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A—
INTRODUCTION

1—
Turkish Cities:
In Search of Sustainability

Ronald Parker, Alcira Kreimer, Mohan Munasinghe

The Bank has been working on a study entitled Disaster Prevention and Mitigation in Metropolitan Areas in
collaboration with the UNDP and Habitat as part of the United Nations designated International Decade for
Natural Disaster Reduction and in response to the concerns expressed at the Conference on Environmental
Management and Urban Vulnerability, held in Washington, D.C., on February 25, 1992. Begun in January 1992,
this work is designed to reduce the vulnerability of urban areas to extreme events through a better understanding
of underlying causes, especially environmental linkages, and to improve disaster prevention and mitigation
mechanisms in disasterprone developing countries.

The first result of this study was presented in an earlier volume (Kreimer & Munasinghe, 1992). The next phase
was the commissioning of field studies on urban vulnerability in Brazil, the Philippines, and Turkey. Counterpart
agencies in those countries identified consultants who wrote research papers on various topics. The second
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volume in the series, was published in March of 1993 (Kramer, Lobo, Menezes, Munasinghe & Parker, 1993).
The present volume is the third publication.

Why Turkey?

Turkey was selected as a Country Case for the Urban Vulnerability Study because it provides clear−cut examples
of urban environmental degradation and ample data on the relationship between disaster preparedness, mitigation
and urban vulnerability. Although Turkish cities boast tremendous natural beauty and agreeable patterns of life,
they are gradually becoming more crowded and hazardous. Out−of−sight areas such as aquifers, garbage dumps,
sea bottoms and seismic zones all present growing perils caused largely because unsustainable land use practices
have had unanticipated consequences.

As the study was starting, a major earthquake occurred in Erzincan. This and subsequent activities required a
change in priorities and refocused the study's attention on seismic events. As a result, the event in Erzincan and
other seismic events in Turkey receive considerable attention in this volume. This emphasis, however, does not
mean that earthquakes are the only consideration in urban vulnerability in the country.

Cities and Sustainability

Sustainable living styles minimize damage from natural hazards. Earthquakes take few lives when houses and
public buildings do not collapse. The researchers who contributed to this volume report that buildings knocked
down by earthquakes had been improperly sited, poorly built and inadequately reinforced. They cite multiple acts
of poor stewardship, arising from failures to protect the land, the aquifers, the rivers and the seas from human
activities. The researchers describe erosion and flooding caused by deforestation and removal of ground cover and
a myriad of inappropriate agricultural practices that poison the rivers and seas and kill aquatic life. They tell of
shipping accidents caused by poor communication and lack of proper training.

In our examination of urban disaster risks and vulnerability in Turkey, we have searched for root causes and
found human actions to be the agents of causation more often than not. As a result of short−sighted over−use of
natural resources and widespread environmental degradation, the annual loss of life and property through disaster
in the world's major metropolitan areas is increasing. Urban concentrations of the poor and less−informed in
environmentally fragile locations suffer the impacts of disaster disproportionately. For example, the continued
occupation of vulnerable locations in Turkey's metropolitan areas by low−income squatter developments will
compound the inherent risks associated with high−density environments, inappropriate technologies, and,
inadequate infrastructure.

Current scenarios indicate a potential increase in extreme events that will buffet cities in the next several decades.
Uncontrolled population growth, chronic poverty and environmental degradation have increased urban
vulnerability to both "natural" and "technological" disasters. Societal vulnerability to natural disasters increase for
several reasons:

 Inappropriate technologies are used;

 Lack of knowledge and access to mitigation mechanisms prevail;

 Public and private agencies are unwilling to adopt the lessons learned from the world community which has
become more expert in responding to disasters.
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Technology and Disasters

In this volume we have adopted an integrated view including toxic and hazardous wastes and the risks of
industrial accidents in our survey of Turkish metropolitan vulnerability. The recent past has shown that large
urban areas are often subject to industrial processes that fail dramatically during cataclysmic accidents. The
evidence gathered in this volume persuades us that although technology can reduce environmental degradation,
the use of advanced technology cannot be automatically termed progress. Technologies invented to improve the
quality of human life increasingly place people and their

habitat in serious danger. For example, PCB's (extremely hazardous chemicals which were originally developed
to cool electrical transformers) and heavy metals of all sorts flow through Istanbul's Bosphorus. Technological
hazards can result in both rapid−onset and slow−onset disasters.

A series of devastating and highly publicized industrial disasters—perhaps foremost among them Bhopal (India)
and Chernobyl (Ukraine)—have provided ample evidence that the risks of uncontrolled technology are enormous.
Chemical substances not believed to be pathogenic are released continuously into the environment until their
lethal impacts become progressively more apparent. Tragically, only when accident or disaster strikes is there
sudden realization of the true extent of the risks presented by many modern technologies. In many well−known
cases, such as Minamata (Japan) and Love Canal (U.S.A.), hazard identification occurred only after years had
passed and irretrievable damage had been done to people's lives and the surrounding environment.

It is becoming difficult to distinguish between technological and natural disasters, at least partly because of the
result of severe environmental degradation. Both the impacts and responses to all types of disaster are growing
more similar and inter−related. Would earthquake damage to a chemical plant causing the release of toxic
substances or rupture of an oil pipeline rupture that saturates the soil and the aquifer below it represent natural or
technological disasters? Most major disasters striking urban areas have both natural and technological causes and
effects. As the United Nations Environment Program (UNEP, 1988) notes: "It is now universally acknowledged
that every disaster, whatever the cause, has an environmental impact."

Working Toward Sustainability

The examples of the four Turkish cities analyzed in this volume demonstrate the potential long−term negative
consequences of living with environmental degradation and technologically produced hazardous substances. Each
neighborhood and ecosystem is a potential experiment, each disaster is both a system failure and an opportunity to
learn from past mistakes. Rasmussen and Batstone (1989) noted that disasters are rarely caused by any one factor,
either mechanical or human, because most of the significant root causes are present within the system long before
any accident sequence runs its course. Disasters are not caused by a single natural event or one human error. They
require an inherent flaw in the industrial or social system. These flaws only become apparent when the, system is
stressed. Urban social systems fail when they have not been designed to be sustainable over the long term. Urban
systems and structures need to be able to coexist with those potentially destructive natural events and potentially
hazardous industrial processes without which life on this planet (at least as we currently accept it) is not possible.
Industrial and transport systems are sustainable when they can tolerate reasonable levels of worker error. Human
settlements are sustainable when houses and critical infrastructure are constructed to withstand cyclically
recurring natural events.

Making urban systems more sustainable involves maintaining open channels for horizontal and vertical flows of
information. In industrial complexes this process can involve a team approach. Thus, people who designed the
system, or at least fully understand it, should be included among those who run and maintain it. Similarly, a
squatter community which is informed about local hazards, aware of risks and cognizant of what to do in an
emergency is much less vulnerable—and consequently more resilient. Environmental education will be an
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essential component in reducing the vulnerability of Turkish metropolitan areas to disasters.

Focusing on Four Cities

The researchers who were commissioned to do studies for this volume concentrated on four Turkish cities:
Istanbul, Ankara, Izmir and Erzincan. These four cities were selected for several reasons: 1) to be able to examine
a range of city sizes from the largest to the quite small; 2) to compare the problems of ancient city districts with
those of modern ones: 3) to compare the problem areas and proposed solutions in

cities where it is relatively easy to work with those where options are circumscribed; and 4) to use the example of
Erzincan to illustrate what can happen to a Turkish city (which are all vulnerable to earthquakes) in the event of a
major natural disaster.

The Organization of this Volume

The papers in this volume have been grouped around four main topics: a general framework and specific topics;
urban vulnerability issues; the formal and informal city; and earthquakes, including the Erzincan disaster.

Ronald Parker begins the general framework section of this volume with a summary paper that discusses the
vulnerability of Istanbul, Ankara, Izmir and Erzincan. This first chapter provides a background on the physical
characteristics of the four cities and examines the history of urban development, the impact of human
interventions on the environmental, the severity of environmental threats, the evolution of environmental policies
through legislation and regulations, and summarizes recommendations and policy options described in the rest of
the papers.

Necmi Sonmez explores the institutional and legal aspects of environmental degradation.

Polat Gulkan describes the current state of urban disaster−related research and reviews the activities of major
research institutions.

The second section, on specific topics in urban vulnerability, begins with Andrew Coburn's discussion of urban
vulnerability to earthquakes in very specific terms, quantifying expected casualty levels and predicting levels of
home loss within the area under study.

Kriton Curi focuses on the solid waste problem which faces the major Turkish cities. Gunay Kocasoy approaches
urban environmental degradation through the multi−disciplinary lens of coastal zone management. She reviews
the destructive impacts of urban expansion, tourist zone development and shipping accidents on fragile coastal
areas.

The third section, on formal and informal cities, contrasts the areas which are currently subject to governmental
action and emergency preparedness measures with the stark realities of unplanned and unregulated gecekondu
development.

Mustafa Erdik describes the development of an all−hazards disaster emergency action plan and the lessons that
have been learned developing the Plan for Istanbul.

Rusen Keles and Cevat Geray describe the unique conditions prevailing in gecekondu squatter settlements and
how these lead to an enormous disaster vulnerability which is difficult to deal with through traditional command
and control measures.
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The fourth and final section, on earthquakes, contains two chapters. In the ninth chapter Michael Durkin describes
the emerging discipline of injury epidemiology and highlights its implications for investments in disaster
reduction in Turkey.

Finally, Polat Gulkan and Oktay Ergunay present a detailed case study of the tragic Erzincan earthquake which
underscores the lessons learned and discusses their implications for government policies.
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Ronald Steven Parker

The rapid growth of urban poor, many of whom have moved from economically non−viable farming communities
to huge informal squatter communities that develop in areas unsuitable for residential use, have put a large portion
of the population of Turkey and of many other developing nations at great risk. In Turkey, these informal slums
often arise on land that poses severe earthquake damage risk. They often are adjacent to industrial complexes or
above−ground solid waste disposal sites that pose major health hazards. Their development is beyond the control
of urban governments. Additionally, the lack of effective anti−pollution laws, sewage treatment or even landfills
for solid waste have allowed multiple major health hazards to develop. Mitigating these hazards requires a
combination of intelligent study and effective action on the national and regional level. This paper provides and
overview of the various sources of potential disasters discussed in the book and presents the outline of a specific
plan of action to mitigate those dangers to the population of Turkey in general and to the large, fast−growing
population of urban poor in its four major cities in particular.

Urban Vulnerability in Turkey

In every society some groups are more vulnerable to disaster than others. Significantly reducing disaster
vulnerability involves identifying these more vulnerable groups and concentrating a range of interventions and
investments upon their complex of problems. Such interventions can often be precisely targeted. One author in
this volume argues that critical urban blocks and even particularly dangerous buildings can be isolated, and
investments in upgrading can be concentrated in such areas because that is where the financial return will be
largest.

Throughout the developing world, the groups that need disaster−reducing information the most probably already
fall outside of the reach of many under−funded government systems and thus poorly served in the distribution of
government resources.

Over a third of all inhabitants in ist in direct Turkish urban areas are squatters whose vast settlements
excontravention of many laws and regulations. Legal and technical measures which could be used to lower
vulnerability tend to be ineffective in cities with large informal neighborhoods. Formal government policies for
the enforcement of new regulations have little point where the most vulnerable groups already live outside of the
law and many carry out their economic activities in the non−formal economy where government regulations
seldom apply.

Improperly constructed housing in earthquake−prone areas, improper disposal of hazardous chemicals and similar
problems are nearly impossible to police among marginal communities. If government regulations are
unenforceable, legislating policies for change is ineffective. In such situations all of the planners best
disaster−related measures are hard to use

Turkey is far from alone in this problem: development planners the world over are confronted with rapidly
growing, politically powerful squatter communities. A similar situation was uncovered in the favelas (slums) of
Brazil in the previous study in this series (see Towards a Sustainable Urban Environment: The Rio de Janeiro
Case Study). Dealing with the complex problems posed by these groups is difficult, but because lives have to be
saved, planners and donors alike constantly find themselves facing the difficulties presented by hard−to−reach
groups.

Turkish urban areas are vulnerable to a range of hazards, but disaster−related investments and donor attention
have largely been concentrated on technical measures aimed at the study of earthquakes. Similarly, government
policies have tended to be limited to land use rules and construction regulations which are often ig−
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Figure 2−1:
Population Distribution in Turkey

nored by those groups most at risk and who need to use them the most.

The growth of urban squatter areas mirrors the growth of cities. The steady increase in Turkey's urban population
has been balanced by a similar reduction in the rural areas as people who once earned their living from the land
opt for urban life, attracted by the lure of higher pay, better jobs and improved services. As a result of this
demographic shift, the cities are playing a more important role in the economic and social life of Turkey (see
Figure 2−1 , page 12). This rapid growth in urban population has been matched by the pace of urban
industrialization. The speed of industrial development and the failure of the government to anticipate
demographic change has allowed dangerous and polluting industrial complexes to appear in densely populated
areas. Equally worrisome, the unceasing migration to the cities and the limited purchasing power of newly urban
populations has produced widespread overcrowding and illegal squatter settlements that occupy unsafe areas
subject to a lethal combination of environmental degradation and both natural and technological hazards.

Multiple Hazards

Although the largest danger facing Turkish urban areas is earthquake, numerous other hazards exist. Improper
handling of solid wastes causes explosive methane build−up, endangers the physical environment, reduces
property values and destroys the scenic and tourist values of highly visited areas. The hazardous liquids used in
the manufacturing stage of a range of modern products are often either toxic, infectious, inflammable or
corrosive; and consequently their indiscriminate release represents a significant risk to public health and safety.
Near the larger cities, many bodies of water are so polluted that they are no longer suitable for recreational use.
High levels of heavy metals are found in harbor catches, and massive fish kills are common. Marine accidents
release massive, toxic discharges, sometimes causing explosions that destroy buildings and facilities. Dangerous
chemicals enter the urban food chain because of improper agricultural practices. Most urban rivers are polluted,
and contaminated riverine waters are used for irrigation in vast agricultural areas. Agricultural chemicals and
waste water have contaminated precious aquifers, placing urban drinking water at risk. Air pollution and urban
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noise pollution cause disease and shorten life spans.

In recent years the annual urban population increased about 6 percent, while the overall population increased
about 2.3 percent. In 1987, 47 percent of Turkey's population was urban. According to the 1990 census, 55
percent of Turkey's population lives in cities. By the year 2000 estimate 70 percent of the population is expected
to be urban (Baykal 1992).

In spite of government efforts to improve living conditions in the nation's intermediate size cities, most of the
urban−dwelling population has opted to live in large cities where these problems are more severe. The percentage
of urban population living in cities of 100,000 or more has climbed from 45 percent in the 1960s to 67 percent in
1990. TUBITAK, the State Statistics Institute, estimates that this will reach 75 percent by the year 2000.

Urban growth on this scale in the nation's largest cities cannot avoid having a major environmental impact,
especially in neighborhoods where the installation of critical infrastructure is slow. For example, the Ministry of
Environment estimates that only 25 percent of the urban population in Turkey is connected to a sewerage system.
Simply connecting them to a sewer would solve very little, however, because most municipal sewer mains
discharge into surface waters or open drains without treatment.

This rapid growth has raised levels of urban air pollution, degraded surface bodies of fresh water, destroyed
delicate coastal areas, upset the ecological balance of the surrounding seas, depleted and destroyed drinking water
resources, contaminated areas through the improper disposal of hazardous wastes, overloaded soil filtration
capacity and most significant of all, degraded physical security as once−stable building lands become dangerous
because of overcrowding and areas which were dangerous to begin with are occupied by squatters. The interaction
of growing urban populations and the

dangerous and unsuitable areas which they occupy leads inexorably to ever higher levels of disaster vulnerability.

Impact of Industrialization

Industrial output increased 6.7 percent per year during the 1980s. Gunay Kocasoy's paper documents the products,
processes and accidents which have led to Turkey's coastal deterioration. Some Turkish cities along the coast are
having difficulty preserving their water resources because solid and liquid wastes and sea water have polluted
nearby sources of fresh water. Although Turkey still has an abundance of acceptable quality water, the future
supply is neither as assured nor as high in quality as it once was. Kriton Curi's article reviews the impacts of the
improper disposal of wastes on the Turkish urban environment. Several articles in this volume point out that as
Turkey's industries have become more economically important they have devastated many of the natural
resources upon which they will ultimately have to depend.

The city of Erzincan provides an interesting example of increased urban vulnerability of a different sort. For
several decades following a major earthquake in 1939, builders in Erzincan built low, safe buildings using good
quality workmanship and adequate reinforcement. As the years passed without the reoccurrence of a major
seismic event, these precautions became less common. Policy decisions aimed at controlling the cost of public
construction projects on the national level — e.g., central governmental imposition of standardized plans for
public buildings that failed to adequately allow for seismic loading — contributed to the watering−down of
Erzincan's construction standards. In 1983 a 5.5 magnitude event caused no casualties, but the damage to
structures, including the standardized public buildings, was heavy. Often, repairs were made without proper
technical supervision. In some cases large structural cracks were merely plastered over. This gradual weakening
of building standards, the return to taller buildings, and substandard building repair ultimately proved to be costly.
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In this review of the full range of urban disaster vulnerability in four Turkish cities, it is hard to escape three basic
conclusions:

Disaster reduction activities in Turkey should promote the development of a more balanced and comprehensive
approach;

Squatters are the most vulnerable group in Turkish urban areas, and improving their situation will require
carefully targeted measures;

Successful disaster mitigation efforts in Turkey will require a stronger emphasis on
environmental/disaster−related education.

The most vulnerable groups will only become less vulnerable as they become more aware of the environmental,
natural and technological hazards that they face, and begin to take appropriate action on their own.

Four Turkish Cities

In this volume we have focused on four cities: Istanbul, Ankara, Izmir and Erzincan. These will be briefly
introduced and described below.

The Turkish land mass forms a natural bridge between the continents of Asia (97 percent of the total land area)
and Europe (3 percent). It is bordered by water along much of its frontier: the Black Sea to the north, the Aegean
Sea to the West and the Mediterranean Sea to the South. Including the semi−enclosed Marmara Sea, Turkey has a
coastal zone over 8,000 kilometers long. Istanbul and Izmir are located along the coast. It is generally
sub−tropical, although it has geological characteristics of a larger land mass because of its diversity of
topography. Vast interior areas experience severe winters because they are shielded from the moderating effects
of the sea by coastal mountains. Ankara is shielded somewhat from the winter because of its location, but
Erzincan experiences below freezing temperatures 110 days a year.

Istanbul

Istanbul, Turkey's largest city, is located along the Bosphorus Straits on both sides of the Gold−

en Horn, a natural inlet of the Bosphorus and a deep−water harbor. The southernmost part of the city also lies on
the Marmara Sea. Including surrounding communities the population is approximately 10 million. The city
occupies an area of 5,712 km2. Its history extends over 26 centuries, and it is believed to be the oldest
continuously occupied metropolis in the world. In its earliest days it was known first as Byzantium and later as
Constantinople. According to Jones (1992) Istanbul is the only city continuously among the largest ten in the
world for 1,000 years except for a short period in the 15th century. The metropolitan area is an interesting
combination of East and West with neighborhoods in both Asia and Europe and numerous world famous
monuments.

Its geographical location at the point where the only land route between Europe and Asia crosses the only sea
route between the Black Sea and the Mediterranean has always been of strategic and commercial importance and
kept the city in the mainstream of history. In recent decades it has experienced unprecedented growth. Between
1950 and 1990 its population has increased at least eight fold, from about one million to eight million. Today
Istanbul houses about one−eighth of Turkey's total population and one−half of its industrial potential. It is in
many ways the intellectual, social and economic center of the country. The waterfront location and ancient
neighborhoods make it difficult to affect radical solutions to most of its problems.
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Istanbul has experienced numerous earthquakes and fire disasters. Flash flooding is also a common occurrence,
although the flooded areas are limited by topographic conditions. In recent decades the disaster risks have
increased due to overcrowding, faulty land use planning and construction, inadequate infrastructure and services,
and environmental degradation (especially denudation of vegetation).

Ankara

Ankara, Turkey's second largest city, is located on the Anatolian plateau in the province of Ankara. The city lies
in a basin surrounded by mountains. The bulk of the metropolitan area is about 900 meters above sea level, and
the modern urban center is dominated by an ancient castle and the old city contained within its walls which are
located on a series of central hills. The city enjoys a temperate climate: hot, dry summers are balanced by cold,
damp winters. Winter fogs blanket the city five days a month. Annual precipitation is light, about 370 mm.

Once a major city in the Byzantine Empire, it has been occupied by invading Persians, Arabs, Crusaders and
Mongols. Both the citadel and its immediate environs contain sections that date from the Byzantine period.
Ankara was an important trading center even in ancient times. Hittite remains dating from 2000 B.C. have been
uncovered. Originally known as Angora, it has long been famous for its fine mohair cloth.

Ankara became the capital of the Republic of Turkey in 1923, when it had a population of under 200,000. It
changed its name in 1930. It currently has a population of about 2.1 million. Important both as a residential center
and government seat, it also boasts important agricultural areas. Employment is dominated by services and
manufacturing. Major industries include a cement plant, a sugar factory, a tractor factory, two gas plants and a
gun powder factory. Agriculture, construction and communications each provide from 5 percent to 8 percent of
the city's jobs. Where urbanization ends, orchards and fields in full production take over. The urban area has been
expanding mostly towards the west. Ankara provides the study with an excellent example of a (mostly) modern
and rapidly−growing city.

Izmir

Izmir, which is perhaps better known outside of Turkey by its ancient name of Smyrna, has been an important
regional center for more than 3,000 years. Located on the Aegean Bay of Izmir, an L−shaped bay surrounded by
high hills, it is Turkey's third largest city and one of Turkey's busiest seaports, thanks to its excellent harbor
facility. Surrounding the city is an agriculturally productive hinterland.

Izmir is often referred to as the most Western of Turkish cities. Founded by Aeolian Greeks in the 11th century
B.C., it was an important outpost for Alexander the Great's Macedonians. Conquered by the Romans, it became
an important Christian city and a stronghold of the Byzantine Empire. Until World War II, Turks were a minority
among the city's residents, with citizens from other European nations in the majority. It has been one of Turkey's
faster−growing cities; between 1970 and 1985 the annual population growth varied between 30,000 and 80,000
annually. Its 1985 population of 1,595,650 is projected to double to 3,267,000 by the year 2015. Because
environmental carrying capacity was not taken into account by urban planners in the past, a number of problems
appeared to emerge simultaneously as the city outgrew its ecological limits. Water pollution in its once scenic
harbor is severe. Air pollution and toxic and hazardous waste dumps present modern dangers.

Erzincan

The word ''earthquake" is synonymous with Erzincan in the minds of many Turks because of a massive
earthquake reaching 8 on the Richter scale on December 26, 1939. Its epicenter was in the village of Davarli, 8
kilometers northwest of Erzincan. It created a 350−kilometer fracture of the earth's surface west from the Plain of
Erzincan with a lateral opening in some places of 3.7m; 32,000 people lost their lives within an area of 60,000
km2 ; 17,500 people were injured; 117,000 buildings were demolished or made unfit for use. About 230,000
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persons were left homeless after 6,600 of the 7,200 buildings in the center of town were demolished. All the
remaining ones, with the exception of the train station, were heavily damaged.

Erzincan is a small provincial capital which serves a local population of around 180,000 in the remote and
mountainous northeast. The city is located at the center of the Erzincan Plain in the upper Euphrates basin. The
plain is 1200m above sea level, approximately 30 km long and bounded to the north and south by mountains
10−15 kilometers apart, extending to a height of 3000−3500m. is situated about 700 kilometers east of Ankara
(and about 1100 kilometers east of Istanbul and Izmir). The administrative structure of the province comprises
nine townships, including Erzincan, and 569 villages.

Erzincan's economy is based on small−scale land holdings. The province is 61 st in contribution to the gross
national product, and its population is decreasing. The city is also losing population as people move west in
search of the better jobs and cosmopolitan attractions offered by Turkey's larger urban areas, primarily Ankara,
Istanbul and Izmir. The public sector provides most of the investments in the province, and local commerce is
important to the overall economic activity.

On March 13, 1992, the city of Erzincan was once again devastated by a major earthquake. Measuring 6.1 on the
Richter scale, the event caused more than 500 fatalities and destroyed 110 structures of four or more stories. Some
700 were left injured and schools, hospitals and public buildings were out of service for months. By an
unfortunate chance, the damage was concentrated in a 400 meter−wide band that ran along the main street,
bringing the city's economic life to a halt by destroying its main commercial area, leveling or severely damaging
the commercial banks, hotels and more than 1,200 shops and offices. More than half of the 40,000 dwellings in
Erzincan and nearby Pulumur were damaged. Almost all public buildings were rendered unusable, impeding the
efforts of officials to restore order and coordinate emergency services. All the major industrial centers were
damaged and required substantial repairs before reopening. The electric, water, sewage and road networks were
effectively taken out of service because of a large number of ruptures.

The 1992 Erzincan event provided an important test of the ability of urban communities in Turkey to withstand
earthquakes. Prior to it, almost all of the more recent Turkish experiences with earthquake disasters were limited
to rural areas. This experience demonstrated that human response to disasters in large cities is affected by factors
of size and complexity.

Just after the earthquake demand for medical services jumped tremendously. Because of their

construction, the hospitals were damaged and unusable. Equally noteworthy, government health service personnel
demanded immediate reappointment to cities outside Erzincan Province.

Due to the closure of nine heavily damaged schools, about 22,000 students were left without any schooling after
the disaster. Although the remaining schools were repaired in 15 days and put into service with increased class
hours to accommodate the extra students, 1,076 teachers out of a total of 1,200 filed requests with the Ministry of
Education for relocation to other provinces.

Every branch of public service faced personnel issues of this nature. The acceptance of these requests would have
created severe hardships and their vast numbers indicates the unwillingness of civil servants to serve in cities
exposed to high levels of earthquake hazard and/or post−disaster situations. Disaster managers rebuilding
Erzincan after the tragic earthquake, already challenged by the opportunity to decrease the city's disaster
vulnerability during the reconstruction process, found themselves having to work with insufficient and sometimes
unwilling employees.
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In urban areas the economic and physical impacts of disasters can be large and protracted. The Erzincan disaster
underscored the importance of adequate preparedness. Emergency plans were ready at the government level, but
they were not rehearsed. This resulted in ineffective response during the first days after the earthquake. The
Provincial Rescue and Relief Committee foreseen in the city's Disaster Response Plan only became effective days
after the earthquake. The rescue and relief efforts in the first critical hours were handled in an ad hoc manner by
the victims themselves with assistance from military personnel stationed in the vicinity.

Ignoring the Implications of Risk Mapping

Turkey's geological, seismic, topographical and climatic characteristics combine to provide a setting for many
types of disaster. Mustafa Erdik says, in this volume, that 600,000 houses have been damaged by various hazards
in Turkey in the last 70 years. About 66 percent were damaged by earthquakes, 15 percent by floods, 10 percent
by landslides, 7 percent by rock falls and 2 percent by meteorological events and snow avalanches. About 43
percent of the total land, 51 percent of the population and 75 percent of the industry are located in the two most
hazardous zones on the official earthquake hazard zoning map of Turkey, with expected earthquake intensities
equal to or greater than MSK VIII.

Among the disasters that regularly strike Turkey, earthquakes have always caused the major share of casualties
and physical damage. The statistics of the last 70 years indicate that the average annual earthquake disaster related
losses constitute about 0.8 percent of the total gross national product, whereas all other natural disasters' cause
only 0.2 percent. In 1945, for the first time in Turkey, a map of earthquake regions and specifications for building
construction were prepared with the cooperation of the Ministry of Public Works and several universities. The
earthquake specifications were revised in 1949, 1953, 1961, 1968 and 1975 and the map was revised in 1949,
1963 and 1972 in parallel with the development of information related to the seismotectonics of Turkey and
advancements in engineering seismology. The earthquake maps in use today indicate five types of zones in the
nation. These were developed by looking at earthquake frequencies for maximum observed/expected intensities,
total seismic energy released per unit area, and intensity hazards for different return periods. While the potential
impact of the various types of disaster on Turkish urban areas are discussed further below, it is interesting to note
that while Turkish scientists have carefully been documenting, mapping and preparing risk analyses of the various
disaster types for many years, the information which these contain is not taken into account in any systematic
way.

It would be reasonable to expect that structures that pose grave dangers for surrounding communities in the event
of earthquakes — e.g., dams — would be carefully sited in the low−danger zones, but the opposite is the case.
Erdik

observes that 31 percent of Turkey's dams are located in the first two most hazardous zones with expected
earthquake intensities equal to or greater than MSK VIII. According to Ergunay and Gulkan (1990), 64.7 percent
of dams are sited in the three most vulnerable zones, while only 8.4 percent of dams are located in the least
at−risk zone. In a country with a 63 percent annual probability of a MSK VII or greater earthquake,
decision−makers need to consider disaster vulnerability much earlier in the feasibility study process than they
have in the past. How much longer can the government and the major international donors justify financing
potentially dangerous infrastructure in well−known high−risk areas when suitable sites in less disaster−prone
areas are available? Even less intense earthquakes pose dangers to engineered structures, especially those built
without proper engineering supervision. That such inspections are neither routinely nor properly made is a
recurring theme in this volume.
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Managing the Urban Environment

As urban areas grow in population they tend to spread out into formerly rural areas. Land use follows a
predictable pattern in expanding cities: the first use of land is agricultural, houses appear along the edges of fields
and roads, then residential use predominates, finally many residences become workshops, and factories are built
in the neighborhood. Urbanization and industrial growth exacts a severe environmental price, increasing the
demand for below−ground water while increasing the risk of disastrous pollution of the aquifer because of the
degradation of the surrounding watershed.

Rising urban populations and a housing shortage has forced low−income groups into illegal and unplanned zones
and shanty−towns in metropolitan areas.

The sixth national development plan presumes a deficit of 1,838,000 residences in cities of more than 20,000
inhabitants between 1990 and 1994. Twenty 20 percent of this housing is needed for the natural population
increase and the balance for population movements. Filling this gap requires construction of 367,000 new
residences annually. Presently, the social housing administration can provide credit to support construction of
150,000 houses per year (Baykal, 1992).

In Turkish urban areas where people, buildings, infrastructure and socio−economic activities are highly
concentrated, natural and man−made hazards can produce greater physical damage and casualties than would take
place if the people and activities were dispersed. Dense settlement interrupts natural regenerative processes and
destroys protective greenery and ground cover: ultimately the environment is degraded, usually severely.
Environmental degradation increases disaster vulnerability, and every disaster has an additional negative
environmental impact. These two compounded phenomena—environmental degradation and disaster
vulnerability—make it more difficult to manage urban area sustainability.

Disaster vulnerability in urban areas grows not only as a result of increasing population density, but also because
of inappropriate technologies and inadequate infrastructure. The better the existing hazards are understood, the
easier it is to lower their potential impact. For example, the paper by Michael Durkin discusses reducing disaster
impact through injury epidemiology and the implications of such studies for investments in urban areas.

Turkey's laws to lower vulnerabilities and pollution in urban areas are unenforced in the unregulated gecekondus
with their unsafe buildings on unsafe land. Often these settlements surround industrial facilities planned for and
constructed on open land with no residential neighbors. To encourage industrial development and associated
employment opportunities, pollution controls were not adequately applied in the past, and penalties for
noncompliance were small. In 1990 about 2000 manufacturing establishments in Istanbul had a high potential for
emitting industrial pollution (Orhon 1991)). This combination of the increased physical vulnerabilities of urban
settlements and environmental degradation increases urban disaster risks substantially.

Vulnerability always has social, economic, organizational and educational dimensions. While geophysical triggers
often begin crises, detailed emergency preparedness planning diminishes their toll on human lives and health, and
careful pre−disaster attention to risk management and timely mitigation reduce their scope. The reduction of
hazard−related losses often depends heavily on government efficiency in promoting and implementing effective
legislation and enforcement. However, regulatory mechanisms are not always cost−effective (Kreimer,
Munasinghe and Preece, 1992). While many developing countries believe that they are unable to afford high
environmental standards, the Necmi Sonmez and Kriton Curi articles argue strongly that over the long term
developing countries cannot afford not to have them. Cost−effective regulations and policies can create conditions
leading to more efficient use of resources, thereby protecting the environment, while economic incentive
mechanisms can create a setting that stimulates private initiatives.
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In Environmental Management and Urban Vulnerability (Kreimer and Munasinghe 1992) the authors argue that
sound economic management is vital to an integrated approach to natural disaster reduction in urban areas. They
note that: "Recent studies have demonstrated that the dimension and characteristics of environmental degradation
and the vulnerability of cities to natural disasters are the foremost result of allocative inefficiency and uneven
distribution of resources and growth." Both market efficiency and private sector participation in efforts to improve
the urban environment can be the results of targeted policies adopted by municipal and national governments. The
authors illustrate their point by observing that citywide regulatory frameworks which govern markets for land use
and housing in urban areas can be structured so that they meet two important objectives: 1) they can improve the
efficiency of resource use, and 2) they can help to finance hazard mitigation and emergency preparedness
planning. Regulatory frameworks will achieve these objectives best when they establish conditions under which
consumers and producers take full responsibility for the environmental effects of their activities.

Another recent World Bank publication, Urban Policy and Economic Development (1991), noted that developing
sustainable approaches to the management of the urban environment requires:

 Raising awareness of the urban environmental crisis to develop the political support which is a precondition of
action;

 Formulating effective national and urban policies to prevent further environmental deterioration.

 Improving the general understanding of the dynamics of environmental deterioration in urban areas;

 Developing city−specific urban environmental strategies that respond to the unique circumstances of each city;

 Identifying programs of curative action to redress the most serious urban environmental consequences of past
public policies and private behavior.

Ultimately, setting priorities for action has to be based on a number of criteria. Strategic planning for the world's
major metropolitan areas must, of necessity, be based on long−term goals. Such goals can only be achieved if all
interested parties can see that decision−making is done consistently and transparently, and if frequent and
destabilizing policy shifts can be avoided.

Informal Settlements and their Impact on the Urban Environment

Urban land speculation has prevented the implementation of physical plans and become a factor responsible for
an unhealthy environment. A response to urban migration, it has made the better urban sites too expensive for low
and moderate income groups to purchase, contributing to environmental degradation:

. . . low−income groups have been unable to enter the housing market and shanty−town
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Figure 2−2:
Growth of Informal Settlements

areas have grown up on public or private lands, or lands in shared ownership, without respect for planning rules.
Approximately 30 percent of Turkey's urban dwellings are constituted by these shanty−towns. Only 35 percent of
the area covered by the city of Ankara is accounted for by planned settlement . . . (Ministry of Environment,
1992)

The steady degradation of the Turkish urban environment has contributed to a rising incidence of disaster of all
kinds. In the three large cities studied, flat land is sold at high prices, while the poor and middle class build houses
cling precariously and often illegally to barren hillsides and ravines in areas called gecekondus. According to the
statistical data available, during the period 1955−1990 the number of gecekondu buildings increased from 50,000
to 1,750,000, and the population living in these dwellings grew to around 9 million from a level of about 250,000.
This means that both gecekondus and gecekondu inhabitants have increased by a factor of 35 within the same
period (see Figure 2−2). There are four main features of gecekondu housing:

1) The dwelling units have been built without the consent of the landowner;

2) They are built in contravention of the building codes and regulations;

3) They are constructed without obtaining the required building permit; and

4) Gecekondu communities are usually inconsistent with city development plans.

The Keles and Geray article follows the development of gecekondus in Ankara, Izmir and Istanbul, and discusses
their disaster vulnerability.
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In 1949, when a special act was passed by the Parliament to solve the gecekondu problem in Ankara, there were
only 10,000 such units in Ankara and 5,000 in Istanbul. In the ten−year period between 1950 and 1960, the
number of gecekondus increased from 12,000 to 70,000, and their occupant population jumped from 62,000 to
364,000— a six−fold increase in ten years. During the next 30 years (1960−1990) there was a five−fold increase
in the number of gecekondus as well as gecekondu inhabitants. Between 1950 and 1960, the percentage of the
population living in gecekondus as a part of the total population of Ankara increased from 21.8 percent to 56.7
percent. This percentage reached its highest point (72.4 percent) in the 20 years between 1960 and 1980. This
figure declined after 1980 because of two laws which "pardoned" a number of settlements rather than any real
progress in dealing with this problem. These laws legalized the gecekondu buildings by providing their occupants
with legal titles for the land.

Many of the most steep, dangerous and flood−prone sites have already become gecekondus. These sites were
often known to be environmentally hazardous before they were occupied. Gecekondu residents often make
unauthorized connections to water and electricity networks, resulting in unsafe provision of these services.
Additionally, these settlements are frequently difficult if not impossible to service with sanitary sewerage
connections. Open dumps are usually found in these areas. Informal sector workshops in squatter settlements
often release unregulated pollutants into the air and aquifer. Andrew Coburn's article explores the future impacts
of allowing additional open land within and around the cities to be settled by people without title to it.

Each of the three metropolitan areas reviewed by this study is really two cities: a formal city which responds in
orderly and predictable ways to codes, rules and regulations, and an informal city that ignores such legal niceties.
The residents of the informal city are usually the most vulnerable groups when disaster strikes, as several authors
in this volume note. Therefore, although these squatter settlements are outside the formal planning process, any
disaster mitigation measure that does not take them into account will fail to make a significant reduction in future
disasters in Turkey.

Of the few options for reducing the vulnerability of squatter−occupied land and illegally constructed housing, the
best is probably granting the squatters legal tenure where they are currently living. As informal neighborhoods are
legitimized, the quality of housing and environmental conditions tends to improve. However, as numerous cities
around the world have seen, improving legal and/or living conditions in squatter neighborhoods creates incentives
for further informal settlements.

Dangers Facing the Urban Areas

Solid Wastes

Turkey lacks a comprehensive system for dealing with solid wastes — of the approximately 2,100 municipalities
in Turkey, only one possesses an operational sanitary landfill; two others have identified land where sanitary
landfills will be constructed, and all the others dispose their waste in open dumps (a more in−depth discussion of
this problem can be found in Kriton Curi's paper in this volume). Moving towards solutions in the area of solid
waste has
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Figure 2−3:
Increase in Solid Waste in Istanbul

been difficult because the problem has been growing more rapidly than planners ever imagined possible. The
populations of the rapidly growing urban areas enthusiastically embraced modern consumer goods which, because
of excessive non−recyclable packaging, generate volumes of waste that exceed the cities' almost nonexistent
processing capacity (see Figure 2−3, page 21).

About 50 percent of all solid waste in Turkey is household garbage. Of the rest, perhaps 30 percent is produced by
commercial establishments and the remainder by industry. Neighborhoods often make their own informal
arrangements for disposal, often using swamps, cliffs, roadsides, and stream beds. This results in to festering
refuse, sometimes at multiple sites, dangerously close to housing areas,. A recent event in Istanbul highlights the
dangers of living in close proximity to such locale:

On April 28, 1993 methane gas produced by decomposing refuse in the 30 acre Umraniye garbage dump
exploded, triggering an avalanche of waste that covered squatters huts. These gecekondu were in an area that was
dangerous even without the adjacent dump site. Some had been built on the edge of a steep and unstable ravine,
while other were at the ravine bottom on land that was subject to landslide and flood by runoff after heavy rains
and/or by a nearby river. Rescue efforts were hindered by the inability of the specially trained search dogs to
function near the wafting methane. Casualty estimates ranged from 28 to 50. The dump had been receiving
Istanbul's refuse since 1970.

Until February 14, 1991, Turkey had almost no legislation concerning solid waste. Until 1953, all of Istanbul's
garbage was loaded onto barges and dumped into the sea. After that date, land disposal was required. In general,
the risks presented by relatively little−known toxic substances are obscure, and the proper techniques for handling
and processing them may not be well−understood by many of the people who come in contact with them in the
current waste handling system. Turkey still has no regulation for the management of hazardous waste.

Solid waste collection, processing and disposal is probably the most neglected issue in the environmental
technical infrastructure. Problems related to solid wastes have reached crucial dimensions, especially in the
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industrial sector urban areas of high population density and districts of tourist interest (Baykal, 1992).

Hazardous Waste

Many dangerous substances seep into the soil from the municipal dumps in Turkish metropolitan areas. Industries
often deliver their waste products to municipal dumps unprocessed, where hazardous and non−hazardous
materials mix indiscriminately. Industries produce wastes which can contaminate water, soil and air but many
urban factories in Turkey are under little pressure to invest in on−site treatment. Often these factory wastes are so
hazardous that they pose a significant threat to human health or the environment when handled improperly.

Hazardous waste practices in Turkish metropolitan areas generally represent a significant danger to public health.
Untreated hospital wastes contain dangerous pathogens which can contaminate dumpsites and place the health of
the residents in settlements which surround them at risk. Istanbul's hospitals have approximately 12,680 beds. No
serious precautions are yet being taken for the disposal of their pathogenic hazardous waste. Some Ministry of
Health requirements for disposal of hospital waste are virtually ignored. Waste from health institutions in Istanbul
is collected and disposed together with municipal solid waste. As a result, all waste is becoming dangerous for
public health.

The amount of municipal solid waste generated in Istanbul has dramatically increased in recent years. The
quantity of solid waste produced in 1979 was 3,600 tons/day, increasing to 6,300 tons/day in 1987, and reaching
approximately 9000−10,000 tons/day in 1992. Most of this increase has been in paper, plastics, metals, etc., while
the amount of food waste has remained almost constant. The solid waste generated in Istanbul is disposed in four
large, open dumps (two on the Asiatic site, two on the European

site), and in five small dumps (in the Princess Islands). The situation in these dumps is primitive. Scavengers
collect recyclable items, and animals feed there.

The quantities of solid waste generated in Izmir also increased rapidly during recent years. In 1980 daily
municipal solid waste production was 700 tons/day; today it has reached 2000 tons/day. Ankara is experiencing
rapidly rising production of solid wastes in response to population pressures and consumption patterns. Solid
waste production has doubled since 1981, when it was at 1,250 tons/day. Current estimates are in the 2,500
ton/day range. One study found a high percentage of paper in high income districts' garbage and a high proportion
of coal ash in poor district waste. Some 93.4 percent of municipal solid waste in Ankara originates from
households, and 6.6 percent from commerce. Although there are no dependable data about the amount and
composition of the industrial solid waste generated in Ankara, it is believed to be on the order of 300 tons/day.

Almost all municipal solid waste was disposed of haphazardly in the four cities studied. All four cities have large
open dumps where waste is left uncovered, unleveled and untreated. With a few notable exceptions, no special
procedures for managing hazardous materials are enforced at dumps. Toxic and dangerous wastes including dead
animals are disposed of together with domestic waste. Persistent methane fires pollute the air. Contaminated
storm water and leachate drain into surface or groundwater. Most dumps are breeding grounds for flies, rodents
and scavengers.

Dump location is only beginning to receive official attention. The Yakacik dump in Istanbul is surrounded by
housing. Housing has been build to within 100−200 meters of three sides of the dump. One dump in Istanbul was
located near a reservoir. Seepage from solid waste storage depots enters into the Bosphorus near the Golden Horn.
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Izmir

Izmir is a partial exception. In 1986 the solid waste of the city was disposed primitively into six open dumps, and
much waste made its way to quarries, marsh and swamp areas, stream banks and other random dumping areas.
Many informal garbage disposal sites were located on land near housing areas. Others were on high ground
subject to leaching and erosion by storm water runoff. In 1994, by contrast, out of the 2,000 tons of waste
produced daily, 500 tons are treated at the Uzundere Compost Plant, while the remainder goes to a sanitary
landfill put in operation last year.

Izmir's new Harmandary Sanitary Landfill is separated into sections according to waste type and treatment. There
are sections for municipal and nonhazardous solid waste, hazardous waste, hospital waste, and water treatment
plant sludge. Asbestos waste is admitted to the landfill only after being solidified in block form using cement or
other adhesive material. Used batteries are collected separately and disposed after they are placed in plastic
containers and cast in concrete.

Problems remain, however. The rejects from the compost factory are not brought to the sanitary landfill but
disposed directly into an open dump next to the factory. Several industrial facilities (inter alia Tac, Turyag and
Devilux) burn their waste, producing a variety of pollutants, smoke and dust. The local leather industry is a source
of a complex group of pollutants. numerous factories in and around Izmir discharge meat, animal fat, lime, wood
and clay into the environment. A significant residue makes its way to Izmir Bay where it contributes to organic
overloading.

Garbage transport in all three cities is a problem as well. Collection is often infrequent and scheduling haphazard,
in part because of vehicle breakdowns. Maintenance capacity is low, and keeping trucks running is made more
difficult

when a variety of years, makes and models is run as a fleet. Spare parts are often difficult to come up with. There
is also a mismatch between the type of vehicle employed and the type of solid waste to be collected. This
deficiency is perhaps most serious when hazardous or toxic substances are transported in open or leaky
conveyances. At any given time in Istanbul, it has been estimated that 60 percent of waste collection vehicles are
out of service.

Improvements in wastewater treatment in Istanbul, Ankara and Izmir are beginning to produce large quantities of
sludge. This residue will require space in sanitary landfills which neither Istanbul nor Ankara have. Municipal
authorities are turning to the private sector for rapid and lower−cost solutions and increasing their commitment to
recycling and compost production to salvage commercially reusable products and to reduce the unmanageable
volume of solid waste.

Liquid Wastes

Hazardous liquids are toxic, infectious, inflammable, reactive or corrosive. Waste water from human settlements
also represents a serious risk to public health and safety in Turkey. The Environment Foundation of Turkey
(1989) notes:

Industrial and urban waste waters constitute a very important pollutant source in Turkey because waste water
standards in general are not adhered to in the discharge of water from either source, nor is purification generally
implemented. Turkey's natural water resources to which these are added now exhibit very high levels in terms of
pollution parameters . . .
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Municipal operating departments, (such as ISKI in Istanbul, ASKI in Ankara, etc.) are responsible for sewage
operations. Partly because they have numerous other responsibilities, locally generated financial resources and
their technical capabilities have not been sufficient to support systematic development (Ministry of the
Environment, 1992). The major metropolitan areas are relatively better served than other urban areas around the
country: about 80 percent of the population in Ankara, Istanbul and Izmir, including even the gecekondus , are
believed to make use of the central sewer system.

Water pollution by complex chemicals has become a severe problem in the industrial zones around Istanbul, Izmir
and Ankara. In the Bosphorus, the water is laden with heavy metals including lead and cadmium, organic
substances, suspended solids, pathogenic organisms and toxic wastes. In Izmir, the water supply has been
degraded as the hydrological system has been subjected to stresses it cannot withstand. Pollution of groundwater
sources is often the result of the inadequate treatment of human and industrial waste. Izmir Bay has cadmium
levels of 91 mg/liter (compared with 10 mg/liter for the Aegean) and mercury and chromium levels of 107
mg/liter (compared with Aegean levels of 40 mg/liter).

Sonmez argues that saving the environment from the detrimental effects of hazardous industrial by−products can
often save industry money in the long run. The primary benefits that would accrue to Turkish industry from
improved waste treatment are: (a) savings derived from reuse of treated effluent instead of fresh water; (b)
avoidance of legal fees and lost time in court cases with regulatory agencies; and (c) savings from increased
production efficiencies with chemicals that formerly were dumped.

Management of Coastal Zones

The contamination of the seashore is one of the major ways cities contribute to the degradation of a much wider
geographic area. Along Turkey's vast seacoast many bodies of water are so polluted that they are no longer safe
used for their best use — e.g., swimming, fishing and recreation. Turkish coastal cities often dump untreated
sewage and industrial waste into the sea. Solid and hazardous materials — e.g., slag, dust, metals and production
waste — are allowed to mix with adjacent surface waters. Sometimes they are partially burned, contributing to air
pollution as well. Although urban effluent could be treated and/or piped far enough out to sea to keep beaches and
harbors clean, these offshore outfalls have seldom been

constructed in a manner that takes into account prevailing currents and the sea's absorptive capacity.
Approximately 400 million cubic meters of wastewater is discharged into the Bosphorus and Sea of Marmara
annually. Modifying sewerage systems so that municipal wastes are dumped well out to sea quickly reduces
coastal contamination in areas of large water exchange.

As a result of abundant rainfall and the inflow of surface waters, the Black Sea always has a surplus of low−saline
water. This runs through the Bosphorus into the Marmara Basin while a reverse current carries highly saline
waters from the Mediterranean into the depths of the Black Sea. The flow through the Turkish Strait is regulated
by the narrowness of the Bosphorus and, to a lesser extent, the longer and wider Dardenelles Strait.

The total amount of water flowing past Istanbul has been estimated to fall in a range of 300−600 cubic kilometers
annually. In spite of the immense volume of this flow, its ability to absorb waste is limited by the (naturally) low
oxygen content of the waters which flow out of the Black Sea. The inflow volume of oxygen−rich water entering
the straits is low, and the oxygen available is insufficient to meet the biological oxygen demand of the organic
material in the Bosphorus waters.

The low salinity of the surface waters of the Bosphorus allows the bacteria in domestic sewage to remain alive for
a relatively long period of time. An improved understanding of the ecology of the Bosphorus has led to recent
modifications in waste treatment by ISKI (the agency in charge of Istanbul's metropolitan infrastructure). Every
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year, more of Istanbul's wastewaters are strained, sand filtered and disinfected before release into a less
ecologically fragile water depth along the Bosphorus where deep currents sweep them along to the Black Sea.

Critics note that while all the Istanbul waste waters discharged into the Sea of Marmara will be treated, the deep
water discharge of wastes in the Bosphorus will lower the amount of available oxygen available to the Marmara
Sea, and they worry that this will lead to the eventual eutrophication of that body. A 1988 Istanbul University
study that used 27 hydrographic monitoring stations found that the dissolved oxygen levels in the Bosphorus had
fallen from 8 mg/liter to 4 mg/liter due to wastewater discharges at a depth of 56 meters one nautical mile from
the shore (Environment Foundation of Turkey, 1989).

The Bay of Izmir is "L" shaped, 64 km long and 5 km to 20 km wide. Located on Turkey's Aegean coast, the bay
is divided by oceanographers into three sections: 1) the Inner Bay, 2) the Outer Bay, and 3) the Central Bay. All
of the sections are shallow: the Inner Bay, the shallowest of the three sections, has a maximum depth of about 20
meters. The Outer Bay reaches a maximum depth of 65−70 meters. The waters of the Gediz river flow into Izmir
Bay. These waters are polluted with untreated household wastewater from the canals of Manisa (and numerous
smaller towns) and Akhisar County (through Medar creek), untreated industrial wastewater from the Manisa
Organized Industrial Zone and agricultural/irrigation runoff. On April 29, 1989 an unusually large fish kill was
observed on the Gediz river. Measurements taken that day showed high levels of phenols, cyanide, mercury and
chrome. According to the Environmental Foundation of Turkey.

An examination of these results shows that pollution in Gediz is excessive in terms of phenols, cyanide, oil and
grease, organic matter and toxicity in particular. The very low level of dissolved oxygen in the river is another
environmental factor affecting the sudden deaths of fish (1989).

Other studies of the waters of Izmir Bay itself have also measured low oxygen levels, and shore waters along both
Istanbul and Izmir have phosphorus and nitrogen at substantially above recommended levels. Concentrations of
heavy metals such as lead, mercury and cadmium found in Izmir Bay and the Bosphorus are an even more serious
threat to health and human life. Chemical pollutants, including polychlorinated biphenyls, are equally dangerous.
The nitrogen and phosphorus levels measured in recent years indicate that the eutrophication of Izmir's Inner Bay
is well advanced, and spread−

ing through the outer two sections. Just as the bay's contribution to the local economy is being recognized and an
increasing population is depending upon its resources, its very survival as an ecosystem has become precarious.
While dissolved oxygen and BOD levels show that the bay is not yet totally destroyed, the presence of nutrient
substances and the action of photosynthesis will ensure high levels of organic pollution far into the future
regardless of clean−up interventions.

Impact on the Marine Environment

As the Gediz river fish kill illustrated, coastal contamination is often first noticed in local fisheries. Industrial
pollution appears to have a serious impact on fish resources, particularly in the Black Sea area. Turkey's total
fisheries and fish product production has not grown since 1983, in spite of increased demand. Fishing is no longer
permitted in Izmir harbor because of the high levels of heavy metals in harbor catches. Unicellular plants called
phytoplankton overdevelop when the aquatic environment becomes saturated with organic sediments and loses its
natural balance. Phytoplankton often bloom in concentrations so high that they change the color of the Bay from
blue to green and often to brown and even red. Primarily in the summer and fall, Izmir Bay is subject to
phytoplankton blooms and red tides. Fish kills attributable to pollution and/or anaerobic conditions have occurred
frequently in Izmir Bay. The incidence of skin irritations among bathers has led to the closing of recreational
areas.
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Waterfront tourist zones fail to reach their full economic potential when water is unsafe to bathe in and seafood
unhealthy to eat. Beaches are threatened by the ocean release of municipal sewage. Many beaches along Turkey's
vast coast are both contaminated and littered. Biological pollutants such as pathogenic bacteria, viruses,
protozoans, and helminth eggs are found in Turkish waters. The less serious problems these can cause include
skin and eye infections and diarrheal diseases. These problems appear when bathers swim at unsafe beaches.
Consumers of locally caught shellfish are also at risk.

The Kocasoy article traces coastal development in the two cities. The coasts of Istanbul and Izmir have had a
development process with many parallels. Swimming beaches have been taken over by yacht harbors, coastal
roads or buildings as a consequence of population pressure. A four lane road on the European coast of Istanbul
was built between Sirkeci and Yesilyurt in the 1950s. During the 1980s, a six land coastal road was begun
between Suadiye and Maltepe along the Anatolian coast of the Sea of Marmara. It has since been extended.
Between 1987−1992 an additional six kilometers of coastal road was built along the shore of the European side of
Istanbul, some of it on top of columns sunk into the sea bottom along the Bosporous.

High−rise housing is being constructed along the coast at an accelerating pace. Many projects are rushed to
completion without the infrastructure necessary to protect surrounding waters from increased pollution loads.
Units built to provide access to public beaches often contaminate those beaches, reducing the tourism potential of
an entire region.

Where coastal areas have been occupied for hundreds of years, failure to preserve a minimal level of ground cover
has had a major impact on the marine environment:

The Golden Horn has been filling up for centuries as erosion progresses. Since the Byzantine period, the Golden
Horn has narrowed gradually by 20 to 50 meters total on each side. With the build−up of organic material, the
amount of oxygen in the depths of the inlet has dropped to 1 milligram per liter, accelerating the formation of
hydrogen sulfide, a foul−smelling gas (Ural 1987).

The filling in of the coast has accelerated in recent years. In order to build parks and green areas within the city,
the Municipality of Istanbul, not being able to find an appropriate area to use, began to fill in the sea. Parks and
recreation areas built along the Sea of Marmara between 1989−1992 filled in 1,020,000m2 ; seriously impacting
flora, fauna and marine currents. Kocasoy's article reports on her research which

explored the relationship between population density on the beach, temperature, light conditions and the types of
solid waste encountered.

Risks Associated with Shipping

Plastic refuse accidentally or deliberately been thrown overboard from ships is among the most widely found
litter. Floating debris poses a threat to wildlife and interferes with harbor side industries by clogging water intakes
or otherwise interfering with commercial use of sea, river or brackish water.

Crude oil is floating in the harbor waters of most Turkish coastal cities, and cakes of solidified crude oil litter the
shoreline—final products of the ocean breakdown of hydrocarbons released in the marine environment. An
estimated 650,000 tons of oil is spilled into the Mediterranean each year (17.5 times the Exxon Valdez). A small
amount of oil finds its way to Turkish waters as a result of natural seepage along the Mediterranean sea bottom.
An additional (estimated) 2,700 tons a year flows into the sea from land−based activities within Turkey. By far
the majority of coastal oil pollution comes from ships. Only about 10 percent of marine oil pollution in Turkish
harbors is the result of accidental spills. Most is the result of normal ship maintenance activities. The Bosphorus
and the Bay of Izmir receive heavy ship traffic and the shoreline suffers as a consequence of continual
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ballast/bilge clearing in the vicinity.

The Kocasoy article lists shipping accidents and the resulting damages. Fatalities, the destruction of houses
located along the coast and the release of massive quantities of pollutants are all surprisingly common
occurrences. Some 69 major sea accidents took place in Turkey between 1952−1981; 85 percent in the
Bosphorus. Kocasoy describes 17 different disastrous shipping accidents in the sea of Marmara which have taken
place since 1960. In 1979, the Rumanian tanker Independenta collided with the Greek cargo ship Evriali just off
the port of Istanbul. Some 48,000 tons of crude leaked into the Sea of Marmara. The tanker began to burn,
remaining aflame for three weeks. Several small blasts culminated in a major explosion which destroyed
buildings near the coast. Beaches and the marine environment were devastated: the clean−up efforts took several
years, resulting in a 40 percent decline in tourism revenues and a 25 percent decline in the fisheries output. The
fact that the Independenta accident did not become a worse catastrophe is no guarantee that future marine
accidents will be so easily put right.

One study noted that the concentration of petroleum hydrocarbons in the Black Sea was seasonally dependent,
and that when warmer weather came, the hydrocarbon concentration in surface waters was reduced. Baker (in
Cairns 1985) states that ''comprehensive reliable data on basic causes of marine oil pollution are unobtainable, but
human error in its many forms is believed to be of primary importance." She attributes oil spills from tankers to
"inadequate training or other 'human error' factors such as tiredness". Baker describes a chain of events stemming
from poor training: poorly prepared workers perform inadequate or shoddy maintenance which leads to
equipment failure resulting in spill.

Urban Impacts on Rivers

Ankara, Istanbul and Izmir all suffer from various forms of riverine pollution—defined as the man−induced
degradation of the natural quality of water. The problem is most severe in the industrial zones surrounding these
cities. The main pollutants which affect river water in metropolitan Turkey are heavy metals, suspended solids,
organic substances, pathogenic organisms, solid and toxic wastes, and agricultural chemicals. Coastal zone
problems are partially the result of contaminants introduced into sea waters by the rivers that flow through major
metropolitan areas. No major rivers flow near Istanbul, but a large number of small streams pass through the area
and drain into the Sea of Marmara. The impacts of the Gediz river on Izmir were described above. The Bursa area
is the most polluted part of the Marmara Basin, a result of the city's wastewaters mixing with the industrial runoff
from the Bursa Organized Industrial Zone in canals that have open connections at seven points along the lengths
of the Nilufer Stream.

The Ankara Stream is highly polluted. According the Environmental Foundation of Turkey, one 1986 study
showed that using the waters for irrigation would be extremely hazardous. Nevertheless the Ankara Stream is
regularly used to water vegetable gardens and orchards, and soil contamination due to elevated levels of sodium
have been recorded. A worse situation is presented by Ankara Creek which receives the city's wastewaters.
Measurements taken 100 kilometers away from Ankara show that the Creek is still very polluted, and that natural
purification cannot handle current pollution loads.

Threats to the Urban Drinking Water Supply

Municipalities in Turkey are responsible for the provision of potable water. The Ministry of Environment
estimates that about 63 percent of the population has access to an adequate public water supply. While the more
remote parts of the country tend to lack high quality potable water, another part of the problem is residential
overuse within the major metropolitan areas and the lack of an adequate control system for commercial users.
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Theft of water is common in Istanbul and Ankara. In some Turkish cities as much as 50 percent of the water used
is unaccounted for. In Istanbul, 30 percent of the water used in 1987 was unaccounted for, a significant
improvement over previous years. Largely as a result of ISKI's leak reduction program, losses have been reduced
10 percent — the level was 40 percent in 1980.

In Izmir, where groundwater accounts for 90 percent of industrial water, the municipality is not allowed to charge
for water extracted from private wells, and firms pay only pumping costs, which are far below the cost of
supplying additional water to the city from distant sources. In many cases a straightforward "rational" policy
would even need to set prices well above current operating and capital costs because development of future water
supplies will be expensive and may involve desalination, reuse, or interbasin transfer (The World Bank and the
European Investment Bank, Environmental Program for the Mediterranean, 1990).

Agricultural Impacts on Water Quality

As the soil's natural fertility reduces in response to repeated application of chemical fertilizer, farmers often use
escalating quantities of chemical products just to maintain agricultural yields. Increasing the amounts and
frequencies of chemical applications saturates the soil with chemicals, and the rains wash the excess into the
ground water. Turkish farm output grew only 3.3 percent a year from 1980−1987, but use of chemical fertilizers
and pesticides increased 7.4 percent and 4.2 percent annually.

From 1965 to 1986, the number of companies licensed to produce pesticides rose from 17 to 42, and the number
of firms allowed to import them rose from 105 to 220 (Environmental Foundation of Turkey, 1989).

While agricultural chemicals are only marginally helpful in raising agricultural production, they have a severe
negative impact on the drinking water supply and the aquatic environment. Land based pollutants that flow into
the Black Sea from the waters of the Sakarya, Yesilirmak and Kizilirmak rivers include phosphates, nitrates and
nitrites, ammonia, and potassium. The Gediz pollutes the Aegean with a similar mix. Chlorinated hydrocarbon
levels are a major concern because they form deposits in living organisms. Fish samples from the Black Sea show
DDT, BHC, dieldrin, aldrin and endrin. Obviously these chemicals reach man through the food chain. Insecticide
levels in fish have been shown to rise in summer months.

Nitrates from agricultural fertilizers contaminate both surface water and deep aquifers. The loss of low−cost
aquifer water can lead to the use of water sources which require costly treatment. Even the best treatment of water
from alternative sources produces potable water of much lower quality than current well water. Nitrate
contamination of surface waters (e.g., the Marmara Basin's three rivers) is the result of contaminated water
draining from aquifers. Exacerbated by untreated municipal and indus−

trial waste, rivers and lakes will be increasingly subject to eutrophication. This is already occurring around
Ulubatil Lake. Conventional water treatment does not remove nitrates from drinking water, and experimental
methods currently being employed to remove nitrates add other contaminants to the treated water.

Nitrate contamination levels can be expected to rise far into the future because there is a long migratory delay
between the time when fertilizers and pesticides are applied and the time they reach the aquifers. Thus the high
levels of contamination already seen really only reflect agricultural chemical use of many years ago. The damage
caused by more current use will not even be detectable for several more years.

Human intake of nitrate and nitrites is augmented by consumption of vegetables and preserved meat. Turkish
newspapers have reported agricultural wastes in export food products, particularly those from the Bursa area. A
major issue involves setting standards, particularly for water quality. High nitrate water is often mixed with less
contaminated water to achieve a blend just at minimum acceptable standards. One OECD publication (1991)
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suggests that setting non−stringent water quality standards results in a general "leveling down" of water quality
across nations. Although it may be politically more attractive to postpone major pollution cleanup actions,
inevitably environmental degradation continues until stringent standards are set and enforced.

Air Pollution

Air pollution contributes to respiratory and pulmonary disease, shortens the life spans of urban residents and
threatens the planet's protective ozone layer. Additionally, it can produce acid rain that corrodes urban
infrastructure, decimates forests, kills lakes and dissolves important cultural patrimony. Air pollution is common
in Ankara, Istanbul and Izmir. Pollutants from urban air are often found in the ocean waters along the coast. In
Turkey's major metropolitan areas, air pollution stems from burning fuel for heat, motor vehicles, and the
uncontrolled burning of dumping sites. Industrial air pollution is worse than it ought to be because of poor site
selection and inadequate precautions with smoke stacks and air releases generally. According to Ural (1987) only
6 percent of all plants are pollution free.

Coal supplies about 28 percent of Turkey's energy needs. Turkey has ample supplies of highly polluting lignite
which is widely used for heating in winter and for cooking year round. Compared to other types of coal, lignite
produces less heat and more sulfur, ash and particulate matter. In recent years, small amounts of anthracite have
been imported. Domestically produced lignite accounts for 90 percent of coal production and 21 percent of all
energy consumption. Other sources of air pollution include power stations, heavy industry (including refineries,
fertilizer plants, cement plants, mining), chemical plants and motor vehicles. A recent article noted that:

In January of 1982 the sulfur dioxide measurement was 698 micrograms per cubic meter in Ankara and 738
micrograms per cubic meter in Erzurum, where it rises as high as 1,057 micrograms per cubic meter on some
days. This compares with a World Health Organization (WHO) primary standard of 80 micrograms per cubic
meter. WHO states that 500 micrograms per cubic meter leads to excess mortality and hospital admissions. Some
88 percent of the particles and 98 percent of sulfur dioxide in Ankara's polluted air are directly correlated with
burning fuel for heat. The climate and topographical position of Ankara and other Turkish cities also contribute to
air pollution. Atmospheric inversions are frequent (Ural 1987).

Other pollutants such as carbon monoxide (CO), hydrocarbons (HC), nitrogen oxides (NOx), ozone and lead have
not been as carefully measured. Estimates, however, put their concentration at levels that endanger health and
threaten vegetation, historic structures and metals in the major Turkish cities.

To a large degree, air pollution has economic causes. Where no price is attached to polluting activities, people
have little incentive for change. Subsidized energy and raw material inputs also contribute to wasteful emissions
be−

cause wastage can be replaced inexpensively. In Istanbul, Ankara and Izmir, heavy motor vehicle traffic clogs city
center streets, while old vehicles and poor quality fuels generate higher than necessary levels of noxious gases.
Sampling has shown that 77 percent of CO emissions in Ankara are due to transportation.

Motor vehicle traffic also produces excessive noise: tolerable levels are around 40 decibels; noise produced by
urban street traffic reaches an average of 75 decibels at high traffic periods, Ankara's shopping areas experiences
90−92 decibels (Ural 1987). Topographic features and air inversions sometimes trap industrial and automotive gas
and particulate emissions, causing periods when air quality presents a significant health risk to urban populations.

Metropolitan air pollution is likely to get worse before it gets better. Industrial energy demand is growing by 5
percent a year, while urban motor vehicle ownership is probably increasing by 10 percent a year in the major
cities.
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In Ankara, which is situated in a valley, the conditions following sunset in winter, especially on clear nights, are
conducive to fog formation. In the summer months, dry fog occurs as a result of dust formation, while the sun
shines in areas like Etlik even during such overcast weather. Particle concentrations and the use of poor quality
solid or liquid fuel act as an obstacle to solar radiation.

NATO/CCMS studies were carried out at 13 stations in Ankara from 1969 to 1972. . . . While the amount of
sulfur dioxide was reduced by 9.8 percent in 1986−87 compared with 1985−86, the average amount of smoke
increased by 16.8 percent. It has been suggested that the reduction in the amount of sulfur dioxide was due to the
use of imported coal and that the high levels of sulfur dioxide, especially in November, stemmed from illegal coal
reaching the city during that period (Environmental Foundation of Turkey 1989).

About 80 percent to 90 percent of CO emissions in Istanbul are due to transportation. The lignite coal used for
residential heating is an additional source of air pollution. In Izmir, atmospheric temperature inversions during the
winter trap polluted air from industrial emissions, motor vehicles and the lignite burning. Although apparently no
one has studied air pollution in Erzincan, it probably has a similar problem in winter. Erzurum, about 90 minutes
by car from Erzincan, has similar climatic conditions and in both cities indoor heating is required at least six
months a year. Although historically the people in that region burned coke, they lacked a technology to burn it
efficiently and it was highly polluting.

Earthquakes

Earthquakes strike Turkey with alarming frequency due to the combined activities of the North Anatolian Fault,
the Anatolian Trough, the East Anatolian Fault and the Western Turkey Graben Complex, all of which are within
Turkey's borders. During this century, they have caused at least 122 events that produced significant damage such
as the loss of housing stock within the national boundaries. Of these, only 26 have been without fatalities. in total
they are credited with 76,669 known deaths and destruction of a third of a million houses, not including non−fatal
injuries and reparable damage to buildings. The damage recorded by these individual earthquakes ranges from a
few houses damaged to over 74,000 houses destroyed. Some 45 events have each destroyed more than a 1,000
houses.

Although each earthquake occurred unexpectedly and at different locations, over the country as a whole their
occurrences appear to be almost regular. Elementary calculations reveal that, on average, a damaging earthquake
occurs somewhere in Turkey once every nine months. A major earthquake causing the destruction of 1,000
houses or more occurs every two years. Turkey averages middle magnitude earthquakes once a year and heavy
magnitude earthquakes once every ten years. A former Director General of Disaster Affairs sets the nation's
vulnerability to earthquakes in a global perspective:

When Turkey is compared with other countries according to the losses of life and property, it places fifth in the
world (Samsunlu, 1987).

About 92 percent of the national territory has suffered an earthquake measuring 6.0 or higher on the Richter
Scale. Annual statistics indicate that an average of 804 people lose their lives and 1,402 are injured in seismic
events every year. Annual average losses of buildings including both collapsed and heavily damaged structures
equal 4,712.

In the 11 major earthquakes in Turkey since 1965, The Ministry of Reconstruction and Resettlement has
reconstructed a total of 85,000 housing units. Averaging this figure over the 27 years from 1965 gives a figure of
3,500 units per year. Averaging the total known houses destroyed in the past 84 years gives 3,800 houses per year.
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More revealing than the comparison of earthquake expenditure with gross domestic product is its comparison with
the National Capital Investment Program. Capital for development projects and infrastructure is a valuable
resource and essential for development planning. In 1983, a magnitude 6.5 earthquake in a relatively sparsely
populated rural area of Erzurum province destroyed 3,200 houses and killed 1,155 people. Official estimates of
the total cost of the earthquake to the Turkish government, the bulk of it in replacing lost homes, amounted to
16.4 billion TL (US $64 million). This represented about 0.2 percent of the 1983 GNP of Turkey. The total cost of
the 1983 earthquake was equivalent to just under 2 percent of the entire 1983 Capital Investment Program for
Turkey (991 billion TL). An equivalent sum to the cost of the earthquake, 2 percent of the National CIP, was
spent on public housing throughout Turkey in 1982. Slightly more than 2 percent was invested in public health
services. Educational facilities comprised just over 4 percent and investment for tourism dropped to 0.4 percent.
Even agricultural infrastructure, one of the priorities for investment, received only 11 percent of the total budget.
The loss of similar sums of money to replace the damaged building stock is a severe penalty which is draining
funds needed elsewhere and is slowing up the country's economic development.

Andrew Coburn's paper (this volume) notes a wide variation between the earthquake performance of buildings in
different regions. Between 1966 and 1976, five earthquakes occurred in Western Turkey. In the same period, five
earthquakes of comparable magnitude and epicentral intensity also occurred in Eastern Turkey. The number of
buildings destroyed in Eastern Turkey was double that of those destroyed in the earthquakes in the west. Fatalities
in Eastern Turkey were seven times as high as in Western Turkey, a fact attributed to the more lethal building
types in Eastern Turkey which collapse quickly and bury their occupants.

The primary focus of most earthquake protection programs is saving life. Casualty estimation is notoriously
difficult. There are large variations in casualty levels between different earthquakes. The number of people killed
and injured in earthquakes depends on many variables, but in large destructive earthquakes it is primarily related
to the, number of buildings which totally collapse.

Estimates of numbers of people killed and injured can be derived using an empirical relationship based on past
experience in the area. The relationship between the number of people killed and the number of buildings which
collapse, the so−called lethality ratio, is the important parameter. Models have been proposed for casualty
estimation based on deriving the lethality ratio from past earthquake statistics in an area. Human casualties can be
calculated from the estimates of the number of collapsed buildings in the building damage analysis. The extent of
possible error should always be reported along with loss estimates so that undue reliance is not placed on what is
inevitably a coarse approximation.

Reviewing the composite mapping of Turkey for potential earthquake losses that has been carried out by several
authors, Coburn highlights the following estimates. In the city of Istanbul, within 30 kilometers of the city center,
1.1 million people are at risk of being made

homeless, and 40,000 people occupy buildings that could collapse in the maximum expected earthquake. The city
of Izmir has 90,000 potential casualties, the highest of any city in Turkey, and more than half a million potential
homeless. Together with nearby smaller towns, the total urban potential homeless is around 990,000 and urban
potential casualties are around 80,000.

The mitigation effects of promoting development on safer land has been studied in Bursa. Indications are that
over a 15 year period a reduction of about 9 percent in damaged structures and 17 percent in fatalities in the city
as a whole would be possible, compared with the expected losses given current development trends. Coburn's
article draws a number of interesting conclusions, three of which are summarized below:

1) It is possible to identify high risk zones which contain approximately 80 percent and 90 percent of the urban
potential homeless and urban potential casualties for the whole country. By concentrating on the reduction of risk
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in these zones, the total losses due to earthquakes in Turkey could be dramatically affected.

2) The people at risk in the urban areas of Turkey are mainly concentrated in a few cities. A third of all the urban
potential homeless live in Istanbul; two thirds of all the urban potential homeless live in either Istanbul, Izmir,
Bursa or Erzurum. Reduction of vulnerability in these and a small number of other towns could greatly reduce the
total potential losses nationally.

3) The fastest growing cities in Turkey are likely to pose even greater risks in future. However, growth and
change in cities provides opportunities to implement disaster mitigation actions.

Legal and Institutional Framework

In response to widespread concern about Turkey's deteriorating and depleting resources, recent years have seen an
increase in legislative and institutional actions aimed at limiting further destruction and recovering much of what
has been lost. Critics contend that the institutional structure has grown too quickly and that it is still suffering
from 'growing pains.'

Several ministries continue to exercise functions which overlap. For example, the Ministry of the Environment,
the Ministry of Health and Social Security, the School of Public Health (MOH), Turkish Coal Production
Enterprises and the Mineral Exploration and Prospecting Institute are all concerned with air pollution. The
Ministry of Health and Social Affairs shares the responsibility for monitoring air quality with the MOE. Other air
quality−related work is overseen by the State Meteorological Works, the Ministry of Energy and Natural
Resources, and the General Directorate of the Turkish Coal Board. The General Directorate of Highways sets
automotive emission standards and conducts the emission inspections of motor vehicles. Similarly, the General
Directorate of Mineral Analysis and Research conducts its own research on the use of fuels and combustion
processes. In addition, the Scientific and Technical Research Council of Turkey is currently studying air pollution
in Ankara, and numerous other institutions involved in the study of air pollution are cited throughout this volume.
Necmi Sonmez's contribution to this volume traces the history of the environmental movement in Turkey and
discusses the strengths and weaknesses of existing environmental legislation. Both the Polat Gulkan and Sonmez
articles review aspects of the Turkish institutional structure currently involved in combating urban environmental
degradation.

The Sonmez paper also reviews the provisions of key laws which govern the use of the urban environment. The
first Turkish law which had a major impact on the environment was the Municipal Law (1930), which gave
municipalities authority and responsibility for the control and

management of solid wastes. Other laws which established important environmental provisions include: the
National Parks Law (1983), Law on Protection of Cultural and Natural Assets (1983) and Laws 2560, 3009 and
3194 (1981, 1981 and 1985 respectively) which establish autonomous Water and Sanitation Authorities (WSAs)
and regulate coastal development. The new constitution promulgated in 1982 guaranteed the right of Turkish
citizens to a healthy environment by making the state and the public jointly responsible for environmental
protection and the reversal of existing environmental degradation. This legal framework was reinforced with the,
passage of the Environmental Protection Act of 1983 which defines a framework for environmental protection. It
took nine years before the elaboration of comprehensive regulations was completed and the law began to be
implemented in a comprehensive manner.

Public Health Law (1593, 1930) establishes standards for industrial waste and stipulates requirements for the
treatment before release of certain industrial by−products. A General Directorate of the Environment was
established in 1983. The General Directorate was upgraded to an Undersecretariat of Environment in 1989, and
subsequently upgraded again to a Ministry (MOE). The MOE is supposed to coordinate the Mediterranean Action
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Plan and the Priority Action Plan, which, under the terms of the Barcelona Convention, stipulate certain actions
signatories must take to protect the Mediterranean from pollution. Within the metropolitan areas, the
municipalities have full responsibility for physical planning and environmental management.

The MOE has jurisdiction over a Pollution Prevention Fund (PPF) fund maintained with special levies on motor
vehicle sales, ship registration fees, airline ticket sales and other charges paid by users of vehicles which consume
fossil fuels. The PPF was established in 1985 to cover up to 45 percent of expenses associated with investments
that protect the environment and/or reduce polluting emissions. Delays and other problems regarding funds
collected by other agencies which are supposed to be part of the PPF have been reported.

Overlaps and institutional complexities also interfere with attempts to upgrade potable water. The State Water
Administration (DSI) is attached to the Ministry of Public Works and Settlements. DSI constructs dams, operates
reservoirs, handles municipal drainage requirements, supplies industrial water, and oversees irrigation systems
and is charged with safeguarding against the depletion and degradation of water sources. Although the DSI is
supposed to ensure that users pay for water services, the Ministry of Finance is responsible for the actual
collection of moneys.

Turkey's environmental laws are based on the principle that the polluter pays—an important and universally held
principle of environmental policy that is only rarely put into practice in most countries in the region. However,
effective pollution laws also depend on regulatory and enforcement procedures, appropriate incentives, and
political resolve to implement difficult decisions (World Bank, 1990 [METAP]).

Over the past 15 years private voluntary organizations have taken successful steps towards educating the populace
and developing public opinion regarding urban hazards and pollution in Turkey. By organizing meetings and
helping to frame legislation, albeit often in an uncoordinated fashion, these organizations demonstrate a sense of
public service and play a valuable role in researching various solutions to urban problems.

Turkey's Natural Disaster Law No. 7269 dated May 25, 1959, defines what needs to be done in the case of a
natural disaster, both for relief and reconstruction measures. The current Natural Disaster Law also specifies the
mode of government assistance for post−disaster settlements and establishes a fund to finance this assistance. The
resources allocated for this fund include disbursements from the general budget, 3 percent of the yearly profit
from government enterprises and payments from previous disaster−related loans.

The Disaster Law stipulates that each province (and also the country as a whole) has to prepare disaster
management plans for different disaster

scenarios and to submit them to the Ministry of Public Works and Settlement. The government would find it
difficult to cover the direct costs of a disaster under current legal requirements if an earthquake struck one of its
major cities. The projected impacts of financing the reconstruction of a city like Istanbul are discussed in the
Erdik paper. Law No. 7269 currently provides financing for the reconstruction of almost every
earthquake−damaged building within a disaster area. With the reconstruction of Erzincan, the government has
gone beyond already unsustainable financial provisions of the disaster law to provide death and injury benefits to
thousands of families. How the nation will deal with the rising expectations of future disaster−stricken
populations in the light of this precedent remains to be seen.

Management Structures in Metropolitan Areas

In the major metropolitan areas such as Istanbul, Izmir and Ankara, semi−autonomous Water and Sanitation
Authorities (WSAs) have been established under the laws discussed above. ISKI, the first and most experienced
WSA, has served Istanbul since 1981. The metropolitan areas served by WSAs do not directly contribute to their
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upkeep as they are financially and managerially autonomous. Wherever they have been established, the WSAs are
responsible for planning design, construction and maintenance of all sewerage and water facilities within the
greater metropolitan area. The development of the WSAs has led to better quality construction, greater managerial
efficiency, improved credit worthiness and better maintenance. WSAs cover about 37 percent of Turkey's urban
population at present. The Izmir and Istanbul WSAs have separate departments in charge of industrial pollution
control.

Turkey's major metropolitan municipalities have sanitation departments established on the sub−municipal level.
For example, Istanbul has 20 sanitation districts. Metropolitan sanitation departments usually assist these smaller
operations by collecting refuse along main arteries and jointly administering disposal/dumping sites with them.
The WSAs in Izmir have had some success in preparing inventories of industrial effluent. They currently levy
fines or threaten firms with closure unless they meet standards by changes in practice and/or investments in
improved on−site treatment of effluent. In Izmir, city management responsibilities are divided among the
metropolitan municipality (MMI) and three constituent municipalities. The Metropolitan Municipality of Izmir
has its own sources of revenue from commercial developments and a good combination of public and private
sector cooperation.

Each of the three municipalities that form the MMI collects its own refuse, and resource recovery is achieved
through a combination of private and public participation. Wastes are separated by type of material at the source
for collection by entrepreneurs who are often little more than scavengers. Solid wastes from each neighborhood
are collected and transported to transfer stations, from where they are taken to processing plants where metals,
plastic and other recyclable materials are segregated and organic substances composted. The transfer station and
the processing plants are the responsibility of the MMI, which receives annual bids from private contractors for
the purchase of compost and recyclables.

Environmental Research

Polat Gulkan reviews current research on urban environmental degradation and disaster vulnerability in Turkey.
Gulkan provides a detailed description of who does research in Turkey, how, and why. The primary research
mechanisms for research on the environment are those provided by TÜBITAK, the State Statistics Institute (the
principal national research funding agency), and the Ministry of Environment. Both of these bodies conduct
in−house research and provide funding to external agencies, primarily universities, several of which have founded
environmental research centers.

The Ministry of Environment as well as other ministries undertake investigations primarily for administrative
purposes that do not generate publications in technical or scientific journals. Gulkan found it very difficult to do a
literature survey of these studies because they generally

can be found only in bureaucrat's files, and their titles are rarely entered into databases. In the course of preparing
his research review for this volume, Gulkan found that TÜBITAK's own documentation center, TÜRDOK, was
unable to identify relevant research funded by itself because keywords had been given haphazardly or not at all.

Among the projects seen as most significant in Gulkan's review was a ongoing Ministry of Environment (MOE)
project entitled Determination of Priority Chemicals in Turkey intended to control chemicals. The aim is to
establish a "national list" of environmentally hazardous chemicals which must be kept under surveillance and to
develop the procedures required for such an undertaking. The MOE also plans to establish a national system of
measurement and calibration to determine the physical, chemical, biological and radiological factors in soil, air
and water.
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The Ministry of Health has a contractual agreement with the UNDP to undertake a project on Environmental
Health Activities which aims to make environmental health services more effective. Among the urban
environment−related World Bank Funded Projects currently in progress in Turkey are: Istanbul Water and
Sewerage, Izmir Water and Sewerage; Ankara Water and Sewerage; Çukurova Urban Development; support of
TEK to establish an environmental division; Environmental Program for the Mediterranean; and Environmental
Management Technical Assistance.

An OECD funded "Review of Environmental Policies in Turkey" was initiated in 1990, and completed in 1992.
One of the priority themes in the project was the implementation of pollution prevention and control in urban
areas. Among the urban environmental UNEP projects are: the Izmir Coastal Zone Management Project and the
Iskenderun Bay Environmental Management Project.

Disaster Mitigation in Turkish Urban Areas:
Conclusions and Recommendations

In Turkey, because of personnel and resource limitations, the same emergency responders are going to be called
into action regardless of the event. Consequently, it is best to prepare responders to deal with all possible
emergency conditions. Since neighborhoods grow in population and density, new industries open and land uses
change, emergency action plans require continual updating to encompass the impacts of rapid changes in the
urban environment. A mechanism which provides for each emergency plan to be continually upgraded is integral
to all−hazards emergency preparedness (for more in−depth information on action plans see Parker on Issues and
Trends in Emergency Preparedness in Kreimer and Munasinghe, 1992).

According to Erdik, preparation of an emergency preparedness plan for Turkish urban areas is the most essential
step towards the mitigation of disaster risks. Erdik and his colleagues at Kandilli Observatory have been
developing a Disaster Action Plan for Istanbul. His contribution to this volume reviews the process they are
following and traces much of the planning and analysis necessary to increase the emergency preparedness of other
cities. Ankara, Izmir and other major urban centers would be well−advised not wait until a disaster strikes: they
could begin to develop a preliminary all−hazards action plan as part of a feasibility study on how such plans
might be applied more widely.

Disaster reduction activities in Turkey should promote the development of a comprehensive approach. All major
cities need a comprehensive emergency action plan that not only deals with all of the hazards which currently
menace the urban areas but also anticipates new threats. Given this review of the hazards which face Turkish
cities, the development of earthquake−specific emergency plans is far too limited in

scope. An integrated all−hazards plan should be the ultimate goal. Without a comprehensive plan, it is difficult to
know how to respond to an exploding garbage dump or burning oil tanker. The current Natural Disaster Law
stipulates that each province has to prepare its own disaster management plans for different disaster scenarios and
submit them to the Ministry of Public Works and Settlement. Such plans should be a compendium of concerted
counter−disaster mitigation strategies formulated for the specific city and the foreseeable disasters which it faces.

One fact cannot be overemphasized — squatters occupying the vast gecekondu settlements within the
metropolitan areas are the single the most vulnerable group in Turkey, and improving their situation will require
carefully targeted measures. In gecekondu areas, beyond the reach of regulations and urban infrastructure,
squatters find it nearly impossible to protect themselves both before and after frequently occurring crisis events.
Turkish planners know that new regulations will have little impact with gecekondu dwellers, but they have little
experience with other instruments that might be appropriate. Because squatters live outside of the carefully
planned and regulated environment of the formal city, reducing damage to the environment and averting disasters
within informal neighborhoods depends on public awareness and voluntary compliance.
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Critical structures and systems in Turkish urban areas need strengthening. Mitigation strategies work best when
they concentrate on the preparedness phase with emphasis on awareness building and training. Needed mitigation
measures include:

1) Improving hazard identification, urban design, and site planning procedures;

2) Developing improved environmental regulations, seismic building codes and enforcement practices;

3) Designing and implementing better preearthquake retrofit and post−earthquake repair practices for existing
buildings;

4) Training and community awareness in emergency preparedness, appropriate disaster response, and
environmental awareness;

5) Identifying and prioritizing the relative risk of potential hazards.

Loss estimates can be used to assess the impact of broad national or regional policies for improving land use
regulations, design and construction standards of buildings, and to compare the cost−effectiveness of different
levels of protection. The additional cost for each level of increased security can be calculated, and expected future
losses in terms of physical losses and casualties can be estimated for each option. The benefit of a loss reduction
program could be increased without raising costs if the targeting of vulnerable groups was improved. The
researchers noted that as the level of protection goes up, areas become safer, but the cost increases. The most
cost−effective vulnerability reduction measures, measured in terms of the expenditure necessary to save a life, are
the lower cost ones, and the better the targeting of groups at−risk, the more cost−effective the measures become.

Given the current range of enforcement difficulties, the use of economic incentives and disincentives should be
the policy first considered. Especially important will be the creation of disaster insurance−related incentives for
buildings with better hazard resistance. Modifications to the Disaster Law would be advisable, so that it does not
reward the owners of substandard constructions with new homes while penalizing those whose houses were built
adequately and only need minor repairs. When incentives are improperly designed, unanticipated negative
consequences result. There were many reports in Erzincan of families who destroyed their lightly damaged homes
after the earthquake so that they would be eligible for more assistance, for example.

Institutional and Regulatory Framework

Assessments by Turkish earthquake engineers estimated that the number of buildings in urban areas conforming
to earthquake building code requirements are less than 25%. The researchers identify many reasons why so few
buildings comply with the codes, and these issues need to be addressed systematically. Another problem is that
buildings are not built as designed because contractors are poorly supervised and/or have the authority from the
building owners to modify designs on−site.

Although some form of the ''Natural Disaster Law" has been in effect and enforced since 1944, an effective
control mechanism for adherence to the earthquake resistant design rules has not been established. Municipalities
and local governments have been negligent in the enforcement of design regulations and the inspection of
construction, with the result that the earthquake resistant code stipulations for urban construction have been
widely disregarded. The tragic results of current enforcement practices were seen most recently in Erzincan.

The main determinant of the impact of an earthquake on a city is the structural resistance of the building stock.
Turkey currently uses a scheme of registered code implementation—a drawing signed by a registered engineer is
accepted by municipal authorities as compliance with the building code. According to Coburn, investigation after

"Informal Settlements, Environmental Degradation, and Disaster Vulnerability"

Institutional and Regulatory Framework 34



earthquakes has shown that there is a very poor rate of buildings achieving code standards. In addition to making
the codes comprehensible to the average practicing builder and designer, there needs to be some process for
checking compliance. Without inspection and enforcement, compliance will remain low.

An adequate institutional setup does not yet exist for urban emergency preparedness and disaster mitigation. The
researchers note that when such a structure is developed, it should coordinate carefully with other municipal and
government agencies. They argue that the disaster−related institutional setup should not change with changing
local governments. Coordination between small municipalities must be ensured to avoid inconsistent and
contradictory decisions regarding disaster issues or other policy matters.

The Disaster Fund established in the 1950's could be decentralized. One researcher suggests placing Disaster
Fund moneys at the discretion of municipalities subject to the supervision of the provincial governors, arguing
that in the hands of the people with the most information it might function more effectively.

Systematic environmental quality monitoring and control is not being carried out, and an appropriate sanitary
infrastructure for different functions would include provisions for handling contaminated hospital waste,
industrial byproducts, as well as household wastes. Common treatment practices for hazardous and solid wastes
should be encouraged on a national level from the point of view of economics and efficiency. This is an area
where public awareness and concern is inappropriately low. Since Environmental Impact Assessment (EIA)
Reports became compulsory after February 9, 1993, the researchers note that assessments should be effectively
implemented and followed−up. The results of the EIA should be consulted continuously in order to reduce
pollution and resource depletion in a timely manner. Industrial air pollution can be controlled more effectively
through market, regulatory and technical mechanisms. Minimization of material inputs limits waste generation,
and the researchers argue that additional attempts to control pollution at the source are warranted.

The vulnerability of the built environment can be reduced through modifications and repairs. This often entails
retrofitting of existing buildings and infrastructure. The effectiveness of public expenditures to be utilized for
such activities should be compared with the cost of repair after statistically predictable disasters. The approach
taken needs necessarily to be educational to a large degree.

Public Awareness/Environmental Education

Reducing damage to the environment and averting disasters depends heavily on increasing the

public's awareness of risks and options. Most people have time to take protective actions during an earthquake, for
example, but often do not know what they ought to do. Training/outreach programs can be organized in order to
increase public awareness about likely disasters, disseminate information on immediate protective actions during
disaster, as well as to provide emergency relief and rescue information in a timely fashion. Specially targeted
programs will be required for key industries, the inhabitants of gecekondu settlements, and tourist and coastal
zones. While initial awareness activities can begin with an educational program aimed at the general public, and
the field experience used to improve more specialized activities developed subsequently, it is not enough simply
to produce and distribute printed materials. The actual levels of understanding which local groups have regarding
neighborhood environmental problems and the specific language which they use to describe disaster
vulnerabilities are usually carefully identified. In order to craft awareness materials appropriate to the target
populations, their opinions on draft educational or motivational materials can be canvassed, and the final product
altered accordingly. Many practices have been shown to increase the impact of educational materials
distributions. Among them are: radio programs, newspaper campaigns, endorsement by sports and/or
entertainment personalities, and extension classes given in target neighborhoods on weekends and evenings.
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Successful disaster mitigation efforts in Turkey will require a stronger emphasis on environmental and
disaster−related education. All disasters have some human causation. Donors and government officials may find it
advantageous to drop the distinctions among environmental degradation, natural and technological disasters in the
project identification and design stage of creating disaster−related policies or investments and begin the analytic
process by looking for the specific human actions that exacerbate disaster vulnerability.

Teaching vulnerable populations how to assess the disaster risks that they face and informing them about basic
preventive measures are preconditions of effective vulnerability reduction. In all communities voluntary
compliance with disaster prevention measures is important. In vast squatter settlements voluntary compliance is
unlikely, so there is little point in establishing formal government policies for the enforcement of new regulations.
Insofar as government regulations are unenforceable, legislating policies for change is ineffective.

By contrast, following effective educational policies can have a better track record in terms of pre−disaster
preparedness and post−disaster response. Squatters and small businessmen will only adopt an improved practice if
they are convinced that it will reduce a level of risk that makes sense to them. Educational programs that raise risk
awareness, develop skills for risk assessment and introduce relevant practical skills can result in adoption of
disaster mitigating systems where government regulation fails to do so.

Teachers at all academic levels, the media and a range of social service professionals can be mobilized to provide
disaster mitigating education. Well organized and continuous public awareness, training, and education programs
for a variety of target audiences should be conveyed through all possible media. Volunteer and non−governmental
organizations often merit active governmental support as they are capable of channeling private contributions and
public actions towards environmental protection activities.

Sufficient Qualified Personnel, Professional Training

The researchers suggest that municipalities, the main local government units, ought to be strengthened in terms of
qualified staff and financially. Local governments have to be made capable of controlling the volume of building
activities within their jurisdiction. Only financially strong municipalities can significantly improve the quality of
the infrastructure and services in the cities.

The control of building sites and overall building quality is an essential feature of urban disaster mitigation. The
employment of an extra municipal engineer may be one of the most

cost−effective public safety actions that a local government authority can take. More effective code enforcement
requires that a regulatory agency be capable of checking drawings and calculations, capable of visiting buildings
under construction, and that it have the powers to penalize non−compliance and to prevent unsatisfactory or
improperly located structures being completed. The professional staff required for the enforcement of codes and
regulations can be budgeted for adequately as part of the costs of a community's protection.

The incorporation of natural and technological disaster considerations into the planning process should be a high
priority in Turkey. Turkish city planners are insufficiently trained in the effects of natural hazards and they do not
usually consider possible environmental degradation impacts and other hazards in urban land−use planning. There
is both a lack of experts in coastal management and a dearth of coastal management plans. Curriculums of
departments where city or regional planning is taught are reputed not to make any reference urban disaster
vulnerability. Not only the qualifications of technical staff need to be improved, but also the establishment of a
permanent institute to train specialized staff for work in disaster−prone areas would be helpful. One researcher
suggested that the Ministry of Public Works and Settlements should initiate the establishment of such a training
center, possibly in cooperation with the Bank of the Provinces (Iller Bank) and/or with the Public Administration
Institute for Turkey and the Middle East.
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Land Use

Since the present pace and patterns of rural−to−urban migration and unplanned urbanization are causing increased
population densities in urban centers, such areas are a prime reason for increasing urban vulnerability.
Decision−makers need adequate information on the likely types and intensity of the disasters cities will face if
they are to reduce disaster vulnerability. Carefully crafted land−use policies which are based on environmental
and geologic facts prevent inappropriate construction in coastal zones, regulate the construction of vacation and
tourist facilities, and limit the expansion of unhealthy urban construction by squatters.

While it is very difficult to change the densities of existing urban districts, their densities can sometimes be
reduced following a major disaster if the essential preparations are in place before such an event occurs.
Following a major disaster, city authorities can buy up the sites of damaged buildings in preselected key areas.
Restoring small green areas to neighborhoods which have lost them adds park lands to the city, helps with urban
hydrology, and provides areas for emergency facilities in the event of future disasters. Preventing high risk cities
from increasing their densities through the provision of new open space is likely to be important for preserving
public safety into the future. Urbanization and regional development policies can be coordinated to avoid as much
as possible the further growth of the existing metropolitan areas.

Where plans for the utilization of land and water resources are implemented and monitored, optimal and
beneficial uses of water can be defined on a national scale, taking into account catchment basins and regional
needs. Polluting industries can be concentrated in well−planned districts with proper environmental
infrastructures. Careful selection of sites for sanitary landfills avoids the risks inherent in uncontrolled dumping.

Hospitals, Health and Major Disasters

Major disasters in urban areas produce thousands of seriously injured victims who could become fatalities in the
absence of prompt medical care. The importance of building hospitals that can survive earthquakes and remain
functioning cannot be overstated. Hospital configuration and building mix are important determinants of
earthquake survivability. Even when hospitals remain standing, structural and non−structural damage can cause
significant health service disruption. Unfortunately, most hospitals in Turkish urban areas are built and located in
such a manner that they lose their ability to function just when they are needed the most. For example, all the
hospitals in Erzincan

were taken out of service by the 1992 earthquake, and victims had to be transported to Erzurum. Such massive
relocations can cause major service disruptions even in areas that were spared major earthquake damage.

Following major disasters of all types, community groups almost always find injured victims first and make the
most rescues. Serious injuries are numerous, and stabilizing care is needed at or near disaster areas. Minimizing
the number of people who need hospital care is clearly desirable. Obviously those mitigation measures which
reduce injuries and deaths are extremely important. To some degree, however, continuing urbanization and rapid
population growth in both urban and rural areas tend to limit the effectiveness of mitigation measures aimed at
reducing demand for health care during periods of crisis. In this context, measures directed at improving health
care system response capabilities show more promise. Such "supply−side" measures include: 1) protecting local
health facilities through regulation and decentralization and 2) improving emergency and long−term health
services to disaster victims through better first responder training, improved coordination of health service
providers, rapid and authoritative post−disaster assessment, and enlightened post−disaster medical care practices.
Redundancy of medical service is desirable but costly.

The experience in Erzincan reviewed by Ergunay and Gulkan shows that preparedness programs aimed at
furthering cooperation between all the elements in a regional health care system should pay off during critical
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post−disaster periods. Such cooperative approaches could focus on communication and transportation of patients
to open facilities. Pre−disaster agreements between competing health care systems regarding emergency treatment
and reimbursement for emergency treatment of patients are also likely to be worth developing.

Relief and Reconstruction

Disaster relief efforts in Turkey usually try to do more than provide immediate shelter, the reconstruction of
Erzincan attempted the socio−economic rehabilitation of the disaster−stricken region. For this reason, the
planning of post−disaster interventions requires substantial investigation and expertise. Personnel working in
reconstruction efforts can benefit greatly from disaster management training. For example, during the relief of
Erzincan there was a plan to move a farming village to a new site kilometers from their farmlands and pastures.
Experience in reconstruction efforts in other countries indicates that settlements should not be moved to new
locations within disaster reconstruction efforts unless such moves are absolutely compelled by technical and
environmental conditions. In order to reduce the vulnerability of a disaster−stricken community in the future, and
to allow victims to come to terms with their emotional losses much more rapidly, it is important to design relief
interventions so that they increase local cohesion, strengthen local leadership, and ensure they that they do not
squash local initiative and the natural inclination that people have to take care of their own problems.

The plan of the houses built as part of disaster reconstruction efforts should be in conformity with the traditions,
culture, socio−economic life style and the physical environment of the recipient community. Construction
materials, structural elements and building techniques promoted in urban disaster reconstruction projects should
be replicable. That is, they should allow for subsequent adoption by the community in their future construction
activities. The Erzincan case study in this volume shows that reconstructing areas so that they return to the status
quo ante leaves them just as vulnerable to disaster as they were before. The rebuilding process should consciously
reduce levels of potential hazard so that each rebuilt settlement will not require such a large infusion of resources
again.

Mapping

Hazard mapping and microzonation are important tools to incorporate in any effort that aims at urban
vulnerability reduction. A major deficiency which needs to be addressed in Turkey is that no national
micro−zonation maps exist. Hazards are highly site−specific. Some parts of a city are flood−prone, others are not.
Engineers and architects often find it impossible to obtain

the information which they require to evaluate the hazards represented by a particular urban building site. Even in
cities where micro−zonation maps exist, the generally prevalent attitude of local municipal administrations to
overlook this component when reaching decisions regarding land use in their jurisdictions removes the incentives
necessary for a widespread upgrading of major urban constructions.

Limiting the level of information precision needed to the level required for policy decisions avoids postponing
important decisions and/or generating an endless cycle of research into areas that are better coarsely
approximated. The first and most important mapping needed is one which shows the geographical area in which
hazards occur. These maps already exist, although they are currently being upgraded. For general estimates of
risk, highly complex maps (see Coburn's discussion on this subject in this volume) are of limited applicability. For
general planning purposes, the level of hazard mapping may already be more detailed than can be applied
successfully in the near term.
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Priority Investments Aimed at Reducing Urban Vulnerability

The introduction and/or improvement of disaster legislation and institutions reduces damage through prevention
and improved response. Capital investments can reduce the disaster proneness of the urban centers through
hazard−specific protective measures. The financial resources currently budgeted for environmental
protection/disaster mitigation in Turkey are too limited. In industrialized countries from 0.5 to 2.0% of GNP is
devoted to these purposes while in Turkey, the percent of GNP allocated to those problems has risen from 0.01%
before the 1980s to an estimated value of 0.1%−0.5% in recent years. Funds allocated for environmental
protection in Turkey are not even expected to reach 1% of GNP by the year 2000 (Keles, 1988). At least twice
that amount may be needed for satisfactory results.

Services provided by one central facility are always more at risk than those provided by several smaller facilities.
Investments which increase the redundancy of the infrastructure enables cities to better cope with the impacts of
foreseeable disasters. The decentralization of key services should be a primary objective for disaster mitigation, or
at least the protection against the failure of the service by the loss of one or two elements within it. This principle
applies equally to hospitals, government administration buildings and fire stations as it does to power stations,
water treatment plants and airports. Networks, such as water supply, piped gas or electricity also benefit from
being compartmentalized into relatively independent blocks, so that the failure of any part of a network will
produce only localized consequences.

Building strengthening costs less and is most easily carried out during the initial construction of a building.
However, the problem being faced in Turkey's major metropolitan areas is that most of the buildings that
constitute the risk to the population over the next few decades already exist. In many urban neighborhoods of high
seismicity older, weaker buildings, often inhabited by the poorer people are the main source of expected future
losses. Options available to reduce risk in the existing building stock include changing the use and occupancy
patterns of vulnerable buildings and targeting buildings for retrofit strengthening. Retrofit strengthening of
existing buildings is expensive. For the wider risk to residential buildings, the key to casualty reduction is the
identification of buildings likely to contribute to future earthquake fatalities. Screening of the building stock to
target residents most at risk should be carried out in pilot studies in a small areas within the vulnerable cities. The
task is to identify the worst 1%, 5% and 10% of the building stock in terms of its potential contribution to future
casualty levels. The concentration of population in a few densely populated structures makes such carefully
targeted interventions relatively effective. Since governmental organizations find it difficult to allocate funds
toward retrofitting structures with currently inadequate earthquake resistance, ways in which other types of
organizations can participate in such efforts need to be explored.

The researchers note that the creation of a disaster−resistant system for each important urban

facility should involve a vulnerability analysis of the facility itself. For example: are the fire department buildings
sufficiently earthquake−resistant so that fire−fighting equipment can be mobilized when it is most needed? An
identification should be made of any weak links in key systems (including the calculation of credible failure
rates), and where decentralization is not possible, the critical elements in the system must be protected to much
higher standards. Although such constructions may be standing and in−service while there are multiple needs not
being met at all, small investments could preserve urban structures that will not otherwise resist probable
disasters. In the event of a statistically probable disaster, staggering replacement costs will be avoided. This task
will involve development of methods for retrofitting hazardous buildings and facilities, and the development of
appropriate techniques for repair and strengthening of non−engineered low−strength constructions in squatter
settlements.

Investments in research which fosters the development and institutionalization of regulatory measures (and their
enforcement) to mitigate the environmental degradation and improve land use in urban centers seem to be
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warranted. The municipal capacity to invest in gecekondu settlements has to be increased in order to enable the
municipalities to carry out effective upgrading schemes. Specific investment programs have to be prepared for
informal settlements' major infrastructure needs, such as roads, sewage systems, drinking water and
communications. Additionally, adequate funds are not currently available to the municipalities in areas where
gecekondus are prone to known hazards for the expropriation or purchase of urban land and for an effective
replanning of these settlements.

The problems encountered in relation to coastal vulnerability in Turkey stem mainly from a lack of coherent
policy. Financing to support the formulation of a Master Plan for Coastal Development is necessary. The
researchers argue that local authorities should not be allowed to make any alterations to such a plan once it is
developed without permission from the appropriate experts. The obligatory performance of an EIA study for any
activity that can affect the coasts would be helpful immediately, and decisions about the implementation of any
development activity along the coast should be made in light of the results of the study. Coastal and tourist zones
need facilities equal to peak use periods. Increasing local budgets so that they reflect the burden of tourist season
population levels rather than allocating funds based on year−round permanent residents is one solution.
Emergency preparedness plans for accidents at sea should be developed rapidly and a team responsible for
implementing these plans should be assembled and trained without delay.

Coordinating Additional Research and Mitigation Actions

The goal for research that builds upon this case study process is to fill the remaining gaps in knowledge of the
vulnerability of Istanbul, Izmir, Ankara and Erzincan. The gaps which should most concern planners, however,
are in the areas where they lack sufficient information to make policy decisions. The researchers who worked on
this study have identified very few lacunae of this type. The potential for risk mitigation by urban planning and
land−use measures can be studied by cost−benefit analysis derived from loss estimation techniques. Indeed, this is
one of the most important and urgent tasks for professionals in the subject to be tackling. The quantification of
costs and the estimation of corresponding benefits of protection measures can illuminate choices still to be made,
and in many instances can greatly assist in the decision−making process, whether private or public.

The continuing urbanization in disaster−prone areas of Turkey poses a major risk of disaster. The researchers
highlight the cities of Istanbul, Izmir, Bursa and Erzurum as the greatest potential disaster sites. Mitigating the
vulnerability of these and a few other towns could greatly reduce the total potential losses nationally.

Given that in the most critical areas we already know what we need to know, and considering the pressing nature
of the problems facing Turkey's major metropolitan areas, research should not be divorced from mitigating action.
In those areas where the following articles have identi−

fied actions which need to take place, pilot interventions should be attempted, evaluated and new proposals for
improved mitigating actions should emerge.

Disaster reduction projects should conduct mini−operations and document their effects. This is what Phase II of
the Urban Vulnerability Study will be doing. Studies of urban vulnerability in cities that lack a comprehensive
emergency preparedness plan should produce one as the result of the inquiry process. Studies of public building
vulnerability should retrofit several buildings, identify promising techniques, highlight dangers and bottlenecks
and evaluate the various alternatives.

Pilot health care cooperation schemes can be attempted in limited areas to identify potential administrative
problems. Investigations of the solid waste problem should include feasibility studies on additional sanitary
landfills. NGO interventions in gecekondu neighborhoods should gather baseline data before beginning work and
document the results of their actions carefully.
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Vulnerability reduction activities in Turkey should focus on developing protective land−use plans, identifying
low−hazard locations for key facilities, deconcentrating over−dense urban areas and decentralizing public
services. Relatively simple loss estimation techniques, proven elsewhere, could have important roles in defining
cost−effective and appropriate strategies for reducing Turkish urban vulnerability.

Each article in this volume proposes critically needed actions. Many of them represent radical departures from
past practices. As innovations are attempted, we need to know more about their initial results. Careful monitoring
and dissemination of lessons learned will be required. The Turkish government and local planners cannot
unilaterally make the cities safe for everyone. Reducing urban vulnerability requires awareness, motivation and
self−protecting action by a range of private, public and community groups. Part of making cities safer involves an
education process aimed at the most vulnerable and at those whose actions are contributing to the problem.
Interveners need to bear in mind that vulnerability−reducing actions should prioritize the most vulnerable groups,
take a comprehensive approach to urban disaster risks and balance regulatory initiatives aimed at groups unlikely
to comply with motivational and educational components.

3—
Legal and Institutional Framework:
Environmental Policy in Turkey

Necmi Sonmez

This contribution reviews the main structural and legal aspects of Turkish environmental policy and references
important provisions of the Turkish constitution, Environment Law and related legislation in detail. It summarizes
Turkey's environmental problems, evaluates its environmental policy and traces its evolution. It develops
recommendations for policies that will reduce urban vulnerability to environmental degradation and outlines
likely future prospects. It reviews the activities of key environment institutions such as ministries, governmental
agencies, public and scientific institutions, NGOs, and volunteer organizations. This paper is based on the
publications of the Environment Foundation of Turkey (EFT), and its 15 years of experience.

Population, Urbanization, Environment

Introduction

With a population of 57 million, an annual population growth rate of 2.4 percent and a vigorous tempo of
industrialization and urbanization, Turkey is a rapidly developing country. Rapid development inevitably leads to
environmental problems. The increasing air pollution in cities stems in general from a growing number of heating
systems and larger volumes of exhaust gases spewed by a growing fleet of motor vehicles. Industrial plants — in
particular cement factories — also pollute the atmosphere. These facilities increase in number and output with
rapid urban development. In 1927 when the first census was taken in Turkey, the population was 13.6 million.
The growth rate stayed under 2 percent from 1936 and 1950, due in part to World War II, which kept a large
percentage of the younger male population in uniform. It was 1950 before the growth rate finally passed 2
percent. The population doubled in the 33 years from 1927 to 1960 and will double again soon. Turkey, which
had 0.82 percent of the world's population in 1950 and 1 percent in 1980, will have a population of 66.5 million or
1.09 percent of the world total by the year 2000. To meet the basic housing, health and nutrition needs of this
growing population, Turkey must generate sufficient economic growth to provide employment for this increased
population.
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The bright lights of the city have attracted a growing wave of people from rural areas. Insufficient agricultural
land and employment shortages in rural areas combined with the chance for better health and educational services
in the urban zones contribute to massive migration to the urban districts. While 75 percent of the population was
living in the rural areas in 1960, by 1980 this ratio had declined to 58 percent, (Fusunoglu, 1987 n.b. this shift also
reflects changes in the definition of the city). More recent research demonstrated that population of urban areas
has increased to 59 percent, while rural population decreased to 41 percent (Ucar, 1991).

By the year 2000, the world population will increase by 2.4 billion over what it was in 1975. For the first time the
rural−urban balance of this population will be upset in favor of cities. To express this in annual figures, the
population, which was increasing by 75 million a year on the average in the 1970s, will grow by around 100
million a year by the first years of the 21st century.

Turkey's population is expected to grow to between 66.6 and 74 million by the year 2000. Regardless of the kind
of social change that takes place, and even if rapid urbanization brings down the birth rate as expected, several
studies show that the population in shantytown districts of major cities will continue to exhibit a high fertility rate.
Given what is happening in Turkish urban areas in terms of shantytown development (see Keles and Geray in this
volume), it is unrealistic to expect population growth to slow within the remaining years of this century
(Fusunoglu, 1987; Sonmez, 1987).

The urban population tends to concentrate in the very large cities, which are important sources of urban and
environmental problems. While the ratio of population in cities of 100,000 and upwards was 45.3 percent in 1960,
it was 64.9 percent by 1985, and this ratio is expected to reach 75 percent by the year 2000 (Fusunoglu, 1987).

The negative effects of urbanization and industrialization on the environment will continue for two reasons. First,
valuable agricultural land, especially along the coasts, is being opened for urban use. Even fertile lands which
have been developed for irrigated agriculture with sizable expenditures of state funds are gradually being
sacrificed as a result of public indifference. Second, urbanization indirectly increases the demand for tourist
facilities and infrastructure investments in tourist regions. It is doubtful that macroeconomic bottlenecks can be
overcome to an extent that will permit this demand to be met. On the other hand, an urbanization process which
forces city dwellers to see the results of environmental degradation can be expected to have a positive impact on
the development of environmental awareness among our citizens. Surveys of various sectors of the population

show that people are becoming increasingly sensitive to the environment.

Liberal Policies

Municipal governments have been given the responsibility to solve a large number of the urban problems that
have proliferated and exacerbated with rapid urbanization. Until relatively recently our municipalities were
constrained by extremely limited finances. With the new laws passed during the past 12 years, however,
substantial increases were made in municipal funding. Nevertheless, municipal dependence on the central
government for money continues to be a problem.

As the world enters the 21st century, the importance that the environment has assumed in all countries of the
world will have a major impact on the environmental policy of Turkey. Although decision−makers in Turkey in
recent years have been showing greater concern for the environment than in the past, it still is not receiving the
attention it warrants. Especially in the densely populated industrial centers, water pollution arising both from
home sewage and industrial discharge has reached significant proportions. The Bays of Izmir and Izmit and the
Sea of Marmara are typical examples of such marine pollution. Certain streams in Central Anatolia are also faced
with a major pollution threat. Erosion menaces numerous urban neighborhoods.
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Another result of rapid urbanization and industrialization is the destruction of flora and fauna, a development in
which the changes caused by the construction of large dams also plays a role. Wetlands, which are not yet
receiving sufficient attention, have a special importance too often ignored. Environmental problems caused by
energy−obtaining activities (e.g., construction of dams and power plants) have attracted public attention since
1983. As a result of public pressure, the nation's administrators finally appear ready to pay more attention to
environmental factors in the design of large−scale energy projects. Agricultural pesticides and other chemicals
used against insects and pests create environmental problems. In the Cukurova region, for example, where
agricultural technology is advanced, the residues that remain on agricultural products occasionally impact human
health as well as soil and water pollution.

Turkey's growing cities and developing industry have also exacerbated the problems of solid wastes (see Curi in
this volume). Such services as the trash disposal and recycling, largely the responsibility of the municipalities, are
important from the standpoint of both the environment and the economy. Two other typical environmental
problems, noise and traffic, appear in Turkey especially in the large population centers and in the tourist regions
in summer.

Environmental Policy Discussion

Although environmental topics have been talked about since the 1970s and environment−related provisions have
long been part of the legal system, environmental policy as a concept only became a subject of national debate in
the 1980s. Although the word "environment" was not specifically used in the Constitution of 1961, Article 49 has
often been cited as the legal foundation for environmental regulation. The Constitution of 1982 has superseded
these provisions, however, and its provisions are discussed below.

The Ministry of Environment is responsible for dealing with all aspects of all environmental problems, although
the Ministry of Health and Social Welfare, the Ministry of Public Works and Settlement, the Ministry of
Agriculture and Rural Affairs, the Ministry of Forestry and other agencies also take an interest in the environment
within their own spheres of activity.

The 1983 Environmental Law

Article 1 of the Environment Law no. 2872, which became effective in 1983, outlines as a basic policy
"preservation and improvement of the environment, prevention of pollution, development of the level of
civilization and standard of living of today's and future generations, and keeping all the measures so taken in
harmony with the targets of economic and social development."

Spelling out environmental protection clearly in the 1982 Constitution, Turkey's most important legal document,
and taking up environmental issues by passing a special law were two major steps in environmental policy in
Turkey. Nevertheless, the Environment Law has yet to be adequately implemented, because most government
officials fear that ''environmental protection efforts will slow down the pace of economic development". In fact,
this fear is even embodied to some extent in Article 1 of the Environment Law itself, which states that such efforts
"must be in keeping with the targets of economic and social development."

The desired consistency and resolve are still lacking in environmental policy in Turkey. The policies implemented
so far have had the relatively narrow aim of pollution prevention. The participation of the masses in the
environmental policy debate has not proved easy, and few ongoing actions seem likely to galvanize the nation's
attention in a systematic way.

"Informal Settlements, Environmental Degradation, and Disaster Vulnerability"

Environmental Policy Discussion 43



Development Plans

Neither the first (1963−1967) nor the second (1968−1972) five−year development plan has a special section on
the environment. Environmental problems are mentioned in a separate section for the first time in the third
(1973−1977) plan. However, this only says that it is impossible to classify environmental problems encompassing
all countries and that environmental concerns may slow down development efforts.

The basic principle embodied in the fourth plan (1979−1983) is to reach a solution for environmental problems as
part of social change. It envisages the solution of environmental problems during the prevention stage as a general
principle. It also states that ensuring rationality in the use and conservation of nature and natural resources will
prevent irreversible environmental problems, and that the environment will be taken into account in urban
planning. It endorses international cooperation for solving the problems of Ankara, the Golden Horn (Istanbul)
and the Bays of Izmit and Izmir. The government had also prepared a special plan (another transition period) for
1984.

The Fifth Five Year Plan (1985−1989) included a policy of revising the country's relations with the European
Community (EC) including taking the necessary steps towards economic integration with the EC. The plan's
fundamental environmental principle goes beyond eliminating existing pollution and preventing probable future
pollution and contemplates developing and intervening in the environment to allow future generations to benefit
from resources. For this reason it emphasizes preserving and developing resources in an ecologically sound
manner.

Preserving and developing the natural balance is among the main targets of the Sixth Five−Year Development
Plan (1990−1994). During its preparation, eight special environmental commissions, paralleling the
environmental study groups of the OECD, were created. The most important point in the Sixth Five Year
Development Plan is its incorporation of an administrative style based on the concept of sustainable development.
A total of 28 separate measures regarding the environment have also been included in the annual plan for 1990,
and the share of State investments allocated to the environment has been substantially increased in recent years.

International Agreements

The 1972 Stockholm Conference on the environment, marked the start of a new era of concern for environmental
problems in Turkey as in other countries. As a member country, Turkey assesses the OECD's environmental
decisions and recommendations. As a member state, Turkey is required to follow OECD regulations, and many
policy decisions are made at meetings of high level representatives of member countries. The developing relations
with the EC also have impact on environmental regulations. Inevitably, Turkey's environmental policies and
legislation will be brought into line with those of the EC as Turkey moves toward membership.

Turkey also participated in the Rio Conference in June 1992 at prime−ministerial and ministerial level. It
contributed a national report and signed the documents. As a result, Turkey's environment policy follows
international rules

and regulations closely, and it contributes to world activities aimed at the restoration of the global environment.

Apart from its membership in international organizations, Turkey is also a party to several bilateral and
multilateral environmental agreements that are reflected in national legislation.
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The Environment Law (Law no. 2872, Issued 9 August, 1983)

The purpose of the Environment Law is not merely the protection of the environment but also its improvement,
use and management. It attempts to establish a balance in relations between man and the environment and
promote the awareness that man is just one part of the ecosystem. Keeping in mind the relationship between the
environment and economic development, the law stipulates that the measures to be taken and the improvements to
be made in the environment must be carried out in harmony with the targets of economic and social development
(see box, page 46).

One of the most important results of this law was the addition of the requirement for environmental assessments
into Turkish legislation. The law leaves the details of the principles of the envisaged protection and prevention up
to the regulations.

Environment−Development Relations in the Environment Law

Industrialization and urbanization are generally regarded as the basic cause of environmental problems.
Undoubtedly, both these phenomena have negative effects on the historical and cultural environment as well.
Given that no society is willing to forego either development or the environment, there is a compelling social
interest in establishing some sort of balance between the two. In a sense, environmental law has the double task of
overcoming this inherent contradiction and of establishing the necessary balance. The Environment Law
expresses clearly that environment management will be "in harmony with the targets of economic and social
development." The law introduces a restriction of activities aimed at protecting and improving the environment
and at preventing pollution such that they will "not adversely affect development efforts." What is desired here is
to keep such activities from increasing investment costs and slowing down production; but exactly where the line
will be drawn in the apparent conflict between growth and the environment is open to debate.

The prevailing international view is that in the long run investments in the environment have a positive impact on
development as well. Nevertheless, the administration as well as various interest groups in Turkey have been
caught up in the vicious circle of this debates for the last 20 years. Such discussions were reduced considerably
after UNCED's report, "Our Common Future" which was translated into Turkish right after its publication and
introduced to the public and related organizations through the seminars and conferences by EFT and UNDP.

After the decisions and the declaration of the World Summit of 1992 held in Rio, Sustainable Development
Principles have generally accepted by all parties and the Sixth Five Year Development Plan has been drafted
accordingly.

Difficulties Encountered in the Application of the Environment Law

Despite the years that have elapsed since Environment Law no. 2872 was passed (on 9 August 1983) and
notwithstanding that several amendments to the law have been made, this legislation is still not being adequately
implemented. The factors standing in the way of implementation arise from the lack of a workable institutional
framework surrounding the environment in Turkey. The administrative structure envisaged by the Law has still
not been put in place. The difficulties regarding the implementation of the Environment Law can be categorized
as follows:

From the Legal Standpoint

Legal arrangements concerning environmental protection date back a long way. When this

"Informal Settlements, Environmental Degradation, and Disaster Vulnerability"

The Environment Law (Law no. 2872, Issued 9 August, 1983) 45



Principles of the Environment Law

The Environment Law (1989, p.101) does not treat environment−related arrangements
merely as a form of environmental protection. The article expressing the purpose of the
law states that the environment is acknowledged to be the common possession of all
citizens and management of the environment in conformity with environmental law is
thus tied to a system. The Law considers protection and improvement of the environment
and prevention of pollution of it within the framework of three fundamental principles :

Protection and Development of the Environment: In setting up the use of the
Environmental Pollution Prevention Fund (Art. 19, para. (i) and (j), the law
includes within its scope reforestation and the genetic improvement of plants and
animals .

Cooperation Between the State and the Society: The state, the citizens and the
public and private sector legal entities together have certain rights and
obligations in the management of the environment (Art. 3.a). What is desired
from this cooperation between the state and society, as it is seen in Articles 17 and
29, is to encourage the public to prevent environmental pollution and to orient
individuals and groups towards making voluntary investments in this area .

Payment by the Polluter of Compensation for Damage Caused: The well−known
"polluter pays" principle mentioned in Article 3 of the law, as amended by Law
no. 3416, states, "In principle, the expenditures made for preventing, limiting or
combating pollution shall be met by the polluter." This is immediately followed
by the qualification, "The polluter may be exempted from such responsibility if
he can prove that he took all possible measures to prevent the said pollution."
Nevertheless, Article 28 on polluter's responsibility, as amended by Law no. 3416,
that ''polluters of the environment and those who cause damage to the
environment are responsible, regardless of the degree of fault, for the pollution or
damage they cause." The second section of the same article states, "Under the
general provisions, the polluter is liable to pay for compensation for any damage
that occurs ."

For the polluter to avoid responsibility for meeting the expenditures required for
preventing or limiting the pollution, he must prove that he took all possible preventive
measures. This is in the spirit of making the polluter pay for the damages .

legislation was drafted, an attempt was made to introduce certain protective measures which are, of course, far
from adequate today. Policing activities take the form of permits, followed by inspection during the
implementation and enforcement phase and, finally, the imposition of penalties when necessary. The authority
vested in the administration by the Environment Law is in contradiction with such activities as closing down
enterprises or halting their activities. When seen within this context, environmental law is nothing more than a
special branch of administrative law.

On 4 June 1986 and 3 March 1988, the Environment Law was amended. While the Law remains unchanged in
essence, protective activities have been strengthened.

Up to now, administrators (including governors and especially mayors) based their acts on the articles of other
specific laws like the Municipality Law, the Public Health Law etc. Now, the principles of the Environment Law
deal more directly with certain issues, but the concept of having an Environmental Law is still new, and there is
not enough experience with day−to−day practice both in administration and in the courts. Therefore, more time
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will be needed before the impacts stemming from the application of these legal concepts are apparent. What is
important in the meantime is that Turkish jurists, who will interpret and implement the law, clarify such key terms
as "responsibility" and "benefit" in a manner in harmony with the spirit and special nature of environmental law.

From the Management Standpoint

The main governmental environmental agency is the Ministry of Environment, which was set up to protect and
improve the environment; to protect and make optimum use of land and natural resources in the rural and urban
areas; to prevent the pollution of water, soil and air; and to protect the country's plant and animal wealth
(biological diversity) as well as its natural and historical assets. Changes in legislation over

A Summary of Research on Environmental Degradation

Polat Gülkan

Structure of the Current Research System

The scientific research system in Turkey is best categorized by administrative rather than
disciplinary divisions. The major groupings are universities, departments linked to the
Prime Minister's office, and private research establishments. Within universities,
research is conducted at four different levels: basic, applied, educational, and social.
Research as part of the education process is mostly at the demonstration level. The
Scientific and Technical Research Council of Turkey (TÜBITAK) sponsors basic
research aimed at improving scientific and cultural levels nationwide. Research grants
are also awarded by international groups— e.g. , NATO — for pure and applied
research, and by public or private groups for projects aimed at solving immediate
problems or providing consultation.

There are about 100 institutes in Turkish universities, each with its own administration.
The institutes are usually designated as Pure and Applied Sciences, Health Sciences,
Social Sciences, Nuclear Sciences, Marine Science, Environmental Sciences, Forensic
Medicine, Solar Energy, and Biomedical Engineering. Urban policy issues are usually
studied in interdisciplinary research units at the department level .

time have assigned different obligations with regard to the environment to several institutions. This created
overlapping authority, diffusing that responsibility.

From the Standpoint Regulations

The Environment Law is a legal framework that introduces certain definitions on the subject of the environment.
The law brings order to many scattered legislative provisions, most of which are still being enforced (although to
varying degrees). Regulations define many critical details under the law's general provisions, which thus ensures
that the standards to be adhered to may easily be amended as required in the future. This is appropriate in a
dynamic area such as environment. Those subjects which the Environment Law leaves to regulations are the
following:

 Identifying the regions to be protected in rural and urban areas and the principles of protection and use to be
implemented in them (Art.9/1);

 The standards and methods to be implemented in activities such as introducing and depositing wastes and
discharge into receptor areas, as well as transportation and removal of such wastes (Art.8/1; Art. 13);
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 The types of projects for which an Environmental Impact Assessment (EIA) report may be requested, the points
to be included in such a report and the authorities that will approve it (Art. 10/2);

 The manner in which inspections to eliminate negative environmental impacts will be conducted (Art. 12), and
the principles for halting or correcting unlawful activities (Art. 15);

 The principles for collection and use of environment fund revenues (Art. 18);

 Incentive principles for the private sector

The Higher Education Council is the ultimate body charged with the task of planning,
orienting and administering all university−affiliated activities in the country. The
council is effective in the decision−making process regarding research policy both
directly through the grants program it has established and indirectly through its
resolutions and directives .

The Inter−Universities Council is the highest academic council responsible for
determining how university functions are fulfilled and for ensuring that uniformity
exists in promotion procedures. Its tasks impinge on research policy in a general sense
only .

The senate and the steering council of each university are responsible for making the
academic and administrative decisions necessary for fulfilling its duties which naturally
include research .

The faculties are the largest units that contain university research functions; there are at
the present about 200 faculties (equivalent to schools in the North American sense) in 29
universities .

Divisions or Major Areas of Emphasis

Most academic research is conducted within divisional lines which collectively form
departments .

TÜBITAK and the Turkish Atomic Energy Authority (TAEK) report directly to the
prime minister's office. The Turkish Standards Institute (TSE), although strictly
speaking not a research body, contributes laboratories providing some technical
services. TÜBITAK was founded in 1963 to develop and coordinate national scientific
and technical research policy. It reports directly to the

(Art. 29).

The failure to complete all the regulations within the period stipulated by the law has prevented their
implementation. This must be regarded as a failure on the part of the administration to fulfill its responsibility in
this area. Since a grace period will be allowed when all the regulations have been issued, implementation of the
law will obviously be delayed even longer.

Following the enactment of the Environment Law, the following regulations were issued: (i) the Environmental
Pollution Prevention Fund Regulation; (ii) the Air−Quality Control Regulation; (iii) the Noise Control Regulation;
(iv) the Regulation Concerning the Establishment of Procedures for Levying Fines, and Receipts to be Issued; (v)
the Water Pollution Control Regulation; and (vi) the Solid Waste Regulation.
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Environmental Impact Assessment (EIA) Regulation

After a long−term preparation period, the Environmental Impact Assessment Regulation has been finalized and
published in the Official Gazette (7 February 1993, No: 21489). It is in effect from the day of publication.
According Article No. 2872 dated 9 August 1983, the EIA regulation should have been issued within two years of
the date of the Law. Even 10 years later, it is expected to fill a major gap. Placing the environmental control and
protection under public control and will be beneficial, and it will help develop some experience with the
protection of physical, biological, cultural and historical patrimony of Turkey.

The main purpose of the regulation is:

 To evaluate the effect of the investment decisions of the public and private sector

Prime Minister's office, avoiding bureaucratic constraints. Objectives listed in its
charter are: (i) conduct or support pure and applied research in all the sciences, and
establish institutions towards this end; (ii) assist the executive branch in formulating
national policy aimed at achieving the above objective; (iii) identify and make available
to the public the methods and principles of the educational process required for these
objectives; (iv) serve as central coordinating body for related international agreements .

Research groups within TUBITAK are: Basic Sciences, Medicine, Engineering,
Veterinary Science, Agriculture and Forestry, Marine Sciences and Environment,
Construction Technologies, and Training of Scientists. Its three principal centers are the
Marmara Scientific and Industrial Research Center, the Defense Industries Research
and Development Center, and the Ankara Electronics Research and Development
Center. The research groups channel funding, and the centers conduct in−house
research .

Established in 1957 as the Atomic Energy Commission, TAEK took its present form in
1982. Its function is facilitating the use of nuclear power for peaceful purposes,
determining fundamental policies and principles relating to nuclear power, and
conducting or promoting scientific research and policy development. TAEK's
organizational structure includes the Atomic Energy Commission, the Advisory Council,
and several professional and administrative divisions. Affiliated research centers are the
Çekmece Nuclear Research and Training Center, the Ankara Nuclear Research and
Training Center, and the Lalahan Nuclear Research Center .

to the environment,

 To prevent or reduce negative effects to the minimum,

 To evaluate and select the possible alternative projects.

The regulation covers the technical and administrative principles for the preparation and implementation of an
EIA report including the list of the type of activities required for an EIA report (or preliminary control), and the
principles and authorities for the monitoring and evaluation procedures.

The regulation lists the activities that should be monitored during the implementation and production stages.
According to the regulations, EIA reports should include physical, biological, economic and social components of
the environment. The Environment Ministry has the authority to implement and/or monitor the activities, to
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ensure that implementation is in conformance with the principles of the EIA regulation. With other environment
regulations issued earlier, according to Law No: 2872 the environmental activities in Turkey will be under
effective control which will help prevent further destruction and pollution of resources. In addition there are some
regulations pertaining to the environment but connected to their own laws: "The Prime Ministry's Specially
Protected Areas Administration's Executive Activities," "The Specially Protected Areas Fund Regulation," ''The
Turkish Children's Environmental Clubs Regulation," "Radiation Security Regulation," etc.

Other Laws and Regulations

In the Turkish legal system apart from the Environment Law itself, there are a large number of provisions either
directly or indirectly relating to the environment. These include the National Parks Law and the Law to Protect
Cultural and Natural Assets was the major obstacle to EFT's attempt to collect some of these legal texts in a single
volume (EFT, 1987). In order to include all related laws, a second volume had

Other urban−related research is found within the Ministries of Defense, Energy and
Natural Resources, Industry and Technology, Public Works and Resettlement. In
addition, large−scale research capabilities exist within the Minerals Research and
Exploration General Directorate, the State Hydraulic Works and the Turkish Petroleum
Company .

The private sector's scientific and technical service units are generally concerned with
product quality control and some development. It is an encouraging sign that with
Turkey's industry seeking new international marketing possibilities, true research and
development activities are becoming more widespread. Foundations and unions with
public involvement have led the way in research, followed by institutions whose entire
capital comes from private sources. Some important private research establishments
are: (i) Military Electronics Industries Research and Development Division
(ASELSAN); (ii) Turkish Cement Producers Union Research and Development Center;
(iii) Koç Holding Company Research and Development Center; (iv) Glass Research
Center .

Manpower statistics are significant indices of research and development. The largest
research group in the universities is in the medical field, followed by engineering and the
social sciences. quotes expenditures on a sectoral basis. The global total amounts to about
0.33 percent of Turkey's GNP in 1990; current policy has the target of increasing this to 2
percent by 2003 .

Research Projects

For the most part, investigations undertaken by the ministries involve monitoring,
questionnaire−based evaluation, surveillance, inventory and determining conditions.
Such research rarely breaks

been produced and published by EFT in 1992 (EFT, 1992).

Some important laws related to the environment are:

 Turkish Constitution: The basic law for every Turkish citizen, it includes basic principles for protecting the
human environment from pollution and conserving critical national resources. One of the main environmental
principles of the constitution is stated in Article 56: "Everyone possesses the right to live in a healthful and
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balanced environment". It further states, "It is the duty of the State and its citizens to develop the environment, to
protect environmental health and to prevent environmental pollution." The constitution also includes several
articles providing for effective sanitary control and conservation/protection of human health, natural resources
and the environment (Annex II).

 The National Parks Law (No: 2873 of 9 August 1983) provided unity to national park efforts in Turkey.
Previously these had been part of certain legal arrangements based on an Article of the Forest Law (No:6831 of
31 August 1956). The selection and identification of national parks, natural monuments and nature conservation
areas of national and international importance as well as the protection, development and management of these
are included in the scope of this Law.

 The Law on Protection of Cultural and Natural Assets (No. 2863 of 21 July 1983) is intended to protect old
buildings and monuments of historical or architectural value in Turkey.

 The Bosphorus Law No: 2960 of 18 November 1983 is intended to protect and develop the cultural and historical
assets of the Bosphorus area in Istanbul and to

new scientific or technical ground. Typically it does not generate publications in
technical or scientific journals and is mostly for administrative purposes. A literature
survey is difficult because records are embedded in bureaucratic files and do not
conform to a format for database entry. TÜBITAK's own documentation center was
unable to identify relevant research funded by itself because key words had been given
haphazardly or not at all .

The Ministry of Environment is creating a national list of environmentally hazardous
chemicals and the procedures required to monitor them. Also planned is the
establishment of a national system of measurement and calibration to determine the
physical, chemical, biological, and radiological elements in soil, air, and water. Other
projects undertaken by this ministry are: (i) Investigation of Phosphates Stemming from
the Use of Detergents in Turkey's Surface Waters; (ii) Directive on Dangerous Wastes
Protocol and Its Implementation with Two Sub−projects: Hospital Wastes and Fats, and
Dumping Grounds; (iii) Environmental Pollution Reference Laboratory; (iv) Industrial
Facilities Waste Inventories; (v) Hazardous Waste Processing Facilities .

Ministry activities supported by the EC are: (i) Pesticide Pollution in the Çukurova
Region; (ii) Codification of Chemicals; (iii) Dumping Area Management .

Urban dwellers are subject to serious risks from contamination of food by persistent
toxic substances. A project of the Ministry of Agriculture and Rural Affairs monitors
the amount of chemical residues ,

specify and formulate the building regulations to be implemented to limit construction that would increase the
population density and destroy the existing beauty and harmony of natural resources in this part of the city.

 The Coastal Law (No: 3086, initially accepted in 1984), was aimed at the protection of coastlines. This law
identifies a 10−30 meter wide coastal belt as a focus of environmental protection. It provides exceptions for the
"construction of dockyards, factories, energy plants and tourist establishments . . . along the coastline because of
their specific activities." This law was effectively canceled by the Constitutional Court in a decision dated 10 July
1986. No new law protecting delicate coastal areas was promulgated until 1 July 1992, when a new amendment,
Law No: 3830, was issued. New regulations issued based on this law date from 13th October 1992. Their intent is
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to prevent coastal construction by increasing the width of the coastal buffer strip from 30 to 100 meters.
Unfortunately, during the six−year gap, much coastal destruction and unregulated construction took place on the
coastlines.

Some other laws related to environment are: (i) Municipality Law no. 1580 of 3 April 1930, (ii) Public Health
Law no. 1593 of 24 April 1930, (iii) Provincial Administration Law no. 5442 of 10 June 1949.

Key Environmental Institutions

Governmental Agencies

The Ministry of Environment was established in 1991 (Promulgation: Official Gazette No. 20967, 21 August
1991). It was originally the

micotoxins, pathogens, nitrites and nitrates, heavy metal residues, and medications in
animal feeds on a national and regional basis .

The Ministry of Health works with the UNDP on making environmental health services
more effective .

Other External Input Mechanisms

World Bank Funded Projects

Many urban environment related projects in Turkey have been supported by the World
Bank. Some current projects which impinge on the urban environment are: (i) Istanbul
Water and Sewerage; (ii) Izmir Water and Sewerage; (iii) Ankara Water and Sewerage;
(iv) Çukurova Urban Development; (v) Support of TEK to Establish an Environmental
Division; (vi) Environmental Program for the Mediterranean: Environmental
Management Technical Assistance .

The OECD Project

A partial "Review of Environmental Policies in Turkey" was initiated in 1990, and
completed in 1992. One of the priority themes in the project was the implementation of
pollution prevention and control in urban areas .

UNDP Projects

UNDP projects in Turkey include: (i) European Cooperation on Environmental Health
Aspects of the Control of Chemicals; (ii) Control of Toxic Chemicals; (iii)
Environmental Planning and Management of Air Pollution; (iv) Integrated Resources
Recovery from Municipal Solid Wastes in Europe .

Environment Undersecretariat, later it was turned into a General Directorate of Environment and then again into
an Environment Undersecretariat, always being under the responsibility of a Minister of State. Finally, in 1991 it
was upgraded to the Ministry of Environment to better implement and coordinate the various environmental
activities.

The Ministry of Health and Social Security and the attached School of Public Health, in addition to its primary
field of responsibility, is concerned with air pollution and its impact on human health as well as other
environmental problems affecting human health and the public in general. Other ministries concerned with
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environmental issues include: the Ministry of Energy and Natural Resources and its agencies such as the Mining
Exploration and Prospecting Institute and Turkish Petroleum; the Ministry of Agriculture and Rural Affairs and
its agencies such as the Aquatic Products General Directorate, General Directorate of Rural Infrastructure; the
Ministry of Forestry and its various agencies, such as the General Directorate of Forestry, General Directorate of
Reforestation, General Directorate of Development of Forest Villages; the Ministry of Tourism; the Ministry of
Industry and Technology; the Ministry of Housing and Public Works and its agencies, specifically the State
Hydraulic Works General Directorate; and the Bank of Provinces; The State Planning Organization; The
Scientific and Technical Research Council of Turkey; The Provincial Governmental Environment Foundations;
and The Turkish Standards Institute.

Public and Scientific Institutions

Since "environment" has become a main issue, metropolitan and regional municipalities have established their
own departments and offices of environment. In addition, relevant departments and institutes of the 27
universities in Turkey are active either in general or on specific issues dealing with the environment. Among these
institutions are the Department of Environmental Engineering at Middle East Technical University; the
Environmental Problems Institute of Istanbul Technical University; the Dokuz Eylul (Ninth of September)
University in Izmir; Bosphorus University in Istanbul; Ataturk University in Erzurum. Ankara, Elazig, Uludag
and Cukurova Universities have also established Environment Research Institutes to deal with the national and
regional environment problems.

Voluntary Organizations (NGOs)

Prior to the 1970's, public concern for the preservation of nature was the sole issue in environmental awareness in
Turkey. Until then, the concept of "environment" in its modern sense did not exist. Environmental problems first
began to influence world public opinion about 20 years ago. The 1972 Stockholm Conference, for

UNEP Projects

UNEP projects are: (i) Izmir Coastal Zone Management; (ii) Iskenderun Bay
Environmental Management .

TÜBITAK funds research through its own groups and administers funds from the
NATO Science Committee. NATO projects, part of Science for Stability/ Phase 1987−92,
are: (i) Wastewater Pollution Assessment and Waste Management; (ii) Investigation of
the Causes of Air Pollution in Ankara and Measures for Its Reduction .

Marine Sciences and Environment Research Group project are: (i) Urban Systems
Planning for Preservation and Sustainment of Ecological Equilibrium; (ii) National
Marine Measurement and Monitoring Program .

example, was the result of United Nations, and by extension, worldwide interest in this subject. In the wake of the
conference, numerous national and international environmentally concerned organizations were formed, attention
was paid to environmental issues in the constitutions and legal systems of various countries, and environmental
policies gained importance in almost all nations as a result of growing public concern.

In almost all developing countries, concern for social problems is less intense than anxiety about economic
development. This is reflected in the lack of environmental statements in Turkey's first two five year plans. This
began to change in the 1970s. Turkey presented a paper at the World Environment Conference held in Stockholm
in 1972. Although the initial steps in this area were taken by the government, in subsequent years the Turkish
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bureaucracy started dragging its feet in the environmental field in the fear that such measures would impede
economic development. Ironically, public concern for the environment began to grow in Turkey in that period, but
this was given direction largely by volunteer organizations.

The Conservation of Nature Association of Turkey is the oldest of these organizations. Active since 1955, it has
provided major services in the area of nature conservation through its regular publications and its conferences and
meetings. If we consider how central the concept of nature conservation is to the concept of the environment, it
becomes abundantly clear how important this association is for environmental protection.

The Environment Protection and Greenification Association of Turkey is also engaged in the preservation of
green areas and protection and development of the environment through publications, meetings, exhibitions and
similar activities. While the Anti−Air Pollution Association of Turkey was concerned exclusively with Ankara
until a few years ago, it is now drawing attention to this problem nationwide.

The Association for the Protection of Natural Life has stepped up its activities over the last two years and has
been more influential than other organizations of its kind. However, an overall lack of financial resources has
limited the effectiveness of these volunteer organizations.

The volunteer organization with the most impact on environmental issues and the strongest history of continuous
development is the Environment Foundation of Turkey (EFT) established in 1978. The EFT has campaigned
effectively to raise public awareness ever since its inception. It also proposed the establishment of an
undersecretariat for environmental problems, the inclusion of an environmental protection provision in the
Constitution and the enactment of a law on environmental protection, and it has realized all of these proposals.
Government acceptance of these ideas, supported by a detailed examination of the issues and the cooperation of
the press, constitutes a fascinating example of how the country's environmental policy is formulated at the highest
levels.

The EFT has taken advantage of every opportunity to demonstrate its respect for the state, for the legal system
and for Turkish social values. Differing significantly from Western European environmental groups in this
respect, rather than backing a particular political party or trying to influence it to adapt to the way the EFT sees
the conditions in Turkey, it attempts to be a research and publishing institute as well as a moderate pressure
group. This parallels the activities of American environmentalist groups to some extent.

Developments since 1984 show that public concern for environmental issues is growing in Turkey. The first such
evidence was the campaign launched by villagers against the government's plan to build a thermal power plant in
the Bay of Gokova on the Aegean coast. The second was the reaction, in the form of a petition and a press
campaign, against the Ankara Municipality's plan to build a multi−story car park in Guven Park at Kizilay in the
center of Ankara and to turn the area into a commercial center. Some citizens even appealed to the administrative
court for reversal of this decision. More−

over, in 1986, judges who were opposed to the cutting of the trees in front of the court voiced their opinions
publicly. On 14 September 1994 volunteer organizations and individuals organized a march and picnic to protest
the damage caused to the environment and the health hazards to the people of the village of Mimar Sinan created
by the Ak Cement Factory. Such demonstrations were absolutely unheard of in Turkey a few years ago. This
development shows that environmental issues are gradually becoming part and parcel of political debate in
Turkey.

Since 1986 the environment has become a political topic in Turkey, influenced by developments in Western
Europe. Such currents however are still far from being organized, consistent and effective. Nor have they been
wholeheartedly endorsed by public opinion, since they go against the grain of well−entrenched Turkish values.
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An important development in the formation of environmental policy in Turkey was the formation of a
"Parliamentary Environmental Investigation Committee," in May 1988 by the Turkish Parliament. A proposal put
forward on this subject by the Social Democratic Party was supported unanimously by both the ruling
(Motherland) party and the opposition (True Path) party of the time. This was the first consensus in the Turkish
Parliament in the last 20. It is encouraging in that the subject was environment.

The nine−member Parliamentary Environmental Investigation Committee was supposed to examine all aspects of
the environmental problem and submit a final report to Parliament. The points of view of all institutions,
including NGOs concerned with the environment were to be represented in this report. Proposals put forward by
the Committee are to be taken into consideration, to a great extent, by the Government and to be put into
application. The ensuing report was published under the title, Environment Towards the 2000s (Anonymous,
1991).

Despite this unanimity over the study group, environmentalist movements have not moved the political parties to
show much interest in the full range of environmental issues. Outside Turkey, on the other hand, environmentalist
movements have forced political parties to pay more attention to such issues. It must be kept in mind, however,
that whatever the scope and orientation of environmentalist movements, all of them are concerned with raising the
level of public awareness concerning these problems.

Concluding Comments

A global look at environmental problems reveals that the challenges posed by population growth affect not only
Turkey but many countries, both developed and developing. We have acquired the habit of regarding population
growth as the main source of environmental problems. Such an outlook can be unnecessarily limiting, removing
both a range of other causes and potential solutions from our analyses. Population growth has positive aspects as
well. It can be a dynamic force, one that can contribute to the economy, provide for national defense — it can
sometimes be the primary life force of an entire country. When population does not grow in parallel with the
economy, however, imbalances result. It is during times when city dwellers see their standard of living fall that
they are driven to put the pressure on scarce resources, which gives rise to unsustainable Consumption. Our
concern should not be population growth so much as insuring that scarce resources will still be available for
future generations rather than depleted by current consumption (for more indepth discussion on this topic, see
Sonmez, 1987).

The development of environment−related legislation in Turkey over time shows that Turkey, both as a result of
internal factors and as a result of international relations and obligations, has begun to develop an integrated
environmental policy. It can be said that Turkey has taken a large step and can look forward to a better−protected
environment. Implementation of environmental policy, however, has not bee entirely positive. The regulations
which give life to laws and ensure that they achieve their desired ends almost never get put into effect with the
required speed. The frequent amendments made in existing laws too often divert them from their origi−

nal purposes. furthermore, now that we have finally arrived at a viable legal conceptualization of the environment,
it will be necessary to modify laws already on the books to bring them into line with the aims of the Environment
Law. To summarize, environmental law in Turkey, despite the existence of consistent provisions in legislation,
has not yet been made functionally applicable.

The Ministry of Environment is, in some respects, still in the process of reorganization after being upgraded from
the Undersecretariat level. Agencies of the Ministry of Environment are just now being established, which will
lead to further delays before effective administration, control and management of activities pertaining to the
environment are routine.
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Another process which will loom large in the future is the passage of additional legislation and regulations (such
as the Environmental Impact Assessment regulations, which should have been issued much sooner following the
establishment of the Ministry). Some government agencies and private enterprises started to include EIAs in their
feasibility studies and work plans before they were required, anticipating a more rapid passage of this legislation.

Future initiatives for the protection of the environment and sustainable development depend on effective actions
by NGOs. These organizations are very influential in fostering environmental awareness in Turkey, and progress
will depend on their continuing cooperation and coordination with government agencies, as well as with each
other. In this respect, support extended to NGOs by national and international organizations and foreign
governments will enhance environmental protection and restoration.

Improvements on the environmental front also depend on inter−governmental cooperation. As a result of its
participation in the Stockholm Conference, Turkey has been coordinating and adapting her environment programs
in accord with UN and (especially) UNEP activities. Adaptations that move the country more in conformity with
the rules and regulations of the EU countries represent another significant step.

Turkey is an active partner in UNEP's Mediterranean pollution control project (the Mediterranean Action Plan).
The principles of UNCED (the Brundtland Report) have been fully accepted by the authorities and public sectors.
Following the Rio Conference, the dissemination, exchange and coordination of environmental information, as
well as transfer of relevant technologies, have attracted much interest, and pilot projects along these lines are
being undertaken. Especially after such a major event as the Rio Conference, governments have to keep abreast of
developments and adhere to the provisions to which they affixed their signatures. For example, Turkey will be
ratifying the Ramsar convention.

The present degree of pollution in the Black Sea is alarming because large amounts of (mostly untreated)
domestic and industrial wastewater drain into it. If the necessary precautions (measurement and treatment) are not
taken soon, the Black Sea risks becoming one of the most contaminated seas in the world (Balkas, 1990). The
Black Sea Economic Cooperation (BSEC) agreement was signed in December 1992 by the 11 Black Sea
Countries (Albania, Armenia, Azerbaijan, Bulgaria, Georgia, Greece, Moldava, Romania, Russia, Turkey,
Ukraine). The recent upsurge in cooperation efforts among the countries around the Black Sea aimed at economic
and cultural development and environmental protection may, one hopes, lead to more coordinated action on the
severe Black Sea pollution problem as soon as possible. The convention signed by the ministers of the six riparian
states in Bucharest on 21−22 April 1992 will provide a vital mechanism to serve as an intergovernmental body to
deal with the environmental problems of the region.

The state of the political and institutional framework that surrounds the national policy debate on the environment
gives us reason for both optimism and caution. Historically, we can see that the nation has an enviable track
record of taking on increasingly difficult problems and solving some of the more glaring issues within them.
Turkey started to emphasize protecting the main components of the environment since the establishment of the
republic in 1923. By 1924 the republic had produced a comprehen−

sive law for rural development which included measures aimed at the structural, social and economic
development of rural areas and improvement of the rural environment. In the 1930s emphasis was given to
policies governing public heath and social welfare. Evidence of a growing concern for protecting the national
environmental heritage can be seen in several undertakings: the 1940s Land Use Policy which, through the Land
Distribution Law (1945) helped landless farmers; the Forestry Law designed to protect the national forest; and the
simultaneous nationalization of private forests for the protection of forest land and control of soil erosion,
landslide hazards and floods.
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The lack of environmental understanding during the period of rapid demographic change and industrial expansion
during the 1950s and the failure to take even minimal precautions around industrial areas created air, soil and
water pollution. As was noted above, 1960 marked the beginning of the planned development era of Turkey. The
State Planning Organization (SPO) was established and started to prepare five−year development plans based on
joint development of state and private sector activities. Regional planning activities started for the purpose of
achieving economically, physically and socially balanced development while continuing to consider
environmental controls, protection and restoration. Air pollution problems were first recognized due to the
increasing pollution of the atmosphere in the Ankara urban area. The first air pollution control station was
established in Ankara by the Ministry of Health and Social Affairs in 1962. Starting in the 1970s, both the Turkish
Government and public opinion have developed the beginnings of what should become a comprehensive
understanding of environmental problems and their intimate relationship with economic development.

Unfortunately, the actual situation in terms of the rate of environmental pollution and destruction also justify a
certain amount of pessimism. The Environmental Inventory studies conducted by the Environment Foundation of
Turkey (EFT, 1991) and State Statistical Institute (DIE, 1992) demonstrate clearly that environmental problems,
pollution and depletion of environmental resources (soil, air, water, forest, etc.) are increasingly taking place
throughout the country. Many of these problems either are caused by past disasters or represent a risk of future
disasters which will menace Turkey's larger metropolitan areas most of all. Floods and landslides are the almost
inevitable result of environmental degradation. Other disasters which can be caused by insufficient attention to
fragile environments pose major problems. We can be certain that repercussions stemming from over−dense
settlement patterns will produce significant damage with concomitant ramifications for the economy, leading to
further unsustainable consumption of our limited natural resources. Another negative which we must consider in
our studies of the Turkish urban environment is the risk of earthquakes. Each earthquake disaster not only
damages fragile areas but also creates new hazards.

In broad terms. Turkey needs to further adapt its legal and institutional framework so that they are more in line
with the OECD and EU countries' regulations, policies and implementation modes. The principles of the "Our
Common Future" report, and the consensus and decisions reached at the 1992 Rio Conference, should be
implemented. The "environment and development should go together" principle should continuously guide
government policy. Sustainable and dynamic environment policies should be followed by the Government and
Ministry of Environment. Monitoring must be timely. Important implementations merit careful and considered
evaluation, the results of which should inform subsequent actions.

Recommendations

The following actions will assist those involved in designing short− and long−term interventions to reduce the
pollution and to prevent the depletion of natural resources:

1. It is essential that many aspects of the centralized structure created in the large metropolitan areas by Law No.
3030 be reviewed. Furthermore, in order for more effective services to be provided, a clear redivision of the
obligations and authority of the metropolitan administrations and the country administrations must be

established. Apart from the large metropolitan areas, the fundamental responsibility for implementing the
Environment Law rests with the highest−ranking officials of the civil administration who are the Central
Government's agents in the provinces. In the case of city planning, on the other hand, authority rests almost
entirely with the municipalities themselves.

2. Reducing damage to the environment and averting disasters depends on public awareness. Training and
education for the general public in environmental protection can be provided through many careers and walks of
life. Families can be reached through the schools, through all educational stages to adult. Without developing

"Informal Settlements, Environmental Degradation, and Disaster Vulnerability"

Recommendations 57



environmental sensitivity amount the citizens, little will be accomplished.

3. At the highest levels within the planning hierarchy, environmental components should be considered and
integrated to the Economic and Social Development plans. This should be done formally and in a manner which
reflects the fact that environmental protection makes good economic sense.

4. Since preparing Environment Impact Assessment (EIA) reports became compulsory once the recently issued
regulations (of 9 Feb. 1993) became effective, these should be effectively implemented and followed−up. The
results of the EIA should be consulted continuously in order to reduce pollution and resource depletion while
there is still time. Saving much of what remains will require a strong implementation capacity and careful
attention to monitoring on the part of the government.

5. Volunteer and non−governmental organizations should be supported more actively by the government since
they are the main elements that channel private contributions and public participation toward environmental
protection activities.

6. The expert committees already established by the SPO and the Ministry of the Environment to deal with the
different components of environmental problems should be allowed to continuously monitor and follow up
domestic and international activities in order to revise Turkey's environmental policy.

7. Preservation and restoration of the environment is one of the essential elements of a civilized lifestyle.
Environmental concerns have acquired such importance as to give direction to almost all international
developments in the coming century. Taking this view as its point of departure, EFT with the support of the
UNDP, is participating in a research effort on the European Union's environmental laws and regulations. The
European Union's environmental legislation will be compared with the Turkish legislation as to general
objectives. This will involve taking EU environmental legislation as a model and developing up−to−date norms
and national laws for Turkey. EFT will spell out the measures that need to be taken in this area by Turkey, as a
country that believes in the necessity of environmental protection. It is hoped that the result of our activities aimed
at the adaptation and the harmonization of Turkish environmental laws and regulations, including a review of
environmental norms and standards, will be studied and put into effect by the Turkish Government.

C—
SPECIAL ISSUES IN URBAN VULNERABILITY

4—
Disaster Prevention and Mitigation in Metropolitan Areas:
Reducing Urban Vulnerability in Turkey

Andrew Coburn

Earthquakes are among the most dangerous, most spectacular and least predictable of the various natural and
man−made risks to Turkish cities. While pollution may gradually degrade the environment and eventually spread
disease and shorten life, a major earthquake can level large portions of any of Turkey's urban areas, causing
massive numbers of deaths while destroying the very infrastructure that citizens depend on for disaster assistance.
Because it is situated in one of the most geologically active areas in the world, Turkey suffers a major earthquake
on average once every nine months. While most of these have struck rural areas where their damage has been
minimized, faults have been identified near some of Turkey's largest urban areas. This paper presents a

"Informal Settlements, Environmental Degradation, and Disaster Vulnerability"

C—  SPECIAL ISSUES IN URBAN VULNERABILITY 58



comprehensive statistical approach to predicting the potential risk to Turkish cities, taking into account the
statistical likelihood of major quakes, building methods and conditions, and other significant factors. This study
can be used as the basis for a full earthquake risk assessment study of Turkey's urban areas, the first step in an
organized program to minimize the effects of earthquakes on its cities.

Urban Risk in Turkey

Earthquake Losses in Turkey

Throughout the history of Turkey, earthquakes have occurred across the country, sporadically, unexpectedly and
of great variation in size and amount of damage caused. Many catalogues have been compiled which record the
occurrence of earthquakes that have damaged different parts of Turkey in historical and recent times. From
catalogues of earthquakes occurring this century, at least 122 events have caused recorded damage (loss of
housing stock) within the national boundaries of Turkey between 1902 and 1992.

Of these 122 events, only 26 have been without fatalities. There is a wide range of damage recorded, from only a
few houses damaged to over 74,000 houses destroyed in a single earthquake. 45 events have each destroyed more
than a 1,000 houses. This variation in amount of damage is a result of different magnitudes of earthquakes,
different densities of population in the area affected and different types of houses shaken. In total from the 122
events, there are 67,669 known fatalities and 311,857 houses (about a third of a million) known to have been
destroyed. Many more houses were damaged.

What these records demonstrate is that although each earthquake has occurred unexpectedly and at different
locations, over the country as a whole their occurrences if not regular, are remarkably numerous. On average a
damaging earthquake occurs somewhere in Turkey once every nine months, and a major damaging earthquake
(one causing the destruction of 1,000 houses or more), every two years.

In 1965, the Turkish National Parliament passed a law formalizing its commitment to replace housing lost in
natural disasters. Since then, some 80,000 houses have been destroyed in earthquakes. Types of reconstruction
from earthquakes have varied from place to place and with different circumstances and scales of reconstruction.
In the 11 major earthquakes in Turkey since 1965, The Ministry of Reconstruction and Resettlement has
reconstructed a total of 85,000 housing units. Averaging this figure over the 27 years from 1965 gives a figure of
3,500 units per year. (Averaging the total known houses destroyed in the past 84 years gives 3,800 houses per
year).

Effects of a Major Earthquake

In 1983, a magnitude 6.5 earthquake in a relatively sparsely populated rural area of Erzurum province destroyed
3,200 houses and killed 1,155 people. Official estimates of the total cost of the earthquake to the Turkish
government, the bulk of it in replacing lost homes, amounted to 16.4 billion TL (US$64 million). This represented
about 0.2 percent of the 1983 GNP of Turkey. The wholesale destruction of villages and widespread loss of
buildings and physical infrastructure was typical of the destructiveness of these moderate to large magnitude
earthquakes, but the 3,200 houses lost was slightly less than the annual average for the country over the past
century (3,500). More meaningful than the comparison of earthquake expenditure with Gross National Product is
its comparison with the National Capital Investment Program. Capital for development projects and infrastructure
is a valuable resource and essential for development planning. The contemporary Capital Investment Program
emphasized completion of projects under construction, particularly energy projects and dams, with
communications, transportation and agricultural infrastructure, particularly irrigation, also receiving high priority.
The Turkish Government also emphasized the need to reduce public sector borrowing requirements and the need
to restrain capital expenditure in other areas such as housing, tourism, manufacturing and mining.
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The total cost of the 1983 earthquake was equivalent to just under 2 percent of the entire 1983 Capital Investment
Program for Turkey (991 billion TL). While relief costs may vary from situation to situation (for example other
earthquakes have not entailed a winter evacuation exercise) the main component of the cost, the housing
replacement, could be expected to continue at the same annual rate, if seismicity, housing conditions and
population densities remain the same. An equivalent sum to the cost of the earthquake, 2 percent of the National
CIP,

was spent on public housing throughout Turkey in 1982. Slightly more than 2 percent was invested in public
health services. Educational facilities comprised just over 4 percent and investment for tourism dropped to 0.4
percent. Even agricultural infrastructure, one of the priorities for investment received only 11 percent of the total
budget.

In this context it can be seen that the loss of similar sums of money to replace the damaged building stock is a
severe penalty which is draining funds needed elsewhere and can be said to be slowing up the country's economic
development.

Reducing Earthquake Losses

Turkey's long history of earthquakes led in 1958 to the establishment of a Ministry of Reconstruction and
Resettlement (Imar ve Iskan Bakanligi). A further department of the Ministry, the Earthquake Research Institute
(Deprem Arastirma Enstitüsü Baskanligi) was set up in 1970.

The primary objective of the Turkish Government in setting up these institutions is to study and administer the
earthquake problem with the aim of reducing future earthquake losses. The primary objective in reducing losses is
to reduce the risk of death and injury to the population and, as a secondary but important priority, to reduce the
scale of economic losses involved.

The first steps taken by the Ministry of Reconstruction and Resettlement to reduce earthquake losses was a set of
seismic building codes. An early earthquake zoning map drawn up in 1945 was updated in 1963 and the building
codes became officially compulsory in 1968 for all new Government and private buildings in earthquake zones.
The earthquake zoning map was subsequently revised in 1973 and the building codes in 1975. The earthquake
zoning map is understood to be undergoing a new revision at present.

Control over enforcement of building codes in private structures is only possible within municipalities (townships
with populations of over 2,000), where municipal engineers theoretically have powers to enforce compliance with
regulations. Building plans are submitted to the municipal authorities with the signature of a qualified engineer
certifying code compliance. In practice municipal engineers have heavy workloads and may be unable to check
thoroughly the compliance of all buildings. This is discussed in another section below.

Mapping the Populations at Risk

There is wide variation between the earthquake performance of buildings in different regions. Between 1966 and
1976, five earthquakes occurred in Western Turkey. In the same period, five earthquakes of comparable
magnitude and epicentral intensity also occurred in Eastern Turkey. The number of buildings destroyed in Eastern
Turkey was double that of those destroyed in the earthquakes in the west. Fatalities in Eastern Turkey were seven
times as high as in Western Turkey, a fact attributed to the more lethal building types in Eastern Turkey which
collapse quickly and bury their occupants.

A fairly coarse analysis of the location of populations most at risk can be used to define priority areas that can be
examined in more detail. Existing information can be used for composite mapping to compare the relative
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potential risk of different areas.

Composite mapping of Turkey for potential earthquake losses has been carried out by several authors. Composite
mapping involves locating areas of seismic hazard, together with population distributions and mapping of
prevailing building types to identify areas of high hazard, large population and vulnerable building types.

Hazard Maps

The first and most important mapping needed is one which shows the geographical area in which earthquakes
occur. For general estimates of risk, as considered here, complex maps, such as Magnitude, Return Period or
probabilistic levels of ground motion at a site, are of limited applicability. Their use for planning purposes is re−

stricted by a lack of data on the performance of populations of buildings at different levels of, for example, peak
ground acceleration. For general planning purposes, the level of hazard mapping is already more detailed than can
be applied successfully.

A less precise but more useful hazard map is a compilation of the maximum intensities ever experienced at sites
across Turkey. These, together with seismotectonic information have been used to compile the official earthquake
zoning map of Turkey. This map, Figure 4−1 , divides the country into five zones, based on the maximum
intensity likely to be experienced in each zone.

Although this map has deficiencies (currently being addressed in a forthcoming revision) the broad zoning criteria
used in its compilation are easily applied to composite risk mapping. The fact that this map uses intensity as its
measure of earthquake severity is useful because intensity is calibrated using very approximate measures of
building performance and can therefore be used to estimate general levels of damage in future events. The
Modified Mercalli (MM) intensity scale used to compile the map has been further defined by the
Medvedev−Sponheuer−Karnik (MSK) scale which assigns statistical damage levels to three categories of building
type at each intensity level. The five zones of the earthquake zoning map (see Figure 4−1 ) can therefore be
assumed to be related to building destruction as defined in Figure 4−2 (page 69).

Population and Building Types

The next important step is to map the number and locations of buildings, classified according to these three types,
across the country. The density of population can be used as an indicator of the density of houses. The exact ratio
of people to houses, which varies between regions and between town and village, is not needed if, instead of
considering number of houses damaged, the population affected by housing damage is calculated (i.e. if 50
percent of the housing stock is destroyed in any one settlement, then it can be assumed that 50 percent of the
population will be homeless, irrespective of the number of

"Informal Settlements, Environmental Degradation, and Disaster Vulnerability"

Hazard Maps 61



Figure 4−1:
Earthquake Zones in Turkey

persons per house or the number of houses in the settlement).

Statistics on population are available in some detail, from censuses carried out every five years. Urban population
distribution across Turkey is shown in Figure 4−3 (page 70).

Mapping of building types with any certainty is a little more difficult. Censuses of buildings exist for towns of
over 2000 population. The last full census of buildings published was in 1970. Annual updates are published of
construction statistics taken from construction and occupancy permits. These necessarily omit buildings
constructed without permits, but are sufficient to show rates of change in the building stock in recent years.

% of Building Damage for Building Type

Earthquake Zone Io
A B C

D3 (D5) D3 (D5) D3 (D5)

First Degree >IX 90% (50%) 60% (5%) 50% (1%)

Second Degree VIII 75% (5%) 50% (1%) 5% (−)

Third Degree VII 50% (1%) 5% (−) 1% (−)

Fourth Degree VI 5% (−) 1% (−) − (−)

Danger−free Zone <V − (−) − (−) − (−)

Definitions from MSK Intensity Scale :

D3: % of buildings with damage degree 3 and above, i.e. Heavily Damaged,
Uninhabitable, Destroyed'

D5: % of buildings with damage degree 5, i.e. total collapse.
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Classification of Building Types

Type A: Buildings made of broken stones, houses made of sun−dried brick, adobe
houses

Type B: Ordinary brick houses, buildings made of large blocks and panels, frame
structures, buildings made of natural cut stone

Type C: Frame buildings with reinforced concrete, well−designed wooden houses.

N.B. Buildings erected without earthquake−proofing measures.

Figure 4−2:
Destruction Levels by Turkish Earthquake Zone

Figure 4−3:
Urban Population Distribution (1980 Census)
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Figure 4−4:
Urban Potential Homeless

Figure 4−5:
Urban Potential Casualties

There have been considerable changes in building style in the towns of Turkey during the latter parts of this
century, as modern, manufactured building materials have become more widely available. The changes in
building stock in the cities are recorded in the building census data.

Risk Mapping Analysis

By combining the earthquake zoning map, Figure 4−1 , with the urban population map, Figure 4−3 , and urban
building type distribution, and assuming rates of building damage given in Figure 4−2 , a general mapping of the
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population at risk from earthquakes can be carried out, as shown in Figures 4−4 (page 70) and 4−5 . This is
expressed in terms of the 'Potential Homeless'; the population living in houses that would be made uninhabitable
by earthquake damage (houses damaged to level 3 and above) if their city experienced the maximum intensity
expected. Similarly the population living in houses that would collapse (damage level 5) can be assumed to
represent 'Potential Casualties'.

For urban mapping, areas of Potential Casualties are, naturally, within areas of large Potential Homelessness.
Urban Potential Casualties are distributed predominantly in the western half of Turkey.

National Risk Levels

These maps can be analyzed in a number of ways. First by taking the official seismic zones it is possible to look at
the risk to the population in each zone throughout the country.

There are an estimated 11.8 million people at risk from possible destruction of their houses in the whole country
(see Figure 4−4 ).

The Potential Casualties, the population at risk from the collapse of their houses, numbers over 2.2 million; about
5 percent of the nations population. Over 80 percent of all the Potential Homeless and 98 percent of Potential
Casualties are, naturally enough, living in Zones 1 and 2,

the population of which, however, consists of over half the population of the whole country.

High Risk Zones

A second analysis is to identify geographical areas which can be classified as High Risk Zones. High Risk Zones
are identified here as areas with a number of towns with Potential Homeless of over 20,000 or Potential Casualties
of over 1,000. From this the following High Risk Zones can be identified.

Istanbul and Environs

The city of Istanbul, where, within 30kms of the city center, 1.1 million people are at risk of being made homeless
and 40,000 people occupy buildings that could collapse in the event of the city experiencing the maximum
expected earthquake (I = VIII). Such a small region makes the probability of being within an Intensity VIII
isoseismal quite small, but the penalty for such an event would be catastrophic. Its statistics are:

Earthquake Area % of Total Population Potential Homeless Potential Casualties

Zone 103
km2

Total (thousands) (thousands) (thousands)

Urban Rural Total Urban Rural Total Urban Rural Total

Zone 1 115 15% 3052 4090 7142 1526 2703 4229 493 1216 1709

Zone 221 27% 7107 6957 14064 1776 3913 5689 36 457 493

Zone 3 261 33% 4015 8299 12314 116 1715 1831 1 28 29

Zone 4 1241 6% 4521 4221 8742 23 63 86 − − −

Zone 5 69 9% 950 1525 2475 − − − − − −
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1 & 2326 42% 10159 11047 21206 3302 6616 9918 529 1673 2202

1,2 & 3 587 75% 14174 19346 33520 3418 8331 11749 530 1701 2231

1,2,3 &4 711 91% 18695 23567 42262 3441 8394 11835 530 1701 2231

All Turkey 780 100% 19645 25092 44737 3441 8394 11835 530 1701 2231

Figure 4−6:
Population at Risk from Earthquake

 Area: 500 km2;

 Total Urban Potential Homeless: 1.1 million;

 Total Urban Potential Casualties: 40,000.

Izmir and Neighboring Provinces

The city of Izmir and its hinterland has 90,000 Potential Casualties, the highest of any city in Turkey, and over
half a million Potential Homeless (see Figure 4−6 , page 72). The region of high risk includes Izmir Province and
parts of the provinces of Aydin, Denizli and Manisa that border it. In addition to these province centers, this zone
includes the cities of Buca, Akhisar and Nazilli, three other towns with over 5,000 Potential Casualties and 20,000
Potential Homeless. Together with nearby smaller towns, the total Urban Potential Homeless is around 990,000
and Urban Potential Casualties are around 80,000. The area is also one of high rural risk, with much of the zone
over 30 persons/km2 Potential Homeless. The relevant statistics are:

 Area: 20,000 km2;

 Total Urban Potential Homeless: 850,000;

 Total Urban Potential Casualties: 80,000;

 Total Rural Potential Homeless: 740,000;

 Total Rural Potential Casualties: 62,000;

Eastern Coast of Marmara Sea

The dense grouping of towns at risk and the area of high rural risk along the eastern coast of the Marmara Sea,
including the cities of Bursa, Kocaeli and Sakarya. Bursa is the third ranking city in terms of population at risk;
224,000 Potential Homeless and 35,000 Potential Casualties. Kocaeli and Sakarya each have over 10,000
Potential Casualties and have 94,000 and 66,000 Potential Homeless, respectively. In addition to these cities, this
area contains five other towns with 20,000 and two with 10,000 Potential Homeless, as well as a number of
smaller municipalities. The zone is also an area of high rural risk with areas over 30 persons/km2. The statistics
are:

 Area: 15,000 km2;
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 Total Urban Potential Homeless: 409,000;

 Total Urban Potential Casualties: 32,000;

 Total Rural Potential Homeless: 420,000;

 Total Rural Potential Casualties: 35,000.

Eastern Mediterranean Coast and South−Eastern Anatolia

The towns at risk in the area around Hayay on the eastern end of the Mediterranean Coast, and the zone of high
rural risk, which for Potential Homeless runs up into Southeastern Anatolia as far as Malatya Province. This zone
contains the province centers of Malatya and Kahramanmaras, the town of Iskenderun and four other towns of
over 20,000 Potential Homeless. The statistics are:

 Area: 30,000 km2;

 Total Urban Potential Homeless: 250,000;

 Total Urban Potential Casualties: 89,000;

 Total Rural Potential Homeless: 1.1 million;

 Total Rural Potential Casualties: 440,000.

Eastern Anatolia

The provinces of Eastern Anatolia, around and to the north of Lake Van. This area is defined by the zone of high
Rural Potential Casualties and high Rural Potential Homeless that runs from Kars Province, through the provinces
of Erzurum, Bingöl, Elazig, Mus and Bitlis. It contains the high−risk cities of Erzurum, Erzincan and Elazig.
Erzurum is the fourth−ranking city in population at risk; 110,000 Potential Homeless

Year Total
Population
(million)

(% of 1980) Ave. Annual rate of increase

1935 16.1 (36%)

1940 17.8 (40%) 1.97%

1950 20.9 (47%) 1.61% Over Whole Period

1960 27.8 (62%) 2.89% 2.28%

1970 35.6 (80%) 2.50%

1980 44.7 (100%) 2.56%

Projections

Assumed Average Rate of Growth

1.0% 1.5% 2.05%1 2.28%2 2.50%3
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2000 +8 55m (122%) 60m (135%) 67m (150%) 70m (157%) 73m (164%)

2010 +18 60m (135%) 70m (156%) 82m (184%) 88m (197%) 94m (209%)

2035 +43 77m (173%)
101m

(227%) 137 (305%)
155m

(346%)
174m

(388%)

2060 +68 99m (222%)
147m

(329%)
226m

(507%)
271m

(607%)
322m

(720%)

1 Government assumed rate 1980−2000 (Prime Ministry (1983))

2 Actual average annual growth rate 1935−1980

3 Actual average annual growth rate 1960−1980

Figure 4−7:
Growth of National Population, 1935−2060

and 29,000 Potential Casualties. Its statistics are:

 Area: 80,000 km2;

 Total Urban Potential Homeless: 536,000;

 Total Urban Potential Casualties: 190,000;

 Total Rural Potential Homeless: 2.6 million;

 Total Rural Potential Casualties: 1.0 million;

Tokat Region

Finally, a relatively small cluster of towns and an area of high rural risk around Tokat, just south of the central
Black Sea Coast. There are six towns apart from Tokat with over 20,000 Potential Homeless, but the area is
principally one of rural risk. The statistics are:

 Area: 20,000 km2;

 Total Urban Potential Homeless: 270,000;

 Total Urban Potential Casualties: 40,000;

 Total Rural Potential Homeless: 400,000;

 Total Rural Potential Casualties: 120,000.

Future Levels of Risk

It is important to consider how the present level and distribution of risk as depicted above, is likely to change in
the future. The level of risk in the future will be considerably affected by the increase in population that is likely
to occur in the earthquake areas. The population of the country, 44.7 million in 1980, has been increasing steadily
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since the first reliable census in 1935. Figure 4−7 (page 74) shows the increase in the population of Turkey and
projects future populations.

It can be seen from Figure 4−7 that even if there is a large reduction in the present rate of growth, the population
of Turkey is likely to double before 2035. The Government assumed level of growth, which is lower than the rate
of growth has been at any time over the past 30 years, has the population reaching one and a half times its present
level by the year 2000. If the population continues growing at the rate it has been since 1960, then population will
be three and a half times its present level by 2035. Longer−term predictions are even more difficult. It is difficult
to believe that high rates of growth could be maintained over a long period. It is relatively certain however that
within a generation the population will double, with subsequent implications for earthquake risk.

This doubling or trebling of the population will not occur evenly over the whole country. Four provinces and
regions that have grown faster than the rest of the country:

a) Istanbul and its economic hinterland, Kocaeli and Sakarya which has been consistently growing at nearly
double the national rate;

b) The province of Izmir, with fairly localized and recent above−average growth, and like Istanbul, surrounded by
other provinces with growth rates less than average as people have moved from them to the large cities;

c) Adana and Hatay region;

d) The block of eastern provinces around Lake Van.

Most of these areas have a significant part of their growth attributed to migration from other provinces, but
especially in the case of Eastern

Anatolia, much of the growth is attributed to high birth rates and decreasing rates of infant mortality. All four of
these areas of high growth have already been identified as zones of high risk for potential earthquake losses. If
their above−average growth rates continue then populations in these areas will double well before the population
of the nation as a whole. Those areas which continue growth rates of around 3 percent will double their
population in 23 years.

One of the likely changes to the present−day pattern of earthquake risk is a shift in the balance of urban and rural
building stock. Some of the areas of fastest growth are urban areas which attract migration from nearby rural areas
and other provinces. Patterns of migration are complex and difficult to predict. Over the whole country, as the
population has increased, the urban population has increased its share, from around 25 percent in the 1930s to 44
percent in 1980. The rate of increase has slowed over the past 10 years and past Government policy has been to
restrict the physical expansion of the larger cities to discourage migration to them. It is foreseeable that within a
relatively short time, the national proportion of urban population will exceed 50 percent and urbanization will
increase in regions other than those around the main cities.

Conclusions from Risk Mapping

From the exercise of the mapping of risk to populations across Turkey, it is possible to draw a number of
conclusions:

a) The six High Risk Zones identified contain approximately 80 percent and 90 percent of the Urban Potential
Homeless and Urban Potential Casualties respectively, and approximately 60 percent and 90 percent of the Rural
Potential Homeless and Rural Potential Casualties for the whole country. By concentrating on the reduction of
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risk in these six zones, the total losses due to earthquakes in Turkey could be dramatically affected.

b) The people at risk in the urban areas of Turkey are mainly concentrated in a small number of cities. A third of
all the Urban Potential Homeless live in Istanbul; two−thirds of all the Urban Potential Homeless live in either
Istanbul, Izmir, Bursa or Erzurum. Reduction of vulnerability in these and a small number of other towns could
greatly reduce the total potential losses nationally.

c) These are also among the fastest growing cities in Turkey and so are likely to pose even greater risks in future.
Growth and change in cities also provides better opportunities to implement disaster mitigation actions than in
static or declining populations.

d) The area of greatest concern for Potential Casualties is Eastern Anatolia. Eastern Anatolia contains half of the
Potential Casualties for the whole country. It also contains a quarter of all the Potential Homeless. The area
mapped as a high risk zone is approximately 80,000 km2 (about 10 percent of the land area of the country) and
contains around 3 million people (about 6 percent of the country's population) which is small in comparison to the
proportion of the potential earthquake losses nationally which it represents.

The urban areas, those with municipality, are the focus of this paper. The reduction of earthquake risk in the
towns of Turkey will largely depend on the existing legislative powers, practices and capabilities of the various
agencies responsible. In the second part of this paper, urban planning measures to reduce disasters are described.

Urban Planning Measures for Disaster Protection

The layout and development of cities, the location of infrastructure, key buildings and utilities and the physical
development of the built environment all affect the consequences of an earthquake. The urban planner, the
regional planner, engineers designing the layout of utility networks, transportation routes or key installations and
anyone whose job is to locate facilities within a town or whose decisions affect the use of land, all have a role to
play in reducing potential earthquake impact.

Urban Context

Urban planning departments in Turkey are part of Government offices representing municipal or provincial
offices, linked to Ministries of central government. The roles of urban planning authorities include land use
designation (the preparation of a land use master plan), control and compliance with zoning ordinances, licensing
new developments by private sector owners and locating public facilities.

The shape, layout and quality of a city is the result of the activities of large numbers of people, making
independent decisions, purchases and investments, locating factories, houses and pipelines. Influencing what and
where things happen in a city is not straightforward. Some things, the location of main public services for
example, are decisions made by the authorities and so can be located with disaster mitigation objectives. Many
other decisions and actions are less controllable. The location of private sector business, for example, is primarily
determined by market forces and land price.

In Turkish municipalities, particularly the large, rapidly growing cities identified as disaster risks, the zoning
ordinances and framework development plans prepared by urban planning departments are constantly being
outstripped by the dynamics of urban growth and changing circumstances occurring faster than planning reviews
can take account of them. In Bursa and Istanbul, for example, zonings drawn up in city master plans are unable to
be maintained as their intended use categories, with many zones becoming increasingly mixed use, for example
small businesses, shops and private light industry have proliferated in most areas planned for purely residential
use.
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The provisions of government and public services is still managed effectively through the land use planning
procedure, the location of schools, hospitals, government buildings, utilities and larger private developments are
all reviewed by the municipality. However the location of small to moderate scale private development is
recognized to have become largely uncontrollable by planning agencies.

Informal Sector:
The Gecekondu

Even further outside the planning process are the squatter areas, the gecekondus . Open land within and around
the cities is increasingly being settled by people without title to it. Many of the most dangerous sites, steep and
unstable slopes, river gullies, flood prone areas and environmentally hazardous areas have become gecekondus .
Their inhabitants are often the most vulnerable groups to any natural hazards. The sites are often those already
known to be hazardous and some are officially designated as danger areas on zoning ordinances. The death toll of
a severe hazard affecting a major city is likely to have a high component from these groups.

It is clear that these populations are well outside the formal planning process and yet any disaster mitigation
proposal that does not embrace them will fail to make a significant reduction in future disasters. Options for
disaster mitigation in these informal sectors are limited. As sites are legitimized, studies have shown that quality
of housing and environmental conditions improve. General economic development and financial empowerment of
the individuals in these communities offers the best hope for these communities choosing to protect themselves
from hazards. The involvement of non−governmental organizations and social and welfare agencies can help
improve conditions for those beyond the formal planning sector.

Coordinated Action

The reduction of vulnerability of the high risk cities in Turkey will require the co−ordination of action of a wide
range of groups. A suggested limited grouping might include:

 Local government officials, urban planers, utility companies and public works engineers and infrastructure
professionals;

 Builders, real estate developers, building designers, municipal engineers and building code enforcement
agencies;

 Businesses, private companies, large institutions (e.g. hospitals, universities) and organizations;

 The individual citizen, their family, community groups, social and welfare groups, NGOs, religious and social
organizations.

The approach taken needs necessarily to be an educational approach raising awareness of the hazards faced and
teaching ways to minimize the effects of hazards in the activities of each group.

Planning

As with all urban planning, effective management of the development of a city depends on understanding the
processes that are making it the way it is. The trends in land prices, the location preferences for various industries,
activities and communities, the demographic trends of the population and many other factors are all driving forces
shaping the city.

Urban planning is the attempt to direct those forces using limited means and a small repertoire of legislative,
educational and economic powers. The concerns of urban planning are many − to ensure a sanitary, pleasant and
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safe environment for the population, provide adequate services to the people and workers in the city, to enable the
cities activities to be carried out more easily and to plan ahead for the future. Many of the concerns of disaster
protection also parallel these objectives: limiting the densities of development and concentrations of population,
protection of service provision and facilitation of continued economic activities.

By its nature, urban planning is long−term. Master plans have to encompass decades of expected growth, and it is
evident that disaster protection is necessarily a long−term process.

Disaster protection should be seen as an additional element of normal urban planning. It should not be a separate
activity from other planning operations, but rather an integral part of the planning process another factor to be
weighed in the decision making and balanced against other factors: when sitting a new school or planning a new
residential suburb, the exposure to hazards should be weighed against the transportation implications, cost of land,
suitability of the local environment, cost of providing services and so on. Where there is a choice of sites then if
all other factors are equal the less hazardous site should be chosen. If not, the cost of building the school to higher
standards of earthquake resistance or imposing stricter controls on the residential structures should be balanced
against other costs and advantages of the sites.

Adding Building Stock Management to Land Use

Where earthquake protection may be different to normal urban planning is in the emphasis on building stock
management, i.e. the influencing of the process of creation and maintenance of privately−owned buildings in
addition to the conventional role of the planner in influencing land−use and location. This process−oriented
approach in combination with locational aspects may require a slight reappraisal of planning methodology.

Land−Use Planning And Microzoning

Hazards are highly spatial. Some parts of a city are flood−prone, others are not. Landslides, rockfalls and
liquefaction occur only in locations where certain conditions are met. Some types of ground vibrate more severely
in earthquakes.

Hazard microzoning, or the identification of various ground conditions in terms of their susceptibility to different
hazards across a city or conurbation is an important tool for urban planning to incorporate disaster protection.

Hazard microzoning should identify:

 Flood Zones areas likely to be flooded, defined in terms of their likelihood and severity of flooding (return period
of different depths and/or velocity of water).

 Earthquake Microzoning areas likely to suffer ground motion of greater or lesser severity than average.

 Slope Instability Hazards areas likely to suffer from landslides (existing or likely in future), rockfalls or mud
flows.

 Liquefaction Potential areas of ground with known history of liquefaction or identifiable characteristics that make
liquefaction possible.

Some areas may have additional special hazards that require mapping, for example surface ruptures of a known
earthquake fault, lahar (mud flow) or pyroclastic (hot gases) potential close to a volcano, coastal erosion,
technological hazards or areas that could potentially be exposed to toxic gas releases.
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In Turkish cities seismic microzoning is particularly important to urban disaster protection. Few cities in Turkey
are currently microzoned, although there are a number of research studies and proposals under consideration for
some cities (e.g. Erzincan in the reconstruction after the 1992 earthquake and Istanbul).

Seismic Microzoning

Seismic microzoning identifies areas of ground likely to amplify or modify ground motion in an earthquake.
Sources of information that can be used for seismic microzoning include (in order of preference):

 Instrumental records from strong motion stations across the city in past earthquakes;

 Damage maps and localized intensity surveys in past earthquakes;

 Microtremor studies with seismometer networks across the city;

 Geological zoning to establish stiffness of surface geology (in general stiffer soils can be expected to have least
earthquake amplification);

 Maps of depth to bedrock of surface deposits (in general, deeper deposits can be expected to have longer period
response spectra).

The delineation of the city and its environs, particularly its potential areas of expansion, into areas of relative
severity of ground motion shaking likely to be experienced in a future earthquake can help shape a safer city. It
may be possible to avoid building on some areas of potentially higher hazard altogether − a zone of very high
hazard might be left as park area or the areas of city expansion might be encouraged out in an opposite direction
(through preferential provision of transportation routes, urban services etc.).

By building on areas of potentially lower hazard, future earthquake damage can be reduced. This method of
damage reduction has the advantage that if locational planning is possible, there is no direct capital investment
required to bring about increased safety. There are a number of indirect costs involved − land prices may be
higher in one area than another, or there may be increases in transport costs or needs for additional infrastructure
− but in many cases the total costs to the community can be far less than those involved in the construction of
stronger building stock.

Where choices of location are limited, or the arguments for locating in an area of higher seismic hazard for other
reasons are convincing, structures or infrastructure built in that location must be built to a higher standard of
earthquake resistance. The matching of engineering code requirements and building stock management with
land−use planning therefore become critical.

High Intensity Amplification

The potential effectiveness of land−use planning for safety will vary considerably from case to case. Different
types of ground affected by the same earthquake waves may vary in their severity of ground shaking and
consequent destructiveness by one or more degrees of intensity. Stiffer soils or hard rock, may be shaken with
ground motion of intensity VIII while softer ground close by, like shallow alluvium, is shaking more severly,
closer to intensity IX.

From the vulnerability statistics presented in Figure 4−5 (page 67), this would mean that around 50 percent of
weak masonry buildings built on the soft ground could collapse, killing perhaps 10 percent of their occupants,
whereas only 5 percent of the same building type built on the rock would collapse, killing less than 1 percent of
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their occupants. There is generally more difference between the performance of different ground types at higher
intensities, so for moderate levels of earthquake shaking locational planning is less effective in reducing losses.
But where high intensities are possible, the microzoning of a city or town can play an important part in earthquake
protection.

Unfortunately the science of microzoning ground conditions and predicting their likely performance in future
earthquakes is relatively young and there are large uncertainties. Estimates of likely response characteristics of
different ground types are only approximate, and detailed knowledge of the sub−strata underneath sites is difficult
to obtain. There are only a few places where earthquakes have recurred and where detailed observations have
been made of how the ground conditions affect the intensity experienced. In most other places, the detailed effect
of ground condition on ground motion severity can only be crudely estimated.

Frequency Characteristics of Soils

The information provided by microzoning studies cannot predict very accurately the severity of shaking and the
amplitudes of acceleration likely to be experienced in a future earthquake, but it can be much more reliable in
determining the frequency content of vibration due to different local ground conditions. This is important because
certain building types are more vulnerable to different frequencies of ground motion vibration than others.

Seismic microzoning can be used to ensure that a match does not occur between buildings vulnerable to certain
frequencies of vibration and ground conditions that are likely to vibrate in that frequency range. This is chiefly a
problem for taller buildings and soft soils that may amplify earthquake motions in the long period range. To avoid
buildings being damaged by 'resonance effects' in zones where the ground is likely to vibrate in certain frequency
ranges, buildings should be designed either to have frequencies of natural vibration well outside the critical range,
or more problematically, to be designed for the much higher seismic forces they are likely to experience.

An example would be a zone where restrictions might be imposed on building structures of 5 to 10 stories high,
likely to have a natural period of 0.5 to 1 second, because the zone consists of deep deposits of soft soil that are
also likely to have natural periods of vibration between 0.5 and 1 second.

Uncertainties about ground conditions and their likely performance in an earthquake may be too great for major
decisions on location to be solely based on seismic safety considerations, but they can add useful information to
help decisionmaking for protection.

Limitations of Land Use Planning

There are a number of other important restrictions to land−use planning as a tool of the earthquake protection
planner. The first is that land−use planning is essentially opportunistic: there has to be a need for the location of
new buildings (e.g. an expanding city), a choice between alternative areas in which location is possible, and a
difference between the expected earthquake performance of the different areas. The second and possibly greater
restriction is that land use has to be controllable. Without major changes in the planning control mecha−

nisms currently implemented in Turkish municipalities, detailed control over private sector urban development
will remain illusory.

In practice, in the very rapidly expanding cities of Turkey, urban planning authorities have almost given up
attempting to control detailed land use, because the administrative framework for planning controls is
overwhelmed by the volume of activity. The older areas and more stable cities are more easily controlled but the
opportunity for changing their risk through land use is very limited because the city already exists and will largely
retain its historical layout.
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Land Price and Hazards

A major factor in shaping cities is land price. Hazards may themselves change the shape of the city to reduce
future risk without planning measures. Hazards have been known to have marked effects on land price, changing
the character of urban areas in the longer term: poor ground conditions in a district of a town, highlighted by
concentrations of earthquake damage, is likely to make that district less desirable and suppress land prices there.
Information on hazards for example the publication of microzoning maps can affect land pricing and market
forces will dictate that higher risk land will be less valuable. An educated real estate market can make decisions
that protect itself against hazards.

Land prices and commercial forces also change the nature of urban areas in other ways. Higher land prices tend to
make higher−rise buildings more economic and this has implications for urban form, occupant densities and
safety levels in the event of future hazards. Control of land prices directly is not normally part of urban planning
in democratic countries, but is strongly influenced by planning decisions, by zoning and by planning permissions.
Provision of services affects how desirable an area is and residential densities may be influenced by levels of
provision of utilities and other services. Understanding the dynamics of urban land price economics is often
important in planning a safer city.

Deconcentration of Cities

The worst disasters are where major hazards occur within or close to a large town. The concentrations of people
and buildings represent targets of high potential loss. Deconcentration of cities spreads the elements at risk by
reducing densities and decentralising facilities. Deconcentration and density limitations are desirable in cities for
other reasons too, including environmental improvements and limitations on service provision. Most urban plans
already limit densities of development. Limitations of density, height restrictions, plot development regulations
and other controls can all be used to limit concentrations of building stock.

Reducing Densities in Existing Cities

It is, of course, very difficult to change the densities of existing urban districts, and much easier to limit densities
on areas of future development. The densities of existing urban areas can be reduced by city authorities buying up
plots and demolishing to create open space among the blocks or redevelopments at lower densities. In some
earthquakes, in the past this has been achieved by the city authorities buying up the sites of collapsed buildings
and making them into urban memorial parks.

Such urban parks, even if they are small, add greenery to the city, help with urban hydrology, humidity and micro
climate and provide areas for emergency facilities or population evacuation or temporary housing in the event of
any future disasters. Some cities now have large budgets for the re−greening of their built− up areas, buying up
plots as they become available on the open market. In Japan, earthquake protection objectives (chiefly
deconcentration for fire risk and the provision of refuge areas for population) have been set at the provision of 3
square meters per person of park land in all major cities. With the price of land in Tokyo currently the highest in
the world, this is an expensive and long−term policy: Tokyo Metropolitan Government has achieved nearly 1
square meter per person so far, but other cities in Japan are closer to their 3 square−meter−per−person target.

The densities of Turkish cities are far lower than Japanese examples, and it is not proposed that density reduction
through public sector land purchase is an appropriate policy for Turkey, but controls to prevent high risk cities
increasing their densities and to prevent loss of town center open space may be important to preserve public safety
into the future.
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Limiting Densities in New Settlements

In the planning of a new town in a seismic area it is important to limit the size and potential for high density
over−concentration of development. Density controls include restrictions on building height, limitations on the
plot ratio of allowable development for any site, and limitations on access to basic services.

Where direct density controls are not easily enforceable, other methods of achieving lower densities include the
design of street patterns, wider streets and limiting plot sizes by physical planning means, using the design of the
layout of the town and positioning of street furniture to maintain street frontages and to limit plot developments.

There are however, no absolute levels or recommendations about density targets for earthquake safety. Urban
population densities vary considerably from country to country and town to town, and the vulnerability of the
building stock is the overriding factor in determining how much the population is at risk from earthquakes. In a
neighborhood of fairly vulnerable buildings, (masonry for example) the height and proximity of buildings,
particularly buildings on a slope, should at a minimum be constrained to prevent one building collapsing onto or
into a neighbor. The 'domino' collapse of buildings, particularly down a slope, has been one of the causes of high
fatalities in earthquakes. Similarly road widths, particularly major routes needed for emergency access, should be
wide enough not to be made impassable by the rubble of a collapsed structure. Masonry rubble angle is generally
taken as 30 (the ground area blocked by rubble is likely to extend 30 out from the top of the structure) but
individual pieces may fall out further. Vitally important routes should be wide enough to survive the collapse of
structures on both sides of the road simultaneously.

It is also important to reduce densities by designing open spaces in the town, particularly spaces within the
built−up areas. Such spaces also form safe congregation areas for the population, away from the possibility of
injury from pieces falling from the facades of buildings and, in areas at risk from fires, provide some safety refuge
in the event of multiple fires.

Deconcentration and Fire

Deconcentration is particularly important to reduce risk of fire spreading from building to building in cities of
flammable buildings. The danger of conflagrations following earthquakes is particularly acute with timber
structures or those with combustible roofs: in such cases deconcentration becomes a major earthquake protection
measure. The division of urban areas into small cells by wide roads, rivers, parks and other fire−breaks limits the
potential for conflagration. The chief risk for fire or earthquake disaster in many cities is in squatter areas or
informal developments. These are likely to be beyond conventional planning measures, but general programs to
upgrade squatter areas should include reductions of density, access routes for fire and other emergency service
vehicles and discouragement of sitting on hazardous slopes.

Decentralization of Major Cities

In Turkey, as in many countries, there are efforts to decentralize the larger metropolises, Istanbul and Izmir. Until
the 1980s, the official policy was to reduce the rate of urbanization generally and to discourage large scale
migration of rural populations to the cities. Both of these measures reduce disaster potential in a hazard−prone
region. Decentralization of major conurbations reduces disaster potential by reducing concentrations of people
and building stock, and disaster mitigation is an additional argument for decentralization. Decentralization is
commonly tackled using a number of methods including the development of 'satellite centers' (local services in
the suburbs), 'necklace' development (subur−

ban development beyond green belts), the promotion of secondary towns in the region, or moving ministries and
other key facilities to other cities, or promoting relocation grants for industry and preferential provision of
services in order to reduce development pressures on an over−centralized city.
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After the city of Tangshan was devastated in 1976 by the most lethal earthquake of the 20th century, the Chinese
planners rebuilt the city as three separate smaller towns, several kilometers apart, partly in order to reduce the
potential for an earthquake to cause another similar disaster.

Protecting Urban Facilities

Planning new facilities and managing existing facilities in towns are a vital part of the disaster mitigation strategy
of the community. Facilities provided and managed by local authorities may include hospitals, schools, public
housing, government buildings, museums and many other publicly−owned elements of the building stock. Other
policies likely to be developed at city level include the conservation of historical buildings, and policies to
maintain the cultural heritage of valuable building stock, or to preserve the overall townscape qualities of historic
districts.

In addition, urban planners are usually involved in the sitting decisions for many privately−owned large−scale
facilities, like major industrial plants, shopping malls, office complexes and other major private developments.
The location and design of public services and utilities, transportation networks, terminals and many other
facilities are all a part of urban planning in its broadest sense.

Community facilities are important some are critical elements in the continued functioning of the urban society.
Protecting them against failure in the event of a major hazard insures against the breakdown of urban society and
the economic damaged caused by loss of urban services.

Decentralized Facilities

At a strategic level, services provided by one central facility are always more at risk than those provided by
several smaller facilities. This principle applies equally to hospitals, government administration buildings and fire
stations as it does to power stations, water treatment plants and airports.

The collapse of the Victoria and Pugibet central telephone exchange in the earthquake of 1985 cut nearly all
telephone communications in Mexico City for a vital 48 hours. In the reconstruction, the telephone system was
redesigned using new technology and dispersed, mini−exchanges to make the system less vulnerable to
earthquake disruption.

Networks, such as water supply, piped gas or electricity may also benefit from being compartmentalized into
relatively independent zonal blocks, so that the failure of any part of the network is localized in its consequences.
The decentralization of key services should be a primary objective for disaster mitigation, or at least the
protection against the failure of the service by the loss of one or two elements within it.

The creation of a robust system for each important urban facility should involve a vulnerability analysis of the
facility itself. For example: Are the fire station buildings that house the vital fire tender trucks sufficiently
earthquake−resistant to remain serviceable when they are most needed? What failure rates can be expected on
electricity cabling throughout the city network? An identification should be made of any weak links in the system.
Where possible, decentralization of all key services should be a primary objective for earthquake protection.
Where it is not possible, the critical elements inthe system must be protected to much higher standards. If the
expense and loss of efficiency involved in setting up more than one specialist hospital or in having a dispersed
government administration cannot be justified, then the single specialist hospital and the central government
administration building should be strengthened if their continued function after an earthquake is essential.

Routing of networks the piped services, electrical and communication cabling and the road and
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rail links that make up transportation network of the city are also important for earthquake protection. A grid
network is more robust than a radial network because if one element fails, the same points can still be reached by
another route. Compartmentalization of facilities gives additional safety.

Prioritizing Protection

Facilities can be prioritized for their level of protection. One level of prioritization is life protection of building
occupants. Buildings with large numbers of occupants in residence for a large proportion of the time should
receive high levels of protection. The length of time that buildings have occupancy and the peak numbers of
occupants are important considerations. Nursing homes have almost permanent occupation. Prisons are often
forgotten as permanently highly occupied buildings.

It may be possible for a vulnerable building with high, permanent occupancy to have its usage changed
transferring the occupants to a less vulnerable building. Some categories of buildings may also be given a high
priority schools for example often receive high levels of protection because society instinctively protects children.

Inventories of the facilities of the city and an evaluation of their seismic vulnerability are an essential part of
developing a plan for earthquake protection.

Street Safety

Urban planners are also responsible for the safety of the general public on the streets. A protection measure which
can be undertaken relatively rapidly and effectively is a survey of street safety. In public places and routes most
commonly traveled by foot and road traffic, any element of building facade, billboard, or street furniture shaken
loose in an earthquake can have lethal results. It is a relatively straightforward exercise to identify such threats:
parapets, unstable masonry, broken windows, poorly fixed street signs and any other potentially dislodged item
can be fixed, bolted, strapped or demolished to make the street safe for the general public below.

Control of Building Quality

The main parameter determining the impact of a hazard on a city is the structural resistance of the whole building
stock. The quality of the building stock in cities has not traditionally been a concern on the urban planner.

In addition to making the codes accessible and comprehensible to the average practicing building designer, there
needs to be some process for checking compliance with the codes (or local building regulations). If there is no
accepted system of checking, the level of code compliance is likely to be very low. In Turkey, as in a number of
other countries, a scheme of registered code implementation is adopted where a signed drawing by a registered
engineer is accepted by municipal authorities as code compliance. Investigation after earthquakes has shown that
there is a very poor rate of buildings achieving code standards. Assessments by Turkish earthquake engineers put
estimates of the number of buildings in urban areas conforming to earthquake building code requirements at less
than 25 percent. There may be many reasons why so few buildings comply with the codes. For example it may be
that engineers make mistakes while intending to comply with codes, or because designers are ignorant of the code
or intentionally ignore the code requirements judging them not to be important, or because the cost of complying
with the code is too expensive for building owners. A major problem may also be that buildings are not built as
designed because contractors are poorly supervised or have the authority from the building owners to modify
designs on−site.

More effective code enforcement is likely to require a regulatory agency maintained by a local authority that is
capable of checking drawings and calculations, capable of visiting buildings under construction and with powers
to penalize non−compliance and to prevent unsatisfactory structures being completed. The regulatory agency
needs to have sufficient competent staff to make a general check on the
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design of most buildings and to make a detailed check on a significant percentage of the building designs
submitted for approval. The professional staff required for code enforcement has to be budgeted for adequately as
part of the costs of a community's protection.

In a city of half a million people, there may be several thousand engineered buildings under construction at any
one time, and a staff of 20 municipal engineers would be stretched just carrying out simple checks of design
drawings and calculations. Other methods of improving code enforcement, including financing structures for
private insurance companies to police building standards (compulsory insurance) have also been considered by
the Turkish Government, but initial explorations received no enthusiasm from the Turkish insurance industry.

The municipal engineer has been referred to as the front−line soldier in the community's battle for earthquake
protection. As an investment in public safety, the employment of an extra municipal engineer may be one of the
most cost−effective actions that a local government authority can take. The role of the municipal engineer is also
important in giving advice and promoting earthquake protection concepts in addition to his role as a construction
policeman.

Evaluating Mitigation Measures

Decision−Making on Mitigation

Some of the methods of reducing the vulnerability of Turkish cities outlined here can be achieved at relatively
little cost. Others may be expensive to implement, both in terms of public sector expenditure and implications for
private sector investment. The widespread implementation of any policy recommendation or mitigation strategy
needs careful study to balance the benefits accruing from the policy against the costs it entails. A quantitative
framework for assessing risks, vulnerabilities and mitigation actions is extremely useful. Assessing the benefits of
disaster mitigation policies entails the use of loss estimation techniques.

Relatively simple techniques can be used to obtain useful and usable information for example identifying the
main sectors of the building stock most at risk, the broad scale of impact likely to be suffered and the relative
merits of one approach to the problem against another. Detailed and complex loss estimation techniques can also
be used and have been employed on studies elsewhere, but such are the uncertainties inherent in loss estimation
that simplified techniques used for coarse scale results are more valuable (and reliable).

Clearly it is important to have some means of deciding on the right level of protection, and of choosing between
alternative ways in which limited resources might be spent to improve protection. Questions to which answers are
needed include the following. What is the appropriate level of earthquake force for which new buildings should
be designed? Which existing buildings should be strengthened, and to what level? Should certain types of
building development be prohibited in certain areas? Should a limited budget be spent on long term disaster
mitigation or short term emergency planning measures?

Answers to these questions will of course depend on many social and political considerations to which no formal
decision−making process can be applied; and indeed, such are the uncertainties of all forecasting of future hazards
and their losses that it might be argued that formal evaluation is unnecessary and that a society's innate (and
existing) sense of the right level of protection is the best or only possible guide.

However, even with uncertainties, the quantification of costs and the estimation of corresponding benefits of
earthquake protection measures can illuminate the choices to be made, and in many instances can greatly assist in
the decision−making process, whether private or public. Indeed, this is one of the most important and urgent tasks
for professionals in the subject to be tackling.
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Uses of Loss Estimation

The estimation of probable future losses is a matter of increasing interest to those concerned with the management
of facilities or public administration in disaster− prone regions. Over the last decade a lot of effort has been
devoted to the problem of how to devise reliable estimates, given the large uncertainties in the pattern of past
hazard occurrence, both in time and space, and our limited understanding of the behavior of the vulnerable
elements of the built environment.

Future loss estimates are of interest to those responsible for physical planning on an urban or regional scale,
particularly where planning decisions can have an effect on future losses; for the same reason they are of interest
to economic planners on a national or international scale. Loss estimates are also of interest to those who own or
manage large numbers of buildings or other vulnerable facilities; and they are of particular concern to the
insurance and reinsurance companies which insure those facilities.

Equally, loss estimates are of importance to those responsible for civil protection, relief, and emergency services
to enable adequate contingency plans to be prepared; and they concern also those who draft building regulations
or codes of practice for construction, whose task is to ensure that adequate protection is provided by those codes
at an acceptable cost.

A variety of different types of loss estimation studies are used depending on the nature of the problem and the
purpose of the study. For earthquake mitigation these include:

a. Scenario Studies: Calculation of the effects of a single earthquake on the area of interest. Usually a 'maximum
probable' or 'maximum credible' magnitude earthquake is assumed, with a best guess location, based on known
geological faults or probabilistic seismic source zones. The number of buildings damaged, economic costs, people
injured, homelessness and other effects are estimated. The repeat of a similar scenario calculation on an improved
physical infrastructure (i.e. one on which a mitigation strategy has been assumed implemented) indicates the
benefits of mitigation through saved losses.

b. Potential Loss Studies. Mapping the effect of expected hazard levels across a region or country shows the
location of communities likely to suffer heavy losses, as presented in section 1. This indicates priorities for
loss−reduction programs.

c. Risk Analysis: Calculation of the probable levels of losses occurring from all sizes of earthquakes over a period
of time e.g. as expected losses per year or 'Annualized Loss Estimation'. Risk analysis can be used to estimate the
likely effect of mitigation policies on reducing earthquake losses over a given period of time. The relative effects
of different policies to reduce losses can be compared or the change in risk over time can be examined.

Methodology of Loss Estimation

The location and geographical extent of the site, the type of buildings and facilities involved, the extent of data
available and the purpose for which the loss estimation is being made all have an influence over the choice of the
method used for loss estimation.

From the previous section it will be seen that disaster protection planning at an urban scale involves both the
location of elements in the city and the quality of elements in those locations. Estimating earthquake losses at the
urban scale requires two additional maps to the urban planner's usual map collection;

"Informal Settlements, Environmental Degradation, and Disaster Vulnerability"

Uses of Loss Estimation 80



Figure 4−8:
Microzoning Methodology

a. The hazard microzoning map of the geological earthquake hazards

b. The elements vulnerability map of the buildings and facilities of the city.

Elements Vulnerability Map

The addition of a hazard microzoning map, described above in preparing land use plans or development master
plans may be fairly straightforward and comparable to other preparation and study maps that contribute to the
planning process. However, the elements vulnerability map encompasses the physical attributes of the building
stock in a more comprehensive way than is usually needed for other planning activities. In addition to the
characteristics of function, plot development, density and perhaps number of stories that are commonly used to
map the building stock for land−use planning, information is needed on construction materials, structural form,
height and size, engineering design quality and age and other broad indicators of structural vulnerability.
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The elements vulnerability map can be built up by dividing the urban area into a number of distinct vulnerability
zones, within each of which a mix of building types can be defined, the ground conditions may be assumed
uniform, and the total population (or number of dwellings) is known (see Figure 4−8 ). This subdivision into
zones can be done using whatever largescale mapping or aerial photography of the town is available, coupled with
the use of subsoil maps and field investigation.

Information is needed across the city, from district to district, about the numbers of different types of buildings
classified by their seismic vulnerability together with their functions and occupancy. This is usually built up from
building census data if it already exists or can be obtained by carrying out building surveys on a street−by−street
basis, but useful data on the

physical characteristics of the building stock can also be gathered from aerial photographic interpretation,
planning application or other documentation, or assumed from historical urban development patterns and existing
land−use plans or zoned from other information sources.

Often it will be found that the zoning so far as building types is concerned closely follows the pattern of historical
development of the town, with a higher proportion of older, perhaps more vulnerable buildings in the center, and
predominantly newer, different types of buildings towards the periphery (see Figure 4−8 ). There is often a close
coincidence between the pattern of historical development and subsoil conditions, with the earliest settlement
located on certain types of ground (hilltop, riverside, coastal) and later development expanding onto different
ground types often with markedly different earthquake response characteristics.

Seismic vulnerability mapping and building stock inventories can be time− consuming if carried out in detail, but
may only be needed at an approximate level to give enough information for urban protection plans. The broad
identification of the building types most at risk from a future earthquake and the parts of the city which are likely
to be worst affected may be relatively easily identified. The policies of upgrading the most vulnerable building
stock sector and proposing land−use plans that reduce earthquake risk in the city are likely to be obtainable from
relatively simple analyses.

Building Type and Facility Classification

The building and facility type classification to be adopted in any study will depend not only on those
characteristics which are expected to influence the earthquake performance of the structure but on the extent of
data available on past earthquake performance. Most studies of earthquake damage have concluded that the form
of construction used for the primary load−bearing structure is the most important factor affecting earthquake
damage; in some instances the vertical structure ('loadbearing masonry', 'timber', or 'reinforced concrete frame') is
a sufficient definition, but in other cases the horizontal structure used for floor and roof (timber joists or
reinforced concrete slab for example) may be equally important. In any particular area the definition of the form
of construction in this way will embrace the entire building practice associated with it, thus providing a
reasonably homogeneous class of buildings in a particular region; but 'loadbearing masonry' buildings located in
different regions will not necessarily be similarly well−constructed or perform in a similar way in earthquakes.

Because of changing building practices over time, the definition of the date or period of construction may be an
equally important element of the building classification. Building practices can change radically within a short
space of time as a result of economic changes, changes in regulations or codes, rebuilding after earlier disasters or
political upheavals. A knowledge of these changes is essential to establishing an effective building stock
classification. For modern engineered buildings the earthquake performance is likely to be strongly affected by
other aspects of the form of construction such as 'moment−resisting frame' or 'shear wall' for reinforced concrete
buildings, and by the number of stories; the building type classification may therefore need to include these
factors.
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Many other aspects of a building s construction have been shown to have an influence over its performance in
earthquakes. However, finer and finer subdivision of the building classification would require correspondingly
more vulnerability relationships to be defined, and quantitative measures of the separate influence of these factors
may be difficult to obtain.

Calculation

A useful technique for dealing with the variation of building types and soil conditions within a city is to divide it
into a grid, and assume that the soil type, building type distribution and population density appropriate to the
center of each grid square applies to the whole of that grid square. The accuracy of such estimates can be
improved by increasing the fineness of the mesh, but it has been found that for a medium−

sized city (0.5 million population) a grid square of 0.5 km side gives sufficiently good results.

For each grid square in the city, the earthquake ground motion can be estimated. For a scenario (a single
earthquake) this would be derived from the distance away that the assumed earthquake occurred and using a
standard attenuation parameter to define the average intensity or peak ground acceleration likely to be
experienced at that distance. For risk studies a more complex analysis can derive the probability per year of
experiencing any value of intensity or acceleration based on an aggregated assessment of seismicity in the
surrounding region.

The effects of local geology and soil conditions at that grid point can be taken into account either by using
modified damage probability distributions for poor ground conditions, or alternatively assigning one or more
increments of MM or MSK intensity. Where damage distributions can be correlated with parameters of ground
motion, the effect of soil conditions can be incorporated as a site−specific or zonal modifier of the ground motion
parameter used.

The vulnerability of each class of building type is defined from past earthquake damage to similar structures in
the region or best−guess estimates from damage statistics to other structures. Vulnerability is defined in terms of
the levels of damage caused to a set of buildings by an earthquake ground motion of a certain severity. This is
commonly expressed in terms of a damage distribution (e.g. at each level of severity for example the number of
buildings likely to be lightly damaged, heavily damaged, collapsed etc. at intensity VIII). Damage probability
matrices or continuously mathematically defined vulnerability functions can be used to obtain damage estimates
for each building type for the estimated severity of ground motion at that grid square. For each grid square the
total number of buildings of each building type is given a damage distribution according to its vulnerability.

The total numbers of buildings damaged is summed up across all the building types present in that grid square.
There are now a number of proprietary computer programs that will grid up cities and carry out many of the time−
consuming mini−calculations needed to aggregate a loss estimate in this way.

Human Casualty Estimation

The primary focus of most earthquake protection programs is to save life. For loss estimation studies to be useful
for earthquake protection they need to include an assessment of the probable levels of human casualties, both
deaths and injuries which will be caused by the earthquake.

Casualty estimation is notoriously difficult. There are large variations in casualty levels between different
earthquakes. The number of people killed and injured in earthquakes depends on many variables, but in large
destructive earthquakes it is primarily related to the number of buildings which totally collapse (D=5). Estimates
of numbers of people killed and injured can be derived using an empirical relationship derived from past
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experience in the area. The relationship between the number of people killed and the number of buildings which
collapse, the so−called lethality ratio, is the important parameter to determine. Models have been proposed for
casualty estimation based on deriving the lethality ratio from past earthquake statistics in an area. Human
casualties can be calculated from the estimates of the number of collapsed buildings in the building damage
analysis.

The extent of possible error should always be reported along with loss estimates so that undue reliance is not
placed on what is inevitably an extremely coarse approximation.

Applications

Land Use Planning

The potential for earthquake risk mitigation by urban planning and land−use measures can be studied by
cost−benefit analysis derived from loss estimation techniques.

The mitigation effects of promoting development on safer land has been demonstrated, for example, in Bursa.
Current development is con−

centrated on alluvial soils, which not only suffer higher levels of ground motion in earthquakes, but also constitute
the best agricultural land. Alternative seismically less responsive zones for future development are available, and
the city has land use controls strong enough to enforce this. Assuming only a limited redirection, and based on a
'most probable' damaging earthquake scenario the loss estimation analyses show that over a 15 year period a
reduction of about 9 percent in damaged structures and 17 percent in fatalities in the city as a whole would be
possible, compared with the expected losses with current development trends.

There are only a few studies elsewhere that have attempted to quantify reductions in disaster potential from
changes in land use. Methods have been proposed for determining the optimum distribution of city development
in a situation where location affects seismic risk. The method uses a form of cost−benefit analysis, calculating the
total 'operating cost' of city, when costs of land, building and transportation are considered, to produce certain
economic goods. Minimizing this operating cost with respect to the production locations produces the optimum
urban configuration. The seismic damage potential can be included in the cost of buildings, and the effect of this
on urban configuration can be studied. The change in seismic damage potential may result either from the change
in subsoil or proximity to active faults. Applying the model to San Francisco, and assuming a fixed location of the
central business district, the study showed that a small change in city land use to allow structures and occupancies
to move to their 'seismically optimal locations' could save about 4 percent of the city's total annual operating
costs. The San Francisco example is largely hypothetical, since the city s structure is already determined. But the
use of the technique has potential application in planning new towns in seismic areas, as a guide for rebuilding
policy following major devastation, and as an input to the continual process of urban development.

Defining Code Force Levels

One of the most important choices in protection policy is the level of severity of the code of practice for
earthquake resistance of new buildings to be applied in an area. The differences between different zones are
normally principally in the lateral force coefficient required for use in design, although other aspects of the
requirements may also vary.

Where a code of practice specifies regulations defining a range of seismic design coefficients, cost−benefit
analysis can be used to identify which coefficient should be applied to any particular city in order to minimize the
total cost of protection. An example of this application is the study for Boston, U.S.A. where Uniform Building
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Code requirements applied to reinforced concrete structures were studied to optimize the additional cost of
stronger construction against savings from reduction in earthquake damage.

In general, cost−benefit analysis and cost−effectiveness computations can be useful in helping to guide
decision−making on Code lateral force levels and zoning, but there remain large uncertainties which require
judgments to be made by decision−making bodies which will also require political, social and economic aspects
to be taken into consideration.

Improving Building Construction

One of the most important uses of loss estimates is that they can be used to assess the impact of a broad program
or national or regional policy of improving design and construction standards of buildings, and to compare the
effectiveness of different levels of building strength against its cost. In a study of the building practices in the high
seismicity regions of Eastern Turkey, a range of policies to reduce earthquake losses were reviewed. The review
included options for self− build improvements to be carried out by local builders in their normal construction,
with the government providing training and possibly financial incentives. A range of different construction
techniques to improve earthquake resistance were considered which were of gradually increasing cost and
provided an increasing level of protection. The additional cost (on top of normal construction costs) for each level
of strengthening was calculated, and the expected future losses in terms of physical losses and casualties were
estimated for each

Figure 4−9:
Microzoning Methodology
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option. These figures were used to calculate the cost−effectiveness of each construction technique both in terms of
the cost per saved house and the cost per saved life, Figure 4−9 .

Upgrading weak masonry buildings would make a considerable impact on expected casualty levels over, say a 25
year period. Figure 4−9 shows that if all the traditional weak masonry buildings of Eastern Turkey had a single
timber ring beam (upgrading option L4), at a cost of an additional US$200, the expected fatalities would be
reduced from 8,000 to somewhere in the region of 6,000. The one million houses in the region would all need to
be built with strengthening during their initial construction and the additional total capital investment would be
US$200 million. But 18,000 fewer buildings would be destroyed, which would reduce reconstruction costs by
$252 million during the same period. Thus the program actually saves money in the long term, and the net cost
per saved life is negative.

This benefit of the program could be made even better if the targeting of strengthening was improved. If only half
the number of houses, or say, the 10 percent in the most seismic areas were improved and still achieved similar
life and damage savings, the net benefit would increase from $26 million to $76 million over the same period.

More savings of life could be made if each building was stronger still. As the level of strengthening goes up, the
buildings become safer and the cost increases. The most cost−effective strengthening measures, measured in
terms of the expenditure necessary to save a life, are the lower cost ones, and the better the targeting of structures
at risk, the more cost−effective the strengthening measures become. The cost per saved house for the two lowest
cost options (options L4 and L5) is actually lower than the cost of reconstruction, thus the use of either of these
options would be expected to save money in addition to saving lives. Thereafter the cost increases but it should be
noted that the costs of saving lives through mobilizing emergency search and rescue teams after the earthquake
(estimated at $30,000 per life saved in the 1983 Erzurum earthquake). Thus it can be shown to be more cost
effective to save lives through mitigation programs before an earthquake occurs than to try to save them
afterwards through emergency mobilization. After an earthquake occurs, saving lives through emergency search
and rescue operations will cost many times that of investment in preventative safety.

Strengthening Existing Buildings.

Reducing the vulnerability of existing buildings can be an important aspect of any earthquake protection program.
Maintaining the existing building stock is essential for social and cultural

as well as economic reasons, yet in many areas of high seismicity older, weaker buildings, often inhabited by the
poorer people are the main source of expected future losses.

Options exist for strengthening, but they are often expensive compared with the incorporation of additional
strengthening into new building, and thus careful analysis of costs and benefits is needed in deciding whether to
strengthen or demolish, and what level of protection society should demand, or an individual owner should
provide. Moreover, it is difficult to assess accurately the effect of any particular strengthening measures in
reducing vulnerability.

The technique (although perhaps not the findings) of studies elsewhere may be applicable in some Turkish cities.
A study of the upgrading of both 19th century unreinforced masonry and early 20th century reinforced concrete
warehouse buildings in Boston, an area of moderate seismicity, indicated that the cheapest of the upgrading
options was substantially the most cost−effective in terms of life saving, and that the upgrading cost effectiveness
was much greater for the weaker masonry building. The minimum cost per saved life was estimated as $240,000
for a masonry building and US$1.25 million for a concrete building.
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In areas of higher seismicity, upgrading is likely to be more cost−effective, i.e. the cost per saved life is likely to
be lower. A cost−benefit analysis of the upgrading of unreinforced masonry apartment buildings in Los Angeles
indicated again that the lowest cost upgrading options were most cost−effective, showing a cost per saved life
below US$200,000, while further upgrading cost more than US$800,000 for each extra saved life.

Studies of this sort give a useful comparative picture of overall social costs and benefits: it is interesting for
example to compare the cost of saving a life in these US examples, ranging from US$200,000 to $1 million, with
the cost of saving a life in improving the construction of rural houses in Eastern Turkey ranging from US$20,00 0
to $120,000. But such studies are

Figure 4−10:
Building Strengthening and Earthquake Losses

inadequate if they do not identify the costs and benefits to the different parties involved.

Building strengthening costs less and is most easily carried out during the initial construction of a building.
However, the problem being faced by many disaster preparedness planners in established cities is that most of the
buildings that constitute the risk to the population over the next few decades already exist. Risk reduction in the
existing building stock is an increasing subject for concern and the focus of a number of projects in Mexico City.
Options available include changing the use and occupancy patterns of
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vulnerable buildings and targeting buildings for retrofit strengthening.

Retrofit strengthening of existing buildings is expensive. In Mexico retrofit strengthening of buildings to the
current Code of Practice costs 15 to 40 percent of the total cost of new construction. It is being carried out to
reduce earthquake risk in all major public buildings and government−owned structures.

For the wider risk to residential buildings, the key to casualty reduction is the identification of buildings likely to
contribute to future earthquake fatalities. Screening of the building stock to target residents most at risk has been
carried out in pilot studies in a small area of the city which identifies the worst 1 percent, 5 percent and 10 percent
of the building stock in terms of its potential contribution to future casualty levels.

The concentrations of population in high occupancy buildings in Mexico makes this approach relatively effective.
In the event of a severe earthquake, expected fatalities in the pilot study area would be reduced by almost 50
percent if the worst 5 percent of buildings had been strengthened, giving a cost per saved life (assuming the
earthquake occurs) of around US$5,000 (see Figure 4−10 , page 92).

The calculated cost per saved life is also highly dependent on the severity of the assumed earthquake. There is a
low probability of such a severe earthquake occurring within the lifetime of the strengthened building: a less
severe earthquakes is more likely, but an earthquake with a return period of only 25 years would cause less
casualties, and the strengthening would save the lives of fewer people and so the cost of per saved life would be
of the order of US $50,000.

A larger scale program, involving the strengthening of over 10 percent of the pilot area building stock would
reduce expected fatalities by over 80 percent, at a cost per saved life of US$7,000, again in the event of the most
severe earthquake, and would further reduce the numbers of homeless and repair costs as a function of the
severity of the earthquake. The total cost of such a program is high because it involves strengthening all of the
worst 5 percent or 10 percent of buildings in the city to be effective, but it is substantially cheaper and more cost
effective than one involving the strengthening of all buildings. In the case of Mexico City, evidence of recent
earthquakes indicates that it is the older reinforced concrete buildings with multiple occupancy which have the
highest potential for loss of life, and not the unreinforced masonry buildings.

Conclusions

1. The continuing urbanization in earthquake areas of Turkey poses a major risk of disaster in the future. The
study of potential losses presented here highlights the cities of Istanbul, Izmir, Bursa and Erzurum as the greatest
potential disasters. Reducing the vulnerability of these and a small number of other towns could greatly reduce the
total potential losses nationally.

2. There are a wide range of policies and techniques for reducing the vulnerability of these cities as presented
here. The Turkish government and local planners cannot unilaterally make the cities safe for everyone. It requires
awareness, motivation and self−protecting action by a range of groups including local government, the
construction industry, private sector companies and community groups. Part of making cities safer involves the
education, motivation and provision of information to this spectrum of agencies that shape the cities at risk.

3. An important need for disaster protection in the high−risk Turkish cities is the preparation of hazard
microzoning maps. These need not be complex or costly to produce, but a standard approach would be
advantageous. Such maps should be widely published and available to the private as well as the public sector.

4. Planning activities in Turkey should focus on protective land−use plans, low−hazard locations for key facilities,
deconcentration and decentralization of public services. Density controls and street safety measures could be more
systematically implemented.
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5. The control of building quality is an essential feature of urban disaster mitigation. Although not traditionally
part of the concerns of the urban planner, it has to be addressed in an overall urban protection strategy −−
increasing the staff, powers and importance of the municipal engineers office may be the single most important
step needed to reduce the future vulnerability of cities.

6. A quantitative framework is needed for evaluating policy options for disaster mitigation. Relatively simple loss
estimation techniques, proven elsewhere, could have important roles in defining cost−effective and appropriate
strategies for reducing urban vulnerability in Turkey.

5—
Hazardous and Solid Wastes in Istanbul, Izmir and Ankara:

Kriton Curi

The increase in the amount of solid waste generated in Turkey's metropolitan cities is unexpectedly high due to a
rapid increase in population and improvements in the standard of living which led to increased consumption.
Although the amount of food waste has remained almost constant over the last 15 years, paper, plastics,
household chemicals and metals have increased sharply. Until 14 Feb. 1991, Turkey had almost no legislation
regulating solid waste, and it still lacks regulation for the management of hazardous waste. In the last seven years,
more than 500 waste water treatment plants have begun to treat the waste waters of different industries. The
sludge produced from these treatment plants is disposed in open dumps, causing serious pollution problems.
Except in Izmir, no serious precautions are yet being taken for the disposal of hospital waste. Pathogenic waste
arising from health institutions is collected and disposed together with municipal solid waste, with the result that
all waste is becoming dangerous for public health. The efficiency of current recycling efforts is evaluated.

Year KG/Day

1970 0.72

1985 1.04

1986 1.10

1990 1.20

Figure 5−1:
Solid Waste Production

Introduction

The April 28, 1993 tragedy at the Umraniye garbage dump directed national attention to the solid waste problem
for a short period of time. However, the condition of the nation's solid waste management facilities still has not
been adequately covered in the nation's press. This is unfortunate. Turkey's solid waste disposal problems have
been steadily getting worse, and attempts to reverse current trends will require a long−term commitment, political
will and significant investment.
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Material 1980 1983 1984 1985 1986 1987 1992

Organic Matter
(food remains) 60.80 59.00 51.81 43.25 42.70 44.10 42.00

Paper/carton 10.15 13.12 10.73 11.72 10.20 11.30 12.80

Textile 3.22 1.40 3.21 3.87 3.10 4.00 3.63

Plastics 3.05 4.04 4.83 7.13 6.22 11.80 9.36

Glass. 65 0.5 51.36 1.71 3.61 3.40 4.12

Metals 1.43 6.49 4.82 4.34 4.56 3.75 4.05

Ash 16.16 10.40 18.45 16.84 20.15 13.10 16.10

Miscellaneous 4.54 5.00 4.79 10.14 9.46 8.55 7.94

Figure 5−2:
Composition of Municipal Solid Waste

Of the approximately 2,100 municipalities in Turkey, only one possesses a sanitary landfill; all the others dispose
their waste in open dumps. Without doubt increasing the capacity to safely process solid waste is one of the most
important problems currently facing the three Turkish metropolitan areas reviewed by this case study. Although
the public is much more environmentally aware now than in past years, in general it is attracted by ''green" rather
than "brown" environmental issues. Public demands for the preservation of scenic areas and animal species have
not been focused on the conditions of urban dump sites. In a questionnaire conducted in Istanbul and Izmir, 98
percent of all people interviewed (a sample population of 1000) were unaware of either the location or method
used for the disposal of the waste generated by their neighborhood. On the other hand, nearly 100 percent knew
the days and frequency of refuse collection. Turkey today has no regulation for the management of hazardous
waste. Some Ministry of Health requirements for disposal of hospital waste are virtually ignored.

Until February 14, 1991, Turkey had almost no legislation concerning solid waste. In 1991, a regulation aimed at
controlling the management of municipal solid waste was published in the Official Gazette. According to this
regulation, municipalities were required to stop disposing their waste in open dumps. Only the city of Izmir was
exempt, for reasons which will be described below. Further, it established an obligation to collect and recycle a
certain percent of plastic and metal beverage containers. This regulation has not been followed to an easily
observable degree,

Material 1980 1985 1986 1987 1992

Organic Matter
(food remains) 437.7 449.9 469.7 507.1 504.0

Paper/carton 73.1 121.9 112.3 129.9 153.6

Textile 23.2 50.6 34.2 46.0 43.6

Plastics 22.0 74.2 68.4 136.0 112.3

Glass 4.7 17.8 39.7 39.1 49.4

Metals 10.3 45.1 50.1 43.1 48.6
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Ash 116.3 175.1 221.6 150.6 193.2

Miscellaneous 32.6 105.4 104.0 98.2 95.3

Figure 5−3:
Composition of Municipal Solid Waste

due in part to lax enforcement.

Data on Solid Waste:
Istanbul, Izmir and Ankara

The solid waste generated in the three largest municipalities of Turkey will be examined under three headings: i)
municipal solid waste; ii) industrial solid waste; and iv) solid waste disposal.

1. Istanbul

a) Municipal Solid Waste:

The amount of municipal solid waste generated in Istanbul has dramatically increased in recent years: The
quantity of solid waste produced in 1979 was 3,600 tons/day in 1987, and reaching approximately 9,000−10,000
tons/day in 1992. The variation of the per capita production of municipal solid waste is shown in Figure 5−1
(page 96).

Because of a lack of balance bridges (truck weigh stations) at the disposal sites, this information is based directly
on the number of trucks coming to the dumping site and their capacity, not on actual weighings. There are
obvious methodological deficiencies in this research, however. There is no guarantee that the trucks coming to the
disposal site were always completely full. In some neighborhoods truckers are paid by the load carried, for
example, and they have no incentive to fill their vehicles to capacity.

Total Recyclable
(tons)

Amount Actually
Recycled (tons)

Percent Recycled
(tons)

Paper/cartons 4914 169.5 3.45

Plastics 2994 71.5 2.39

Glass 718 191.4 26.65

Metals 1823 99.1 5.43

Figure 5−4:
Recyclable Materials and Amount Recycled

Industry Type Total Waste From
Survey

Proportion Hazardous
(percent)

Proportion
Recycled (percent)

Food 5,268 0.04 55.1

Other Food/Drink 19,771 0.001 65.6

Tobacco 10,212 0.0 16.9
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Textile 11,039 0.75 66.5

Clothing 376 0.4 55.8

Furs and leather 754 0.0 5.7

Footwear 6,185 40.0 58.4

Wood and cork 5,017 0.0 66.2

Wooden Furniture 95 0.0 45.6

Paper and paper products 3,249 0.2 81.6

Publications and related 172 0.5 79.8

Principal chemicals 1,578 5.2 60.6

Other chemical products 21,038 8.0 15.7

Petrol and coal by−products538 5.7 57.6

Rubber products 224 0.0 58.1

Other plastic products 7,831 1.8 7.8

Pottery 3,137 3.9 84.8

Glass products 164 0.01 18.8

Extraction 14,573 20.8 72.3

Iron and steel production 18,723 1.7 14.9

Non−ferrous 3,417 0.4 38.3

Metal goods 26,308 0.6 48.4

Machinery (except
electrical)

11,517 0.2 5.5

Electrical machinery 4,651 1.4 27.3

Figure 5−5:
Hazardous & Recycled Waste in Istanbul (1980)

Waste type Amount (tons/year)

Total waste arising 1,394,000

Solid Waste Disposal (Non Hazardous) 758,000

Hazardous Waste for Disposal 39,000

Figure 5−6:
1995 Estimates of Industrial Waste

In order to collect more dependable data, a study was undertaken by the author in Istanbul during 1991, in which
plastic bags were distributed to more than 500 households in various regions of the city. People were asked to
collect their solid waste and to place it only into these bags. The results indicated that per capita production varied
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from 164 to 825 gr/day, with an average value of 625 grams. This, however, is exclusively domestic waste, while
Figure 5−1 includes commercial and domestic waste.

The composition of municipal solid waste and its variation over time provides further interesting information
about the urban solid waste problem. Figure 5−2 (page 96) summarizes this information in the form of
percentages, while Figure 5−3 (page 97) gives actual values. In Figure 5−2 , the data for 1980 is based on a study
conducted by Patrick (1981) and values reported are based on averages over a ten−month period. All other data is
based on a study conducted by the author, in which the reported values are yearly averages.

As can be seen in Figure 5−3 , although the amount of food waste remains almost constant, paper, plastics and
metals have increased remarkably. This can be attributed to the consequences of rising incomes, the improvement
of living standards, and the growing availability of a range of consumer goods.

Part of the solid waste produced in Istanbul is recycled. The recycling process is based almost entirely on the most
primitive techniques, relying mainly on scavengers. The author has examined the amount of recyclable material
produced and the amount actually recycled during October−November, 1985. The results are given in Figure 5−4
(page 97). As can be seen, recycling efficiency was rather low.

b) Industrial Solid Waste

Dependable information about industrial waste generated in Istanbul is not available. However, a survey
conducted in the context of a feasibility study for solid waste management in Istanbul, assessed by the World
Health Organization (WHO) and the Municipality of Istanbul between 1979−1980, has provided the values given
in Figure 5−5 (page 98). The projections in Figure 5−6 are only approximations, however.

More than 500 waste water treatment plants have begun to operate in the last seven years, treating industrial waste
water. The sludge produced from these treatment plants is disposed in open dumps. The lack of even minimal
precautions in the disposal of the waste water sludge causes serious pollution problems. Hospital waste, including
medical sharps and human tissue, are collected and disposed together with sludge and other municipal solid
waste. As a result, all waste is becoming biologically contaminated and dangerous for public health. To give some
idea of the scale of the problem, Istanbul's hospitals, for instance, have approximately 12,680 beds. To date no
serious precautions are being taken for the disposal of their pathogenic medical waste.

c) Solid Waste Disposal

The solid waste generated in Istanbul is disposed in four large open dumps (two on the

Type of Waste Percentage

Organic Waste (food remains) 86.59

Glass 4.25

Paper/carton 3.92

Plastics 2.27

Metals 1.17

Textiles 1.00

Miscellaneous 0.80
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Figure 5−7:
Typical Composition of Izmir's Solid Waste

Asiatic site, two on the European side), and in five small dumps in the Princess Islands. These dumps are
primitive and inhumane. Scavengers collect recyclable items, and various animals feed there. Fires burn
continuously, fed by the methane the dumps produce, polluting the atmosphere; the leachate flows freely,
polluting the soil as well as surface and underground waters. The dump sites are surrounded by human
settlements. Squatters' shacks occupy the more dangerous nearby areas, and many high rise buildings have
recently been constructed in their vicinity.

2. Izmir

The variation in the amount of solid waste generated in Izmir exhibits a pattern similar to that of Istanbul,
increasing rapidly during the last years. Thus, although in 1980 daily municipal solid waste production was 700
tons, today it has reached 2,000 tons. According to Gülay and Tutum (1987), the values for 1980 and 1985, as
well as predictions for future solid waste generation, are shown in Figure 5−7 .

If we assume that in 1980 the population was 757,854; in 1985, 1,489,772, and in 1990, 1,757,414, the per capita
solid waste production can be estimated to be on the order of 900 gr/c−day. An extensive study conducted by the
author in Izmir indicated that the per capita solid waste production capacity, when calculated with reference to the
number of trucks coming into the disposal site, is approximately 1,100 gr.

On the other hand, determination of per capita solid waste production calculated by distributing bags and
collecting them after some time—as was done in Istanbul—proved that the average per capita solid waste
production is 432 gr. The average yearly composition of municipal solid waste in Izmir is shown in Figure 5−8 .

In Izmir, the composition of solid waste shows serious variations with season — e.g., food remains generally
increase during summer and decrease during winter. The composition in

Year Municipal Solid
Waste (tons/day)

Industrial Solid
Waste (tons/day)

Wastewater
Treatment Plant
Sludge (tons/day)

Total (tons/day)

1980 700 60 120 800

1985 1000 70 160 1230

1995 1600 90 250 1940

2005 2300 110 310 2720

2015 3000 130 430 3570

Figure 5−8:
Solid Waste in Izmir
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TYPE OF WASTE QUANTITY (tons/week)

Production of waste 595

Treatment plant sludge 932

Ashes and sludge 1572

Total processed waste 96

Domestic waste 2793

Total 5938

Figure 5−9:
Waste from 135 Industrial Plants in Izmir

February—the period with the minimum percentage of organic waste content—is shown in Figure 5−7 .

The difference between the composition of the solid waste in Istanbul and Izmir can be attributed mainly to the
climate, the availability of vegetation and human behavior.

b) Industrial Solid Waste

Estimates by Gülay and Tutum (1987) of the amount of solid waste generated by industrial facilities and the
quantity of sludge produced from treatment plants were presented in Figure 5−7. However, these values, when
compared with the results of a survey performed in 1982 by the author and the municipality at 135 out of the 800
existing industrial establishments in Izmir, proved to be significantly different from the observed reality. A
summary of the results of this survey is presented in Figure 5−9 .

Izmir is the only city in Turkey that separates pathogenic and hazardous hospital waste. After being placed in
special red bags, the separated waste is transported by special trucks to the disposal site, where it is buried in an
impermeable layer of soil, together with lime. This method of handling and disposing hazardous waste can be
considered, given the local conditions, completely safe.

c) Solid Waste Disposal

Izmir has shown an important improvement in its disposal of solid waste recently. In 1986 the city's solid waste
was disposed primitively into six open dumps. Today, out of the 2,000 tons of waste produced daily, 500 tons are
treated at the Uzundere Compost Plant, while the remainder goes to a sanitary landfill put in operation last year.
The new Harmandary Sanitary Landfill is separated into sections according to waste type and treatment. There are
sections for : (i) municipal and non−hazardous solid waste; (ii) hazardous waste; (iii) hospital waste; (iv)
treatment plant sludge

Asbestos waste is admitted to the landfill only after being solidified in block form, using cement or other adhesive
material. Used batteries are collected separately. They are disposed after they are placed in plastic containers and
cast in concrete. The only drawback to the current method of solid waste disposal in Izmir is that the rejects from
the compost factory are not brought to the sanitary landfill but are disposed directly into an open dump next to the
factory.

3. Ankara

Ankara, the capital of Turkey, is the second largest city both in population and surface area.
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a) Municipal Solid Waste

According to information provided by Türkiye Cevre Sorunlari Vakfi (1981) and Erkip et al. (1990), solid waste
production per capita in Ankara is growing steadily, with seasonal variations, just as in the other two cities.

According to Erkip (1990), 93.4 percent of municipal solid waste in Ankara originates from households, and 6.6
percent from commerce.

b) Industrial Solid Waste

No dependable data exists about the amount and composition of the industrial solid waste generated in Ankara. It
is believed, however, to be on the order of 300 tons/day.

Ankara, having recently undertaken a study related to hospital solid waste, has not yet made a significant
improvement in its management. According to a study performed by System Planlama (1992), the Ankara had
11,252 hospital beds in 1990, and the amount of hospital waste generated there was on the order of 28.1 tons/day.

c) Solid Waste Disposal

Ankara continues use open dumps. Although a primitive recycling facility based on hand sorting operates next to
one of the disposal sites, its use virtually stopped after the open dump closed.

Conclusions

In the three metropolitan areas reviewed above, the general tendency until recently was to locate open dumps
away from the inhabited areas of the cities. In these locations industrial, chemical and infectious wastes and
household solid wastes were mixed together indiscriminately. Leachate, fumes (including dioxins), fires, odors
and the presence of animals living and feeding there constituted serious hazards. The interaction of dumpsite
contents and the surrounding human environment becomes more drastic when cities grow rapidly. Dumpsites that
were originally at the edge of the settled area become surrounded by houses (built legally or illegally). When this
happens, the problems of the dumpsite become those of the adjacent neighborhood. The watercourses and open
areas where children play are subject to the same fumes, runoff and roving bands of animals, and the often already
dangerous circumstances of the settlements become magnified.

Another serious environmental impact of Turkey's current waste management practices is related to industrial
waste. Municipalities usually do not collect waste generated by industries but ask the plants to take care of the
waste themselves. Because Turkey has no system to control how industries dispose of their waste (no matter how
hazardous), many industries dump it in places that are not designated for this purpose, thus causing serious
environmental and public health problems in communities far from the areas allocated for dumping.

Modern consumer goods go hand−in−hand with advances in manufacture and rely on a variety of chemicals
whose dangers and degradation patterns are poorly understood. Attempts to achieve technological development
often result in end products or by−products which are hazardous for life, property or the environment. The
dangers represented by domestic and industrial waste can be seen to be the result either of ignorance, economic
short−sightedness, or the exploitation of one group by another.

The lack of critical background information increases the risk that each new technological product or process will
generate catastrophic results. Too often developing countries' policy makers consider only the positive benefits of
new technological developments in allowing new manufacturing facilities to open. This is the result of their
inability to foresee possible negative impacts and from the failure to perform an Environmental Impact
Assessment study.1 An example of the risks inherent in the current process in Turkey is the Akcimento cement
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factory in the western part of Istanbul. At the time of its construction, public officials were not aware of the
dangers involved and thus failed to restrict the emissions from its chimneys. The result has been a serious increase
in the incidence of lung cancer in the nearby village of Kocasinan.

The potential hazardous waste problems of many new technologies can be easily foreseen, but the absence of
industrial hazardous waste regulations provides no economic incentive to provide the infrastructure to treat such
effluents. Textile and metal plating factories are routinely constructed without the necessary waste water
treatment capacity, for instance. Many companies unable or unwilling to satisfy their own countries' regulations
relocated their factories in developing countries like Turkey where limitations for the disposal of hazardous waste
do not exist.

Another problem was created by hazardous waste produced by developed countries but dis−

posed in developing countries. The Basel Convention now sets limitations to the movement of hazardous waste
across borders. The unanticipated result of this well−intentioned agreement has been the export of the worst
polluting industries from developed to developing countries, sometimes under the guise of technical assistance.
Thus, while the developing country suffers seriously from the negative impact of harboring such waste, the
developed country enjoys the end products. Naturally, the negative impact of harboring such waste, the developed
country enjoys the end products. Naturally, the negative impacts of industrial technologies are concentrated in the
larger cities where high tech companies can find the trained manpower they require.

In Istanbul and Ankara, the situation is similar with hospital waste. The danger is already present in the hospitals
where inexperienced people handle infectious waste without full knowledge of the dangers involved. These
dangers are passed along to the storage sites, where scavengers and sometimes small children sift waste in the
hope of finding something valuable. Garbage collectors and those working at the dump sites are also placed in
serious danger. These workers can bring diseases home, from where they slowly radiate out into the wider
society.

Other significant sources of hazardous chemicals — e.g., household chemicals — in the urban environment that
can pollute the air, soil and drinking water. Agricultural chemicals also represent real risks. An issue not often
taken into account in this context is the impact of fossil fuel−burning transport. Approximately 500 new motor
vehicles are placed in circulation in the city of Istanbul every day. Similarly large numbers are added to the traffic
congestion of Ankara and Izmir. These new cars contribute to already serious air pollution, and the levels of noise
pollution make life far less pleasant than it once was.

Those businesses that cater to automobile and truck owners also significantly contribute to the degradation of the
urban environment. In Turkey, owners of gasoline stations are not yet obliged to construct observation wells to
monitor possible storage tank leaks. Waste oil is often allowed to penetrate the soil, and gasoline spills are
routine. Hence, every gasoline station is a potential source of chemical pollution which migrates through the soil
in its journey toward ground water.

Construction is another source of hazardous substances in the urban environment. Asbestos was used commonly
as insulation in Turkey's older houses. As these houses reach the end of their useful life and are demolished, they
become a serious source of asbestos fiber emission. Even minute quantities of asbestos fiber in the air pose a well
known risk to public health because they are so highly carcinogenic. The manufacture of asbestos break linings
and repair of automotive breaks is another source of asbestos dust. Asbestos−cement has multiple uses in
construction — e.g., roofing and water storage tanks. The lack of legislation requiring proper management of
these carcinogenic materials is a serious problem.
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The metropolitan cities of Istanbul, Izmir and Ankara face a range of environmental problems. While a small
percentage of these problems are due to ignorance, the majority are the result of insufficient economic investment
in pollution control. The development and diffusion of appropriate environmental technologies are the necessary
conditions for curing and preventing the unpleasant and dangerous conditions described above.

Too often foreigners and local entrepreneurs take advantage of the lack of legislation governing hazardous waste
for their own profit. The most recent example of the commercial exploitation of Turkish regulatory laxity in this
regard was the trans−Atlantic ship, the United States, which was brought to Turkey specifically for the removal
and disposal of asbestos. If environmentally sensitive groups had not become aware and protested the proposed
operation, the final disposal site of the ships asbestos might have been the shipyard's garden. The entrepreneurs
had planned to bury the asbestos material without taking any precautions whatsoever. Activities such as this,
which often are not noticed, constitute a serious danger for the larger metropolitan areas. Too many of the
individuals and organizations involved in handling hazardous and solid wastes in Turkey have no incentive to
improve the safety of their practices. The in−

volved parties will not mobilize resources to change the current system, because they are already benefiting from
its very low cost. As wastes of all sorts are currently handled in Turkish urban areas, there is no disincentive for
"free riding". Reducing the risks to which the metropolitan areas are subject will involve changing the current
incentive structure. Progress will ultimately depend on legislation, monitoring and enforcement. Changes in the
way that solid wastes are handled are critical. Izmir has made some important first steps, and the other
municipalities need to emulate them. However, the incentive structure also needs to be modified so that it imposes
some economic costs on those entrepreneurs who benefit economically by actions that place the nations' largest
and most densely populated cities at risk.

End Notes

1. The performance of an EIA became obligatory on February 7, 1993.

D—
FORMAL AND INFORMAL CITIES

6—
Istanbul:
Emergency Action Plan

Mustafa Erdik

This report presents past and present methods for dealing with disasters in Istanbul, Turkey's largest city and a
vital economic center. It discusses earthquake preparation in detail, including risk assessment, with suggestions
for improvement. Specifics include the hazard vulnerability of all facets of city life.
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Figure 6−1:
Active Tectonic Elements in Istanbul

Introduction

Background and General Considerations

Istanbul has experienced numerous earthquakes, major fires and flash floods, although the extent of flooding is
limited by the topography. In recent decades the disaster risks have been increased by overcrowding, faulty land
use planning and construction, inadequate infrastructure and services, and environmental degradation (especially
loss of vegetation). The region to the immediate south (about 20km) has been identified as a seismic gap (Barka
and Toksoz, 1989) (see Figure 6−1 ). Records for Istanbul spanning two millennia indicate that at least one major
earthquake disaster has occurred in every century. An extension of the North Anatolian Fault passes just 25km
south of the city.

The Earthquake Action Plan

The only available Disaster Scenario for Istanbul deals exclusively with earthquakes, encompasses the whole
province (i.e. it is not specifically concerned with the city of Istanbul), is based on the 1894 earthquake, and only
covers damages associated with building collapse.

A comprehensive new plan is being drawn up by the Kandilli Observatory and the Earthquake Research Institute
of Bogaziçi University in association with the Earthquake Research Division of the General Directorate for
Disaster Operations. The scope will be broadened to include environmental degradation. The plan includes the
following steps:

1) Hazard assessment involves the compilation of historical data, topographical and geophysical surveys, soil and
seismic maps, acceleration prediction, and a GIS data base with ground motion, liquefaction, subsidence, and
landslide susceptibility.

2) Vulnerability assessment is based on the analysis of demographics by time of day, major infrastructure nodes
(airports, treatment plants, transmission towers, etc.), danger
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Figure 6−2:
Epicenters of Istanbul's Earthquakes

points (dams, fuel storage tanks, etc.), distribution of building types, investigation of critical fire fighting,
medical, and communication centers, and of cultural treasures and museums.

3) Earthquake scenario creation involves projecting the damage caused by two quakes of medium and high
intensity corresponding to return periods of approximately 100 and 500 years into the future.

4) A mitigation study identifying a sequence of measures to be taken to minimize damage to all sectors — e.g.
households, schools, medical services, police, water and power supplies. The plan must include training and
education for people in each sector, coordination of government and private organizations, requirements for
earthquake resistant design and construction; retrofitting hazardous buildings and facilities and hazardous
materials management, rescue, evacuation, demarcation, debris removal, and emergency health care.

Defining Hazards

Approximately 600,000 houses have been damaged by various hazards in Turkey in the last 70 years. About 66
percent of this total is due to earthquakes, 15 percent to flooding, 10 percent to landslides, 7 percent to rockfalls,
and 2 percent to meteorological events and avalanches.

Earthquakes

Ground motion and vibrations, ground rupture and faulting, tsunamis, liquefaction, subsidence, high ground
water, soil creep, expanding and contracting soils.

Due to urbanization, land reclamation near the coast has spread rapidly; the earthquake response of reclaimed land
and the soft alluvium is often much more amplified than that of consolidated deposits. The tops of isolated hills,
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Figure 6−3:
Variation of MSK Intensity in Istanbul

Figure 6−4:
Variation in PGA Intensity in Istanbul
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elongated crests, plateaus, and cliffs also are usually zones of amplification.

The most important earthquake induced soil failures are : liquefaction, loss of strength and densification.
Liquefaction involves flow failures (massive displacement of completely liquefied soil); lateral spreads (lateral
displacement of superficial soil layers over a liquefied layer); slumps (in steep banks underlain by liquefied
sediments); loss of shear strength (tipping or bearing failure of above ground structures, buoyant rise of
underground structures) (EERI, 1986).

Techniques to evaluate the liquefaction potential involve the preparation of two types of maps: One showing
liquefaction susceptibility and the other assessing potential levels of shaking. When merged, these depict the real
liquefaction potential (Youd et al., 1979).

Figure 6−1 shows the active tectonic elements to be considered. It also illustrates the earthquake activities of the
last 30 years. The legend for magnitudes is in the lower right corner (after Erdik and Barka, 1992). The epicentral
distribution of the historical earthquakes are indicated in Figure 6−2 (page 109) (after Erdik and Barka, 1992).

For the attenuation of intensities, regional intensity−based attenuation relationships developed by Erdik et al.
(1983 and 1985) can be used. For the attenuation of peak ground acceleration (PGA) the relationships developed
by Campbell (1981) and Joyner and Boore (1981) have proved appropriate on the basis of existing comparisons
with limited Turkish data (Erdik et al., 1985).

Figures 6−3 and 6−4 illustrate the variation of MSK Intensity and the PGA (at competent rock outcrop) in
Istanbul for different annual probabilities of exceedence (after Erdik and Barka,
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Figure 6−5:
Synthetic Iso−Seismal Maps
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Figure 6−6:
Provincial Scale Microzonation of Istanbul

Figure 6−7:
Earthquake Microzonation for Istanbul
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Figure 6−8:
Flash Flood Hazard for Istanbul

1992). Figure 6−5 (page 111) indicates the synthetic iso−seismic maps to be expected in case of magnitude 6 and
7 earthquakes occurring along the Marmara Graben System.

Seismic microzonation maps provide estimates of parameters for the siting and the earthquake resistant design of
structures and facilities. They use empirical and observational data in conjunction with a physical model and
include (1) modification of the strong ground motion by site conditions; (2) earthquake−induced soil failures and
terrain movement; and (3) tectonic surface ruptures (see Figure 6−6 ) (page 112).

The area within the ancient city−walls (Erdik et al., 1991). is based on the morphology, geology, the distribution
of artificial fills, damage distribution in significant historical earthquakes and other geophysical and geotechnical
data (Erdik et al, 1991). Figure 6−7 (page 112) illustrates the four earthquake zones.

The stable rock zone defines part of the Carboniferous rock (where the artificial cover is little or none) and the
late Miocene Mactra Limestone. The semi−stable zone represents mostly late Miocene sand and gravel, clay and
marl. In this zone ground shaking hazard is somewhat increased and slopes are prone to landsliding. The zone
encompassing the thick artificial cover will be subjected to an increase in ground shaking. The zone of mud and
fill delineates potential ground failures such as liquefaction, fissuring and slumping. Figure 6−7 also illustrates
the locations of potential earthquake induced landslides.

Landslides

Earthquake−induced landslides involve materials that have not previously failed, so landslides are seldom
repeated (EERI, 1986). The most susceptible materials are weathered, fractured, or poorly cemented rock, loose
unsaturated sand, saturated sand and gravel with layers of clay.

Lithology, soil and rock structure, geomorphology, hydrology and climatology are important factors that can
affect slope stability. Triggering factors include earthquake vibrations, removal of lateral support, external
loading, changes in water content (i.e. heavy rainfall), and weathering. Transportation lines are frequently blocked
and lifelines damaged.

For assessment of the landslide hazard, aerial photography at scales of 1:50,000 or larger is generally used.
Further geotechnical and hydrological studies are necessary for the assessment of potential instability. The
movement of earth masses can be monitored to provide long term warning of future instability.
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Flooding

Heavy rainfall, dam failure and landslides can cause flooding. Flash floods happen when accelerated run−off
reduces the soil's absorptive capacity. Deforestation, overgrazing, poor farming techniques, and urban
development increase run−off and contribute to flash flooding. Paving limits natural drainage, impeding the
recharge of aquifers and in heavy rain causing flooding and sewer overflow. Certain low−lying areas of Istanbul
are particularly susceptible (see Figure 6−8 ).

Geomorphological maps and maps indicating sequential inundation stages are used for flash flood hazard
assessment. Assessment should include frequency of flooding, aerial view of extent and depth of inundation and
deposits, direction of flood current and drainage, and length of time inundated.

Figure 6−9:
Structure Vulnerability Functions

Flooding in low−lying coastlines such as river deltas, (storm surges) can be caused by strong winds raising the sea
level. Tsunamis are a series of long wavelength sea waves caused by offshore earthquakes. Waves crashing inland
destroy boats, buildings, etc., and causing coastal flooding. Cyclones can cause both flooding and landslides.

Environmental Hazards

Environmental hazards and environmental degradation are directly linked issues. In 1990 about 90 percent of all
wastewater in Istanbul (about 15.4 3/s) was dumped into the ocean without treatment. The contamination of the
seashore through oil spills, floating trash, and other garbage causes unhealthy and unsightly conditions of the
beaches. The principal source of pollution in Istanbul's fresh water reservoirs is sewage from squatter settlements
and industrial waste (Orhon, 1991).

Air pollution is caused by burning low−quality coal and by car emissions, which also contribute to acid rain that
can destroy forests and erode buildings and historical monuments.

Pervasive and uncontrolled deforestation accompany population growth. This causes soil erosion, decreases the
stability of slopes, and reduces the absorption of rain water. Over building and extensive paving limit drainage,
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impede the natural recharge of the aquifers and can cause flooding and overflow of sewers during heavy rains,
particularly in low−lying areas with poor drainage systems. Thus, environmental degradation can greatly increase
flooding hazards.

Unlimited use of wells for fresh water supplies can drain aquifers, causing their salinization as sea waters flows in
to replace the fresh and/or land subsidence. Salt water contamination can also be increased by man−made
alterations in the morphological and hydrological characteristics of a region.

Seasonal wildfires are another severe environmental hazard. Recovery is very slow.

Accidents

Accidents include chemical and industrial explosions, toxic material and oil spills, aircraft crashes, train
collisions, maritime accidents, and major fires. Major oil spills are generally caused by marine accidents and are
unpredictable. The handling of toxic materials should be regulated to avoid leakage, spills, soil pollution and the
associated exposure to carcinogenic and systemic poisons. Nuclear hazard ranges from accidents at nuclear power
plants to nuclear explosions

Vulnerability Analysis

Vulnerability assessments are usually based on past earthquake damages (observed vulnerability), laboratory
testing and, to a lesser degree, on analytical investigations (predicted vulnerability).

Figure 6−9 shows the vulnerability of different types of structures (after Akkas and Erdik, 1984). This figure is
based on worldwide data

Low Rise (5 story) Reinforced Concrete Buildings:

Percentage of the Building Stock:

No Damage

1976 Denizli 1971 Bingöl 1992 Erzincan

Earthquake Earthquake Earthquake

(MSK VI ) (MSK VIII ) (MSK IX )

40 percent 16 percent 11 percent

Slight Damage 38 percent 27 percent 20 percent

Medium Damage 17 percent 36 percent 35 percent

Heavy Damage 5 percent 15 percent 20 percent

Collapse− 6 percent 10 percent

Figure 6−10:
Building Damage in Three Earthquakes

and indicates the average damage ratios to be expected for adobe (non−engineered structure) and unreinforced
masonry structures and properly designed reinforced concrete framed and shear wall structures for different
exposures to earthquake hazard, quantified by the Modified Mercalli (MM) intensities. Damage ratio is defined as
the cost of repair divided by the cost of rebuilding the same structure. As can be seen, unreinforced adobe and
brick masonry structures are at least four to five times more likely to be damaged than properly designed
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reinforced concrete buildings. Algermissen et al. (1978) provide a set of vulnerability functions showing the
average loss, as a percent of the structure's total value, against different intensities (MMI) for different building
types.

Few quakes until this century have effected urban areas. Figure 6−10 is a vulnerability matrix for multi−story
reinforced concrete buildings, the most common type in urban centers in Turkey (Bayülke, 1982; Kandilli, 1992).

The 1976 Adapazari earthquake (MSK VIII) demolished seven reinforced concrete buildings (three of which were
under construction) out of about 60 (Ambraseys et al., 1968), a collapse rate of about 6 percent, similar to the
1971 Bingöl earthquake. Obviously more empirical data is needed to arrive statistically significant vulnerability.

Ambraseys and Jackson (1981), using data from Turkey and Greece, provide the following statistics on the
number of people killed per 100 houses destroyed by earthquakes of magnitude equal to or greater than 5: Rubble
masonry houses= 17; Adobe houses= 11; Masonry and reinforced adobe houses= 2; Timber and Brick houses= 1;
Reinforced Concrete Frame houses= 1, but data is lacking.

Vulnerability is site−specific and hard to generalize. Landslides, rockfalls, and fault ruptures can block highways
and railways or damage pipelines. Strong shaking can cause transmission lines and bridges to fail. Liquefaction
can cause failure of port and harbor structures. Nevertheless, past urban earthquakes suggest that the following
damage patterns might be seen

(mitigation measures are suggested where applicable, EERI, 1986):

 Bridges : Slope instability, liquefaction and settlement can move the abutments of bridges and tilt the piers.
Liquefaction phenomena can start at intensities as low as MMI V−VI. Bridge girders can fall off of their supports.
Seismic restrainers that tie adjacent simple spans prevent the fall of the girders. Continuous span bridges should
be tied together at the expansion joints.

 Tunnels : Outside the zones of faulting and landslide, tunnels generally perform well during earthquakes.
Damage to cut−and−cover type tunnels is caused mainly by pressure from backfill.

 Water Supply and Sewage : The greatest damage to pipelines occurs in zones of faulting, liquefaction and
landslide. Ductile pipes and flexible connections have the best earthquake performance. Water towers are
inherently damage−prone due to their ''inverted pendulum" structure.
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Figure 6−11:
Earthquake Risk in Rural Turkey

 Electrical Transmission and Distribution Systems : High voltage porcelain insulators, bushings and supports are
most vulnerable to earthquakes. Damage generally occurs in improperly anchored electrical equipment. The most
vulnerable major components of the system are the generators and the transformers.

 Telecommunications : The anchorage of switching and battery racks (so that they resist lateral displacement and
toppling) is the essential measure required to avoid earthquake damage. In the March 13, 1992 Erzincan
earthquake, the interruption of telephone service was due to the toppling of unanchored switching racks.

 Gas and Liquid Fuel Lifelines : Quality of welding is the important factor in the earthquake performance of steel
pipes. Ruptured gas lines lead to leaks and fire hazards.

 Ports and Harbors : Damage is from large scale liquefaction and sliding of soil (or between blocks).

 Railroads : These are highly vulnerable. Fault ruptures and ground failures can cause deformation and loss of
track alignment.

 Building Contents : Equipment and furniture can be damaged even when the structures themselves experience
little damage. This is especially the case in research laboratories, hospitals and offices where unanchored
equipment is highly vulnerable to earthquake damage. The same also applies to exhibited pieces in museums and
in art galleries.

 Building Materials : Clay, adobe, and poor quality mortar are very vulnerable in floods because they are
weakened by water. Flooding can cause scouring
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Figure 6−12:
Earthquake Risk in Terms of Lives Lost

around the foundations. Some expansive foundation media can cause heaving and displace the structure when
inundated.

 Water Supplies : The intake points of drinking water, pumping stations and the water supply system in general
can be damaged by flooding. Contamination of drinking water by human waste and other pollutants requires
special attention. Floods can also damage the electric supply system, causing interruptions of power.

 Social Groups : Single parent families, women, handicapped people, children, and the elderly are the most
vulnerable.

Since the 1960s flooding and landslide vulnerabilities have been greatly reduced through river regulations and
land use, leaving earthquakes the leading hazard.

Risk Assessment

Vulnerability analysis combined with hazard assessment are the key elements of risk assessment. Populations,
structures, utilities, systems and socio−economic activities constitute the "elements at risk". Risks are measured
according to: (i) frequency by region; (ii) distribution and vulnerability of building types; (iii) the number of
casualties expected; (iv) any change in one of the elements affects the degree of risk directly.

The earthquake zoning map shows about 43 percent of the total land, 51 percent of the population, 75 percent of
the industry and 31 percent of the dams located in the first two most hazardous zones with expected earthquake
intensities equal to or greater than MSK VIII. The statistics of the last 70 years indicate that the average annual
earthquake−related losses total about 0.8 percent of the total gross national product, whereas all other natural
disasters cause only 0.2 percent.

Historically earthquakes have been documented only in rural areas. Figure 6−11 (page 116) provides the annual
expected number of heavily damaged or collapsed houses and the percentage of the national budget to be spent
for rural reconstruction. Assuming a homogeneous Poisson process, there is about 63 percent probability of
spending 0.07 percent of the national budget every year or 1.4 percent for every 20 years. Figure 6−12 provides
risk figures for quake−related deaths annually nationwide. One can expect 63 percent annual probability of losing
about 10 lives every year, about 800 lives in every 5 years or about 8,000 lives in every 10 years in rural areas
with adobe and stone masonry buildings. The losses for wood−frame houses are much lower.
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Socio−Economic Aspects:
1992 Erzincan Earthquake

Prior to the 1992 Erzincan earthquake, almost all of the Turkish experiences with earthquake disasters were
limited to rural areas. The size and complexity of cities makes the economic impact and physical damage
extensive and recovery protracted. The Erzican earthquake damaged the social infrastructure, production and
employment, changed wealth distribution, and caused inflation. A brief treatment of major socio−economic
problems (Erdik et al., 1992) and an assessment of their implications for similar situations are found below.

The Erzincan earthquake underscored the importance of preparedness. Emergency plans and

scenarios were ready at the government level, but they were not rehearsed. This resulted in ineffective response
during the first days after the earthquake. During the first 24 hours most of the survivors from collapsed buildings
were rescued by the military and volunteers, hindered by a lack of flashlights, oxygen torches, wire cutters, and
other necessary equipment. With the arrival of the national and international rescue teams, the efforts became
more professional. The delivery of emergency assistance to the victims was strongly influenced by the experience
and composition of the rescue teams, and the experience underscored the need for coordination between national
and international teams. Well−trained local teams significantly improve the morale of the affected population.

A shortage of tents, requested by 28,000 city families and 50,000 families in neighboring areas, was the first
problem faced. Most of these tents were only required because people were afraid to return to their houses. Only
about 20,000 tents were brought to the city the first month to meet this huge demand. This created anarchy and
chaos in tent distribution centers that ultimately had to be controlled by the use of military force. This illustrates
the need to be prepared for hostility and competition. The likelihood of disturbances among the urban poor may
increase just when relief efforts are already stretched to capacity.

After the earthquake, the power, water, sewage, and telephone systems of the city were inoperative.

The government provided housing or financial assistance to qualified families; the government's preference seems
to be to rebuild and repair as fast as possible to restore an appearance of normal life and to prevent migration from
Erzincan to other cities. Expenditure for this purpose is estimated at US $0.5 billion. Repair and strengthening
operations constitute one of the largest efforts of this kind in the world. About 1,000 small businesses will be
eligible for US $6,500 in financial aid to help restarting their operations.

Squatter settlements often grow up around industrial facilities built on open land not intended for residential use.
To encourage industrial development and employment, pollution controls were minimal, creating an
environmental problem. Another is caused by improper land use that degrades unstable slopes and flood plains,
increasing damages and casualties from disasters.

Risk Reduction

General Options for Risk Mitigation

In recent years flood danger has been mitigated by the construction of river regulating structures, drainage
improvements and and slopes reforestation. The effectiveness of this policy may be determined by comparing
their expense to the estimated cost of repair after a disaster. Urban settlement exposure can also be improved by
changing the functional characteristics of areas through land−use planning and increasing the redundancy of the
infra−structure — e.g., building an additional bridge at a strategic crossing. An increase in the redundancy of
lifelines (water, sewer, power, telephone, and road systems) would greatly decrease their vulnerability during
earthquakes and other disasters.
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Private developers and building owners can be encouraged to build disaster−resistant structures on carefully
chosen sites through introduction of incentives such as lower insurance premiums for buildings with better hazard
resistance; increasing awareness through education and training in mitigation approaches.

Disaster Mitigation

Floods may be mitigated through: (i) better farming practices, terracing, reforestation and prevention of
overgrazing; (ii) river control structures, early warning systems and evacuation plans; (iii) removal of existing
developments through public expropriation and conversion of use; (iv) discouraging development in hazardous
areas through information management, taxation, pricing, financing and insurance policies; (v) land−use
management

such as zoning laws, flood plain regulations, and building ordinances.

Landslide probabilities can be decreased and their damaged minimized through: (i) land−use regulation; (ii)
protective measures such as sheet piling or retaining walls — however, these are costly if not impossible options
in areas at−risk of sizable landslides; (iii) site improvement involving drainage and slope modification measures
— these can be cost−effective when land−use regulation or relocation of activities are not feasible options; (iv)
prudent siting, involving adequate setbacks from steep slopes, flattening cut slopes and the avoidance of unstable
areas; (v) appropriate warning measures and emergency response preparedness.

Earthquake damage can be greatly reduced through: (i) reduction of structural vulnerability; (ii) siting and
land−use regulations; (iii) design and construction regulations; (iv) relocation of communities; (v) public
education/awareness programs. Specific measures should also be considered for secondary effects such as fires,
landslides, and flooding.

For example, securing furniture and appliances in homes and offices and the secure attachment of exhibits in
museums can very cheaply and effectively avoid costly damage. Reversal of growth in cities through creation of
satellite cities. family planning. decentralization of management and use of new energy−efficient technologies is
worth investigating (Anderson, 1992). Mitigation efforts will only be successful with public education and
training at all levels of society.

In general, earthquake preparedness measures encompass: (i) emergency response and recovery plans; (ii) risk
assessments; (iii) dissemination of vulnerability and risk information.

Earthquake mitigation measures encompass: (i) physical and societal impact and loss scenarios; (ii) seismic
zoning and land use planning; (iii) design and construction codes for reducing the damage of impact.

The necessary plans, programs and activities for mitigation of urban earthquake disasters can be divided into
pre−, co−and post−earthquake phases.

Pre−earthquake preparedness planning includes: (i) installation of earthquake data acquisition and monitoring
stations and services; (ii) assessment of earthquake hazard (seismo−tectonic mapping); (iii) development of
earthquake resistant design codes and construction standards; retrofitting hazardous buildings and facilities; (iv)
disaster awareness, public information, education and training. − Hazardous material management; (v) legislative
and regulatory measures; (vi) response readiness; (vii) logistical support; (viii) resource management and
stockpiling; (ix) mobile command and communication operations.

Emergency planning includes: (i) rescue, evacuation, transportation and communication; (ii) damage assessment,
condemnation, demolition, demarcation of dangerous buildings and zones; (iii) debris removal; (iv) recovery and
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disposal of dead bodies; (v) emergency health care, shelter, food and water, and utilities; (vi) human response and
information management; (vii) law enforcement; (viii) quick assessment of damage and socio−economic losses;
(ix) coordination of disaster operations.

Post−earthquake planning includes: (i) detailed surveys on repair, restoration, and condemnation; (ii) assessment
of socio−economic conditions, resources, and needs; (iii) measures and policies for relief, resettlement,
rehabilitation, and redevelopment; (iv) re−establishment of government services; (v) secondary hazard abatement;
(vi) reconstruction and siting of new settlements and communities; (vii) appropriate design codes and construction
standards; (viii) training and education programs.

Japanese cities are models of earthquake risk mitigation. Key elements of their policy are (Nakazawa, 1986): (i) to
prevent the spread of fire, divide urban areas into zones using roads and rivers as fire−breaks; (ii) stockpile
supplies and foster public awareness and readiness; (iii) construct bridges and roads to protect lives;

prepare refugee camps with at least 10 Ha for every 1 m2 /refugees; (iv) establish regulations for
earthquake−resistant and fireproof buildings, and improve evacuation procedures; (v) for gas, electric, and water
supply facilities, make the conduits earthquake−proof and install safety devices; (vi) eliminate the danger of
falling objects in homes and from buildings.

Disaster relief is more expensive than ever before. Turkey allocates an average of 1.5 percent of its national
budget just for post−earthquake rural housing reconstruction. The density of urban centers greatly increases loss
of lives and economic loss. Several developing countries spend about 2 percent of their GNP for earthquake
reconstruction (Erdik, 1984), and in some cases the losses have completely canceled out any growth in the GNP
(Einhaus, 1988).

Sanitary services, utilities, health services, etc., should be designed with the lowest vulnerability levels. For
example, the collapse of the central fire station in the 1972 Managua. Nicaragua, earthquake endangered the fire
fighting effort, and in the 1971 San Fernando, California, quake much−needed ambulances were damaged under
the collapsed canopy of a hospital. Transportation facilities (highways, railroads, port and harbors, airports,
bridges etc.) are also vital for rescue and recovery efforts but are all very vulnerable to earthquake damage.
Redundancy in transportation networks is essential, therefore.

The nation's cultural heritage should be protected through the maintenance and retrofitting of monuments and
museums. Proper planning, microzonation and appropriate construction technologies are central to all of these
efforts.

With varying degrees, the 1985 Mexico City, the 1989 Armenia, the 1990 Loma Prieta, and the 1992 Erzincan
earthquakes show the consequences of a lack of public education. Mexico had no effective response plan in place
at the time of the 1985 Mexico City earthquake (Krimgold and Gelman, 1989). Inadequate reconnaissance and
damage assessment led to serious delay of full mobilization and national and international response. Valuable
time was lost in the search and rescue operation. Wylie and Filson (1989) report no evidence of any pre−disaster
public education at the time of the 1989 Armenian earthquake. Few members of the public, if any, knew of
appropriate actions to take during or after the earthquake. The 1990 Loma Prieta Earthquake and its aftermath
underscored the importance of regional planning and preparedness, says Lee (1990). There were delays in
communication, priority allocation, planning, service restoration, and in the execution of mutual aid agreements
and emergency protocols.

The pre−earthquake strengthening and retrofitting of critical urban infrastructure, facilities, and vulnerable and
hazardous buildings is one of the important physical measures for earthquake risk mitigation.
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Public awareness, information dissemination, and personnel training are the fundamental ingredients of any
successful earthquake management program (Erdik, 1987). From the psychological point of view, Hartsough
(1983) advocates attempts to orient the public toward appropriate actions before an earthquake overcomes the
palliative defenses of denial and avoidance (i.e.: the earthquake will not happen, and even if it happens any
individual actions will be ineffective).

Disaster Mitigation History in Turkey

In Turkey, disaster mitigation programs have a comparatively long historical background. After the September 14,
1509 earthquake in Istanbul, the Ottoman rulers declared a state of emergency, instituted mandatory labor
(requiring one male from each household to work in reconstruction), brought in 40,000 builders from other parts
of the empire and provided financial assistance to each affected household, accomplishing the total reconstruction
of Istanbul in six months. The administration also prohibited stone masonry construction, allowing only timber
frame construction, a decision influenced by the high damage and casualties observed in stone masonry houses. In
later years this prohibition was reversed after several fire disasters devastated large sections of Istanbul.

From World War I until the early 1940s, disaster assistance was provided by the Turkish Red Crescent in the form
of first aid, shelter, and food assistance in the short run, and financial aid for reconstruction and rehabilitation in
the long run. The disastrous earthquake sequence of 1939−1944 prompted the enactment of the "Law Concerning
Pre−and Post−Earthquake Measures" in 1944. This law required the assessment of hazardous zones;
determination of appropriate building types, construction methods, and specifications for each zone; preparation
of emergency aid, rescue programs, and planning of temporary housing; and geological surveys of new
settlements. This law also empowered the Ministry of Public Works to inspect public buildings and take any
necessary steps for strengthening or condemning them.

Current Legislation

Rapid urbanization set the stage for the "Law for Public Works" in 1956 and the "Law for Natural Disasters" in
1959 (No. 2769−1051). This latter act expanded the 1944 law both in terms of hazards and relief measures. It
includes rehabilitation and new settlements, with funding provisions for both. Besides the general budget, funding
resources currently include 3 percent of the yearly profit from government enterprises, mortgage payments from
post−disaster housing, and an excise tax on government monopoly commodities. This law also stipulates the
formation of the "Central Natural Disaster Coordination Committee" (see Figure 6−13 , page 121). A brief
outline of the act follows (Note that the Ministry of Reconstruction and Resettlement and the Ministry of Public
Works have since been combined to create the Ministry of Public Works and Settlement).

Article 1 : The provisions of this act are to be put into effect when it is determined that structures or public
facilities are damaged, or are likely to be damaged, and the life of the general public affected by disasters such as
earthquakes, fires, floods, landslides, rockfalls, or avalanches. The Ministry of Reconstruction and Resettlement
determines whether disasters are of a magnitude to affect the life of the general public. The governor(s) of the
province(s) where the disaster occurs is (are) empowered to take immediate measures in compliance with the
provisions of this act.

Article 2 : Boundaries of the area affected by floods will be determined by the ministry responsible for the
General Directorate of State Waterworks; for others the Ministry of Reconstruction and Resettlement promulgates
the boundaries. Governors are charged with the declaration of the directives of the Council of Ministers.

Article 3 : Technical requirements for all buildings to be reconstructed or repaired are determined by means of a
regulation chartered by the Ministry of Reconstruction and Resettlement, upon approval of the Ministry of Public
Works.
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Article 4 : Relief organization and plans shall be jointly drafted by the Ministries of Interior, Reconstruction and
Resettlement, Public Works, Health and Agriculture. This regulation shall carry stipulations for a relief program,
care of the injured, temporary shelter, burial, fire control, debris removal, and food facilities.

Article 5 : The Ministry of Reconstruction and Resettlement is empowered to set up investigations for the
required measures, cooperate with other ministries and institutions, provide instruction and published materials on
the effects of natural disasters.

Article 6 : This defines emergency powers for civilian authorities.

Articles 7−11 : This specifies obligations of various agencies and persons described in these articles.

Article 12 : This allows compensation, premiums and advance payments to persons other than civil servants.

Articles 13−15 : This defines technical work in disaster areas. Guidelines for damage assessment, and conditions
requiring repair and construction.
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Figure 6−13:
Central Natural Disaster Committee

Article 16 : This regulates relocation of affected population. A joint committee consisting of representatives from
the Ministries of the Interior, Finance, Public Works, Health, Agriculture, Education, Industry, Reconstruction
and Resettlement, and Rural Affairs decides this matter. Their instructions are carried out by the Ministry of
Reconstruction and Resettlement upon approval of the Council of Ministers.
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Articles 17−25 : This defines the evaluation and distribution of land appropriations and the steps in selecting new
settlement areas.

Articles 26−27 : All reconstruction expenditures including public works such as roads, sewage systems, water,
and electricity shall be borne by the Ministry of Reconstruction and Resettlement.

Articles 28−32 : This defines individuals to be aided and conditions for distribution of aid.

Articles 33−39 : Accumulation of disaster funds and expenditures from these funds. Sufficient funds must be
available at all times, kept in an account in one of the state owned banks. The funds are primarily contributions
from the national budget, government enterprises, and public companies. When funds are depleted, the Ministry
of Finance may double contributions budgeted for the fiscal year, or the Council of Ministers may allocate funds
required by the Ministry of Reconstruction and Resettlement.

Articles 40−41 : This provides reimbursement of credits extended after the disasters.

Articles 42−46 : This provides exemptions from tax and duties.

Articles 47−49 : This defines penalties.

Articles 50−51 : This provides miscellaneous requirements.

Other important legislation on urban planning includes the Settlement Planning Act of November 1985. This act
stipulates that:

 All settlements with a population of over 10,000 should have an "Urban Development Plan" prepared at the
"Master" and "Application" levels;

 The maps and plans are to be approved by the municipalities;

 The Ministry of Public Works and Settlement has the authority to prepare plans for public buildings,
post−disaster settlements, and collective housing and to carry them out in accordance with "Squatter Housing"
legislation.

 All buildings, with certain exceptions, are subject to construction and occupation permits issued by the municipal
authorities.

The Role of Public Agencies

Government Level

The General Directorate of Disaster Affairs, in the Ministry of Public Works and Settlement, is responsible for all
disaster mitigation. Within the directorate there is a special Earthquake Research Division. The European Natural
Disasters Training Center of the same Ministry, established by the Council of Europe under the 1987 agreement,
conducts training and education.

The preparedness activities of the Earthquake Research Division include the operation of weak and strong ground
motion recording equipment, preparation of earthquake resistant design codes and associated hazard zoning,
public education programs, and research on earthquake prediction. The European Natural Disasters Training
Center cooperates with other international establishments in training technicians and administrators, preparing
audio−visual
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materials for the public, conducting seminars, and helping to develop training programs.

Municipal Level

No specific agency within Turkish municipalities is responsible for disaster mitigation. Fire departments and other
emergency rescue and medical teams deal with daily emergencies and are not equipped to manage large−scale
disasters.

In case of fire or flooding emergencies requiring coordination among the various departments of the city, an
"Emergency Crisis Center" composed of various department heads is formed to undertake relevant activities. For
large−scale disasters, the provincial governor has complete authority.

Inadequacies of the Mitigation Program

In Turkey, long experience with earthquakes has led to a large collection of laws and regulations and detailed
manuals and documents on every conceivable aspect. But all these documents have not resulted in better
protection of the people and property. Some suggestions for improvement follow:

Preparedness

Construction and inspection regulations are routinely ignored in both urban and rural areas, as is made evident
with every strong earthquake. This negligence has several causes, including ignorance, indifference, and a
"nothing will happen" attitude.

Turkey as a whole has failed to develop a coherent, stable centralized disaster policy unaffected by political short
term interest and consistent with the high rate of development and urbanization, City planners are inadequately
trained and do not usually take natural hazards into consideration.

The current Natural Disaster Law requires that each province (and also the country as a whole) prepare its own
plans for different disaster scenarios and submit them to the Ministry of Public Works and Settlement. These
plans are poorly prepared, based on incomplete scenarios, and not updated to reflect changing conditions and city
growth. Current economic conditions make it difficult to allocate funds for retrofitting structures unprepared to
resist earthquake damage.

Emergency Management:
Rescue and First Aid

Disaster field operations are conducted under the direction of Provincial Emergency Assistance and Rescue
Committees. However, regular changes in administrative personnel means officials may not be fully informed of
or familiar with emergency plans and scenarios. Therefore, plans cannot be based on the assumption that all
administrators will fulfill their job descriptions adequately.

The number of adequate number of professional rescue teams with well−trained specialists and appropriate
equipment is inadequate. Volunteer groups and civil defense personnel are not effective unless they are trained
and accompanied by specialists.

Post−Disaster Rehabilitation and Settlement

In general, Turkey has been more successful in post−disaster settlements than with other phases of disaster
management. The following lessons have been learned:

 In planning post−earthquake permanent settlements, the objective should not only be the provision of shelter, but
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the complete socio−economic rehabilitation of the victims.

 Settlements should not be moved to new locations unless technical and environmental conditions make it
imperative.

 Houses should be reconstructed in keeping with the traditions, culture, life style, and physical environment of the
recipient community. Construction materials and

techniques should allow for subsequent adaptation.

Concluding Remarks

Administration of Risk Mitigation Strategies

Tools for the effective administration of risk mitigation strategies include legislation, economic aid, and training
capacities. The following general requirements should be met:

 A clear and prioritized urban disaster mitigation policy must be written and coordinated and with the national
policies.

 Hazards and vulnerabilities must be effectively and continuously assessed.

 An adequate institutional setup, well coordinated with other municipal and government agencies, that does not
change with changing local governments, must be created.

 Every sector from top government levels to households must recognize that disaster mitigation is an integral part
of national development and is the responsibility of every sector.

 Well−organized and continuous public awareness, training, and education programs for a variety of target
audiences must be conveyed through all media.

An effective urban disaster plan cannot be adopted as a reaction to a single event, regardless of how catastrophic,
but must be a plan for continuous implementation and revision. It must complement national disaster legislation.

Priorities for Reducing Urban Vulnerability in Turkey

The following list of priorities for investments can best reduce urban vulnerability in Turkey:

 Programs must be developed to heighten public awareness, to disseminate information and train personnel in
measures to reduce urban vulnerability;

 An institutional base and a mechanism for the control and regulation of the building design and construction
sector must be developed;

 Land−use planning regulations to emphasize measures that reduce urban vulnerability must be created or
modified and enforced.

 Measures to mitigate the environmental degradation in urban centers must be institutionalized and enforced.
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 Urban facilities that are essential for the operation of the socio−economic system (e.g., sanitary services, utilities
and health services) must be strengthened, and redundant facilities added.

 Simple measures to protect household and office appliances and furniture from the effects of earthquakes and to
eliminate danger from falling objects must be instituted. Similar measures also apply to exhibited items at
museums.

 Turkey's great cultural heritage must be protected through maintenance, repair and retrofitting of monuments and
museums.

 Methods for retrofitting hazardous buildings and facilities must be implemented.

 Appropriate techniques for repair and strengthening of non−engineered lowstrength constructions in squatter
settlements must be instituted.

End Notes

1. Notably, September 19, 1985 Mexico City [M8.1]; December 7, 1988 Spitak, Armenia, [M7.0]; October 17,
1989 Loma Prieta, USA, [M7.1]; June 21, 1990 Manjil, Iran, [M7.7]; July 16, 1990 Philippines [M7.8] and March
13, 1992 Erzincan, Turkey [M6.9].

Author's Note

In the preparation of this article I have freely quoted from the ''Disaster Action Plan for Istanbul," an on−going
study. It is being developed by the Kandilli Observatory and Earthquake Research Institute of Bogaziçi
University, with the assistance of the Earthquake Research Division of the Ministry of Public Works and
Resettlement for the Government of Istanbul. I would like to thank the directors, Professor Ahmet Isikar and Mr.
Sinan Gencoglu, for their assistance. Thanks are also due to Mr. Hamit Ülker, who kindly provided the data on
flooding hazards in Istanbul.

7—
Urban Development and the Coastal Zone:
Problems in Istanbul and Izmir

Günay Kocasoy

This paper inventories the destructive impacts of unsustainable human use of coastal resources in Istanbul and
Izmir. It reviews the influences of population pressures, industrialization, beach use and maritime
transport/accidents. Particular attention is paid to construction of coastal roads and parks and the impacts of
wastewater discharges. The author provides some results from her research on beaches and solid waste and
develops a system of beach classification. Projected future trends and coastal developments are reviewed, and
recommendations for more appropriate use of urban coastal zones are elaborated.
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Introduction

In a technical sense, the coastal zone stretches from the farthest reach of land exposed at low tide to the highest
possible reach of a storm wave. Coastal zone management, however, requires a multi−disciplinary and holistic
approach to a wider geographic area. Such an approach must involve a broad−based coalition of interested parties
and rely on the advice of properly trained technical experts.

In this broader sense, coastal management looks at the ecology of the coastal region. It is concerned with the
health of the rivers and estuaries that flow into coastal waters. It also attempts to balance the needs of a myriad of
private sector and governmental users and those of the general public. While it is difficult to develop a consensus
on an approach to coastal development that does not satisfy the needs of any particular interest group fully, the
experience of many countries demonstrates the unfortunate results of allowing coastlines to develop without a
comprehensive management plan. The recent World Bank case study on Rio de Janeiro illustrates what can
happen when one of the most scenic coastal zones in the world is developed without proper attention to best use,
careful mapping and the requisite attention to the carrying capacity of the regional environment.

In their natural state, all coastal zones contain many effective defenses to the more violent meteorological events.
Every natural coastal element has an extremely high environmental value: each provides food and shelter to many
species, and each protects the coast against sea storms. However the barriers that are so effective at dissipating
storm wave energy are often defenseless in the face of poorly planned human settlements along the sea.

Coastal zones not yet developed are easy to protect. Such land is in short supply around Turkey's major
metropolitan areas. Even in countries that have as much coastline as Turkey, urban shorefront land is always
commercially valuable because it can be put to use in so many ways. This range of possible uses also places the
fragile environment at great risk. As large coastal cities grow, their coastlines quickly attract more residents. As a
result, urban coastal areas face serious risks of alteration and/or destruction.

Pollution is a serious matter in waters near Turkish urban areas. Water pollution directly impacts fisheries and
adversely effects recreation and tourism when the scenic qualities of once−attractive areas are lost, or
eutrophication and/or contaminants render large bodies of water unsafe or unsuitable for fishing, boating and
swimming.

The natural dangers to which coasts are exposed — e.g., storms, tsunamis and sea surges — are now often
surpassed by the destructive impacts of unsustainable human use of coastal resources. In the recently published
World Bank case study on Rio de Janeiro, Argento noted that:

Managing coastlines to take into account the needs of the cities and requirements of the environment demands a
holistic overview of a wide geographic area and an understanding of the interaction between physical, human and
biological agents in land, sea and air systems.

The present report catalogs the dangers from these interactions facing the coasts of Izmir and Istanbul, two of the
most ancient and longest−in−habited cities of the world.

Istanbul

Istanbul has coasts on the Black Sea and the Sea of Marmara, and much of its urban area lies along Bosphorus
Strait, which connects these two seas. The sea traffic in the Sea of Marmara and the Bosphorus — the only
entrance to the Black Sea — is dense.

The rapid increase in population and the desire of better−off individuals to limit the access of others to seashore
attractions has caused the loss of much coastline to a range of uses and to broad popular access. Because of the
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antiquity of the region, many buildings along Istanbul's coastline have historic value. However, the development
of the past does not justify continuing

Discharge (m3/year)

Location 1991 1992

Yenikapi 62,469,000 83,560,250

Flory 1,590,984 3,420,000

Menekse 240,750 399,600

Yesilköy 1,140,365 1,635,840

Yenikapi 688,973 1,270,410

Istinye 1,284,804 2,269,696

Büyükada 814,087 261,252

Burgazada 127,152 199,800

Burgazada 95,752 96,120

Ataköy 1,332,484 1,701,648

Ataköy 3,529,710 3,191,400

Üskürdar 1,550,664 1,289,520

Mühürdar 23,455,017 32,041,656

Bostanci 2,541,375 2,705,400

Kalamis 747,551 635,616

Fenerbahce 177,679 119,340

Suadiye 207,840 181,780

Orhantepe 3,837,752 4,215,182

A.Kavagi under construction 3,150

Figure 7−1:
Controlled Discharges in Istambul

indefinitely without a management plan that takes into account the projected impacts of current coastal use and
the regenerative capacity of the seas in the face of current and projected pollutant loads.

Throughout history, the coasts of Istanbul have shown a continuous evolution — paralleled by Izmir's coastal
zones — in which swimming beaches were paved to make coastal roads or were covered by buildings. Notable
activities of this nature undertaken in the last few years which had negative effects on the coasts of Istanbul are
summarized below under their respective headings.
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Construction of Coastal Roads

Construction of roads along the coasts of Istanbul began after the 1950s. The first large project was the
construction of a four−lane road on the European side of the city along the Sea of Marmara between Sirkeci and
Yesilyurt. These coasts, which initially were swimming beaches, soon lost their recreational character in the face
of automotive noise and exhaust emissions. The incursion of motor vehicles into what had previously been
pedestrian−accessible areas suitable for recreational use accelerated again in the 1980s, when a 5.5 kilometer,
six−lane coastal highway was constructed along the Anatolian coast of the Sea of Marmara between Suadiye and
Maltepe, and which now extends even farther. Between 1987 and 1992, six additional kilometers of road were
constructed along the coast on the European side of the city. All these projects caused the destruction of lovely
swimming beaches.

Construction of Parks Along the Coast

To increase the green zones within the city and to create parks and recreational areas, the Municipality of
Istanbul, unable to find an appropriate area, began to fill the Sea of Marmara after 1989. This action doubtless had
a major impact on the flora and fauna of this sea. The area filled in this way between 1989 and 1992 is
approximately 1,020,000 m2 . Similar actions took place along the Bosphorus, but here, instead of filling the sea,
a road was constructed on columns

Name of Vessel Country Penalty (TL)

1991

Temel II Turkey 45,000,000

Karl Metz St. Vincent 90,000,000

Prima Vera Malta 90,000,000

Solsea Norway 90,000,000

Tirgu Frumos Romania 100,000,000

Tuncay Cepnioglu Turkey 75,000,000

Murat Hacibekiroglu Turkey 75,000,000

Delta Star Panama 100,000,000

Cape Decision USA 100,000,000

Fuel Oil Pantoon Turkey 4,500,000

Marmat Turkey 4,500,000

ENB Hawkel Libya 100,000,000

Rimacg Lebanon 100,000,000

1992

Halina W. Germany 100,000,000

Sagur Sri Lanka 100,000,000

Nazarcea Romania 100,000,000
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Amiral Sadik Altincan Turkey 10,000,000

Arwa S. Arabia 150,000,000

Fnakiova Russia 150,000,000

Mobil Flinders Australia 150,000,000

Mazlum Reis Turkey 4,500,000

Sagitta Germany 75,000,000

Abdullah Turkey 75,000,000

Artvin Turkey 150,000,000

Sea Weser Antignaano 75,000,000

Karina Danica Denmark 150,000000

Irbis Russia 75,000,000

Akova Turkey 150,000,000

Yeliz I Turkey 75,000,000

Anafarta Turkey 75,000,000

Esso Albany Liberia 150,000,000

Renktas Turkey 75,000,000

Osman Azali Turkey 150,000,000

Figure 7−2:
Ships Discharging Waste

14 Dec. 1960 : World Harmony and Zeronic: 20 people killed. Tarsus passenger ship also
caught fire as result of the collision and explosion of these two tankers.

15 Sept. 1964 : Norwegian tanker Norhom collided with the wreckage of the Peter Zoranic
and sank, discharging tons of fuel into the sea.

9 Nov. 1965 : Greek ship collided with an Europe motorboat. Five people killed.

1 March 1966 : Ships Lutsk and Kransky (Soviet flag) collided and burned, discharging tons
of raw petroleum into the sea.

3 July 1966 : Yeni Galatasaray and Aksaray collided with several motorboats, killing 13
people.

13 Nov. 1966 : Ploesti ship sailing under the Romanian flag collided with the passenger
motorboat Bereket, sinking the motorboat and killing eight.

1 July 1970 : Italian ship Agip Ancona hit the coast, demolishing a building under
construction and killing five.

22 Dec. 1972 : Turan Emeksiz and Sönmezler collided, five people killed.
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27 Dec. 1976 : Soviet ship Maucesta and Indian ship Lok Prabha collided, sinking the Lok
Prabha.

21 April 1979 : Romanian ship Karpat, collided with the Turkish ship Kefele, killing 11 and
sinking the Turkish ship.

15 Nov. 1979 : Romanian tanker Independenta collides with Greek ship Evriali outside
entrance to the Port of Istambul. The Independenta explodes and burns for four days, killing
43 and discharging tons of petroleum into the sea.

2 April 1980 : Greek ship Elsa collides with Soviet ship Moskovosky, killing two people.

9 Nov. 1980 : English ship Nandic Faith collides with Greek ship Stawanda, dumping large
amounts of petroleum into the sea, threatening the environment.

24 Sept. 1985 : Turkish assault boat Meltem collides with Soviet warship. The Meltem is
sunk and five sailors killed.

29 Aug. 1987 : Bulgarian tanker Petrov Silavejna collides with Honduran−registered ship
Armena, sinking the Armena.

29 Oct. 1988 : Maltese−registered tanker Blue Star collides with the Turkish tanker
Gaziantep. The Blue Star discharges 1,000 tons of ammonia into the Sea of Marmara.

Figure 7−3:
Accidents on the Sea of Marmara

placed in the sea. While this did not alter the water flow pattern, it caused serious aesthetic degradation.

Destruction of the Coastal Zone Due to Pollution

i) Wastewater Discharge

The rapid increase in population in Istanbul, followed by a major expansion in the industrial base, resulted in the
increase of wastewater production in the city (see Figure 7−1 . page 129). Septic tanks (which had been used
successfully until the 1960s) were replaced by sewers flowing directly into the Sea of Marmara and the
Bosphorus, which contributed to greatly increased pollution loads being discharged into this receiving water.
According to the ISKI (Istanbul's Water and Wastewater Authority), 112,359,953 m3 of wastewater poured into
the Sea of Marmara and the Bosphorus through controlled discharges in 1991, and 139,215,660 m3 in 1992. The
total amount of contaminated water from all sources, however, is estimated at 400 million cubic meters.

The wastewaters discharged into the Sea of Marmara from Istanbul, as well as waste generated at other pollution
sources along the coasts of the Sea of Marmara caused a considerable increase in the pollution of the sea. As a
result, coastal zones which had been used for swimming and/or recreational activities became not only unsafe and
unattractive but in some cases began to emit strong unpleasant odors.

ii) Discharge of Waste from Ships

A considerable amount of waste is discharged into this body of water from passing ships. Figure 7−2 (page 130)
lists the incidents from 1991 to 1992, and the amount of penalties imposed on those responsible for each of them.
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iii) Deterioration of the Coasts Due to Sea Accidents

The dense sea traffic in the Bosphorus and the Sea of Marmara combined with the lack of regulations requiring
the use of local pilots has resulted in an unending series of minor maritime accidents and several severe ones that
have destroyed coastal buildings and polluted the sea and coastal waters. A list of sea accidents which occurred
during the last 33 years is given in Figure 7−3 (page 131). It shows that the majority of ships involved in these
mishaps belong to other countries.

The accident involving the Independenta is of special significance. Early on the morning of 11 Nov. 1979, the
Rumanian tanker Independenta collided with the Greek cargo ship Evriali directly in front of the port of Istanbul.
The Independenta was fully loaded with 95,500 tons of crude oil, while the Evriali was loaded with steel.
Immediately following the collision, explosions occurred within the Rumanian tanker, which started to burn. A
limited amount of crude oil leaked into the sea. The fires continued until 6 Dec. 1992, when another strong
explosion occurred, after which a large amount of burning petroleum was discharged into the sea, where it
continued to burn. Buildings near the coast were damaged by the explosion but were protected from the fire by
barriers which had been placed on the sea in advance. Beaches and other coastal zones, as well as fish and
shellfish habitat on the sea bottom were polluted or destroyed by burned crude and petroleum by−products. The
removal of these pollutants took several years.

Similar accidents have taken place in recent years, and Istanbul has been very fortunate that none of them have
resulted in a worse catastrophe. Turkey has no guarantee that a worst−case event will not occur in the future.

Vulnerability of the Coasts of Istanbul

These events provide a clear indication of the vulnerability of Istanbul's coastal zone. Perhaps most troubling is
the lack of both emergency preparedness and a comprehensive coastal zone management plan. The most
important threats menacing the coasts of Istanbul with catastrophes and environmental degradation are:

 Sea Accidents : This is the most important threat to the coasts of Istanbul. For example, the explosion of a ship
carrying

liquefied gas could destroy a considerable portion of the city. Although many accidents have happened already,
the lack of a comprehensive emergency plan for Istanbul (that identifies emergency responders and spells out
what their responsibilities are the event of a marine accident) makes the situation even worse.

 Degradation of the Coastal Zone Due to Increased Pollution : The continuous increase in levels of water
pollution has a detrimental effect on the efficient and/or optimal use of coastal zone resources. Those parts of the
urban coast still used as recreational or residential areas will not be suitable for these purposes for much longer.
The environmental carrying capacities of these areas has been debilitated to the degree that these uses will no
longer make sense — i.e . who will want to bathe at polluted beaches or live next to waters that smell of the
pollution they contain. This situation, however, can be reversed if the

Discharge (m 3 /day)

Year Domestic Industrial Total

1985 245,000 — —

1990 308,000 105,000 413,000

1995 389,000 118,000 507,000
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2005 593,000 143,000 736,000

2015 870,000 168,000 1,038,000

Figure 7−4:
Discharges into Izmir Bay

Water and Wastewater Authority of Istanbul (ISKI) can stop the discharge of untreated waste into the Sea of
Marmara. Details of ISKI activities planned for coming years are given below.

 Improper Use of Fill to Gain Land : Administrators in developing countries, in order to satisfy public demands
for park lands at a low cost — and thereby create a favorable impression on the electorate — are strongly
motivated to continue to fill shallow areas along the coast to gain land.

Izmir

The uses of the coasts around Izmir have been evolving continuously throughout history. Beaches have been
turned into roads or replaced by houses or hotels, resulting in the destruction of the natural environment and a less
than optimal use of valuable land.

The main dangers facing the coasts of Izmir are the direct result of environmental degradation which reflects the
absence of a comprehensive coastal management plan. They are: (i) damage due to public works; (ii) overuse; (iii)
pollution.

Each of these sources of damage will be examined separately, supplemented with historical information and
forecasts.

The Bay of Izmir

The Bay of Izmir, 64 km long with an average width of about 5 km, is found right in the center of the city. The
coastal zone has experienced extensive development, followed by a large population migration. Urbanization
continues in the center of Izmir, and buildings spread to cover more and more of the coast. As a result, both
population and industrialization have increased. Figure 7−4 presents infor−

Year
BOD TSS Nitrogen Phosphorus

(kg/day) (kg/day) (kg/day)

1990 116,000 55,000 2,600 600

1995 130,000 62,000 2,950 180

2005 157,000 75,000 3,575 215

2015 168,000 88,000 4,200 252

Figure 7−5:
Pollution Strength of Industrial Wastewater

mation about the current pollution discharged into the Bay, as well as future forecasts about the pollution level.
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Future degradation of the coast can be predicted by evaluating changes in the past and extrapolating the likely
results. The most important changes over the last 20 years are discussed below.

1) Filling the Sea

A few years ago only the inner part of the Bay — a relatively small section of the coast — had piers and roads,
while the remaining coasts preserved their original contours and contained natural beaches. The increase in
population and subsequent traffic problems made new road construction imperative. In order to avoid
expropriation and demolition activities that would have represented both a high financial and a political cost (the
destruction of homes and the relocation of numerous families away from their desirable location in the city center
would have been very unpopular), the authorities opted to fill the sea and to construct the coastal road upon the
man−made land. As a result, 12 km of natural beaches have been destroyed, damaging not only the beaches'
natural beauty but also the sea bottom and benthic life. In addition, the noise generated by the increased traffic has
had a negative environmental impact, and the roads have lead to the scenic devastation of the coasts.

2) Pollution Problem

The discharge of wastewater into the bay has had several negative effects. As recently as the 1960s, people were
still swimming along Izmir's shores. This is now impossible because of industrial pollution, chemical spills and
biological pollutants such as pathogenic bacteria, viruses, protozoa, and helminth eggs. Discharge of these
pollutants originate primarily from sewers and ships.

a) Discharge from sewers : This is the major source of pollution in Izmir Bay. Figure 7−5 gives information
about present discharges to the bay, as well as projections for the future and the author's projections of the
pollution strength of industrial discharges from these sources, which are of significant amounts and affect the
coasts negatively.

b) Discharges from ships : This is another source of pollutants that not only degrade the quality of the water but
often pollute beaches. Figure 7−6 (page 135) gives a list of ships reported to have discharged pollutants into the
Bay between 1988 and 1992, and the penalties paid by them.

c) Odor Problem : Terrible odors, especially during the summer months, are generated in the inner bay by the
anaerobic decomposition of organic wastes discharged into the bay.

Changes in the Coasts of Izmir that Affect Tourism

The metropolitan municipality of Izmir is surrounded by smaller district municipalities that are mainly used as
summer resorts. Among these, Urla and Cesme are of special significance from the point of view of coastal
vulnerability.

a) Municipality of Urla

The coasts of this municipality, located in the outer section of the bay, have a summer popu−
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Date Name of Vessel Penalty

04.01.1988 Toletela 10,000,000

16.02.1988 Garnata 20,000,000

11.05.1988 Guernsey Express 10,000,000

30.09.1988 Akdeniz 5,000,000

12.10.1988 Samsun 10,000,000

02.11.1988 Haslaman I 5,000,000

15.12.1988 Mare Italico 10,000,000

26.04.1989 Karadeniz 2 10,000,000

22.08.1989 Sög¨t 10,000,000

18.12.1989 Targut Kaptanoglu 500,000

03.01.1990 Sofular III 20,000,000

08.03.1990 Condor 60,000,000

26.12.1990 Bursa 60,000,000

23.01.1991 Johanne Ege 30,000,000

30.04.1991 Niyazi Tonba 45,000,000

02.05.1991 Veliagrima 90,000,000

17.05.1991 Cihan 7 900,000

14.10.1991 Nihat Kalkavan 900,000

15.11.1991 Cemre I 900,000

15.12.1991 Lucky 90,000,000

26.12.1991 Marco Polo 90,000,000

10.01.1992 Kaptan Yasar Akbas 45,000,000

11.02.1992 Erzurum 1,500,000

06.03.1992 Haci Sefer Kalkavan 1,500,000

13.03.1992 Pyrgos 1,500,000

10.04.1992 Pacific Trader 150,000,000

23.09.1992 Lucky Moon 150,000,000

Figure 7−6:
Vessels Discharging Waste into Izmir Bay

lation of 150,000 and a winter population of 30,000. This attractive district suffered from the effects of an unusual
action in 1988. A company that had undertaken to clean the sludge accumulated in the inner Bay of Izmir, began
to dump the removed material at a point near the coast of Urla. As a result, the coast was polluted; the turbidity of
water increased, and certain types of fish living there migrated away. Negative public reaction stopped this action.
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None of this would have been necessary if Izmir had a coastal management plan and an authority that considered
the impacts of proposed actions on the coastal ecosystem.

b) The Coast of Cesme

Investigations conducted by the author in Cesme for research supported by the World Health Organization
discovered some negative effects on the coastal zone from overuse during peak tourist seasons.

The increase in the number of people using the beaches resulted in the increase of solid waste accumulated on the
coast. This litter mainly consists of plastic bottles or tin cans, cigarette butts, straws, ice−cream cones, and plastic
bags. As the temperature increased, the litter also increased, the only exception being cigarette butts, which
remained relatively constant, perhaps indicating that people walk and smoke along the coast during months when
swimming is not attractive. The amount and type of litter reflected the kind of goods sold on the beach.

Studies of Cesme's beaches have shown that microbial pollution of the sea water increases in proportion with the
number of tourists. In developing countries, wastewater treatment plants either do not exist or are very limited. To
examine the effect of tourism on coastal zones, it is essential to classify the beaches according to their
characteristics and to plan for sustainable use given both the natural regenerative capacity

Coliform Concentration/100
ml .

Beach Class Minimum Maximum

I 0 83

II 0 4,000

II−III (transition type) 0 500

III 0 2,700

IV 0 50,000

Figure 7−7:
Coliform Concentrations on Cesme's Beaches

and the available infrastructure. The coasts may be classified by use in four basic types:

Class I : Coasts used only for swimming and recreational purposes: These are located away from inhabited areas.
Tourists arrive for swimming, surfing, sunbathing, sunset watching and relaxing. People generally do not stay
overnight. The only facilities are small open air restaurants. If the coast is protected against waves, a few yachts
may anchor there. Litter from beach users is the most important source of pollution.

Class II : Coasts used simultaneously for dwelling, swimming and recreational purposes: This class usually
consists of a long beach behind which stand houses or large hotels. The beach is used both by people living in the
surrounding areas and others coming just to swim or sunbathe. In addition to the problems of Class I, wastewater
generated by the nearby establishments which purposely or accidentally flows into the nearby sea is a potentially
significant source of pollution of Class II coasts. This pollution causes changes in the quality of the sea water,
which constitutes a threat to public health. The extent of pollution on these coasts changes according to the
seasonal or continuous use of nearby dwellings, as well as the number of inhabitants.

"Informal Settlements, Environmental Degradation, and Disaster Vulnerability"

b) The Coast of Cesme 130



Class III : Coasts along which houses, hotels, restaurants, dancing establishments and other similar facilities
exist, but which for some reason are considered inappropriate for swimming. The sources of pollution for these
coasts are mainly land−based wastewater and solid waste disposed into the sea.

Class IV : Natural and man−made harbor coasts used as a shelter: This class is usually protected from waves and
currents by natural or manmade structures. However, these barriers constitute a disadvantage in the sense that
tides and currents cannot easily remove pollutants discharged into the harbor from land and yachts or other ships
at anchor. These coasts are usually unsuitable for swimming, especially when facilities for emptying wastewater
or ballasts are not available.

Coasts which do not fall clearly within the above−mentioned classes but have a transitional character between two
classes are called ''transitional coasts" and are indicated with the numbers of two classes, i.e., Class II−III.

The results of this study, where an empirical relation for determining the extent of microbial pollution has been
derived, showed that increasing the population of coastal users had a significant effect on the deterioration of
water quality, holding constant light intensity and sea water temperature. The effect was more significant for
Class II and Class III beaches. Maximum and minimum values of total coliform concentrations measured between
1987 and 1990 are given in Figure 7−7 (page 136). This classification system enables planners to identify the
strengths and weaknesses of already developed coastal zones and to develop plans to manage them taking peak
loading into account.

Vulnerability of the Coasts of Izmir

Problems encountered in the past are highly likely to be potential problems for the future. Among these, the most
important are:

Filling of the Sea for Road Construction and/or Other Actions : Because an Environmental Impact Study is
not required for such activities in Turkey, these projects are feasible and attractive to those who might benefit
from them.

Pollution Due to Wastewater Discharge : Values given in the figures are clear indications that the discharge of
wastewater into the Bay of Izmir continues to be a serious source of environmental degradation for this city.
Presently, the waste is discharged either directly into the bay from 200 points of discharge, or through 13 rivers
flowing into the bay. The Melen River is the worst example of wastewater directly discharged into the bay by
means of a river. If the Municipality of Izmir completes a proposed project for wastewater collection and
treatment, this situation represented by this watercourse will be improved considerably. The wastewater project,
to be completed by 1997, has a total cost of $433 million and includes the construction of 40 kilometers of main
collectors along the coasts of the bay, 430 kilometers secondary collectors and a treatment plant. Of the main
collectors, 4.5 kilometers are made of a 3.6 m. diameter tunnel. From the total length of collectors, 265 kilometers
are under construction.

Discharge of Wastewater from Ships : This may continue to be a minor but significant source of pollutants in
along the coasts of Izmir. Proper monitoring and timely enforcement are required to eliminate these contaminants.

Projected Activities with Implications for these Coastal Areas

According to information obtained from the General Director of the Water and Wastewater Authority of Istanbul,
the length of that city's sewer system was 6,900 km in 1989 and 7,810 km in 1992. Construction was planned for
103.5 kilometers of tunnels for the collection of city wastewater to be transferred to treatment plants. To date,
44.5 kilometers has been completed. The construction of the remaining portions of the tunnels is continuing.
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Another ongoing project in the Istanbul area is the rehabilitation of the rivers which receiving rainwater and
wastewater from districts lacking sewage systems. These rivers discharge their water into the Sea of Marmara,
contributing to its pollution. For the time being, the rehabilitation of the five rivers has been completed, and the
projects for the rehabilitation of the 28 out of 42 streams have also been completed. The capital necessary for the
rehabilitation of all the streams in the city of Istanbul is approximately 8 billion Turkish Lira.

Plans call for the full treatment of the Istanbul's wastewater before discharging it into the Sea of Marmara. The
treated water is to be recycled and used for irrigation purposes, as well as cooling and/or processing water in
industry, thus contributing to the city's water conservation effort. Two pretreatment plants, Yenikapi and Üsküdar,
began operation in 1988 and 1992, respectively. They will continue functioning until the Yenikapi Pretreatment
Plant is converted to a full treatment plant, and the Riva Treatment Plant replaces the Üsküdar Treatment Plant.

The Tuzla and Kücükcekmece full treatment plants were completed and are now operating. Thirteen treatment
plants are scheduled to be constructed in various districts of Istanbul.

Recommendations for Improved Coastal Management

The problems threatening the Turkish coast stem mainly from a lack of coherent policy. Turkey lacks a coastal
zone management plan and experts in coastal management. Any activities for improving the present situation and
for preventing further damage should start with an educational program aimed both at the public and relevant
professionals.

The obligatory performance of an EIA study for any activity that can affect the coasts should be required
immediately, and decisions about the implementation of any development activity along the coast should be made
in light of the results of the study.

Emergency preparedness plans for accidents at sea should be developed rapidly and a team responsible for
implementing these plans should be assembled and trained without delay.

A Coastal Zone Management/Development Plan should be prepared as soon as possible and local authorities
should not be allowed to make any alterations to it without permission from the appropriate experts.

8—
Disaster Vulnerability and Environmental Degradation:
Gecekondus

Rusen Keles and Cevat Geray

This article traces the development of gecekondu settlements and discusses the various factors that contribute to
their excessive disaster vulnerability, focusing on Ankara, Izmir and Istanbul. It summarizes the results of studies
on gecekondu size, ownership, and quality of services and amenities. It provides an overview of government
solutions to the problem and an evaluation of past and present policies. The authors offer policy recommendations
for reducing the vulnerability of gecekondu areas.
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Years Gecekondu Inhabitants % of Urban Pop.

1955 50.000 250.000 4.7

1960 240.000 1.200.000 16.4

1965 430.000 2.150.000 22.9

1970 600.000 3.000.000 23.6

1980 1.150.000 5.750.000 26.1

1990 1.750.000 8.750.000 33.9

Source: Kelf , R. Kentlef me Politikasì (1990), 369

Figure 8−1:
Number of Gecekondus and Their Populations

Gecekondu Development

Gecekondu in Turkish means "house built overnight." It has come to refer to spontaneous housing developments
generally. These are numerous in Turkey's larger urban areas. They are a coping mechanism of the less affluent
and a response to the rising land prices which often accompany rapid urbanization, placing legal buildable lots
outside of the reach of many families. Such spontaneous settlements are found in developing countries worldwide,
and the words to describe them have become familiar: "bustees" in India, "casbah" in Algeria, "macambo'' in
Argentina, "rancho" in Panama, "favela" in Brazil, "gourbeville" in Tunisia, and "bidonville" in Morocco. They
are evidence of insufficient and inefficient policies for providing land, affordable housing, infrastructure and
services in the cities. The shortage of housing in legal settlement areas partly explains the problem.

Turkey began to urbanize rapidly between 1945 and 1950, just as a multi−party political system emerged.
National demographics were dramatically altered as people fled their rural villages, where economic conditions
for farmers had become intolerable. The move to the big cities in the western part of the country was not
accompanied by job creation, however. The shortage of well−paid work meant that the recent arrivals had to
economize in their housing as in everything else: they simply took over vacant lots.

All gecekondus share certain characteristics. Usually they are built on somebody else's land without the owner's
permission, they are constructed without regard to building codes and regulations, they were built without a
building permit, and the areas where they are found are either inconsistent with residential use, or it is a violation
of city development plans and other land use regulations.

Since a traditional gecekondu is built in a hurry with substandard materials, the structure is weak and vulnerable.
Recently, however, more time and money has been put into their construction, and there are even gecekondu
apartment houses. In the early years of gecekondu urban development, the homes were built with a flexible floor
plan so families could expand them as needed in response to changes in family size.

Provinces Share in Total Gecekondus (%)

Ankara 29.9

Istanbul 19.4

Izmir 11.6

Adana 5.8
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Bursa 4.2

Zonguldak 3.1

Gaziantep 2.9

Figure 8−2:
Distribution of Gecekondus by Province (1968)

Years Gecekondu Inhabitants % of Urban Pop.

1950 12.000 62.400 21.8

1960 70.000 364.000 56.0

1966 100.000 520.000 57.4

1970 144.000 748.000 60.6

1975 202.000 1.156.000 64.9

1978 240.000 1.300.000 68.4

1980 275.000 1.450.000 72.4

1990 350.000 1.750.000 58.3

Source: Kele_,R. Kentle_me Politikasì, (1990), p.369

Figure 8−3:
Gecekondus in Ankara

Now that gecekondus are being built as apartment houses of three or more stories, they have lost their traditional
flexibility (Ptenyapili, 1992).

Location and Population Data

Most gecekondus are concentrated in the three major cities of Istanbul, Ankara, and Izmir. In 1968, about 30
percent were in Ankara, 19 percent in Istanbul, and 12 percent in Izmir. The remaining 39 percent were scattered
through Adana, Bursa, Zonguldak, Gaziantep, Hatay, Kocaeli, Diyarbakìr, Konya, Urfa, Eski_ehir, Balìkesir and
40 other cities.

There were around 25,000−30,000 gecekondus in the major metropolitan areas in 1948, when the first laws
concerning them were put into effect. According to Yavuz (1961) by 1958 the number had risen in Istanbul from
5,000 to 32,000 and in Ankara from 12,000 to 46,000. The accelerating development of gecekondu buildings and
their occupant population is summarized in Figure 8−1 (page 140).

Between 1955 and 1990, gecekondu buildings increased from 50,000 to 1,750,000 nationally, and their population
grew from about 250,000 to almost 9 million. In the overall urban population, gecekondu inhabitants increased
from 4.7 percent to 33.9 percent, approximately seven fold. Eighty−nine percent are now concentrated in the more
urbanized and economically developed Marmara, Central Anatolia, Mediterranean, and Aegean regions. Figure
8−2 (page 140) indicates the regional distribution.
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Major Metropolitan Areas

Ankara's urban development typifies the spread of gecekondus over the past 40 years (see Figure 8−3 ). In 1949
Parliament passed an act to solve Ankara's gecekondu problem. But by the early 1960s there were 70,000
gecekondus housing units, and the number of occupants had jumped from 62,000 to 364,000—a six−fold increase.
During the next 30 years (1960−1990) there was a five−fold increase in the number of both buildings and
inhabitants, with the percentage of Ankara's population living in gecekondus increasing from 21.8 to 56.7 percent.
This percentage reached its highest point (72.4 percent) in the 20 years between 1960 and 1980. It declined after
1980 only because of two laws that "pardoned" some of the squatters by giving them legal title to the land.

About one−fifth of the population of Istanbul, Turkey's largest city, lives in gecekondus . In

Years Istanbul (%) Ankara (%) Izmir (%)

1915−1949 1.1 1.5 0.7

1950−1959 7.1 4.5 5.8

1960−1969 21.7 16.9 19.6

1970−1979 47.3 58.7 45.7

1980−1987 22.8 18.4 28.2

Total 100.0 100.0 100.0

Source: State Planning Organization of Turkish Republic, SPO, 1991, p.113

Figure 8−4:
Gecekondus by the Year of Construction

Sizes (sq. meters) Istanbul Ankara Izmir

1−49 6.17 4.40 6.69

50−74 34.86 31.70 34.71

75−99 40.00 45.50 41.59

100−119 12.71 12.92 6.69

120−149 4.67 4.21 6.78

150 plus 1.59 1.27 3.54

100.0 100.0 100.0

Source: SPO, 1991, p.116

Figure 8−5:
Gecekondus by Size in Three Cities
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Number of Stories Istanbul Ankara Izmir

1 story 51.42 76.69 58.83

2 stories 30.27 19.77 30.04

3 stories 18.31 3.54 11.13

Total 100.00 100.00 100.00

Source: SPO, 1991, p.107

Figure 8−6:
Gecekondu Buildings by Number of Stories (%)

Occupants Istanbul Ankara Izmir

Owner 48.52 54.15 55.48

Owned by wife or husband 2.26 4.10 3.68

Owned by parents 14.54 11.30 10.71

Owned by relatives 2.01 1.95 2.43

Renting 32.67 28.50 27.70

Total 100.00 100,00 100.00

Source: SPO, 1991, 108

Figure 8−7:
Gecekondu by Ownership (%)

1950 it had 5,238 units occupied by about 35,000 people; eight years later the numbers had reached 40.000 and
280,000 respectively. By 1968, 40 percent of the city's dwelling units were gecekondus , and 45 percent of its
population lived there. It is estimated that in Istanbul at present there are approximately 375,000 gecekondus with
more than two million people.

According to the 1991 State Planning Organization (SPO) survey (p.113), the majority of gecekondus were
constructed between 1970 and 1979. A large number continued to be built after the 1980 coup d'etat (see Figure
8−4 , page 141), in spite of the military regime's more forceful posture.

Size and Ownership Patterns

In 1984, when approximately 40,000 gecekondu owners in Izmir applied for pardoning (under law No. 2981 as
modified by law No. 2805), self−reported data on gecekondu size became available. The great majority of
applicants (59 percent) stated that their gecekondus were between 60 and 100 square meters in size; 27 percent
were under 60m2 , and 12 percent more than 100m2 (Sevgi, 1988, p.241).

The SPO survey (p.116) shows that the majority of gecekondus in the three biggest cities have between 50 and 99
square meters of floor space. There are also relatively spacious gecekondus of more than 150 square meters (see
Figure 8−5 ). Most of the buildings are one story (see Figure 8−6 ).
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During the first years of rapid urbanization, gecekondus were built for use by the owner. However, after the 1960s
some owners started building additional units to rent, and some moved to better parts of the city with money made
from the rentals (see Figure 8−7 ). As a result, a substantial por−

tion of gecekondu households rent the illegally constructed buildings they live in. Tenancy percentage is the
highest in Istanbul (33 percent) and the lowest in Izmir (28 percent), with Ankara in the middle (29 percent).

According to a 1965 study by the former Ministry of Reconstruction and Resettlement (p.31), in Izmir about 79
percent of gecekondu households owned their homes. According to Sevgi (1988, p.226), ownership ratio in Izmir
is still very high (70 percent) compared with Ankara and Istanbul, closely reflecting their use as rental income.
Sevgi found (p.227) at the same time that approximately 19 percent of the owners who rent their gecekondus out,
30 percent rented more than one. Households living in dwellings owned by relatives range from 16 percent in
Izmir to 18 percent in Istanbul, reflecting the strength of family solidarity and mutual aid in gecekondu
settlements.

Quality of Services and Amenities

In Ankara and Izmir, 39 percent of gecekondus are without toilets, though the ratio in Istanbul is only seven
percent (SPO p.118). Lack of bathing facilities in the three cities is between 20 and 35 percent. One fifth of the
gecekondus in Ankara (21 percent) have no running water in the building; ratios are 10 percent and 17 percent for
Istanbul and Izmir. About six percent have independent kitchens in Istanbul, about 12 percent in Izmir and
Ankara. Access to electricity is better in Istanbul and Izmir than in Ankara, as is access to amenities in general.

Approximately 84 percent of gecekondus in Istanbul and Izmir and 74 percent in Ankara have access to municipal
sewage systems; 10−20 percent use septic tanks (SPO pp.88−89). The rest dispose of their sewage in various
unsanitary ways. For refuse removal the use of special containers (bidons) for city pickup is high, yet more than
10 percent of households dispose of their garbage improperly, causing pollution. Squatter zones often lack critical
facilities like running water, sewerage, electricity, and garbage disposal, and amenities like paved streets,
playgrounds, parks, health care facilities, and educational and cultural services.

Potential Hazards

As we have pointed out, gecekondus are densely clustered in unplanned developments using substandard
materials, with no consideration of their vulnerability to natural and other disasters. They are often located on land
that is already disaster prone — subject to flash flooding, landslides, erosion or otherwise unsuited to
development. Since they proceed without permits, the builders are not forced to conform to basic engineering and
architectural requirements or safety codes. In Izmir, steel reinforced concrete with brick infill was used for 65
percent of the buildings; 26 percent are built with masonry (referred to locally as briquette) not firm enough to
resist disasters (Sevgi 1988, pp. 232−233). The remaining structures are of mixed construction and even less
solid.

Following passage of the Gecekondu Law (No. 775) in 1968, the former Ministry of Reconstruction and
Resettlement surveyed the informal neighborhoods to determine which areas and structures to improve or
eliminate. Out of 337,777 gecekondus, 34,092 were within the 223 areas slated for elimination, either because
they were in seismologically high risk zones or because of other geological/structural conditions. The remaining
90 percent were earmarked for improvement.

It is heartening to note that the General Directorate of Disasters of the Ministry of Public Works and Resettlement
recently started two research projects in cooperation with the universities, one in Izmir and the other in Ankara, to
study the current vulnerability of gecekondu areas. Hopefully these findings will be useful in helping gecekondu
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communities cope with their problems, and will lead to the measures necessary for disaster prevention.

History of Government Solutions

1945−1960

During the post World War II years (1945−1950), the first official attempts to deal with the informal settlement
problem were directed at preventing further construction altogether. The

aim of the first law (No. 5218, 1948) was to improve living conditions in Ankara's existing gecekondus , and
prevent the building of new ones. The city provided cheap land to prospective gecekondu builders to attract them
to areas where they could have legal title. In allocating land, priority was given to people who did not already own
an apartment in Ankara but were employed there and had lived there a long time, and were poor enough to be
eligible for official assistance. They were required to pay back the cost of the land in ten installments over ten
years.

Also in 1948 a law (No. 5228) was passed providing housing credit to those who already had urban land. The
Real Estate Bank was to finance them with loans not to exceed 75 percent of the construction cost, at an interest
rate of only 5 percent. This law applied to the whole country. Recipients were to finish construction within two
years. In the event, inexpensive land could not compete with free (invaded) land, given the squatters' belief that
they would not be dislodged.

Law No. 6188, passed in 1953, was a fresh attempt to alleviate the housing crisis by allocating municipally owned
land to needy families. Its aim as to legalize the gecekondus built up to the date of its enactment. But during the
whole time it was in force (1953−1966) it did not prove to be effective in preventing gecekondu construction, and
like previous laws, it did not succeed in increasing the supply of affordable housing to levels where it
approximated demand.

The last attempt in this postwar period was Law No. 7367 (1959), which aimed at distributing state−owned lands
within municipal boundaries. However, it too failed to prevent the building of gecekondus .

Planned Development:
Six National Plans

In the early 1960s the government adopted a planned development approach which viewed the gecekondu
problem within the broader framework of the socio−economic development of the country. Since then there have
been six five−year plans. The main aim of the first was to improve the living conditions of gecekondus where that
was technically feasible and to upgrade the settlements as a whole. Priority was given to settling land disputes and
providing public services. The plan was also to destroy structures presenting a threat to the well−being of their
own inhabitants, as long as they could be housed elsewhere, and to prevent any new building. Policy
recommendations were that rural−to−urban migration should not be allowed to proceed at a faster pace than job
creation, and that the supply of affordable housing should be rapidly increased.

The aims of the second Five−Year Plan were not much different from those of the first, although the emphasis
shifted more toward prevention, self−help housing, and solving land tenure disputes. At this point the gecekondu
problem was no longer regarded as a local issue: it was increasingly clear that the problem could not be solved by
municipalities acting alone, but was also a national problem.

The focus of the third Five−Year Plan was not prevention but monitoring. The fourth Five−Year Plan
recommended accelerating the provision of major public services and infrastructure to the gecekondu settlements.

"Informal Settlements, Environmental Degradation, and Disaster Vulnerability"

History of Government Solutions 138



But although it recommended instituting the "leasehold" system, no concrete steps were ever actually taken in that
direction.

Although no explicit policy recommendations were laid down in the fifth plan, the practice of pardoning
gecekondus both de facto and de jure through the provisions of Law No. 2981 (1984), demonstrates that the main
policy in this period was the liberalization (i.e. legalization) of the gecekondus and their building process.

The sixth (and most recent) Five−Year Development Plan encourages core housing and self−help construction
methods as ways to prevent building of new gecekondus . The most significant step was passage of the
Gecekondu Law (No. 775) which replaced all previous legislation in many respects. It adopted the previous policy
objectives of upgrading, demolition, and prevention. Almost 60 percent of all gecekon−

dus in Turkey now have been either upgraded or demolished. The new law includes measures that can be grouped
under five categories: 1. delimitation of settlement boundaries, 2. land allocation, 3. financial aid, 4. user fees for
public services, and 5. demolition. These are examined in detail below.

1. Delimitation of Settlements

The law empowers municipalities to limit gecekondu settlements, to collect reliable statistics about their numbers
and characteristics, and to have aerial photographs taken either under their own auspices or with the assistance of
the central government. Local authorities have the power to ask the help of their central government
representatives through municipal Standing Committees.

2. Land Allocation

To discourage gecekondu construction, the law empowers municipalities to increase their land area. The first step
is transferring to the city vacant state−owned land located within the city. Second, lands belonging to religious
institutions may also be purchased by municipalities, if there are no plans for their public use and they have no
structures on them. Finally, municipalities can purchase or expropriate lands from private owners. The lands thus
acquired can be used only for "social" (low−income) housing except under special circumstances. City councils
can reserve land for public services if it has been so designated by city planners. Families made homeless through
destruction of their gecekondus, other homeless families, and those in the demolition and upgrading zones who
request razing of their shacks are given priority in distribution of these lands. To be eligible a family also has to
fall below the poverty line.

3. Gecekondu Funds

Financial support is provided along with cheap urban land, through two funds established by the Gecekondu Law.
The first is administered by each municipality as it sees fit. Funding is provided by a combination of 1 percent of
the city budget, transfers from central government sources, revenues from land sales and rentals, etc. The
municipalities use this fund to purchase and expropriate land for building housing projects and core or guest
housing, to provide basic services for the improvement zones, and to carry out delimitation and mapping.

The second gecekondu fund is under the jurisdiction of the Administration of Mass Housing. Supported mainly by
central government sources, this fund is used for public services and infrastructure, maintenance of prevention
and improvement zones, and assistance to municipalities working on similar projects. This fund is also used to
give low−cost housing credits to homeless families below a certain income level.

"Informal Settlements, Environmental Degradation, and Disaster Vulnerability"

1. Delimitation of Settlements 139



4. User Fees for Public Services

The Gecekondu Law made it mandatory for the inhabitants of all gecekondus to pay user fees for services
provided by their municipalities. In cases where services are financed by the central government, the
municipalities are authorized to deduct that amount from the total cost. City councils can extend the payment
period for 10 to 20 years.

The participation of the inhabitants in a supervised self−help construction process is aimed at creating a more
positive impression of informal settlements in the wider society. By promoting more of a work ethic in the
squatter neighborhoods and ensuring that new construction meets basic safety and quality standards, the
government hopes to avoid upgrading the status of squatter areas and prevent the formation of a permanent
underclass. This approach gives legal recognition to the homeowner's "sweat" equity, as well as foster a better
sense of cooperation between government and citizens.

5. Demolition of Gecekondus

The major objective of gecekondu legislation is to prevent their construction in the first place. Building a structure
without a permit is an illegal

act requiring punishment. The Gecekondu Law contains clauses to accelerate the negative consequences by
pulling the structures down as soon as possible. Cities are authorized to ask central government representatives in
their jurisdictions for help in destroying the gecekondus in cases where local police are either not powerful
enough or not properly equipped to do the job alone. The provincial and district governors are required to provide
assistance when asked.

Demolition of gecekondus requires two different procedures in two different scenarios. Those built on public
lands are to be demolished by municipal or central government police immediately without any legal procedure.
Those built on privately owned land present two alternatives: a) when the owner presents proof of ownership, the
structure is destroyed; b) when ownership cannot be immediately certified, provisions of the City Planning Law
regarding illegally built dwellings are applied.

The Pardoning Process

Although the description above covers the period in which five year plans were applied, philosophically the
period following 1980 can be separated into two different eras. In the first three years of the decade, the military
government in power legalized existing gecekondus and prohibited new ones. A 1983 law (No. 2805) set forth
detailed criteria for distinguishing the illegally built structures to be destroyed and those to be retained.

The civilian government formed at the end of 1983 took an entirely different approach. It openly defended the act
of building gecekondus as a reasonable response to the red tape required by planning and building requirements.
Its 1984 law pardoning the gecekondus built before November 1985 (Law No. 2981) was a radical departure from
former policies. For the first time, the government openly promised to give land titles to the inhabitants of
gecekondus , in effect indirectly encouraging them.

In order to be pardoned, people had to apply to the municipalities within six months after the law went into effect.
They were only issued title to their land by paying its price (whether it belonged to the state, local government,
religious and/or other nonprofit groups). Gecekondus on private land require the permission of the land owner.
Building and use permits can be issued after improvements are made, and pardons granted even when buildings
were constructed in violation of planning and building regulations.
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The law introduced three new concepts in its pardoning process. The first is a title allocation certificate, a
temporary document whose holder will get real title when upgrading is done and the area plan prepared. In order
to be eligible for the certificate, neither the gecekondu owner nor his wife and children may own an apartment or
land suitable for housing within the boundaries of the municipality.

The second concept is the "upgrading and development plan" to render both settlements and structures healthier
and more orderly. The owners of gecekondus in the areas covered by these plans are to be allocated land.

The third concept was later abandoned. Municipalities were authorized to ask certain for−profit engineering
companies to prepare the plans, but this provision was canceled on the ground that such public services can be
performed exclusively by civil servants.

In keeping with this government's liberal policies, a new law was passed in 1986 (No. 3290) to facilitate the
process of giving title deeds to gecekondu inhabitants. With this law formalities for land registration were eased,
and upgrading and development plans were no longer a condition.

Pardoning has allowed cities to legalize the settlements and provide them with public services. Moreover, there is
no doubt that as long as public land holdings were available in sufficient numbers to meet the demand,
confrontations over land have diminished to a certain degree. Nearly 20 percent of the gecekondus succeeded in
solving their land tenure problems. However, the main reason for pardoning unlawful con−

struction is that demolition may be too costly and wasteful of scarce national resources. Demolition adversely
affects business and the national economy, and contributes to the housing deficit.

Pardoning is aimed at preventing future transgressions and easing return of the guilty to mainstream society. Yet
the long−term consequences of the policy cannot be said to be in the public interest, at least as far as the future of
urban development in Turkey is concerned. For one thing, pardoning does not eliminate the damage inflicted on
legitimate public interests by illegal settlements, housing and land development. There is no guarantee that the
people pardoned will not commit the same act in the future. Pardoning the building of illegal gecekondus is
dealing only with the results, not with the causes of the phenomenon. In other words, each pardoning becomes an
excuse for further pardonings.

Conclusions and Recommendations

Evaluation of Past and Present Policies

Building without a permit is prohibited, so gecekondu building is an illegal act. Municipalities are required to
destroy the illegal buildings in their midst. However, now that the number of gecekondus has reached nearly two
million, this has become impractical (if not impossible).

Gecekondus are a socio−economic phenomenon. In the long run, solutions to socio−economic problems lie in
economic development; legal measures are insufficient. The government should accept formation of gecekondu
settlements and try to develop social and economic measures that will solve the issue in the future. This certainly
does not mean, however, that nothing can or should be done in the short run.

For a long time gecekondus were seen as totally within the jurisdiction of local authorities. In the mid 1960s,
however, close cooperation between the cities and the central government became vital in addressing the problem.
In the mid 1980s, municipalities were again held responsible for dealing with the issue, with the central
government in a secondary role. There is a clear need for the central government to take more responsibility.
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From the beginning, land ownership has been increasingly transferred to gecekondu builders, either through
expropriation or simple allocation. It was assumed that if prospective or existing gecekondu builders were given
cheap or free city land, the housing needs of the poorer classes would be met. However, the fact that urban land is
a scarce natural resource and there is a limit on how much can simply be handed out was completely overlooked.

Pardoning was not a long−term solution to the gecekondu problem. Pardoning, mostly for political purposes, only
encourages gecekondu building, indirectly punishing citizens who obey the law and rewarding those who do not.
This perpetuates disorganized and unplanned urbanization.

The quality of both the dwellings and their surrounding environment has always been inadequate for urban living.
People are forced to live in crowded conditions under which communicable diseases can easily flourish, with
inadequate water and waste disposal systems. The situation invites both natural and man−made disasters.

A need for partial or full renovation of squatter settlements and the relocation of their inhabitants elsewhere may
arise as a result of increasing family income and changing tastes due to urbanization and social change. In other
words, a squatter house normally regarded as a way of economizing may turn out to be prohibitively expensive
because of the continuous expenditure it requires.

At present individual and family labor in construction is diminishing. Commercial firms have begun to undertake
the design and construction of the dwellings, with no improvement in structural quality. Thus the argument that
squatting involved idle laborers in building their own homes is no longer valid. Squatting has lost its
self−sufficient character, and the profit

motive of the private sector has supplanted the participation of the social sector.

It was a mistake to consider the gecekondu issue as a housing problem. A broader approach aimed at raising the
level of development, decreasing the growth rate, and taking into consideration uneven income distribution would
be more appropriate.

Past and present policies do not differ much. Criticisms directed at one may be equally valid for the others. The
only difference between the past and the present (post 1980) policies is that the latter are more open and
encouraging for the owners. These open policies are naturally more vulnerable to political exploitation at both the
central and local government levels.

Policy Recommendations

Migration, Urbanization, and Population Distribution

Since the present pace and pattern of rural−to−urban migration and unplanned urbanization are causing increased
densities in cities, they are the primary reason for increased disaster vulnerability and should be discouraged
through appropriate policies. Rural development plans with community development programs backed by various
types of cooperatives can facilitate keeping people in the villages. Low density settlements with lower buildings
are preferable to high density settlements and high−rise buildings.

Regional development plans should also be but into action to distribute the national population more evenly.
Particular attention must be paid to discouraging the rapid influx of people to centers in earthquake belts. The
encouragement of medium sized or small cities should be the target of development strategies.
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Housing Policies

Housing policies should be coordinated with urban and regional development policies to avoid the further growth
of metropolitan areas as much as possible and to support housing developments in medium−sized centers as
opposed to large high density areas.

Building Legislation

Building legislation should be revised to set new standards for ensuring construction of structurally sound
buildings. Use of materials and construction methods suited to earthquake−prone regions should be required.
Earthquake zones should be redefined so that designs and standards appropriate to each zone can be determined.

Local Authorities

Municipalities should be given more funding and more qualified staff and empowered to control all aspects of
building activities. Only financially strong municipalities can improve the quality of infrastructure and services
and mitigate the technological, social, and economic damage of potential disaster.

The Ministry of Public Works and Settlements should closely cooperate with municipal authorities by
establishing technical units in the regions themselves. The Disaster Fund set up in the 1950s needs to be
decentralized and placed to a certain extent at the disposal of municipalities, subject to the supervision of the
provincial governors.

Training

The training of adequate personnel is essential to decreasing the vulnerability of disaster−prone urban areas.
Qualifications for technical staff should be upgraded and an institute founded to train specialized staff for
permanent employment in those areas. The Ministry of Public Works and Settlements should initiate the
establishment of such a training center in cooperation with the Bank of Provinces (Iller Bank) and the Public
Administration Institute for Turkey and the Middle East.

Prioritized List of Investments in Gecekondu Settlements

1. Municipal investment potential needs be increased to enable effective improvement.

2. Specific investments are needed in the infrastructure of roads, sewage systems, drinking water, and
communications.

3. Adequate funds must be made available to municipalities in hazard−prone gecekondu areas for the
expropriation or purchase of land and effective replanning.

4. Training/outreach programs should be organized to increase public awareness of potential disasters, including
relief and rescue information for inhabitants.

Priority should be given to improvement of gecekondu structures to reduce their vulnerability directly. Saving
human life is the main objective: keeping people alive is more important than keeping them healthy. Also of
primary importance are investments to improve the quality of the services gecekondu inhabitants use in their daily
lives. Investment in services geared exclusively to long−run results ought to be given low priority.
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E—
EARTHQUAKES IN TURKEY

9—
The 1992 Erzincan Earthquake:
A Case Study

Polat Gülkan and Oktay Ergünay

This case study documents the official response to the tragic Erzincan earthquake. It reviews the seismological
and sociological history of the area: previous earthquakes had led to stiff safety requirements that were weakened
and eventually ignored as years passed without further earthquakes. Damages from the 1992 earthquake are
catalogued by sector and the roles of key agencies are described. The response effort is evaluated and
recommendations for reducing urban vulnerability to earthquakes are made.

The Province of Erzincan

Erzincan Province lies 698 kilometers from Ankara and 1100 from Istanbul at the center of the Erzincan Plain in
the upper Euphrates basin. The Plain is 1200m above sea level, approximately 30 km long, and bounded to the
north and south by mountains 3000−35000m high and 10−15 kilometers apart. The province covers an area of
11,903 km2 and is comprised of nine townships and 569 villages. The population of the province is about 300,000
and of the city of Erzincan about 92,000.

The economy of Erzincan Province is based on small−scale land holdings. Its contribution to the GNP ranks 61st
among Turkey's provinces, and it is among those with a decreasing population. The role of the public sector
investments is paramount, and small−scale trade represents a significant component of overall economic activity.

''Earthquake" is synonymous with Erzincan in the minds of many people in Turkey because of the massive 1939
quake that registered 8 on the Richter scale. Its epicenter was a village eight kilometers northwest of Erzincan. It
created a fracture 350 kilometers long extending west from the Plain of Erzincan with a maximum lateral opening
of 3.7m. Some 32,000 people lost their lives, 230,000 were left homeless, and most of the buildings in the center
of town were demolished. Even before this disaster, the historical earthquake activity of the region was well
known. It has experienced at least one quake exceeding 6.5 on the Richter scale (considered "major") every
100−125 years.

Following the 1939 earthquake, temporary settlements were established in other parts of the country for survivors
and a detailed study conducted for planning the reconstruction of the city. A committee was established with the
universities and the Ministries of Public Works, Health, and Agriculture under the general supervision of the
Prime Minister's office. It was decided to locate the new settlement 1.5 − 2 km. north of the present city, and
prefabricated wooden houses were set up there. The committee's plan anticipated that the new settlement area of
300 Ha. would have a population of 15,000 in ten years. Narrow streets (a cause of heavy damage in the old
settlement) were avoided, density in the center of town was reduced, and buildings were not allowed to be built
close together. The widths of the main roads were held at 22 m. and the widths of the secondary roads at 12m or
17m.

In addition, directions of the main east−west and north−south axes were defined and buildings up to three stories
next to each other were permitted only at the intersection of those axes determined as administrative and trade
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centers. Detached buildings with a maximum height of two stories were planned for residential areas. The
population density was determined as 100 persons/hectare at the town center and 50 persons/hectare in other
areas. Obviously, the whole purpose of this plan was to minimize potential damage from future earthquakes.

The population of the new Erzincan reached 12,600 in 1945, 18,000 in 1950, 36,500 in 1960 and 58,000 in 1970.
Eventually it was believed necessary to modify the reconstruction plan to meet the increasing demand for housing
and other buildings. The settlement grew to an area of 1000 Ha, and density increased after permission was given
to construct buildings of up to six stories. The lessons of the previous disaster were forgotten and the strict
construction and building standards were ignored.

The last major earthquake before 1992 was in 1983, registering 5.6 on the Richter scale. It caused unexpectedly
major damage. Many buildings, especially office buildings, were heavily damaged and officials determined that
immediate reinforcements were needed for the Urartu Hotel, Vakìf Business Building, Etibank, Sugar Factory,
Sümerbank Spinning Mill, Health College, Maternity Hospital, Social Insurance Hospital, Military Hospital, State
Hospital and the Bus Terminal. However, this was not done, and all of them were demolished or severely
damaged during the next quake.

March 13, 1992

There was no warning tremor. When the earthquake struck at 19:19 hours, the circuit breaker regulating the city's
power was automatically tripped, and the city was plunged into darkness. Electricity to the water pumps was also
cut off, so there was no water as well. Chaos reigned for the first 72 hours. Many people who were part of the
emergency plans were themselves victims.

There were numerous tremors during the night, and more and more people left their homes. The

Location Death Toll

Erzincan Central Township 353

2

Bef saray 8

Budaylì 10

Çatalören 1

Çukurkuyu 5

Demirkent 33

Geçit 2

Gölpìnar 1

If ìkpìnar 2

5
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Keklikkayasì 2

Kilimli 4

Küçük Çakìrman 2

Mahmutlu 3

1

Türkmenolu 5

Ulalar 8

Yalnìzba 23

Yaylabaf ì 9

Gümüf tarla 3

Üçkonak 1

Mertekli 5

Uluköy 2

Koçyataì 3

Avcìlar 7

Üzümlü Township 7

Altìnbaf ak 21

Karakaya 7

Büyük Kadaan 5

GRAND TOTAL 541

Figure 9−1:
Deaths and Injuries

strongest of the subsequent minor tremors, on 15 March 50 km. southeast of Erzincan, was 6.1 on the Richter
scale. It caused significant structural damage as well.

Loss of Life

Most of the 541 people who lost their lives were in collapsing buildings in the center of the city (see Figure 9−1
for a complete death count by town). Of the 3,850 injured, 850 required hospitalization.

The buildings destroyed included two major hotels, the Social Insurance Hospital, three large office buildings, the
Student Quarters building on the campus of the State Hospital, coffee houses, and some restaurants and clubs on
Fevzipasha Street. Emergency treatment was delayed, increasing the number of deaths, because three major
hospitals were demolished or out of service. Had the quake occurred one or two hours earlier (prior to 19:20
hours), the death toll would have been even greater because people would still have been at their jobs or out
shopping. It was also fortunate that many office buildings were empty because it was the month of Ramadan.
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Structural Damage

Information for future analysis was gathered on the spot by government disaster teams (see Figure 9−2 , page
156).

Reasons for the heavy structural damage include inferior construction materials, lack of quality control, project
defects, and regulatory deficiencies.

Random tests of selected buildings taken with a Schmidt Strike Hammer revealed that their concrete strength was
100 − 200 kg/sq.cm, below the accepted level for reinforced concrete grades. In addition, plain reinforcing bar
was used instead of deformed bar, which is more suitable for ductile frames.

Decomposition during concrete casting operation, transverse reinforcement not placed at columns and beams,
faulty arrangement of the bars,

Location District/Village
Demolished Heavy Medium

House Job site House Job site House Job site

Erzincan 21 Distr. 1749 966 2831 409 3832 229

"57 Vill. 1605 7 1370 19 2575 38

Subtotal 3354 973 4251 428 6407 267

Üzümlü 5 Distr. 23 − 130 − 294 13

"78 Vill. 451 2 346 2 623 2

Kemah 2 Distr. 3 − − − − −

9 Vill. 28 − − − − −

Subtotal 505 2 476 2 917 15

Gen.Total 28 Distr. 3859 975 4727 430 7324 282

+144 Vill.

Note: There were 28,000 houses prior to the earthquake.

Figure 9−2:
Structural Damage in Erzican Province

and transverse reinforcement at inadequate levels were discovered, indicating a lack of quality control..

In addition, many projects were flawed from the start. Earthquake impact was considered for frames only;
placement of transverse reinforcement knots was not considered; beam capacities were greater than capacities of
columns; arrangement of short shear wall or shear wall/columns were such that shear walls were placed in the
direction of the plant but not a vertical direction, thus neglecting the shear walls, the most suitable mechanism for
reducing horizontal loads in reinforced concrete.

The plans were not reviewed to obtain full design capacity, indicating regulatory deficiencies. The strength of the
1961 and 1968 regulations was less than what should have been required for Erzincan.
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The ground floor of a typical building in Erzincan was kept open−plan, leaving large open spaces for
commercial/retail uses, regardless of whether the building was connected to others or not. This design approach
did not fully allow for the mass of the upper stories in the event of strong ground motion. In recent years four or
five story buildings were constructed on walls and columns set inward from the upper walls, leaving the upper
floors to overhang the front of the buildings. This provided shade and rain protection and allowed more space on
the upper stories through use of the air space over the sidewalks. However, these buildings were very sensitive to
earthquakes because they had no connection between the main supporting columns at ground level and the upper
stories, and

Emergency Aid and Rescue (Billion TL)

Temporary lodging 131

Rescue and first aid 75

Health services 150

Foodstuff 50

Fodder for livestock 10

Total 416

Building reconstruction and repair work

Demolished or heavily damaged buildings 751.5

(construction cost:0.140 TL/unit × 4500 units 630

Expropriation: 0.01 TL/unit 45

Infrastructure: 0.017 TL/unit) 76.5

Buildings with medium damage (0.03 TL/unit × 6000
units)

180

Lightly damaged buildings (0.005 TL/unit × 8500
units)

42.5

Infrastructure repairs 10

Furniture inside building 552.5

Total 1,536.5

Job site reconstruction and repair work

Demolished or heavily damaged job site (900 units ×
0.45 TL/unit, equipment and other stock included)

405

Job sites with medium damage (0.175 TL/unit × 450
units)

78.75

Job sites with minimal damage (0.05 TL/unit × 350
units)

17.5

Total 501.25
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(cont. next page)

Figure 9−3:
Direct Economic Losses

they were a main cause of the extensive damage. Because masonry buildings used primarily as residences were no
more than three stories high and constructed with numerous filled walls at ground and other levels, they were able
to resist the strong initial tremors and avoid collapse.

Electrical System

The city's electricity was restored by 171 employees, some from neighboring provinces, working in 23 teams. The
pole and building transformers had been overturned, bushings broken and damaged, and power lines cut and
tangled. During repairs, generators were placed in various locations. Priority was given to reestablishing power to
important institutions. On March 15, power was applied to six 160 Kw pumps in Besaray, which had provided
drinking water to the city. But although water flowed to the main tank and was available to the supply line,
damage to the system prevented the water from reaching houses.

Water And Sewage

The earthquake damaged to Erzincan's 272 km water distribution network in 270 locations. The nine deep wells
which provided the city's drinking water had originally been located outside the settled area, but the city had
expanded around them. Therefore, Erzincan's water was provided by six wells in Beytahtì that were not damaged
by the earthquake.

After power was restored to the water tower and to each of the well locations on March 15, the water could flow
through the lines, and the team could begin to locate damages. Leaks and cracks in various parts of the network
were repaired the same day and water was provided to the northern part of the city. Unfortunately, no detailed
record of the damages and the repair process was made due to lack of coordination and the 24−hour work
schedules the teams maintained.

(table continued from previous page)

Infrastructure Repairs

Electrical network 20

Communications network 40

Drinking water network 2

Total 62

Livestock and Agricultural Buildings

11,700 cattle, sheep and goats 16

Barns, depots, etc. buildings (4000 units) 40

Total 56

Official Buildings

Training buildings 69
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Nine heavily damaged schools 50

34 schools with medium damage 9

Hostels and halls of residence 10

Medical buildings 157

Heavily damaged medical training centers 15

Two hospitals 100

Hostels and halls of residence 22

Health installations with medium damage) 20

Military buildings 55

Buildings of the Ministry of Agriculture 32.5

Buildings of the Ministry of Interior 8.1

Others 50

Total 371.6

Buildings Under Construction

Due to writing−off of bad debts 30

Total 30

Hotels Under Construction

Damage 15

Total 15

(continued on next page)

Figure 9−4:
Direct Economic Losses (cont.)

The sewage system was out of commission while the water was cut off and until the breaks in four 200 mm pipes
were repaired. Even though some sewage did leak into the clean water system, epidemic disease was averted by
chlorinization and other precautions.

Telephone Network

Damage to the telephone network was generally caused by buildings or poles collapsing. Since people were afraid
to return their homes, free telephones were set up in central places. Because of overload, communication with the
central government was only maintained with difficulty for a long time and required the use of wireless
telephones.

Phone service to the townships and villages was restored the day after the quake. Telephone, facsimile and telex
facilities were set up in front of the governor's office building for press and publication services.

"Informal Settlements, Environmental Degradation, and Disaster Vulnerability"

Telephone Network 150



$3 Trillion in Losses

The earthquake and its after shocks caused 3.2 trillion TL in damages (see Figures 9−3 , page 157; 9−4 ; and 9−4
, page 159). It is estimated that production losses, income decreases, unemployment, economic stagnation and
capital movement caused by the quake total an additional 1.5 times the direct costs, making the total cost of the
quake approximately 10 trillion TL.

The indirect effects listed below have not been included in the cost estimates:

 Unemployment and production losses caused by deaths and injuries,

 Production losses incurred due to temporary or permanent closure of job sites and manufacturing plants,

 Losses relating to the inability to provide health, education and other state services,

(table continued from previous page)

Damage Determination, Geological Studies, Preparation Of Plans And Projects

Cost of the studies 300

Total 300

GRAND TOTAL 3,288.35

Note: Some of these figures include damage caused by the subsequent
earthquake in Pülümür.

If factors such as production losses, income decreases, unemployment,
economic stagnation, and capital movement are added to the 3 trillion total in
direct losses, it is estimated that indirect losses are 1.5 times that amount.

Figure 9−5:
Direct Economic Losses (cont.)

 Losses of income due to short and long term stoppages in operations in most sectors,

 Other social costs related to unemployment, migration plus injured and lonely people,

 Price increases, etc., due to loss of markets, lack of supply and increased demand because of production losses
and deaths.

Rescue, Emergency Aid and Other Services

The National Level

Because infrastructure basics such as communication, water, and electricity were out of commission, it was
impossible to communicate with the city for the first four hours. Therefore, the damage was estimated by using a
computer model. First results indicated that there could be about 1,000 fatalities, 3,500 injuries, 4,500 demolished
or heavily damaged buildings, 7,000 medium damaged buildings and 12,000 lightly damaged buildings. This
estimate was relayed to the Cabinet Ministers' meeting about two hours after the earthquake.
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This estimate was also relayed to the Red Crescent and to the governors' offices of the neighboring provinces of
Erzurum, Sivas, Amasya, Malatya, and Bayburt. They were requested to send rescue and medical teams and
emergency materials such as tents, blankets, and food. About 3,000 tents, 200 tons of food, 4,000 blankets, and
four mobile kitchens were arrived within the first two days.

After the Cabinet meeting, the Ministry of Foreign Affairs informed the relevant United Nations departments that
rescue teams and emergency aid material would be accepted from other countries.

The Natural Disaster Central Coordination Council called a meeting on March 14 to review available information
and establish the problems requiring priority. The relevant institutions and organizations were given
responsibilities and instructions for certain immediate measures. The following decisions were made:

 Make the Erzincan airport suitable for urgent night landings;

 Order the Turkish Armed Forces to set up an air bridge between Ankara/Esenboga − Erzurum and
Ankara/Esenboga − Erzincan ;

 Provide free gasoline for the vehicles and equipment from the military depots;

 Set up receiving centers at Esenboga, Erzurum, and Erzincan airfields for the customs, unloading, and storage
needs of the rescue teams coming from outside the country;

 Relay lists of requested emergency materials from outside the country to the U.N.;

 Arrange 24 X 7 work schedules for all related Ministries;

 Reinforce teams dealing with urgent electrical and water needs and increase shipment of water tanks and cans to
the region;

 Ministry of Health to send inoculation and preventive medicine teams;

 Put regional offices in charge of rescue and operations.

The air bridge and the airport night landings were functioning by March 15. Some 331 doctors, 187 nurses, 120
ambulances, 4,000 units of blood, 10 thousand blood transfusion sets and 40 tons of medicine were shipped from
the capital and the neighboring provinces within the first two days. In the same time period, 416 units of heavy
equipment, 56 generators, 379 trucks, 20 big water tanks, and 150 passenger vehicles were supplied to the
military in the region. Switzerland, Italy, England, Belgium, Germany, Greece, the U.S.A., France, and
Medecines Sans Frontieres (MSF) sent rescue teams. The rescue operation lasted 12 days without interruption.

Economic aid included arranging for purchase of livestock by meat processors, providing farmers with free
animal feed, postponing debts and creating new credit opportunities for farmers, tradesmen, and businessmen.

The Regional Level

Rescue Operations

Many of the local officials designated for response in an emergency were unable to carry out the disaster plans.
The military based in Erzincan was the only organization with the discipline and resources to commence rescue
operations (with the help of local people) within hours of the earthquake. In total darkness and in spite of severe
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lack of appropriate equipment and experience, the army and the local people working together saved the lives of
approximately 300 persons that first night.

Because of the damage to all three of Erzincan's hospitals, the nearby province of Erzurum put all its hospitals on
alert. All the injured were transported there by the vehicle bridge set up between Erzurum and Erzincan. About
800 injured persons — 500 sent the first night — were treated in Erzurum within the first two days after the
quake. Mobile field hospitals provided first aid.

During the twelve day rescue operation, 378 persons were saved from under debris. About 3,000 persons took
part in the rescue, with about 1,000 vehicles and units of heavy equipment using 250 tons of fuel per day.

Communications

The communications links, which were cut off in the region during the first 24 hours, were repaired quickly
because of the excellent efforts of PTT teams, and, as of 16 March communication was maintained by way of
satellite with the help of mobile transceivers sent to the region. In addition, the PTT provided a free
communication service to the public with approximately 150 telephone booths, that had been set up on the streets
from the third day of the earthquake. The communication service returned to normal as of 18 March despite the
difficulties caused by overloads to the system in the first days after the disaster.

Transportation

The earthquake did not cause significant damage to Erzincan Airport, the main highways linking the city to
neighboring provinces or village roads, and the local fractures and settling observed on Erzincan−Erzurum and
Erzincan−Refahiye highways were repaired expeditiously during the night of the earthquake and on the following
day. The damage to the railroad was also quickly repaired.

Major deficiencies in transportation services were not encountered, even though air and road traffic was
extremely heavy during the first four days. Air traffic and related ground services continued without interruption,
with help from the Turkish Air Force. One hundred and eighty

five aircraft landed and were unloaded at Erzincan airport within the first three days.

Damage Assessment and Temporary Settlements

On the first day following the earthquake, a technical team of 25 people under the chairmanship of an assistant
general director was sent to the region by the general Directorate of Disaster Affairs to help the rescue and first
aid operations, to carry out damage assessment and to plan temporary settlements. This team was increased to 75
with the support received from other organizations within the Ministry.

This team, which gave priority to identifying whether public buildings were unfit for use, completed its initial
studies within 5 days and began final damage assessment irrespective of the follow−up earthquakes.
Approximately 25 thousand buildings were inspected and their damage status determined. Damage determination
was concluded on 10 April, and a public announcement was made of the conclusions in accordance with the law.

Selection of sites for the reconstruction of buildings, expropriation, map making, application and determination of
right of ownership studies were initiated in the region by these teams, and these studies were concluded by 20
April. As a result of this activity carried out in parallel with research studies, decisions for new settlement areas
were submitted, and Erzincan's Reconstruction Plan was revised.
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The government decided to conclude permanent settlement activities before winter, and, as summer was drawing
near, temporary tent settlements were approved. Some 17,574 tents (3,000 of which were sent within the 48 hours
following the earthquake), 64,125 blankets, more than 30,000 small nylon bags and 700 sheet metal stoves were
sent by the Red Crescent to the region within the first ten days. During the same period, UNDRO coordinated the
procurement and distribution of 9,726 tents for accommodation and 112,105 blankets.

In addition, 250 of the 937 prefabricated houses produced by the U.N. High Commissioner For Refugees as a
temporary settlement in Turkey were erected in the area and were purchased with moneys accumulated from
donations in an account opened by UNDRO. About 500 temporary shops were purchased in order to encourage
commercial activities which had almost ceased.

Security Services

Soldiers, gendarmerie and police teams undertook security services in the region immediately following the
earthquake. This service, to which 3000 persons were assigned, was successful, and no major problems arose
during the immediate aftermath.

Foodstuff and Material Distribution Services

Immediately following the earthquake, the Turkish Red Crescent and the Governors' offices in Erzincan and the
neighboring provinces endeavored to meet the food, clothing, heating and other needs of the people by using
emergency aid funds. Around 1,500 tons of various foodstuffs, 21,000 bales of clothing, 1,200 beds and quilts,
100 tons of coal, 50 tons of medicines and 3,000 plastic water containers were distributed in the region within the
first 20 days following the earthquake. Eight mobile kitchens set up by the Red Crescent served three meals per
day to 18,000 people beginning from the third day of the earthquake.

In addition, used clothing, approximately 1000 sleeping bags, water cans, electrical heaters, first aid kits,
medicines and foodstuffs from overseas were distributed.

Agricultural Services

Most rural residents of the region work small farm holdings and trade livestock. The earthquake killed 11,000
animals and demolished or heavily damaged 2,500 sheds and barns. Residents suffered large economic losses,
and, in order to support agricultural activities in the region, 5000 live animals were provided for slaughtering, the
fodder industry gave free animal feed to livestock dealers, villagers and farm−

ers debts with Halk and Ziraat Banks and the Agricultural Credit Cooperatives were postponed for a period of one
year interest free, and the Cabinet of Ministers granted new agricultural and commercial credits 10 points below
normal market rates.

Water, Sewerage, and Electricity

Erzincan's drinking water flowed to the city through 10 km. long pipelines from five reservoirs, the smallest of
which has a capacity of 1,000 metric tons. As a result of the earthquake, major damage occurred in six locations
in the main network.

To meet the urgent water requirements for domestic use, the Erzurum Regional Directorate of the General
Directorate of the Bank of Provinces and Ankara sent 55 people with tools and equipment to the area the evening
of the quake to help local staff begin repair work.
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Pumping stations were operated by mobile generators and water services was restored to 20 percent of the city
two days after the earthquake. Thirty percent of the city was supplied on the sixth day, and 50 percent on the tenth
day. Due to plumbing damage in numerous domestic dwellings, the provision of water to the whole city was
accomplished only after 20 days of urgent repair work. Prior to this, water was provided in plastic water tanks,
water cans, water trucks and jerrycans.

The electrical distribution network of the city was totally cut off, and a 1.8 km. section of the 92 km. of
underground cabling and a 4 km. portion of the 50 km. of overhead power lines, sustained damage.

On the day after the earthquake, 100 people divided into 38 teams supplied by TEK in conjunction with local
municipality personnel, provided generators and maintained an uninterrupted continuous supply of electricity to
buildings used for rescue operations. On the second day after the earthquake, electricity was supplied to districts
where damage was considered as light, and after repairing 119 damaged generators, 98 percent of the city
received electricity on the fifth day.

The city sewerage system, which incurred minor damage, was repaired by local municipality personnel and other
local volunteer teams and was returned to normal use within one week following the earthquake.

International Level

Although reaction from the international community to the Erzincan earthquake disaster was exemplary, it is
difficult to ascertain whether all contributions sent were items which were specifically required. On occasions,
duplications and omissions in operations occurred due a variety of unforeseen problems, and it was difficult to use
of all of the 300 rescue personnel provided by various agencies for within−city operations effectively.

Disillusionment occurred because of the small number of survivors recovered from beneath the debris despite an
ample number of teams with special equipment and dogs. The noise level in the area precluded the use of sound
locators, which could have proved extremely beneficial.

Even though it can be argued that the debris clearance operation began prematurely, it is difficult to see a better
alternative, given the needs of the survivors. Although the United Nations, together with the Turkish authorities,
was to play a regulatory role in the coordination of foreign aid, this became impractical as it would require major
logistics support and many more personnel than the U.N. had at its disposal for the disaster. A report prepared by
the British Overseas Development Administration (ODA) determined that the Red Crescent provided the most
effective assistance. It is also clear that the continually updated "status reports" prepared by UNDRO were a
valuable base for organizing foreign aid from the standpoint of countries making contributions. Since the refusal
of aid is difficult for humanitarian and political reasons, some duplication is unavoidable.

Short− and Long−Term Measures Taken to Rectify Damage

The Erzincan earthquake of March 13 and the Pülümür earthquake that followed on the 15th caused widespread
damage over an elliptical shaped area measuring approximately 100 km. in length and 25 km. in width effecting
150,000 people besides the 4,400 direct casualties. All social and economic activities in Erzincan ceased..
Immediate measures undertaken by the Turkish Government were aimed at:

 Saving as many lives as possible; restoring the injured to good health,

 Protecting life and property from the after−effects of the earthquake,

 Meeting the vital needs of the communities effected by the earthquake to ensure that life returns to normal as
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rapidly as possible,

 Minimizing the social and economic losses to the effected communities, by swift remedial action.

Even though some people spent many months in temporary tent settlements, no epidemic disease arose, and the
health, nutrition, clothing and heating needs of the people were met, indicating that the government and
international aid teams were successful.

Certainly, many additional long−term solutions will need to be implemented in the region in the coming months
and years. These will require that the country's resources are directed accomplish the following objectives:

 Redevelopment will need to meet higher standards of safety to minimize losses from future earthquakes.

 With this same objective in mind, new settlements in the region should be re−inspected by the technical teams,

 The reconstruction plan for Erzincan city should be revised and special codes and regulations developed for all
future structures to be built in the city,

 Farming in the region should be improved thorough carefully planned projects,

 Hospitals, schools and residential buildings must be reconstructed to restore the health, education and public
services in the region,

 A program to retrofit (strengthen) hospital, school and official buildings as well as the rural houses not effected
by the earthquake needs to be implemented,

Additional investment resources are needed for the repair of industrial installations, which are of limited number
in the region and which are needed to fully restore economic activity,

 Transportation services and social amenities of the region need improvement.

Along with these activities, the government has commenced new research studies with the aim of increasing
hazard awareness, developing improved comprehensive emergency plans, improving and controlling construction
techniques and standards throughout the country, as well as a review of rescue operation procedures.

An Evaluation of the Preparedness, Management and Improvements Carried Out Prior to, During
and after the Earthquake

Effects on the Community

Erzincan has experienced three earthquakes in the last 50 years. Almost everybody in the city has a relative who
was either lost, injured or lived through the 1939 disaster. While the aftershocks of the earthquake were still
happening,

old memories were revived, and people in the community began seeking those accountable for the occurrence of a
disaster of this scale.

Some pointed to the removal of the ban on structures higher than two floors as the major error; and the fact that
the heaviest damage was concentrated on reinforced concrete buildings of 4−to−5 floors seems to provide some
justification for this assertion. People on the street claimed that certain contractors with influence over the
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Municipal Board had been able to gradually increase the number of floors in their buildings, and thus increase
their profits, and that they may even have knowingly built and sold unsound buildings.

Others saw the earthquake as a warning from Allah. There were also people who claimed that after the tragedy of
1939, ''experts" had suggested that the city be constructed again at a different location, but that this suggestion
was not heeded by the official agencies. Naturally, it is not possible to know the degree of truth in these rumors.
However, it is necessary to recognize that these rumors nevertheless shape individual perspectives.

The people have lost all confidence in the technical and administrative authorities because they did not repair
certain buildings damaged after the 1983 earthquake in a sound manner, but put them back into service after
effecting cosmetic repairs. These buildings were demolished in the 1992 quake, with the loss of many lives. This
near−total loss of confidence is not restricted to the "simple" citizen who refuses to enter his house even though
he has been informed that it is safe in spite of some cracks. It extends to a broad spectrum of the populace — e.g .,
doctors who refuse to go inside the hospitals after viewing the remains of the Social Insurance Hospital and public
officials who are afraid to go into their offices even to get their personal belongings.

Small tradesman represent one of the hardest hit segments of the community. They have lost their stock of goods,
their job sites and even their homes. Even though measures such as debt postponement and interest−free credit are
being introduced to assist them, most of them state that they will move to another region to rebuild their
businesses if they have the chance, since the return of previous levels of economic activity in this region is quite
uncertain. If this exodus, similar to one after the 1939 tremor, commences, it is difficult to project the
consequences. However, since real estate prices in the city have plunged, it is not possible for these businessmen
to exchange their holdings in Erzincan for similar facilities in other regions without substantial additional
investment, and this may oblige many to re−build in Erzincan.

Many public officials have requested transfers to other positions and areas. If the authorities grant all of these
requests, it is not difficult to imagine how their replacements may view being assigned to jobs in Erzincan.

In the first 72 hours following the earthquake, the situation appeared out of control. Services such as tent, blanket,
heater and meal distribution could not be performed in an orderly manner. Most victims stated that persons they
had never before seen had introduced themselves as citizens whose homes were demolished, and had
opportunistically obtained tents and supplies. It is not possible to know how many of these complaints were well
founded. However, after distribution was placed in the hands of district/village leaders against their signatures, a
relative decrease in the number of these complaints was realized. Turning the governor's office into a crisis center
made it possible to meet the requests of many citizens.

Had Preparation for Such an Earthquake Existed?

Preparing for an earthquake is a many−faceted activity. The most effective way to minimize injury is to build and
inspect all structures to effective standards. Given that buildings that do not meet these standards must inevitably
remain and that no building standards can protect everyone from any possible earthquake, emergency rescue,
debris removal, first aid, temporary resettlement services must be maintained.

As we have indicated in our analysis, the extent of structural failures in this disaster resulted from the combination
of many negative factors. Structural preparation in the ideal sense was not practiced. After the earthquake,
implementation of procedures in the Disaster Law were delayed, often because the persons responsible for
carrying out these activities were themselves victims.

In the case of the many multi−storied, reinforced−concrete buildings that collapsed in the town center, the task of
lifting the structural pieces clamped together by thick iron bars while protecting and rescuing persons trapped

"Informal Settlements, Environmental Degradation, and Disaster Vulnerability"

Had Preparation for Such an Earthquake Existed? 157



beneath the ruins was performed under the most arduous conditions and before the eyes of the families of the
trapped. The lack of the special equipment needed for this task and the consequent need to await the arrival of
foreign teams exacerbated the situation.

The teams attached to the General Directorate of Civil Defense, even though they worked vigorously, tirelessly
and heroically, were nevertheless relatively ineffective due to their lack of numbers and equipment. The use of
units and the equipment of the Third Army, stationed in the city, to clear debris, maintain order and security, and
assist in rescue operations removed some of the burden from civil defense personnel.

Another complaint which was voiced frequently is that the work of cleaning the debris had been started
prematurely −that heavy equipment was put into action even when survivors might still be inside or when it was
possible to go in and save valuables.

Since the three hospitals located in the city were out of service, it was necessary to send the injured to surrounding
provinces. Even two−and−a−half months after the earthquake, the effectiveness of the Red Crescent hospital set
up at the city stadium or the hospital set up in the garden of the State Hospital cannot be judged from the
statements in the official reports. Regardless of how these temporary medical facilities performed, it is clear that
hospitals are the most important structures, and enforcing building standards on new construction and
re−enforcing existing hospital structures should be high on the agenda.

Were the people themselves prepared for the earthquake? Few had stored materials such as tents, sleeping bags,
canned foodstuff, water and medicines along with their other furniture within their homes. Few had insured their
homes and belongings against earthquake. Few had secured their appliances (e.g ., refrigerators, stoves,
thermos−siphons, TVs) firmly, to prevent them from overturning during a tremor. Thus, the society, if not
insensible to the likelihood of disaster, was in general lax about taking even minimal precautions.

Disaster Management During the Earthquake

Disaster Management is a very specialized field, and the people in the provinces are not trained and therefore are
not prepared for disasters. This became obvious during the Erzincan earthquake and complicated the coordination
of activities between provincial rescue aid and the aid committee. Rescue teams sent from Ankara and the
surrounding provinces proved inadequate because the aid committee was able to carry out its duties only with
special assistance of the Governor. They were restricted in their work because of legal loopholes and lack of
training and experience, and they failed to recognize and communicate the scale of the disaster effectively.

Regardless of these difficulties the disaster was actually under satisfactory control within two to three days of its
occurrence. The following list details those areas which should be given priority for conducting studies in the
future:

 Strengthening of civil defense units in Turkey with more personnel, training and equipment and by taking all
appropriate measures to make these units more effective,

 Developing the concept of "disaster physician", not currently available in Turkey, through specialized studies,

 Training and equipping local fire brigades to perform rescue and first aid activities following a range of
foreseeable disasters,

 Creating specially trained and equipped teams which can mobilize immediately to earthquake regions in the
Ministries of Public Works and Settlement, Interior, and Health,
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 Increasing the Turkish Red Crescent equipment stocks and strengthening their regional depots,

 Reviewing communication systems to prevent overloading during periods of exceptional demand, and to see
which services are likely to be available and/or can be reinforced by satellite and radio if required,

 Providing comprehensive, continuous and effective training for technical and administrative officials and other
people who will be involved if a natural disaster occurs and especially those who will undertake the mitigation of
damages from earthquakes,

 Supporting continuous, effective research and development studies on the subject of preventing disasters and
mitigating their damages,

 Careful monitoring and implementation of these in all stages of the development plan through all investing
organizations and the DPT (State Planning Organization).

Conclusions Based on the Experience of the Erzincan Earthquake

The following is a summary of conclusions drawn from our experience of the Erzincan earthquake, extracted from
the main text of this report. As is the case in every disaster, many lessons have been learned, and ongoing
reflection processes are likely to identify additional significant points.

 Structures built in conformance with earthquake regulations have once again safely escaped major damage, and
those not in conformance have been demolished or rendered unfit for future use. The necessity for conformance
with regulations and effective control of construction activities in earthquake regions has been recognized.

 Once again the need for training and practicing first aid and rescue activities in the provinces in preparation for
natural disasters has been demonstrated. In addition, it was clearly recognized that members of the Provincial
Rescue and Aid Committee, from whom service is expected in the event of a major earthquake in a provincial
center, were demoralized in the initial period of the Erzincan earthquake because they had personally been
affected, and their training had not prepared them to work effectively under post−disaster circumstances.

 It is understood that in the event a provincial center suffers a disaster, the officials present at the province will not
be able to carry out their functions.

 A major topic on the agenda once again was that preparation for earthquakes in the capital and provinces should
be given greater priority in order to mitigate the damages caused by such an earthquake.

 A study of the Civil Defense structure, the state of its emergency preparedness, and its ability to respond to the
range of hazards to which the country is subject will be required.

 It was observed that construction control activities which are carried out by municipalities in Turkey, as required
by law, have not been implemented correctly and that new methods such as earthquake insurance, etc., should be
considered.

 It was observed that, in view of the matters learned from the recent earthquakes, there is a requirement for new
legislation regarding natural disasters.

 It is noted that it is essential to include studies on the mitigation of earthquake damages in every phase of
development and improvement plans.
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 It is extremely important to continuously train people involved in mitigating the damages from earthquakes.

10—
Reducing Disaster Impacts Through Earthquake Injury Epidemiology:
Implications for Investments in the Turkish Urban Environment

Michael E. Durkin

Earthquake injury epidemiology is an emerging discipline with numerous implications for reducing adverse
environmental impacts and urban vulnerability. Findings from recent earthquake injury research hold important
lessons for urban planning and development, health service and health facility planning and building design,
construction and regulation to lessen earthquake injuries in Turkey's three major metropolitan areas. This paper
reviews key findings and implications from past and current research on casualties and health service response in
several recent earthquakes in urban areas. Based on observed experiences, measures are recommended for
reducing earthquake casualties and their impacts generally. These findings, implications and recommendations are
presented in an analytical framework of demand, supply and mitigation.

Introduction

As the recent event in Erzincan has shown, earthquakes have been and continue to be a major threat to world
health. Lamentably, the threat is greater for countries which are still developing. For instance, the 1970 Peru
earthquake killed sixty−six thousand people and injured one hundred and seventy thousand others. Two hundred
and forty−two thousand died and over seven hundred thousand suffered injuries in the 1976 Tangshan, China
event. Over twenty−four thousand perished in the 1988 Armenia earthquake. Rapid population growth and
continued urbanization will likely increase the death and injury toll in future earthquakes.

Recent research in earthquake injury epidemiology shows that technology and environmental factors, in addition
to earthquake magnitude, play a major role in determining the number and severity of earthquake casualties.
Therefore, as we continue to respond to the Erzincan event and prepare for other foreseeable disasters, it is critical
to bear in mind that better technology and environmental planning hold the key to reducing casualties in future
earthquakes.

Lachet and his colleagues (1979) analyzed deaths and injuries in the Peru, Nicaragua, and Guatemala earthquakes
(see Figure 10−1 ). They found a ratio of three injuries to each fatality. Alexander (1983) suggests that this ratio
is due to earthquake magnitude. After reviewing morbidity and mortality figures from forty−nine earthquakes, he
concluded that the three injuries for every death ratio held for earthquakes with magnitudes between 6.5 and 7.4
on the Richter scale. However, this ratio was not valid for events above or below these Richter thresholds. Figure
10−1 lists the magnitude, numbers of deaths and injuries, and the injury to death ratio for several recent
international earthquakes.

While earthquake magnitude clearly plays a role in earthquake casualties, it performs this role by promoting the
complete or partial collapse of built structures and the failure of natural ones. Recently, more focused earthquake
injury investigations suggest that planning, design, and construction technology along with environmental factors
such as urban geology, population growth, and settlement patterns ultimately determine the nature and severity of
earthquake casualties. These studies found that building collapse was the chief cause of fatalities and serious
injuries in recent earthquakes.
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More specifically, lower magnitude earthquakes, with the exception of the 1986 San Salvador which was centered
directly under the city, generally don't create enough building collapses to cause many fatalities, even though
these smaller events may precipitate numerous minor injuries. Higher magnitude earthquakes, on the other hand,
cause fatalities and serious injuries in proportion to the relative vulnerability of the affected buildings. For
instance, those

Earthquake Magnitude Deaths Injuries Death to Injury
Ratio

1970 Peru 8.3 66,794 170,000 1 to 2.5

1976 Tangshan, China7.8 242,769 707,000 1 to 2.9

1976 Guatemalan 7.5 22,778 76,504 1 to 3.3

1985 Chile 8.2 185 2,572 1 to 13.9

1985 Mexico City 8.1 5,000 3,285 1.5 to 1

1986 San Salvador 5.4 1,500 4,789 1 to 3.19

1988 Armenia 6.8 24,542 15,2541 0.6 to 1

1989 Loma Prieta 7.1 65 1,910 1 to 29

1990 Philippine 7.7 1,283 2,786 1 to 2.2

1992 Erzincan 6.8 541 3,850 1 to 7.1

Figure 10−1:
Deaths and Injuries from Recent Earthquakes

earthquakes that produced a three to one injury to death ratio saw the collapse of many extremely brittle, non
engineered, low−rise, structures constructed of heavy masonry elements. The failure of high−occupancy,
high−rise, concrete structures, an even more lethal building type characterized the 1985 Mexico City and 1988
Armenia earthquakes. Here the injury to fatality ratio was about one and one half deaths to each serious injury.
The high death to injury ratio in the 1990 Philippine earthquake is largely attributable to the collapse of several
high−rise, reinforced concrete buildings. Alternatively, the 1985 Chile earthquake demonstrated the potential
effect of successful seismic design and construction practices. This extremely large magnitude (8.2) earthquake,
centered near heavily populated areas, only resulted in one hundred and eighty−five fatalities and a ratio of
thirteen injuries to each death. Similarly, the 1989 Loma Prieta, California earthquake, although 7.1 in magnitude
and located in the San Francisco Bay area, caused only sixty−five fatalities (mostly located in a single, collapsed,
concrete, freeway viaduct). The injury to death ratio of about twenty−nine injuries to each fatality was due largely
to the regions engineering standards and prevalence of earthquake−resistant, wood−frame construction.

Overall Framework:
Structure and Major Components

Efforts to reduce earthquake−related casualties and illnesses lack an overall framework for understanding the
factors that effect earthquake casualties, as well as important relationships among these factors. One useful
framework consists of three major components — demands, supply, and mitigation.
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Demand, Supply and Mitigation

The demand component encompasses the factors that determine the earthquake casualty profile for a given
earthquake that, in turn dictates the medical need. Demand issues include the number, type and severity of
injuries. Additional demand issues include the risk factors that contribute to casualties, as well as the geographic
distribution of fatalities and injuries. A final important dimension is the onset of the injury or medical problem.

The supply component contains all the resources available to meet the post−earthquake medical need. It includes
personnel, medicines, equipment and facilities. Besides acute care hospitals, most health care systems include
emergency medical services, private clinics and physicians. Supply issues include the expected type and
distribution of damage to health resources. Like demand, the supply component has an important temporal
dimension since earthquake injury and illness onset patterns determine the timing and duration of specific health
resources. The adequacy of the supply is a function not only of the physical condition of the supply, but also its
utilization (Durkin and Thiel, 1992).

The mitigation component consists of those measures aimed at reducing the extent of earthquake−related
casualties or improving the ability of the health care system to meet the medical need.

Earthquake casualty reduction includes primary, secondary, and tertiary mitigation measures. Pre−earthquake,
primary mitigation measures promise to either reduce the number or severity of casualties and thus the demand
for health care services or to improve the survival of existing health care resources and thus the supply of health
services available to meet the demand. Secondary casualty mitigation measures include actions taken and policies
implemented during and immediately after the earthquake to avoid serious injury and to facilitate the delivery of
adequate medical services. Tertiary casualty mitigation measures include the long term rehabilitation of
earthquake injuries and the restoration of health care services to their pre−earthquake state.

The Evolution of Casualty Research

Past earthquake injury investigation has varied from the case series to case/control to historical cohort approaches,
undertaken by a wide variety of disciplines with different perspectives (Shi−

nobu et. al., 1990; Johns Hopkins University, 1989; Murakami and Durkin, 1989).

Case Series Investigations

The bulk of earthquake injury research, especially the early study, consists primarily of case series investigations
focusing on the injured rather than the uninjured (Coultrop, 1974). In addition, lack of knowledge about the
etiology of earthquake injuries, limited these case series investigations to the descriptive rather than the analytical.
Furthermore, the performance of these investigations primarily by physicians gave them a clinical rather than an
epidemiological perspective. For instance, these clinical investigations attempted to document medical aspects
such as the number and type of earthquake injuries rather than linking these injuries with potential risk factors.
Thus this early research did not document the cause of the injury — relating it to the performance of the physical
setting. Therefore the results are difficult to use in predicting future injury rates given hypothetical damage
patterns. While addressing some medical policy issues such as the range of expected injury types, these studies
did not attempt to determine the relative importance of potential risk factors by comparing injured and uninjured
persons exposed to a particular hazard with similar, unexposed groups.
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Epidemiological Studies

Beginning with the work of Glass and his associates (Glass et. al., 1977), a growing number of investigations of
earthquake caused injuries now attempt to identify and document potential risk factors such as physical setting
elements. Researchers have recently employed historical cohort, (Arnold et. al., 1983; Durkin and Ohashi, 1989;
Durkin et al., 1990) case/control (Roces et. al., forthcoming; Roces et. al., 1990; Noji et. al., 1990),
cross−sectional community surveys and other research approaches to measure relative risk. The case/control
approach involves selecting one or more uninjured persons (controls) who are similar, in some respect (e.g., type
of physical setting), to each injured person (case). The historical cohort approach considers a population group
(both injured and uninjured) that experienced an earthquake. Besides community surveys a promising application
of the historical cohort approach considers the occupants of a given building or buildings that experienced a
damaging earthquake. This variation was first employed by US researchers in studying the response of the
Imperial County Services Building in the 1979 earthquake. It attempts to document injury occurrence as related to
different types and levels of exposure. The building specific, historical cohort approach complements other
epidemiological approaches in that it analyzes at a finer level of detail the physical mechanism of the injury and
the interaction of the full range of earthquake hazards. It does this with specific individuals over a specific time.
Another advance is the investigator's increasing focus on the earthquake response of specific health service
segments (Durkin, 1987; Arnold and Durkin, 1983), as well as in the development of better models for estimating
earthquake casualties (Thiel et. al. forthcoming; Ohta et. al., 1986) and resultant health service demand. However,
these two parallel research paths still need effective integration.

Factors Related to Demand

1. Geotechnical Performance, Independent of and Coupled with Building Performance, Contributed to a Substantial
Proportion of Earthquake−Related Mortality and Morbidity

Geologic performance, either directly or indirectly, caused numerous fatalities in the subject earthquakes.
Landslides were the most lethal type of geologic performance. Landslides not only buried people and homes in
mountainous areas, but also swept buses off roads and into ravines. In the Philippine earthquakes, landslides had
the further effect of severing vital road links and keeping the injured from receiving vital relief supplies.
Landslides also caused homes to topple down canyons. Experience in Chile, the Philippines and Loma Prieta
shows few serious casualties attributed to liquefaction. Landslides caused perhaps half the direct fatalities in the
1986 San Salvador and the 1990 Philippine earthquakes.

The level of the geotechnical hazard stems from historical development patterns. For instance, the City of San
Salvador exists on very hilly terrain at the foot of two dormant volcanoes. The filling in of barrancas (ravines and
valleys) accommodated much low−income development as the city's population grew. Consequently, in the 1986
earthquake, subsidence, due to poor soil conditions, caused buildings to split in two, resulting in numerous
casualties (Durkin and Hopkins, 1987). Several villages in the hills around Erzincan were built on loosely
compacted soil which had eroded from the mountains above: soil conditions clearly contributed to the higher
levels of building failures that these villages experienced as compared to neighboring zones.

2. Structural Failure Accounted for almost All Fatalities and Most Serious Injuries In and Around the Built
Environment

Structural failure, either complete or partial collapse, is the major cause of building−related serious injuries. For
the 1985 Chile earthquake, eighty−four percent of the eighty−six cases of death examined by the Chile Ministry
of Health were head injuries or multiple trauma attributed to structural failure (Durkin, 1986). Ninety percent of
the hospitalized injuries in our case−series investigation of the Mexico City earthquake occurred as a result of
structural failure. Eighty−eight percent of the total fatalities in the 1989 Loma Prieta earthquake resulted from
structural failure (Durkin, 1992). We estimate similar fatality ratios for the 1985 Mexico City earthquake; the
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1986 San Salvador earthquake, and the 1990 Philippines earthquakes (for those deaths not due exclusively to
landslides). For instance, eighty percent of two hundred and fifty−one Philippine earthquake fatalities happened in
or near structures.

3. Built Structures Other than Buildings Posed a Serious Life Safety Threat

The Chile, San Salvador and Loma Prieta earthquakes illustrated the potential danger of "non−buildings" such as
exterior property walls and bridges, as well as the need to include these structures in mitigation programs.

In Chile, El Salvador and numerous other countries, heavy, brittle, unreinforced masonry walls along streets and
property lines surround many dwellings. In San Salvador, Durkin and Hopkins (1987) found that exterior property
walls "assume an added cultural importance as newspaper vendors, merchants, and other small business
proprietors set up 'semi−permanent' stands next to them. Bus patrons stand near or lean against these exterior
walls." In San Salvador's daytime earthquake a number of these heavy property walls collapsed without warning
killing or severely injuring those standing next to them. In Chile's nighttime earthquake, similar property walls
collapsed killing or injuring residents who had evacuated their dwellings.

The 1989 Loma Prieta earthquake demonstrated the potential lethality of bridges. Here, the collapse of portions of
the Cypress Viaduct, an elevated, two deck, non−ductile, reinforced concrete freeway bridge accounted for
forty−two deaths or sixty−five percent of the total earthquake fatalities. The collapse of an agricultural water
tower and a transmission tower contributed to other "non−building" Loma Prieta fatalities (Durkin, 1992).

4. Extremely Brittle Structures such as Nonductile, Reinforced Concrete and Unreinforced Masonry are Extremely
Lethal

The mortality and morbidity patterns in recent foreign and domestic earthquakes show that multi−story,
reinforced concrete structures, due to their heavy occupant load and high collapse potential are an extremely lethal
building type. For instance, the complete or partial collapse of multi−story, reinforced concrete structures was the
primary locus of fatalities and serious injuries in the 1985 Mexico City, 1986 San Salvador and 1990 Philippine
earthquakes (Durkin, EERI Report, Durkin, 1987, Durkin, 1991). While detailed studies have not yet been
completed, this type of structure appears to have been responsible for the majority of fatalities in Erzincan. In
addition, the Cypress Viaduct collapse resulted in sixty−four percent of the 1989 Loma Prieta, California
earthquake fatalities.

Construction elements caused numerous injuries. For example, in comparing our Mexico City injury data with
data from other recent earthquakes, we found that in collapse situations the interaction of multiple building
elements caused many injuries as opposed to the interaction of people with singular building elements like in
Chile.

When reinforced concrete buildings collapse, structural elements, non−structural elements, and building contents
often interact to form space pockets within which occupants might survive. Given this possibility, we asked our
eighteen survivors of the dormitory and twenty−one survivors of the Planning Ministry if building elements,
furniture, or equipment prevented a total collapse in their area. The results showed that building elements and
building contents played a clear role in life safety by preventing complete collapse. Ten of the eighteen residents
reported such an effect; eight of those ten reported that elements or contents performed a role in survival. In
addition, three of the twenty−one trapped in the Ministry of Planning Building reported this effect.

Other brittle building types, such as unreinforced masonry, proved lethal in recent earthquakes. Falling sections of
unreinforced masonry buildings, striking passersby and falling on top of other buildings, caused deaths and
serious injuries in both the 1985 Chile and 1989 Loma Prieta earthquakes (Durkin, 1986; Durkin 1992) For
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example, such failures accounted for fourteen percent of Loma Prieta earthquake fatalities.

5. The Majority of Fatalities and Serious Injuries Come from a Small Number of Damaged Buildings

Following the 1990 Philippine earthquakes, an analysis of two hundred and fifty−one fatalities in the City of
Baguio, identified by the Baguio City Health Department (Baguio Health Department, 1990a) revealed that
sixty−two percent of the deaths occurred in and around collapsed buildings (Durkin, 1991). The Loma Prieta
earthquake's Cypress Viaduct collapse was responsible for sixty−four percent of the total earthquake fatalities and
seventy−four percent of those fatalities related to structural collapse (Durkin, 1992). In the 1986 San Salvador
earthquake about thirty percent of the approximately fifteen hundred fatalities happened in the collapse of four
multi−story buildings. In the 1985 Mexico City earthquake, in one sample of four thousand one hundred and sixty
fatalities, fifty−two percent of these deaths occurred in only four buildings (PAHO, 1990). Finally, in the 1971
San Fernando, California earthquake, the collapse of two Veteran's Administration hospital buildings accounted
for over eighty−five percent of the total earthquake fatalities (Arnold and Durkin, 1983).

6. Occupant Contact with Non−Structural Elements and Building Contents is a Major Source of Minor Injuries but are
Associated with Few Serious Injuries

Although results from all of our earthquake injury investigations agree, the following specific examples from the
1989 Loma Prieta earthquake will illustrate the finding that the performance of non−structural elements and
building contents produce relatively few serious earthquake injuries.

The first example is from a breakdown of Loma Prieta earthquake−related fatalities. Only twelve percent of the
Loma Prieta fatalities, including five percent of work−related injuries, were not due to structural failure. None of
these were due to the performance of non−structural elements or building contents.

The second example is from an analysis of hospital emergency room treatments and subsequent hospitalizations
in Santa Cruz County. In the seventy−two hours following the Loma Prieta earthquake, emergency rooms at the
three Santa Cruz County hospitals treated nine hundred and eighty−one cases. Only twenty−three of these cases
(two and one third percent) were serious enough to require hospitalization. In addition, only one−third of these
twenty−three cases was due to non−structural elements or building contents.

The third example draws on results from a study of three hundred and twenty−five Loma Prieta work−related
injuries. This analysis found that only eight percent of those hit by or bumping into a non−structural element or
building content required hospitalization, even though this injury class accounted for almost forty−two percent of
work−related injuries.

These examples indicate that while interior non−structural elements and building contents posed a relatively low
risk of serious injury, certain elements and settings are particularly hazardous. Therefore, given limited resources,
programs aimed at reducing the life safety threat of non−structural elements and building contents need to focus
on identifying and prioritizing the most hazardous settings and elements rather than promote blanket solutions.
(Durkin, 1992a).

7. Occupant Actions Can Play an Important Role in Injury Occurrence and Prevention

Researchers had not previously systematically documented occupant capability in collapsing buildings, of this
size. We determined that numerous occupants of collapsed buildings had both the time and ability to take several
actions before the building collapsed. Similarly, many occupants of damaged buildings that did not collapse
engaged in several activities before being injured. Most people have time to take protective actions during an
earthquake. We found that a relatively small proportion of a building population is unable, because of the shaking,
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to take any action; a second group does nothing because they feel taking no action to be the appropriate response;
the remainder, approximately two−thirds of the building occupants, engage in some form of purposeful behavior,
aimed at protecting themselves and others. For example, in a survey of those injured in the 1983 Coalinga
earthquake, we found that 68 of 94 respondents (or 72%) took some action during the shaking. In the 1986 San
Salvador earthquake, 13 of 23 (or 56%) of the occupants of a collapsed building took action. Of the ten who took
no action, five did so because they were unable to move; the other five stayed because they thought it was the
right thing to do.

The major difference between the buildings was the relative mobility of survivors. Only four of eighteen
dormitory survivors could turn around or stand up while seven of ten trapped, office building survivors could
either turn around and move or stand up and move. In both case study collapses, most survivors were able to see,
usually during daylight hours, and either hear and talk to others trapped in the same setting or in other parts of the
building. In certain types of collapse, injuries or building collapse type or severity make self−help nearly
impossible.

Alternatively, our research has found that occupant injuries contributed to injuries — with many victims injured
while attempting to take protective action (Durkin, 1992a). For example, in a study of Loma Prieta earthquake
occupational injuries, Durkin et al (1991 c) found that protective actions such as attempting to evacuate a building
or take shelter under a desk accompanied sixty−percent of such injuries.

8. Lack of Adequate Code Enforcement is a Major Problem

One major need is for effective code enforcement. Even if architects, structural and soils engineers and building
officials are able to keep abreast of the latest code changes, the lack of code enforcement frequently hampers their
efforts. Many countries, due to a limited economy and lack of governmental resources limit code enforcement to
the most important buildings. Frequently, builders and residents construct lower income housing without any
governmental control of building or location.

9. Adequate Demolition and Repair is Also Necessary

Another factor undermining code enforcement is incomplete demolition or repair of damaged buildings after
previous earthquakes. For instance, many Salvadoran engineers thought that the Ruben Dario Building collapsed
killing several hundred people in the 1986 earthquake because damage from the 1965 earthquake had not been
adequately repaired during the intervening 21 years (Durkin and Hopkins, 1987). A similar situation prevailed in
Erzincan where

structural elements damaged in a previous earthquake were simply plastered over.

10. Rapid Population Increase will Increase the Number of Hazardous Structures and the Population at Risk

The Impact of Rapid Population Increase

Rapid population increase has two major impacts on earthquake injuries: 1) it creates pressure to build new
structures, and 2) it creates pressure to intensify the use of existing buildings.

Pressure to Build New Structures

The pressure to build new structures manifests itself in the following three ways: 1) the creation of more
indigenous architecture, 2) the creation of more modern, engineered structures, and 3) the increased development
of land.
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Governments don't usually regulate the creation of most indigenous architecture. Such building has two potential
earthquake casualty or demand outcomes. First, if the indigenous design is brittle (for example, heavy roofing
materials and walls that fragment) then the lethality potential (the potential for structural damage that causes
deaths and injuries) is high. Second, if the prevailing design is not brittle (for example, flexible wall and roof
diaphragms) then, alternatively, the lethality is low.

The same applies to the creation of modern, engineered structures. If the structural design is brittle (for example,
non−ductile, reinforced concrete construction) then the collapse potential is high. Consequently, the lethality
potential is also high because of the high population density of mid to high rise buildings. Alternatively, a
non−brittle, structural design (for example, shear wall construction) lessens the collapse likelihood and
consequent lethality potential.

Repetitive design, poor materials, and faulty construction are additional factors that influence the potential of both
engineered and non−engineered buildings to cause death and injury.

Repetitive building design seeks to accelerate the building process while reducing design costs by designing a
prototype building and constructing essentially, duplicate buildings on numerous sites. If the structural design of
such prototype buildings incorporates sufficient seismic resistance, then the repetitive building approach is a
potentially effective solution to the sheltering problem. However, the lethality potential greatly increases if the
structural design is defective, as happened in the Armenian earthquake. In Turkey standardized designs for public
buildings which were developed for geologically stable areas were subsequently repeated throughout the
high−risk areas.

Poor material may destroy the earthquake resistance of successful indigenous architecture, as well as that of
well−designed buildings. Anderson (1992) has noted that increased development stimulated by increased
population growth frequently taxes the resource capabilities of surrounding land. For example, most indigenous
architectures in Latin America traditionally combine clay with native woods to create ''reinforced," low−rise
buildings with some seismic resistance. However, over time, builders gradually substitute more brittle varieties as
they deplete certain, flexible species of woods. This practice lessens the seismic resistance of the newer,
indigenous structures. For example, hajareque , consisting of adobe and wood comprises most of the indigenous
residential construction in El Salvador. In the past, this indigenous architecture had many seismic resistant
characteristics. It included hard wood and featured lightweight roofing materials. Spanish influence, however, led
to the replacement of light roofs with heavier tile roofs. Furthermore, the depletion of the available hardwood in
the surrounding area resulted in the substitution of inferior woods, thus weakening seismic resistance. Also, as
buildings became older, the wood reinforcement tended to rot, thus weakening these buildings structurally
(Durkin and Hopkins, 1987). Even in countries with modern seismic codes and good structural design practices,
faulty construction frequently results as development pressures encourage rapid building and the circumvention of
seismic regulations.

Rapid population growth also contributes to earthquake casualties by increasing the pressure to develop marginal
land without adequate seismic precautions. Such potentially hazardous development includes: 1) the location of
buildings close to known faults, 2) the filling of barancas/ravines with inappropriate and/or inadequately
compacted fill and subsequent construction without adequate site preparation, 3) the construction of structures on
unstable hillsides, and 4) development in areas with high liquefaction potential.

Sometimes rapid land development creates additional earthquake hazards. We have also explained how the
exhaustion of hard wood lessened the seismic resistance of indigenous architecture. In addition, the process of
harvesting trees can create other risks by de stabilizing hillsides and precipitating landslides. For instance,
ecologists blame much of Baguio's hillside building damage, in the Philippine earthquake, on the rampant
deforestation of recent years.
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For both indigenous and engineered structures, developmental pressure creates additional life safety hazards not
only by intensifying population density but also by increasing building density.

Factors Related to Supply

The Evolution of the Urban Health Care System

1. Most Urban Hospitals Continue to Occupy their Original Central City Locations.

Most early hospitals located in the heart of cities to serve the needs of the poor or to isolate victims of contagious
diseases such as cholera and typhus. Hospital infections resulting from poor sanitation led to extremely high
patient mortality in these early facilities (Wylie, 1877). It was not until the late eighteen hundreds, with the
development of effective antiseptic and sterilization techniques to fight infection, the discovery of anesthesia to
facilitate surgery, the arrival of specialized medical technology like the X−ray, and the proliferation of skilled
nursing care that these early hospitals reduced their patient mortality rates to the point where they replaced home
care as the accepted treatment locus for the entire population (Dowling and Armstrong, 1980).

As cities increased in population and geographic area, the evolving general hospitals mostly remained in the
central districts rather then relocate to the newly created suburbs. During this period, increased medical
specialization and burgeoning medical technology exerted a centralizing pressure on health service organization.
The need for a large, and proximate patient base to support its specialized functions; dependence on related,
external public and private support services like utilities, and urban planning and development practice that
promoted urban use segmentation caused individual health care institutions to embark on a development process
of increased centralization that involved expanding facilities at their original central city sites rather than
decentralize facilities and services. The population density of the inner city also supported the establishment of
maternity and other specialty hospitals in proximity to their general hospital counterparts.

2. Hospitals Continued to Increase Building Density at their Urban Sites

The early urban hospitals were typically one or two stories tall. The pavilion configuration (Wylie, 1877), which
features a series of connected, inpatient wards, was quite common in the early part of this century. Two such
hospitals, initially constructed in the pavilion configuration are Hospital Rosales in San Salvador and Hospital
General (constructed in 1905) in Mexico City (Ortiz, 1980).

In the last fifty years, individual health care institutions constructed high−rise buildings to accommodate changing
patient care practices and support needs and to compensate for the dwindling supply of available central city
space and rising land costs. Therefore, each institution evolved over time to include a range of facilities with a
range of construction types.

3. Hospital Configuration and Building Mix is an Important Determinant in Survivability

Hospital building performance, in recent earthquakes suggests that the configuration and building mix at
individual health care institutions is an important determinant of institutional survivability. It is erroneous to
equate old buildings with hazardous and new ones with non−hazardous. For example, the 1971 San Fernando,
California earthquake featured the collapse of two 1920 facilities and one 1971 engineered hospital; San
Salvador's low−rise, Hospital Rosales survived the 1986 earthquake with little structural damage while its
high−rise neighbors suffered severe structural damage. Similarly, Mexico City's Hospitals General and Juarez
both suffered the collapse of new, engineered, high−rise structures while surrounding low−rise hospital buildings
emerged unscathed.
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Such losses, within a given hospital complex, can effect both the organization's immediate response and its plans
for recovery and reconstruction. For example, only two of the approximately fifty buildings in the Hospital
General complex collapsed in the 1985 Mexico City earthquake. Most of the surviving buildings suffered no
structural damage. Although structural engineers quickly certified these surviving buildings as safe,
administrators curtailed, for several months, most health care services at this facility pending a more detailed
structural evaluation. Similarly, the collapse of several of it's San Fernando hospital buildings, and resultant
fatalities, in the 1971 San Fernando, California earthquake so traumatized the US Veteran's Administration that
the VA chose not to reconstruct the destroyed buildings. Instead it demolished the surviving buildings and
dedicated the site to a park (Durkin and Thiel, Forth−coming).

Given the extreme variability of earthquake forces, perhaps a mix of different building types and configurations
ensures the survival of at least some of them.

4. Hospital Damage Patterns and Implications Vary from Urban to Rural

Typical Damage Patterns to Health Care Systems in Recent Earthquakes

Research on the impacts of earthquakes on health care systems and health facilities shows that health care systems
fall into three general categories or models — the single−city model, the megalopolis model, and the rural model.
Each model has different implications for mitigation.

The Single−City Model

The single city model characterizes typical earthquake damage to and response of the health care system in a
small to medium sized city with one to three general hospitals.

Frequently, a small city will have only one general hospital of around three hundred beds. Earthquake damage to
or destruction of his single facility deprives the city's population and it's surrounding rural catchment area of those
essential health services requiring a hospital setting. All three hospitals in Erzincan collapsed following the 1992
event, requiring emergency workers to transport the injured to Pulumur, several hours away. Another good
example of this eventuality was the heavily damaged and relatively isolated City of San Antonio, Chile
(population 99,232) whose hospital lost 66% of it's 218 beds in the 1985 earthquake (Durkin 1986).
Consequently, ambulance drivers transported those with serious earthquake injuries or other acute medical
problems ninety miles to Santiago for emergency medical care.

The presence of several hospitals increases the probability that one or more of them will remain operational
following a damaging earthquake. However, the tendency for hospitals to locate close to each other also increases
the chance that similar site conditions or proximity to the epicenter will result in damage to all facilities.

Since small to medium cities frequently serve as the secondary nodes of tiered, regional health care systems,
surviving primary health facilities in villages throughout rural areas often must divert patients to tertiary hospitals
in metropolitan areas.

However, unlike rural areas that normally lack health resources, small to medium cities might retain considerable
health resources in the form of skilled nursing and medical practitioners, equipment, medicines and supplies even
if all hospitals cease operation. For example, the Philippine earthquake disabled all the City of Baguio's hospitals.
However, the hospital staffs were able to quickly set up operations in alternative facilities and handle most
emergency situations. Baguio also served as a regional drug distribution center at the time of the earthquake, and
sufficient medical supplies survived. Thus external resupply was unnecessary. The longer−term needs of the
service population become especially critical when all hospitals cease operations.
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The Megalopolis Model

The megalopolis model describes typical earthquake damage to and response of health care systems in large urban
areas with numerous health care organizations and facilities. As urban areas, such as Mexico City, Los Angeles,
Santiago, and Manila, continued to grow and expand, fueled both by in−migration from rural areas and internal
population growth, regional health care systems also grew. This health care expansion often involved the merging
of several cities, each with its own health care institutions. Rapid urbanization also frequently involved the
creation of new health facilities in newly created suburbs, as well as the expansion of older central city hospital
complexes to house new technology and functions such as medical and nursing schools.

The result is that many large urban areas, such as Mexico City, have an extremely diverse health care system
spread over a wide geographic area which is consequently less vulnerable to the kinds of localized damage that
characterize most earthquakes. In many cases, individual health care institutions competed to provide similar
services to the same population. This health service duplication added a dimension of redundancy to the regional
health care system. Another factor is that with the increasing emphasis on ambulatory as opposed to inpatient care
many hospitals have inpatient facilities that are currently underutilized. One advantage of this oversupply and
redundancy of the health care system is that there are abundant health resources to take up the slack if an
earthquake destroys parts of the health care system. Several examples will illustrate these points.

The 1971 San Fernando, California earthquake struck the fringe of an urban area, and destroyed or badly damaged
five hospital complexes. This however left numerous hospitals within the region operational with little or no
damage.

The 1985 Mexico City earthquake severely damaged thirteen out of one hundred and eighteen hospitals; put
approximately forty−four hundred or 22% of the available hospital beds out of commission; seriously damaged
fifty out of seven hundred and seventy−nine minor units and about nine percent of the examination rooms
(PAHO, 1991). While very extensive, this damage left 90 percent of the hospitals, 78% of the hospital beds,
ninety−three percent of the minor units and 91% of the examination rooms intact and ready to treat patients. Many
of the surviving facilities, especially the suburban ones, were technologically very sophisticated, and located on
more stable soil. As a result they were able to adequately treat the more serious earthquake injury types such as
kidney failure resulting from crush syndrome as well as severe orthopedic injuries.

In the 1985 Chile earthquake, hospitals in the Metropolitan area that includes Santiago lost 20% of beds (Durkin,
1986). Nevertheless, neighboring hospitals absorbed health service demands, at least temporarily.

Redundant health care systems in many large urban areas; and the finding that earthquakes tend to damage parts
of individual health care institutions suggest that, following an earthquake, we learn to better use available local

health resources rather then depend on importing external health resources.

The Rural Model

Rural areas frequently have inadequate resources to meet post−earthquake emergency and general health needs.
The local health care system often lacks redundancy because health facilities are scarce. Therefore, damage to a
single rural hospital or clinic often leaves a large geographic area without health care. Furthermore, many rural
health care facilities deliver only primary health services. Those requiring more intensive medical care must
journey to institutions in urban areas. Therefore, these rural facilities frequently lack equipment to handle the
emergent care demands of mass emergencies.
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During the 1960's and 1970's developing countries focused considerable attention and resources on improving the
health status of rural populations (Tabibzadah et. al., 1989). Countries with national health care systems, such as
Chile (Scarpaci, 1988) and the Philippines, created "tiered" health care systems offering graduated health care
services. These systems normally offer primary health care through a system of rural clinics and small hospitals in
small to medium cities, and tertiary or more specialized health care was obtainable at general and specialty
hospitals in large, urban areas.

The adequate functioning of such tiered health care systems both in normal times and in times of emergency lies
in efficient patient referral from tier to tier. Effective transport is a key element of patient referral.

The inability to rapidly assess casualties and other health needs frequently hamper the delivery of emergency
medical services to rural areas. The inaccessibility of these areas also constrains provision of services. For
example, ten days after the Philippine earthquake, there still had not been a good assessment of damage and
casualties in the rural areas, in the mountains northeast of Baguio, cut off by landslides. In addition, the inability
of medical teams to get to remote rural areas severely constrained both emergency and general medical service
provision. It was difficult to reach specific damage sites and to determine who had been buried in the landslides
because nobody was sure who had been on the roads when the earthquake occurred (Durkin, 1991d).

Therefore, since the rural model typically doesn't exhibit a health resource surplus, one of the most effective
response strategies is to be able to move external health services to the stricken area and to evacuate more critical
patients out of the area.

Secondary measures should focus on coordinating local health service resources to respond to the emergency.
These measures ought to be tailored for the specific three types of situations previously outlined — the rural, the
single city, and the urban megalopolis. Since, in the case of the large urban area, we have seen that large portions
of an urban health care system are likely to be in tact following an earthquake

A mitigation implication for the World Bank resulting from the Megalopolis Model is that preparedness programs
aimed at fostering cooperation between all the elements in the regional health care system should pay off.
Furthermore, the fostering of grass roots rather than external, top down approaches is the best strategy — given
the potential resources in a specific region. Such cooperative approaches could focus on communication and
transportation of patients to open facilities. It could also include pre−disaster agreements between different
systems regarding the treatment and reimbursement for treatment of patients from rival systems.

5. Even When Health Facilities Remain Standing, Structural and Non−Structural Damage can Cause Significant Health
Service Disruption

The disruptive impact of "nonstructural" damage, damage to the facilities mechanical and electrical systems
typifies many recent earthquakes. For example, ruptured water mains, that flooded hospital and nursing home
floors, caused most health service disruption in the 1988 Whittier Narrows, California earthquake.

One major source of disruption is building content damage. For instance, "extensive damage to oxygen tanks,
which were mobile and unrestrained in Philippine health facilities, prompted emergency requests for gauges to
replace those broken when the cylinders toppled (Onagan, et al., 1990)." Besides restricting the delivery of
medical care, experience shows that building content damage can precipitate the spread of disease. For example,
the malfunctioning of laboratory microscopes in one Philippine hospital meant that doctors distributed donated
blood without proper AIDS screening. Therefore, lack of emergency planning can promote chronic, as well as
acute medical conditions.
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6. Unnecessary Relocation can also Cause Major Service Disruptions

Research shows that many damaged health facilities cease operation in spite of inspection by local architects and
structural engineers. "Despite these professional assurances, hospital staff members' perceptions of hidden,
overlooked, or underestimated damage, and lingering fears of additional damage from aftershocks, cause
significant health service disruption. These perceptions seem heightened in places where nearby buildings had
collapsed; occupants were concerned that this type of damage could occur to their own structures. For example,
following the Chilean earthquake a major Valparaiso hospital closed all of its operating rooms after noticing
superficial plaster cracks at a time of extreme need. For example, several large Baguio hospitals and smaller
facilities elsewhere evacuated patients, staff, and medical services to adjacent lawns and parking lots. Staff
continued to provide services outside even after vacated facilities were certified as safe by structural engineers.
One physician/ administrator said it was easy for architects and structural engineers to declare a building safe
when they did not have to work in the building (Durkin, 1991d).

Apparently, an expert's decision that a hospital building was not safe was sufficient to cause evacuation and
relocation of services. On the other hand, certification that a building was safe did not necessarily result in
immediate reoccupation. This refusal to reoccupy apparently safe buildings also noted in the San Salvador and
Chile earthquakes (Durkin, 1986; Durkin 1987), adds a largely overlooked dimension to post−earthquake building
assessment. In the case of essential facilities like hospitals, the building occupants' perceptions of safety are as
important as the building's actual safety. Post−earthquake inspection protocols and the way inspection results are
communicated probably need to be modified to reassure occupants as well as structural engineers (Durkin,
1991d).

Trends in Health Facility Development

7. Decentralized Health Facilities Lack Adequate Seismic Protection

Key factors that are shaping health care delivery include continuation of escalating costs of medical services and
attempts to provide services at reduced costs through alternative delivery modes; the existence of an old
infrastructure that needs modernization and seismic upgrading; and changing demographics that include
population shifts from rural to urban areas and the age of potential patients (for example, increasing elderly
populations requiring geriatric care in developed countries as opposed to developing countries as opposed to
developing countries with younger populations; and finally the changing medical technology and its availability
in third world countries.

Expansion of Non−Hospital Based Services

In the U.S. a potential problem is the structural integrity of new decentralized facility models, for example,
surgicenters. In California where earthquake regulations, governing hospital construction, renovation, and
contents, became more stringent after the 1971 San Fernando earthquake, many hospitals have embarked on
extensive programs of providing decentralized services in community−based outpatient facilities. While such
decentralization has the advantage of making services more accessible, both geographically and economically, to
the community at large, the seismic safety of these facilities has become increasingly suspect. In some cases,
hospitals establish such facilities to circumvent the seismic regulations governing larger, acute care facilities.

8. Community Groups Encounter Injured Victims First and Make Most Rescues

The studies also show that most of the survivors either free themselves or family members, co−workers, or other
non−professionals rescue them. Trained rescue personnel make relatively few rescues, in part because their
number is relatively small.
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For example, our case study investigation of the two collapsed, multi−story buildings, showed that four of the
twenty−nine trapped occupants freed themselves; fellow residents or co−workers rescued an additional
twenty−four, and search and rescue personnel rescued only five.

One case−control study of injuries in the Philippine earthquake showed that persons using no equipment rescued
80% of those rescued, 18% with the use of hand equipment such as picks and shovels, and only 2% with the use
of heavy equipment. When research is done in Erzincan, it is likely that similar percentages will be found for
non−professional lightly−equipped rescue, given that trained personnel were slow to arrive, and early rescues
were the result of community efforts assisted by soldiers stationed in town.

Since community residents help rescue the bulk of those trapped by earthquake damage, training of these groups
in light rescue techniques can increase the speed and safety of these rescues.

9. Serious Injuries are Encountered by Community Groups and Stabilizing Care is Needed at Collapse Sites

We found that severe injury in structural collapse is not the exclusive misfortune of the trapped, thirty−eight
percent of the non trapped occupants suffered a severe injury. Conversely, a substantial proportion (37%) of those
trapped suffered relatively minor injuries.

We found that the majority of the trapped injured were either rescued by lay persons (co−workers, family, and
neighbors with no rescue or medical skills) or managed to free themselves. In addition, even trained rescue
personnel did not have medical expertise.

Furthermore, our comparison of major injuries to minor injuries rescued by each type of rescuer revealed that
over one−third of those rescued by each group, for example by lay persons, had serious injuries.

Our Mexico City investigation of moderate to severe injuries found that: About 68% of the trapped/injured
rescued by family members had severe injuries and about 27% had moderate injuries. Co−workers met with
severe injuries in about 40 percent and moderate injuries in about 30 percent of their injured rescues. Rescue
workers came across severe injuries in about 45% and moderate injuries in about 45% of their injured rescues.

Untrained rescuers faced serious injuries that were immediately life−threatening or could lead to permanent
disability if mishandled. They encountered these injuries immediately or very soon after the collapse. These
findings underscore the importance of the immediate availability of stabilizing care at the collapse site and the
proximity of definitive care. They also underscore the need to integrate medical assistance into the search and
rescue process. Finally, irrespective of structural collapse, community residents are the first to reach most
earthquake injuries — ranging from minor to severe. Therefore, rudimentary "first aid" knowledge can sustain
many of the more serious injuries until skilled medical care arrives and treat less serious injuries — keeping them
from overloading the EMS system.

Recommendations Related to Reducing Demand

Primary Prevention

Soil Problems

1. Conduct geological studies to identify the location of good soil and on better soil compaction during grading
operations.

2. We also need support in facilitating land use planning that will estimate the risk of development projects prior
to their construction.
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3. Encourage the development of better soils regulations.

4. Encourage soil regulation enforcement.

Building Collapse

5. Encourage the development of better building codes.

6. Encourage better building code enforcement.

7. Study the impact of site configuration on preparedness and estimated casualties.

Secondary Prevention

1. Develop effective occupant response programs

2. Develop programs to improve local search and rescue capability

Tertiary Prevention

1. Finance the proper demolition and repair of buildings damaged in past earthquakes.

Prospects for Reducing Demand

The prospects for reducing the number of serious earthquake casualties in future earthquakes (reducing the
demand) in developing countries are unfavorable because the population at risk will continue to grow in both
urban and rural areas due to a combination of continued population growth, continued construction of new,
hazardous buildings, and intensified utilization of existing hazardous buildings. This section discusses some of
these forces.

First, people will continue to settle in and develop seismically hazardous areas. For example, in the last four
hundred years San Salvador has experienced at least twenty−seven damaging earthquakes (seven accompanied by
volcanic eruptions). Local residents called the area the Valley of the Hammocks during the Spanish conquest due
to the frequent seismic activity. These frequent earthquakes caused the government to relocate twice but each time
it returned to the traditional capital (Durkin and Hopkins, 1986). Mexico City has also continued to rapidly
develop and expand in the face of periodic, destructive earthquakes.

Second, difficult to counter external factors such as the traditional in−migration of rural populations to urban
areas and internal populations growth will cause internal populations to continue to expand. Many of the new
residents will be low−income people pulled to urban areas by their economic promise.

Third, the inventory of hazardous new structures will continue to increase. Many of new buildings will be
indigenous architecture that is not readily subject to improved seismic regulation. The urban and rural poor will
predominately inhabit these indigenous buildings. In addition, builders will probably construct these indigenous
structures on the worst soils thereby increasing their vulnerability.

Engineered construction subject to current seismic regulation will comprise the remaining new structures. While
improved codes offer a promising point of intervention in reducing earthquake hazards, even well−designed
buildings will be subject, in their construction, to great pressures to use poor materials and construction practices
that circumvent these regulations. Furthermore, the problems of marginal sites and improper compaction and soil
preparation will face even well−engineered construction. Damage patterns in recent earthquakes reveal that even
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countries with progressive seismic regulations produce buildings with considerable collapse potential. For
instance, several multi−story, reinforced concrete buildings, based on the U.S. Uniform Building Code, collapsed
in the 1990 earthquake — due largely to improper construction and soil preparation.

Fourth, the utilization of existing, hazardous structures will intensify and their number will increase. Successive
urban population increases will spur corresponding increases in the population density of vulnerable, existing
buildings.

Existing buildings will also become more hazardous as the density of surrounding buildings increases. Increased
building density raises important site planning issues about building proximity, occupancy patterns, and exterior
pedestrian and vehicle circulation patterns. An example of the first condition is the collapse of mid to high rise
buildings in the Mexico City and other earthquakes caused by the knocking of one building against the other. An
example of the second condition is the crowded, innercity street where pieces of unreinforced masonry buildings
and property walls break off and fall on passing people and cars.

Finally, existing buildings will become more seismically vulnerable as they age.

Prospects for Increasing Supply

Since the failure of buildings and other structural elements produce the bulk of fatalities and serious injuries, the
prospects of greatly reducing the number and severity of future earthquake casualties are dim because: 1)
Increasing population growth will increase the pressure for new construction especially on marginal land; 2)
Much new, indigenous construction will be beyond the reach of seismic regulations; 3) Even regulated
construction will likely circumvent codes; 4) Retrofitting hazardous existing buildings on a massive scale will
prove economically unfeasible; 5) Instead, existing hazardous buildings will become more densely populated thus
increasing the population at risk. Therefore, a more promising strategy is to increase supply by protecting the
health care facilities and making health care services more responsive to immediate and long−term user needs.

The tendency of health care institutions to concentrate facilities in central cities make reducing the vulnerability
of large, centralized facilities the primary way to protect the health care system. The three major strategies for
reducing health system vulnerability are: 1) regulating the construction of new health facilities, 2) identifying and
retrofitting existing hazardous structures, and 3) decentralizing health services. While regulating new health
facility construction and retrofitting existing buildings, especially in developing countries, suffer from the same,
previously mentioned, constraints that effect general building construction, the public and private sector trend of
decentralizing health services and facilities to reduce costs and increase accessibility to previously undeserved
populations offers a promising hazard reduction approach for the following reasons:

First, in an earthquake's aftermath, this decentralization might also increase health care accessibility to injured
victims by placing facilities in closer proximity to damage sites and thus reducing patient transport times. Smaller,
local health facilities could treat many of the minor earthquake injuries that might otherwise overload the
emergency rooms of larger central hospitals. As decentralized health facilities become more technically
sophisticated they can also offer life saving treatment in closer proximity to more serious injuries. Second,
decentralization adds redundancy to health care institutions. If earthquake damage disrupts services at the
centralized, parent hospital complex then its satellite facilities can ensure institutional survival.

In spite of their promise, decentralization must be pursued cautiously. First, decentralization runs counter to
historic tendencies for hospitals to centralize. Experience in the 1985 Mexico City and other recent earthquakes
shows that several health care institutions, that suffered extensive damage, successfully resisted government
recommendations to decentralize. Second, it is likely that hospitals will move essential, decentralized functions
into more vulnerable facilities to circumvent more stringent seismic regulations thus making them more
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susceptible to earthquake disruption.

Making health services more responsive to user needs is the second way to increase available health service
supply. Earthquakes promote a wide range of physiological as well as emotional health problems. Since hospitals
with superficial as well as real damage often close, earthquakes turn the entire population into earthquake victims
by disrupting normal health services for long periods of time. These closures can overburden neighboring
hospitals. While neighboring facilities that already have excess beds might accommodate certain types

of patients, other types of services might be overloaded.

Following a damaging earthquake the poor typically lack adequate health services because 1) their health services
are typically situated in older, hazardous facilities that are more susceptible to earthquake damage and long term
disruption, 2) they are more likely to become homeless and unemployed since they dwell and work in vulnerable
structures, 3) exposure to risk factors such as overcrowding, unsanitary conditions, and malnutrition threaten
physiological and emotional health.

The poor need chronic as well as acute health care services. We need to prepare for the longterm or chronic health
care needs of the poor because: 1) The poor are generally under served by urban health care systems even before
an earthquake therefore, the poor will continue to be under served following an earthquake. This is especially true
if the older hospitals that serve the poor are badly damaged. 2) The poor are sometimes accepted right after the
earthquake. Most surviving institutions will accept poorer, non−paying patients under emergency conditions for a
short time, however, this does not continue in the long term. As more time passes, the chronic earthquake injuries,
as well as the normal health care needs are resisted.

Recommendations Related to Improving Supply

Primary Prevention

1. Encourage health care system decentralization to minimize exposure of large central facilities.

2. Assist individual health institutions in evaluating existing facilities and contingency planning for the reuse of
existing facilities and the creation of new ones.

3. Assist individual hospitals in retrofitting existing facilities.

4. Assist hospitals in hazardous non−structural and building content mitigation.

5. Develop post−earthquake inspection protocols and the way inspection results are communicated to reassure
occupants as well as structural engineers.

6. Encourage improvement of seismic standards and regulations for new outpatient facilities, as well as
established hospitals.

7. Encourage local hospitals to identify likely damage and collapse sites in their own catchment areas as a basis
for planning post−earthquake outreach activities.

Secondary Prevention

1. Foster cooperation between all of the elements of the health care system to make better use of redundant
resources.
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2. Foster cooperation between and among the myriad organizations that make up the health care system and those
groups responsible for disaster preparedness and response.

3. Encourage grass roots approaches (e.g. emergent groups) rather than external top−down approaches for health
service delivery.

4. Train lay persons to be adequate first responders.

5. Develop plans for getting trauma physicians into the field quickly

6. Improve treatment capabilities of satellite health centers and promote patient accessibility to these facilities

Tertiary Prevention

1. Plan for anticipated rehabilitation needs and other long−term health needs necessitated by the earthquake.

2. Plan for chronic as well as acute needs.

3. Plan for resumption of normal health care services to entire population as well as services for earthquake
victims.

4. Make pre−earthquake arrangements for reimbursing cooperating health facilities for treating non−members.
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