments; they are little more than zoning schemes
that set allowable uses. Australian planning has long seemed to be con-
cerned about small-scale issues and to be essentially restrictive; it typi-
cally places controls on development applications made by individuals.
This situation is changing only slowly despite important new reforms such
as the Environmental Planning and Assessment Act 1979. This law has
attempted to broaden the focus of planning beyond imposing controls on
buildings and infrastructure to include developments of all types and to
address issues of environment and social policy (Pearson, 1994; Stein,
1986). Strategic plans are much more complex than local statutory plans.
They are policy documents that express visions of the future; they are
intended to be proactive and performance oriented; and they typically
encourage thinking about different means of implementation. There has
been a long history of attempts to implement effective proactive strategic
planning. But, when the plans were in conflict with the wishes of major
developers and politicians, the plans typically gave way.

In the post-war period, there have been three major attempts at stra-
tegic planning for Sydney, with a fourth currently under way. All have
fallen well short of their aims. For example, while generally accom-
modating further sprawl, the 1988 Metropolitan Strategy suggested that
urban consolidation was to play an increasingly important role. Never-
theless, urban expansion remains the main thrust, and the identification
of areas for further development fuels land speculation as before. Pos-
itive innovations include the fact that this plan paid attention to natural
hazards and other constraints posed by the natural environment. Revi-
sions currently under way incorporate considerations of ‘“‘sustainability”
and there is emphasis on environmental and social equity issues. But even
if the plan advocates active intervention in the development process and
even if it receives broad endorsement by the public and the bureaucracy,
history indicates that its chances of success are small. For, in Sydney,
planners are politically weak and developers are well connected (Ledgar,
1976).
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Urban density and environment

Concern that high population densities in mega-cities tend to exacerbate
natural hazards may be misplaced in Sydney, as well as in other large
cities of Australia and the United States. For example, in the outer sub-
urbs of many Australian (and American) cities, densities are as low as 10
people per hectare. Such cities typically have very high private transport
usage. By way of comparison, European cities have around 40-70 people
per hectare and Tokyo over 100 (fig. 6.4).

Several processes are working to reduce Sydney’s population density.
One of these is gradual decrease of the central-city population. This has
come about partly because of attempts to relieve inner-city crowding by
constructing new homes elsewhere. Changes in lifestyles, central-city
gentrification, and the falling size of the Australian family have also
played a part. So too have changes in business practices. Even though a
substantial proportion (30 per cent) of Sydney’s CBD office space lies
empty (Time, 7 February 1994), high rents, traffic congestion, limited
parking, commuting time, and other issues have encouraged the partial
suburbanization of work and commerce. The CBD’s share of the metro-
politan workforce fell from 23 per cent in 1971 to 12.6 per cent in 1986
(Stilwell, 1993) — although the change in absolute numbers was much
smaller. None the less, the inner city remains a substantial population
node. The 1991 census shows that inner-city areas — especially south of
the harbour and in the eastern suburbs — have densities well over double
those in the outer areas. Moreover, pockets of inner-city deprivation
remain: for example, the Kings Cross area has long functioned as the
city’s red light district and is an important focus for the narcotics trade.

The counterpart to declining densities in the central city is the growth
of very low-density, underserviced suburbs. During the post-war period
of rapid