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Abstract Physical and societal vulnerability to earthquakes and expected physical, so-

cial, economic, and industrial losses in Istanbul are outlined. This risk quantification has

served as the basis for the Earthquake Masterplan. Risk-mitigation activity that was, and is,

being conducted by several agencies and in different context and sectors are elaborated.
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1 Introduction

Istanbul houses approximately one-eighth of the total population and one-half of the

industrial potential of Turkey. In addition to the naturally very high earthquake hazard, the

earthquake risk in the city has increased because of overcrowding, faulty land-use planning

and construction, inadequate infrastructure and services, and environmental degradation.

After the losses suffered during the two major earthquakes that struck Turkey in 1999 there

has been broad recognition of the need for extensive earthquake preparedness and response

planning on the basis of detailed earthquake risk analysis in Istanbul. Studies by JICA–

IMM (2003) and BU-ARC (2002) provided information on the earthquake risk in Istanbul

and also led to the comprehensive report entitled ‘‘Earthquake Masterplan for Istanbul’’.

It is well known that the basic tenets of mitigation are:

– do not increase the existing risk (i.e. build properly);

– reduce the existing risk (i.e. retro-fit); and

– transfer the risk (i.e. insurance).
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Reduction of structural vulnerability, introduction of land-use regulations and design

and construction regulations, relocation of communities, and use of public education/

awareness programs are viable means of mitigation of earthquake risk. The earthquake

performance of cities can be improved by changing the functional characteristics, by urban

transformation, land-use planning, and increasing the quality and redundancy of the

infrastructure. Almost all of these risk-mitigation measures are being considered in

Istanbul to prepare the city for a large earthquake that has an annual probability of

occurrence of approximately 2%, one of the largest in the world.

2 Expected earthquake losses

On the basis of high conditional probabilities, a moment magnitude 7.5 strike-slip earth-

quake associated with the rupturing of four segments in the Marmara Sea is selected as the

‘‘Credible Worst Case Scenario’’ earthquake. The losses that would result from this sce-

nario earthquake as reported by BU-ARC (2002) and Erdik et al. (2003) are summarized in

this section.

2.1 Building damage and casualties

In Istanbul there are approximately 800,000 buildings. Earthquake damage scenario

results indicate, on the basis of two independent approaches (intensity-based and

spectral displacement-based approaches) that a total of approximately 35,000–40,000

buildings (approx. 5% of the total building stock) will be damaged beyond repair

(complete damage). Most of the casualties are expected in this damage group, especially

in a subset where the collapse will be of the worst ‘‘pancake’’ form. The estimate for

pancaked buildings will be approximately 5,000–6,000. Results also indicate that

approximately 70,000 buildings will receive extensive damage and approximately

200,000 buildings will be moderately damaged. Total monetary loss because of building

damage caused by the scenario earthquake are estimated to be in the range of

approximately USD 11 billion. It is estimated that a total of approximately 500,000

households would be in need of shelter after the scenario earthquake. Expected daytime

and nighttime casualties were assessed using both the intensity-based and the spectral

displacement-based approaches It is estimated that the deaths would vary between

30,000 and 40,000 and the number of serious injuries (need to be hospitalized) will be

approximately 120,000. Two other mega-cities with similar earthquake hazard are San

Francisco and Tokyo. In the San Francisco Bay Area, with a population of approxi-

mately 10 million and approximately 4.6 million households, a repetition of the 1906

San Francisco earthquake will cause deaths that vary between 1800 (night) and 3400

(day). Approximately 250,000 residential households and 10,000 commercial buildings

will be damaged either extensively or totally (Kircher et al. 2006). A repeat of the

1923 M = 7.9 Kanto earthquake in Tokyo (population approx. 30 million, number of

households approx. 10 million) is estimated to cause 30–60,000 deaths, 80–100,000

hospitalized injuries, and approximately 360,000 totally damaged households (Stein

et al. 2006; RMS 2006b). It is interesting to note that the different building losses in

three cities does not justify the striking differences between numbers of casualties. The

reason for the heavy casualties in Istanbul would be the large number of ‘‘pancaked’’
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buildings that, unfortunately, cause the death of most of the inhabitants. It should be

noted that 50% of the deaths in Tokyo would be because of fire, compared with 5% in

San Francisco.

2.2 Lifeline damage

There are a total of 165 bridges and/or viaducts on the two main highways within the

city of Istanbul. Approximately one-half of these structures were assessed as being

vulnerable and prioritized for retrofit (Apaydın 2006, personal communication). There

are 662 km of natural gas pipelines, 396 pumping stations, and 360 distribution stations

in the Istanbul Metropolitan Area. It was estimated the main pipelines would suffer

approximately 70 leakages and 17 breakages. Extensive damage is, however, expected

to be associated with the collapse of residential building on distribution stations, and

the connection points between the buildings and the pipes. The sanitary water system in

Istanbul consists of 683 km of pipeline, 25 pumping stations, and 14 reservoirs. It was

estimated approximately 250 instances of leakage damage and 65 of breakage damage

would occur. The electrical power system consists of 51 operating stations, 284 km of

380-kW transmission lines, 399 km of 34.5-kW transmission lines, and 380 km of 154-

kW transmission lines. It was found that high-power transmission lines carrying high

voltage would be unlikely to be damaged. Approximately 18 of the operating stations

and 800 km of distribution transmission lines are expected to be damaged as the result

of the scenario earthquake, however.

2.3 Industrial losses

Istanbul houses substantial industrial facilities in the petrochemical, automotive, textile,

and machinery production sectors consisting of building structures (office buildings,

production buildings, storage areas), non-building structures (pipelines, cranes, tanks,

silos, chimneys, towers, etc.), and nonstructural elements (architectural, mechanical,

electrical). The mean loss ratios for industrial facilities for different industrial sectors

located in the EMS-IX intensity zone in Istanbul vary between 2% and 30% for

equipment and machinery losses and between 2% and 35% for stock losses (Durukal

et al. 2006a). At intensity level EMS-VIII ‘‘equipment’’ and ‘‘stock’’ losses would be

approximately 1/3–1/4 of the losses associated with intensity level IX. In Istanbul

losses of industrial facilities in intensity zones IX and VIII are, approximately, 7–12%

and 40–60%, respectively. By considering this distribution with the mean damage ratios

for buildings, the overall loss for all industrial buildings in Istanbul and its immediate

vicinity can be estimated to be between 6% and 8%. Approximate overall losses for all

sectors will be approximately 2.5% for equipment and about 3% for stocks. In intensity

IX and VIII zones business-interruption losses, expressed as a ratio of annual turnover,

will vary between 5–10% and between 2–3%, respectively, for almost all industrial

sectors. It has been found, in general, that earthquake damage to industry expected in

Istanbul will not be different from industrial earthquake damage expected worldwide.
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3 Financial losses

Physical damage reported on the basis of the investigations reported above fall short of

quantifying the actual monetary loss that will be experienced. Conversion of physical

damage into financial loss is usually accomplished by use of the ratio of the cost of repair of

damage to the cost of reconstruction, known as the replacement–cost ratio (or repair–cost

ratio). Replacement–cost ratios are given for each damage level. When multiplied by the

corresponding percentage damage in an area (or in a geo-cell), found from combined

analysis of earthquake hazard and building vulnerability, they yield the loss ratio in that

zone. In Istanbul, probable maximum losses are found as a combination of earthquake

hazard, building damage and the replacement cost ratios (Durukal et al. 2006b). Estimated

median building replacement loss ratios, based on spectral displacement type vulnerability,

are, respectively, 0.28%, 0.43%, and 0.57% for the deterministic scenario earthquake and

probabilistically, for average return periods 475 and 2475 years. The PML ratios (the ratio

of probable maximum loss to the building replacement value) are estimated to be 14% (4–

36%) in the occurrence of a scenario event (i.e. deterministic approach) using the intensity-

based vulnerabilities. The AAL (average annualized loss) ratios associated with the Istanbul

building stock is estimated to be 0.47%. It may vary between 0.28% and 0.61% representing

SD�1 and SD+1 replacement cost estimates. For comparison it should be noted that in

California the state average AAL is 0.18%, with the county AAL’s changing between 0.05%

and 0.26%. Total economic losses in Istanbul are expected to be approximately 40–60 bil-

lion USD. Approximately 5–10% of this total will constitute insured losses. Insurance

coverage for the industrial sector can be up to 35%, as experienced in the Kocaeli earth-

quake (BU 2003). For a repetition of 1906 earthquake in San Francisco, RMS (2006)

estimates a total economic loss of approximately 260 billion USD (150 billion residential

and 110 billion commercial). Only 5% of this loss will be because of fire. Approximately

18% of commercial losses and 13% of residential losses will be insured losses. A repetition

of the 1923 Kanto earthquake in Tokyo has been estimated to cause a total economic loss of

$2.1–3.3 trillion, comprising equal amounts of property and business-interruption losses.

Insured losses were estimated to be $31–36 billion (Stein et al. 2006). It is interesting to note

that less than 20% of the total loss will be covered by the insurance in all three cities,

characterized by different levels of development and earthquake preparedness.

4 Earthquake Masterplan

After portrayal of expected earthquake losses in Istanbul the Metropolitan Municipality

commissioned the services of leading Turkish universities (Bogazici Istanbul Technical,

Middle East Technical, and Yildiz Technical) to prepare the Earthquake Masterplan for

Istanbul. The scope of Earthquake Masterplan for Istanbul comprised:

– assessment of the current situation;

– seismic assessment and rehabilitation of existing buildings;

– urban planning issues;

– legal issues;

– financial issues;

– educational issues;

– social issues; and

– risk and disaster management issues.
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The objective of the Masterplan was the planning of activity in these fields, preparation

of implementation programs, and identification of the responsibilities and responsible

authorities for earthquake disaster mitigation activity (Earthquake Masterplan for Istanbul

2003).

4.1 Strategic plan prepared by Bogazici–Yildiz Technical Universities

The strategic plan, called the Strategic Plan for Disaster Mitigation in Istanbul (SPDMI),

by Bogazici and Yildiz Technical Universities, focuses on:

– the conceptualization of strategic planning;

– problems and potentials of Istanbul;

– a road map including strategies;

– planning instruments;

– priorities at different levels; and

– institutional and legal considerations.

To treat these problems and potentials the SPDMI suggests a threefold roadmap con-

sisting of macro-level strategies, mezzo-level strategies, and micro-level implementations.

Macro-level strategies are shaped in the national strategic plan, regional plans, and the

metropolitan masterplan. These strategies are elaborated for urban redevelopment or

project areas at mezzo level. Micro-level decisions are implemented by designation of

urban redevelopment ignition areas, local redevelopment areas, and land-readjustment

areas.

Problem areas in the Turkish legal system which may create obstacles to application of

the SPDMI are associated with institutional responsibilities, planning, and the built envi-

ronment. The SPDMI includes suggestions on a variety of issues in the constitution and the

laws on building, urban development, urbanization, and local administration. Amendments

to the legal system were suggested to empower metropolitan municipalities to assess

disaster risks, prepare strategic risk mitigation plans and programs, and co-ordinate a wide

range of local activity in disaster management. In this context, the overall system is to be

reorganized on a regional scale, enabling effective community participation. The institu-

tional reorganization should also include financial institutions, because the feasibility of the

SPDMI depends on the use of an appropriate financial model, which can include a wide

range of variables.

4.2 Strategic plan prepared by Istanbul and Middle East Technical Universities

The strategic plan, called the Earthquake Masterplan for Istanbul (EMPI) by Istanbul and

Middle East Technical Universities, includes three fundamental actions in its approach.

The first is a contingency plan that must be prepared for the entire urban area that ensures

coordination among different sectors. The second item is a local action plan that contains

sub-project activities or implementation packages in high-risk areas so that comprehensive

urban transformation can be initiated. The third component is a bundle of research and

activity programs that will facilitate sustaining or completion of the first two sets of

actions.
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The overall purpose of the EMPI is to enhance safety and the total quality of life in the

city by:

– reducing infrastructural deficiencies;

– gradually eliminating unauthorized stock;

– integration of city management processes;

– protection of natural and historical assets;

– reclaiming urban quality and identity;

– participation of local communities in the management of the city;

– comprehensive rehabilitation of high-risk areas; and

– retrofitting or removal of buildings according to local revision plans.

Risks considered in the EMPI were:

– macro-form risks;

– risks in urban texture;

– risks related to incompatible uses;

– risks of productivity loss;

– risks in special areas;

– open-space scarcity risks;

– risks related to hazardous materials;

– vulnerability of historical and cultural heritage;

– risks in lifelines;

– risks in building stock;

– risks related to emergency facilities;

– external risks;

– risks of incapacitated management;

– risks in urban environment;

– risks in infrastructure; and

– scenario-based risks.

4.3 Financial model

The basic principles of the financial model developed to support earthquake risk mitigation

activity are compatible with the social and economic facts of the city of Istanbul. Because

buildings occupied by people with low income are, in general, more physically at risk in an

earthquake, the distributions of income and earthquake-related financial needs do not

match. Consequently, any sensible preparation for a potential earthquake can only be

possible through a mechanism based on mutual benefit/cost sharing and collective effort by

all segments of the population. Self-productive and smart financial models should be put in

place to ensure the participation of national and international financial markets.

Standard ‘‘project credits’’ for specific earthquake risk mitigation activity can be ob-

tained from national (municipality sources, treasury sources, private sector sources via

temporary or permanent partnerships) and international (European Development Bank,

European Investment Bank, World Bank) credit sources. Apart from appropriations from

municipality and central government budgets, however, such activities can be financed in a

sustainable way only by use of long-term and large-scope financial models that rely on the

market mechanism, for example securitization of the pool of non-productive and non-

liquid assets in and around the city.
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The city of Istanbul can issue debt instruments similar to CAT bonds, to securitize and

sell the catastrophe risks in financial markets. Securitization of non-liquid assets involves

allocation of idle (unutilized) city-owned land to private developers to produce safe res-

idential sites. This is best done by organizing like a real estate investment trust (REIT) as

defined in capital markets law. Because REITs can design and sell, in international mar-

kets, continued securitization packages to obtain necessary financing to cover development

and construction costs, this scheme can produce huge quantities of safe and affordable

houses without much regulatory changes and the problems of standard credit financing.

4.4 Outcomes

The Masterplan recognizes that risk mitigation is not only a technical issue but mostly a

legal and socio-political issue. All efforts toward risk mitigation will be implemented only

as far as they are described in the legal framework, because earthquake risk mitigation

activity is closely linked with the legal structure at every stage. The legal recommendations

are proposed to indicate that an institutional framework must be developed to ensure

successful implementation. The ultimate purpose is to build disaster-resilient community in

Istanbul by creating a culture of prevention to address not only earthquakes but also

everyday hazards and managing the risk from natural and human-induced disasters. Four

significant outcomes can be achieved by the strategy described in the Masterplan:

1. Enhanced institutional capacity development of government and civil society

stakeholders to contemporary approaches, methods, and techniques in disaster risk

reduction.

2. Revised policies, legislation, and plans, informed by knowledge from comprehensive

risk analysis, creating a foundation for an all-risk approach to disaster management.

3. Application of an effective multidisciplinary, multi-sector, and inter-governmental

disaster response and mitigation system for all-risk disaster risk reduction.

4. Building up the municipality’s capacity to prepare, mitigate, and respond to a

multitude of natural and human induced disasters.

4.5 Current status of application

Although there is strong institutional and individual commitment to the importance of

implementation of the Masterplan, there is, at the same time, caution over the inade-

quacy of the bureaucratic system to enact new laws and regulations and to enforce

existing ones. The parliamentary process of enacting of the needed laws and regulations

is active, however, and most of the legal arrangements for urban rehabilitation for

earthquake risks are completed. The essence and the findings of the earthquake Mas-

terplan for Istanbul constituted the objective of the World Bank-financed ISMEP project

and the pilot urban transformation projects that the Istanbul Metropolitan Municipality

is undertaking in the Zeytinburnu and Fatih districts of Istanbul. The former project is

more geared toward the rehabilitation of public buildings whereas the latter is involved

with residential building stock. These applications are unfortunately falling short of the

expectations that followed preparation of the Masterplan. The reasons for this inade-

quate response are:
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Although the Masterplan contains the ingredients for the preparation of roadmaps for

earthquake risk mitigation in all sectors of the city, it has not yet evolved into such

specific roadmaps, implementation manuals, and public policy support documents.

The lack of uniformity in methodology and singularity in the recommended approaches

(because of the involvement of several parties in its preparation) constitute an

impediment to its use as a public policy document for implementation.

Although the Masterplan stresses the involvement and participation of civil society in its

practical recommendations, it relies mostly on top-down institutional arrangements. Al-

though this is a reflection of the policy-making process, there is great merit in consultation

and communication with civil society organizations and professional associations in

achieving wider acceptance and in mobilizing the resources for implementation.

5 Legislative changes for mitigation activity

Following important laws related to earthquake risk mitigation have been enacted.

5.1 Legislation for building design and construction supervision

(Decree No. 595, 2000)

This law enforces mandatory design checking and construction inspection of all buildings

(in Istanbul and other 27 large provinces) by government-licensed private ‘‘supervision

firms’’. Public buildings are excluded, because the government assumes responsibility for

supervision of the design and construction for these. The main objective of this regulation

is to verify that the codes and quality standards in private building construction. Super-

vision firms must be owned by a majority of engineers or architects and are required to hire

‘‘expert’’ professionals and have professional-liability insurance. Essentially the supervi-

sion firms assume the building design and construction inspection services that were

traditionally performed by the municipalities. Municipalites issue building-occupation

permits on the basis of the reports prepared by the supervison firms. The law holds the

supervision firms responsible for any losses (including earthquakes and other disasters) that

the owner that may experience during the first ten years after issuance of the occupation

permit. To ensure that this responsibility does not stay on paper and that the owner is

compensated, the supervision firms were required to acquire professional-liability insur-

ance. The requirement for mandatory financial-liability insurance, originally intended for

offsetting any losses faced by the owner during the first ten years after occupation permit,

was later waived, because of problems obtaining liability insurance with uncertain cov-

erage of earthquake damage and other legal complications. Although the system operates

with some success, this waiver of the insurance requirement and the other conflict-of-

interest issues rather crippled the new supervision system. Fees for design and construction

supervision range from 4% to 8% of the estimated building cost and are paid by the owner

through an account established by the municipality. In 2001 decree no. 595 was reinstated

with modified law (no. 4708, June 29, 2001). Between the years 2000 and 2001, this

insurance cover was not implemented because of reinsurance and coordination problems

between the insurers and the government. In the new law no. 4708 this insurance cover was

removed from the scope.
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5.2 Compulsory earthquake insurance (Decree No. 587, 1999)

Through a World Bank project a government-sponsored Turkish catastrophic insurance

pool (TCIP) was created with the essential objective of transferring the government’s

financial burden of replacing earthquake-damaged housing to international reinsurance and

capital markets. An important feature of this decree is its denial of assistance in accordance

with Disasters Law No. 7269 when homeowners have not participated in the pool. All

existing and future privately owned property is required to contribute to the Turkish

compulsory insurance pool (TCIP). Non-engineered rural housing is excluded. Manage-

ment of the pool is entrusted to a new entity called the ‘‘Natural Disasters Insurance

Council’’ (DASK in the Turkish abbreviation). The pool-management model is similar to

New Zealand’s Earthquake Council (EQC) or the California Earthquake Authority (CEA).

The intent in this decree is to create a fund from homeowners’ annual payments for use in

disasters so that no one will be left homeless, with a nominal sum, currently capped at

US$70,000, being disbursed immediately to homeowners who are left homeless.

The annual premium, categorized on the basis of earthquake zones and types of

structure, varies between 0.220% and 0.044% for reinforced concrete housing units.

Compared with other countries with a similar earthquake hazard the rate of 0.22% and,

especially, 2% deductible is rather low. These rates should be compared with 0.5% pre-

mium rate and 10–15% deductible in California (California Department of Insurance

2003). Since 2006 the maximum annual premium has been approximately US$165 for a

250-square-meter reinforced concrete housing unit in the most hazardous zone with 2%

deductible. For the additional value conventional private insurance coverage can be pur-

chased. TCIP has been operational since January 2001 and the penetration rate throughout

the country is approximately 20%; in Istanbul it is approximately 30%. Reinsurance is

placed for approximately US$800 million. If the claims exceed the TCIPs resources, the

payment will be pro-rated. Since 2006 approximately 9000 claims for earthquake damage

were processed in 148 earthquakes. The total payment was about US$12,600,000 (DASK

2007).

Management of the fund and its risk will be the major challenges facing DASK. The

mode of operation, especially for the processing of a massive number of claims in the event

of a damaging earthquake, has yet to be investigated. Preliminary investigations indicate

that DASK may face difficulties covering building losses in Istanbul (Durukal et al 2006c).

There are hopes that in the future the TCIP can contribute to the control of construction by

differentiation of premiums on the basis of earthquake vulnerability. Several opponents of

the plan believe it would be expensive, if not difficult, to find adequate re-insurance

capacity and that the government would have been much better to insure itself while

retaining the existing scheme of post-earthquake housing assistance.

5.3 The law of ‘‘Greater City Municipalities’’ (Law No. 5216, 2004)

This law enlarged the boundaries of Istanbul Metropolitan Municipality and vested

authority for:

– drawing up city master plans and approving and supervising their implementation by

district municipalities;

– preparation of strategic plans concerning disasters;
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– vacating and demolishing dangerous buildings and all other ‘‘non-conforming’’

structures, in partnership with local municipalities and private firms;

– instituting financial organizations and undertaking many forms of partnership in

comprehensive urban regeneration projects;

– building and operating the major infrastructure installations, for example water and

sewerage system, waste water and solid waste treatment plants, gas and central heating

system;

– settling conflicts among the municipalities within their own boundaries; and

– dealing with the other services which are beyond the capacity of district municipalities.

6 Disaster risk-management arrangements

The dual organization of local administration in Turkey, with appointed provincial and

district governors and elected provincial and district mayors, establishes the basis for their

somewhat overlapping role in disaster management. On the basis of law no. 7269 on

‘‘Precautions and Aid Regarding All Types of Disasters that Impacts the Community’’ the

governor of Istanbul Province (similar to other provinces in Turkey) assumes every con-

ceivable prerogative to act in disaster (and other extraordinary emergency) conditions. The

mayor and other municipal bodies fall under the authority of the governor in these cir-

cumstances. The current legal regulations do not specify any administrative role for the

municipalities and do not allow discretion in planning or mitigation. Trying to improve

disaster risk management and preparedness, the Istanbul Governorship and the Istanbul

Metropolitan Municipality, respectively, instituted the Disaster Management Center

(AYM) and the Disaster Coordination Center (AKOM). The emergency response functions

in Istanbul are currently based upon these parallel institutions, derived from the dual

administrative systems that govern the metropolis. Istanbul and other metropolitan areas, in

particular, some of the institutions established by central government are empowered to

prepare their individual disaster risk management plans in areas under their jurisdiction. As

a result overlapping contradictory plans for the same location occur. In this context the

disaster-planning system often fails to reflect the real dynamics of the cities in Turkey.

7 Retrofit of residential apartment buildings

The greatest effect on reduction of human casualties in Istanbul could be achieved by

retrofit/rehabilitation of existing building stock. Although several assessment and retrofit

applications are in place for public and commercial buildings, serious initiatives have yet

to be undertaken to strengthen residential building stock. With the exception of some pilot

projects spearheaded by the Istanbul Metropolitan Municipality, none of the current risk-

mitigation projects deal with retrofit of residential building stock, although they are the

primary reason for loss of human life. New (post-2000) buildings in Istanbul are usually

being built much better than the existing building stock. For planned developments,

especially, code compliance is very good. Tor individual housing and/or construction,

however, problems still exist. The reasons for the improvement are:

– application of a new (1998) earthquake-resistant design code;

– increased public awareness and demand for earthquake safety;
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– a variety of training and education programs for engineers;

– better zoning regulations and enforcement by municipalities; and

– control by private construction supervision firms.

A comprehensive retrofit campaign that would involve the earthquake-performance

screening of approximately 800,000 buildings will be a formidable task. Full retrofit (i.e. in

compliance with latest code requirements) of a residential building costs approximately

40% of replacement value and the building has to be vacated for several months. In

addition to this high cost and the inconvenience of moving out there are strong impedi-

ments to retrofitting. In an environment where houses are regarded as commodities and

with the evidence that retrofitting will not increase the sales value or rental fee for the

property, retrofit is viewed as an investment with no financial return and, as such, no

conceivable reduction in insurance premium, property tax, or building permit fees would

be sufficient to create an incentive for retrofitting. Even neglecting the social and legal

constraints of retrofit action in apartment complexes and the highly depressed real-estate

market in Istanbul, structural retrofit is, on average, not cost-effective. For a mid-rise

reinforced concrete frame building in Istanbul the average loss (mean damage ratio—

MDR) in an intensity IX region will be 62% and in an intensity VIII region will be 40%. If

these buildings are retrofitted to meet the current earthquake resistant design code to its full

extent the MDRs will be 16% and 11%, respectively, in intensity IX and VIII regions. Thus

retrofit actions will save 46% and 29% of the cost of construction of the building. The

average cost of full retrofit is approximately 40% of the cost of construction of the new

building. For probabilistic earthquake occurrences (even with average return periods as

low as 50 years, as is observed for Istanbul) it is almost impossible to be cost-effective in

full-scale (meeting code criteria) retrofit applications. Only for short-term deterministic

examples (i.e. 5 years) it can barely reach the break-even point of cost effectiveness in

intensity IX regions. In intensity XIII (or less) regions retrofit can never be cost-effective.

Thus, if loss of life and the other social costs associated with an earthquake are excluded,

expected future losses are small in comparison with the immediate cost of retrofit, which

means it is not economically feasible.

It should also be noted that direct use of the Turkish catastrophe insurance pool (TCIP)

in earthquake risk mitigation, for example for funding of retrofit applications, does not

seem to be realistic. The premiums are far short of the actual risks (Durukal et al. 2006b)

and market forces require that for retrofit actions and campaigns to be successful the

insurance premiums should be high (or realistic), such that property owners can see that it

would be profitable to retrofit their premises instead of waiting for damage and reim-

bursement for damages. The compulsory earthquake insurance pool has a capacity of

approximately 1 billion USD (including the 0.85 billion USD re-insurance) for settlement

of the claims in the event of an earthquake; for a large earthquake in Istanbul this is not

sufficient to cover claims. It is, therefore, not reasonable to use the pool to fund retrofit at

its current financial status. Although building owners will find future property losses small

by comparison with the cost of full retrofit and cannot visualize the benefit, on the macro

scale society in general will greatly benefit from a retrofit campaign by reduction of the

physical, social, and consequential societal losses that will eventually be covered by the

public. The load imposed on public finance by the 1999 Kocaeli earthquake was

approximately 6.2 billion USD (Erdik et al. 2001). Approximately 3.5 billion USD of this

was used for post-earthquake housing construction. Special earthquake taxes and the paid

military service scheme introduced by the government have generated approximately

3 billion USD in one year after the earthquakes. Foreign finance (World Bank, European
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Union, and others) has contributed another 2.5 billion USD. Unless steps are taken, for

example the TCIP, public funds will continue to be used for rehabilitation after earthquake

disasters in Turkey. Use of public funds for retrofit purposes can therefore be justified

under a strategy designed to maximize benefits with well prioritized and fairly distributed

minimum expenditure. Such a strategy can lead to the concept of minimum retrofit.

7.1 Prioritization in retrofit of residential buildings

In the circumstances discussed above, and the basis of the issues discussed above, it seems

rational to provide rehabilitation (strengthening or retrofit) to the most vulnerable building

stock in Istanbul. The objective of the retrofit would be to avoid the total collapse with-

which most deaths are associated (fatality ratio is approx. 10%). The earthquake perfor-

mance criteria will be the prevention of total collapse and the saving of lives at minimum

cost. The avoidance of total and especially pancake-type collapses is also important for

facilitating search and rescue operations and reducing road closures. It should be noted,

however, that the boundary between upgrades to collapse prevention’’ and ‘‘life safety’’

performance criteria is fuzzy, and more research is needed to assess the amount of retrofit

consistent with the objective of saving lives at minimum cost. Somewhat crude screening

criteria for identification of these most vulnerable residential buildings in Istanbul can be

set as follows.

Initial assessments indicate that approximately 5,000 buildings fall in this first priority

group. The cost of minimum retrofit is estimated to be, on average, USD 40,000 per

building with a total cost of approximately USD 200 million. By proper implementation of

this retrofit scheme it is expected approximately 20,000 lives can be saved. On the tech-

nical side, intelligent retrofit scheme(s) suitable for general campaign-type applications

must be developed. The second priority could be retrofit of approximately 40,000 buildings

assessed as likely to suffer damage beyond repair (greater D3 damage level). These are

mid-rise R/C frame buildings located in zones with EPGA (effective peak ground accel-

eration) �0.2 g or SA0.2 (spectral acceleration at 0.2 s period) �0.50 g or in zones with

EMS-I �VIII. The retrofit performance criteria will be life safety. The approximate cost of

this retrofit will be 1.6 billion USD (Erdik et al. 2001).

8 Mitigation projects of Istanbul Metropolitan Municipality

Currently (2006), the Municipality of Istanbul is implementing a new regulation plan with

the objective, by the year 2010, of instituting a preservation and development balance as a

metropolitan settlement that acknowledges its historical, cultural, and natural treasures, and

thus regains its status of a world-city in line with its historical and cultural identity. The

municipal government is interested in strengthening urban planning processes in the city,

through the Istanbul Metropolitan Planning and Urban Design Center.

Programs are pursued in urban development, rehabilitation, and transformation, where

the focus is strengthening and rehabilitating earthquake risk areas, transformation projects

for highly vulnerable building districts, and master projects for rehabilitation and trans-

formation of the historic peninsula. Earthquake performance assessment of buildings and

re-development/urban transformation projects are currently in progress in Zeytinburnu,

Fatih, and Küçükçekmece districts. A comprehensive seismic microzonation project in the

European half of the city is also being undertaken.
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8.1 Zeytinburnu urban-transformation project

Earthquake loss scenario studies have identified the Zeytinburnu District of Istanbul as one

of the most risky areas. To follow-up suggestions contained in the Earthquake Masterplan,

Istanbul Metropolitan Municipality has started the Zeytinburnu Urban Regeneration Pilot

Project. The Zeytinburnu Pilot Project was contracted to BIMTAS (a Municipality owned

enterprise) in 2003.

The first phase of the project involved assessment of the probable earthquake perfor-

mance of the buildings by means of a three-level investigation (walk-down evaluation,

preliminary evaluation, and final evaluation) by teams from leading universities. The

results differed and there was no unanimity on prioritization of the vulnerability of the

buildings. Approximately 2000 buildings out of a residential stock of 16,000 were even-

tually selected as the highest-risk group. Although initial plans were for demolition and

rebuilding (or extensive retrofit) of these buildings, these plans were not followed because

of lack of legal and administrative basis. The current mitigation focus is on urban trans-

formation and the objective is a joint development platform in which public and private

sectors can work together. The Metropolitan Planning and Urban Design Centre in

BIMTAS is currently working on the development of urban regeneration and/or trans-

formation models.

It is planned to implement the Zeytinburnu urban transformation project in several

stages that encompass demolishing the buildings at risk, widening streets, opening evac-

uation corridors and gathering areas, establishing community centers, strengthening public

infrastructure, regenerating housing areas in high priority risk areas, removing industry

from the district, and transformation of industry into trade and service. The main problems

of such a comprehensive project are inadequate community participation and management

of stakeholders and finance.

9 WB-supported mitigation projects

The Prime Ministry Project Implementation Unit has completed the following WB fi-

nanced projects related to earthquake risk mitigation in Istanbul.

9.1 Marmara Earthquake Emergency Reconstruction (MEER) project

The main objectives of the project were to help restore living conditions in the region of

Turkey that was affected by the August 17, 1999, Marmara earthquake, support economic

recovery and resumption of growth, and develop an institutional framework for disaster

risk management and mitigation (PIU, online). The projects undertaken under the MEER

project were:

• feasibility study for the establishment of a disaster-management information system in

Istanbul;

• needs assessment to upgrade the emergency response capacity in Istanbul;

• feasibility studies for retrofitting residential buildings in Istanbul; and

• feasibility studies for retrofitting selected high-priority public buildings in Istanbul
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10 Istanbul seismic risk mitigation and emergency preparedness (ISMEP) project

The ISMEP project is a proposed five-year operation with a World Bank loan of Euro

305.35 million under the jurisdiction of the Governorship of the Province of Istanbul

(IPCU, online). The overall objectives of the proposed project, in-line with the Istanbul

Masterplan, are to save lives and to reduce the social, economic, and financial effects of

future earthquakes. The project consists of three main components:

– enhancing emergency preparedness;

– seismic risk mitigation for public facilities; and

– enforcement of building codes.

The project consists of the following components and activity.

10.1 Component A: enhancing emergency preparedness

The objective of this component is to enhance the effectiveness and capacity of the

provincial and municipal public safety organizations in Istanbul to prepare for, respond to,

and recover from significant emergencies, especially those arising from earthquakes. It

incorporates:

• improvement of emergency communications systems;

• establishment of an emergency management-information system;

• strengthening of the institutional capacity of AYM––Istanbul Governor’s Emergency

Management Center;

• upgrading of emergency response capacity in Istanbul metropolitan region; and

• public awareness and training.

10.2 Component B: seismic risk mitigation for public facilities

The objective of this component is to reduce the risk of future earthquake damage to

critical facilities and lifelines, to save lives and ensure their continued functioning in the

event of an earthquake. This component incorporates:

• retrofitting/reconstruction of priority public facilities, for example hospitals, clinics,

schools, administrative buildings, infrastructure, etc.;

• risk assessment of lifelines and vital infrastructure; and

• risk assessment of cultural heritage buildings.

10.3 Component C: enforcement of building codes

The objective of this component is to support innovative approaches to better enforcement

of building codes and compliance with land-use plans. This component incorporates:

• public-awareness campaigns;

• further development of regulatory framework;

• accreditation of engineers; and
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• streamlining of building permits issuance procedures and promoting transparency and

accountability in selected district municipalities.

It should be noted that the bulk of finance and activity will be allocated to seismic risk

mitigation for public facilities. This component encompasses:

– retrofitting/reconstruction of priority public facilities, for example hospitals, clinics,

schools, administrative buildings and infrastructure, etc.;

– risk assessment of lifelines and vital infrastructure; and

– risk assessment of cultural heritage buildings.

In Istanbul there are approximately 12,000 buildings serving public functions, for

example hospitals, schools, and emergency management and governance centers. Out of

1,783 schools fewer than 1% have been retrofitted. Out of 308 hospitals only two have

been retrofitted. Retrofit designs for 25 hospitals are ready. Through the ISMEP project

approximately 840 public buildings will be retrofitted. The Government has identified

approximately 3,600 public buildings are in severe need of retrofitting and estimates that

about US$1 billion is needed to complete the work.

11 Seismic retrofit of viaducts and bridges

General Directorate of Highways––17th Division Istanbul has undertaken retrofit of vul-

nerable viaducts and bridges on the two main freeways (O-1 and O-2) in Istanbul. These

freeways run in an E–W direction parallel to the fault and enable, essentially, all local,

national, and trans-national overland transportation activity. There are 165 main bridges

(two of which are major suspension bridges) and viaducts. Currently (June 2006) 11 of

these have been fully retrofitted, retrofit designs are completed for 13, soon to be com-

pleted for 53, and to be started for 31 (Apaydin 2005, personal communication).

12 Closure

In the seven years since the 1999 Kocaeli and Düzce earthquakes a multitude of activity

has started for assessment and mitigation of the earthquake risk in Istanbul. This paper

provides brief information about most of this activity. It is apparent that most of this

activity is related to assessment of risk, mitigation planning, institutional strengthening of

the legal base, and rehabilitation of public buildings. Although the main cause of casualties

will be the residential buildings, very limited coordinated action involves rehabilitation of

these buildings through urban renewal and/or transformation projects, which are intrinsi-

cally long-term planning projects. Rehabilitation of existing residential building stock by

retrofit is currently left to the discretion and initiative of the tenants and owners of units in

apartment blocks. Using game theory one can show there are two stable equilibria for this

retrofit. Either all homeowners invest in mitigation or neither incurs these costs and takes

their chances. To induce investment for retrofit a sort of public–private partnership is

needed to create appropriate incentives for investment and also penalties, through regu-

lations.

The earthquake risk faced by one person, one business, or one individual or organization

depends on the actions of others. These are external factors, because the actions of others

affect you and your actions affect others, and, as such, the involvement of stakeholders in
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the whole mitigation process is vital for overall success of any mitigation plan. The most

important element in this multi-dimensional problem is the self-identification of all

stakeholders involved. Because of the perceived risk and urgency of the problem, the

media and public criticize the government for the delay in implementation of rehabilitation

projects. It is, however, also true that the perception of stakeholders (for example residents

of Istanbul, metropolitan and district municipalities, provincial and district governorships,

non-governmental organizations, national government) of this urgency becomes a debat-

able issue. In risk perception, businesses are very vulnerable to ‘‘myopia’’. They wish to

ensure their profitability is satisfactory next year, rather than thinking about long-term

investment in protection. A potential solution is to provide long-term mitigation loans to

businesses. The reasons for this lack of stakeholders’ involvement in mitigation and ways

of overcoming this problem should be assessed properly, because the success of any

mitigation plan and/or activity depends on demand by and support from the stakeholders

involved.
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