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ABSTRACT:

This paper outlines applications of GIS tools for disaster mitigation significant in urban settlements due to high urban disaster risks
rather than the other areas as a result of their denser populations, constructions, and service networks. Out of various types of natural
disasters, this paper focuses on earthquakes due to high seismic risk in Yalova. Yalova is located in the south-eastern coast of the
Marmara Sea, a region exposed to earthquakes (Northern Anatolian Fault Zone). The Marmara region has been seismically active
from 1900-2003 when 25 devastating earthquakes - including 1999 earthquakes - occurred with magnitudes ranging from 5 to 7.4.
The geologic and geomorphologic features of Yalova made the settlement especially vulnerable to the tremors of the 1999 earth-
quakes. It is possible to distinguish 5 groups of geological failure areas in Yalova, namely (i) areas with slope instability resulting in
deep landslides, (ii) areas of deep fine alluvium and organic material likely prone to liquefaction, (iii) areas with limestone sub-
formations prone to cavitations and collapse, (iv) areas with irregular weathering profiles, and (v) areas with gypsum that initiates de-
formations and is hazardous to concrete foundations. With a view to the seismic features of Yalova, the application of GIS tools will
be outlined in this paper and will relate to the preparation of disaster mitigation plans; the monitoring of changes in existing landuse
as well as the compliance with building codes and planning standards; and the building of spatial data infrastructure that leads to sus-
tainable development.

1. HIGHER DISASTER RISKS IN URBAN
SETTLEMENTS

fore attracted and are attracting their increasing populations.
According to the United Nations’ figures, the share of the
world’s population in urban settlements has risen to 50%
from 30% since the 1950s and this share is expected to in-
crease to 60% in 2030 (Munich Re Group; 2004). The in-
creasing trend of urban population can be observed in the fol-
lowing graphics (see fig. 1) in the period 1950-2050 based on
the United Nations data. While the global trends of increas-

Especially, in last twenty years, natural disasters with devas-
tating effects on human settlements have proliferated. The
propensity of disasters is increasing in the light of such trends
as increasing rate of population in and around urban areas,
degrading environmental quality, global heating. By the year

2000, half the world’s population will live in urban areas,
crowded into 3% of the earth’s surface (Domeisen & Palm,
1996).

While urban settlements exploit natural resources and cause
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environmental pollution due to their dense population and
construction, they are the core area of economic and cultural
activities as well as significant cross-roads of transportation
routes, technologies, and other modern networks. Despite
their disadvantageous features, urban settlements have there-

ing population in urban and rural settlements are shown in
the graphic on the left side, the same trend are categorized as
the population increase in developing countries and devel-
oped countries, respectively, on the right side.

Figure L1, Urban and rural popalasion:, by development group, 1950-1050
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Figure 1: Urban vs Rural Population Increasing Trends Com-
paring to Figures in Developing and Developed Countries
(Source: The United Nations; 2008)



Owing to the density of population, construction, and accu-
mulation of investment, urban settlements are especially
prone to high risks of natural disasters (Management of Natu-
ral Disasters in the Eastern Mediterranean Region, 1998).
The statement above emphasizes two remarkable issues,
namely (i) urban settlements are at risk of natural disasters
and (ii) this risk is high due to their density of population,
construction, and accumulation of investment. Hence, va-
riables of disaster risks may be grouped in two main catego-
ries, namely “Variables of the Urban Settlement” and “Va-
riables of the Natural Disaster”. An assessment of variables
of the urban settlement will start with an analysis of peculiar
existing features of urban settlements under consideration
such features include the site of the settlement (coastal set-
tlement, hillside settlement, alluvial plain settlement ...), the
ground survey of the settlement (whether urban settlement
sits on firm ground or not, land liquefaction factors, ground
water levels...), the planning standards and criteria of the set-
tlement, land-use, population density, population profile and
public awareness for disasters (social indicators), construc-
tion density and quality of the settlement, the quality in urban
infrastructure & services, economic profile of the settlement
(sectors, employment rate and profile, scale of production
such as domestic scale production or country scale or interna-
tional scale). The variables of the natural disaster can be ex-
pressed in terms of magnitude and range of the natural disas-
ters; the frequency, the occurrence time and duration of
disasters, and type of disasters, e.g. only earthquake or earth-
quake + flood triggered by earthquake. While each variable is
equally effective on the risk, the combination of all below va-
riables would determine the degree of risks of a certain urban
settlement prone to natural disasters. A third variable can
possibly be taken into consideration, namely the coping ca-
pacity of urban settlements. The main determinants for the
coping capacity of an urban settlement are risk perception,
institutional and public awareness, organizational, adminis-
trative, technical, and financial structure and equipment
(Alarslan, 2009). Despite the different disaster risk features
of urban settlements in developing and developed countries,
respectively, losses of urban settlements for both groups of
countries can be categorized as i) environmental losses such
as contamination of air, soil, water, damage to flora & fauna,
etc.; ii) human resource losses such as casualties, accidents,
epidemics, etc.; iii) property losses such as livestock, mo-
vables, immovables, etc.; iv) economic losses such as finan-
cial losses, business interruptions, etc. (Munich Re Group,
2004).

2. DISASTER MITIGATION THROUGH GIS
TECHNOLOGY IN URBAN SETTLEMENTS

Upon mentioning the risk profile and assessing the coping
capacity of an urban settlement, an effective disaster mitiga-
tion approach can be designed especially by means of GIS.
Unless new planning strategies together with disaster mitiga-
tion approaches are applied to the urbanization process, ur-
ban settlements will remain exposed to high and probably in-
creasing natural disaster risks. Some main principles,
policies, strategies, and standards are proposed to guide dis-
aster prone urban settlements on disaster mitigation. Because
of the multi-dimensional structure of disaster mitigation, ap-
proaches to policy-making, organizational structure, legisla-
tion and control, scientific research and technological inte-
gration will be explained with a view to urban settlements
prone to natural disasters. In the light of the following ques-

tions, the relevant GIS instruments for designing a disaster
mitigation process will be outlined:

e What particular features of urban settlements
imply risks and challenges for a disaster mitiga-
tion policy?

e What particular features of urban settlements are
supportive of a disaster mitigation policy?

e What long-, medium- and short-term approaches
can be envisaged towards preparing disaster miti-
gation plans of urban settlements?

e What processes and instruments may be available
in implementing disaster mitigation policies?

Mitigation plans provide guidance on coordinating outputs of
risk analyses and risk management activities in various sec-
tors, such as housing, transportation, infrastructure, public
services, etc. They serve to assess risks, generate methods for
risk reduction, prepare multi-stakeholder mitigation programs
for the short-, medium-, and long-run, prepare public training
and awareness programs and projects, and organize monitor-
ing programs for mitigation activities. On this basis, mitiga-
tion plans should interact with micro-zones in urban settle-
ments. In this context, it is strongly recommended that
various GIS tools especially in the preparation of spatial
plans will be very useful. Some other tools of GIS will also
be useful to monitor and audit the planning standards and
building codes by periodically updated geographical and spa-
tial information of a given urban settlement.

Similar to mitigation plans, the GIS tools will be helpful to
facilitate the preparation of an emergency plan on the basis of
a spatial plan. Preparing an emergency plan for an urban set-
tlement requires an analysis of the existing situation, a risk
analysis, and the development of possible disaster scenarios.
Due to different risk features of urban settlements, emergency
plans for urban settlements are developed on the basis of spa-
tial plans. Emergency plans should include action programs
with clear determinations of responsible institutions, man-
agement and control procedures, resource management,
evacuation plans, communication, public information, early
warning, etc. (Kadioglu & Ozdamar, Eds.2006).



3. A CASE STUDY: YALOVA

3.1 The Brief Information on the City of Yalova

According to the population census data of the Turkey Statis-
tics Institute, Yalova had 168,593 inhabitants by the year
2000. However, given its condition as a tourist resort, its
population increases temporarily every summer. As a conse-
quence of the 1999 earthquake, the urban
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’ In the context of earthquake risks, Yalova,

like many other provinces in Turkey, is lo-
cated in a region exposed to earthquakes.
According to various researchers (Yiice-
men et al., 2005), there were many destruc-
- tive events between 281 BC and 1899 AD.
A e Catastrophic earthquakes occurred in the

Eastern Marmara Region in the years 358,
447, 553, 1719, and 1754. Since 1509, the

Marmara Sea has been affected largely by

The Yalova province, one of the 81 provinces in Turkey, is
located in the south-eastern coast of the Marmara Sea (see
fig.2). The central district bears the same name and is the
host of the provincial government. Yalova city, the capital of
the province, is well known in Turkey as a famous tourist re-
sort given its natural thermal springs and its location by the
Marmara Sea. The origin of the city can be traced to the Phy-
rigians in 1200 B.C. In the year 1325 A.D., Yalova became
an Ottoman town and in 1930 it became a district of Istanbul
in the Republic of Turkey.

The province is divided into six districts and 10 smaller mu-
nicipalities. The districts are Yalova-Center, Altinova, Ar-
mutlu, Cinarcik, Ciftlikkoy, and Termal. (The Governorate of
Yalova & the Municipality of Yalova, 2006).
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Figure 3: The Satellite View of Yalova (Source: The Munici-
pality of Yalova, 2001)

six major earthquakes with magnitudes
above 7 in the Richter scale. The most recent 7.4 magnitude
Eastern Marmara Earthquake (17 August, 1999') provoked
the following damages in Yalova: 9,474 dwelling units (12%
of total) and 726 work places (10% of total) destroyed;
22,162 dwelling units and 3,021 work places were damaged
to varying degrees. In addition the Eastern Marmara Earth-
quake caused 2,505 casualties and 5,937 injuries in Yalova
(JICA, 2004; pp. 6-7).

3.2 The Earthquake Risk in the City of Yalova

Yalova city lies on the Northern Anatolian Fault Zone, which
is the source of the seismic hazard to which the city is ex-
posed. The earthquakes in the region are all result of tectonic
processes, which take place within the crust of the earth. Tec-

! This particular earthquake is internationally known as the /999
Izmit, Turkey earthquake.



tonic deformation in the Middle East and Eastern Mediterra-
nean region is occurring at the boundaries between three ma-
jor tectonic plates, namely, the Eurasian Plate, the African
Plate, and the Arabian Plate. Smaller, relatively rigid, blocks
or micro-plates, including the Anatolian and the Iranian mi-
cro-plates, separate these major plates. The Anatolian macro-
plate is bounded to the north by the 1200km long Northern
Anatolian Fault Zone and to the south and east by the Eastern
Anatolian Fault Zone. The relative movement between the
major plates results in the westward movement of the Anato-
lian micro-plate (BECT, 2000, p.2.7).

The movements along the Northern Anatolian Fault Zone
have been shaping the Marmara Sea Region. The main fault
lines in Yalova are, Taskopru, Tavsanli, Subasi, Yalova,
Cinarcik, Calica, Kocadere, and Laledere faults as parts of
the North Anatolian Fault Zone (Yiicemen et al., 2005). An-
other severe hazard risk stems from the fault ruptures in the
Marmara Sea Region as a result of various earthquakes,
where larger ruptures can easily cause a real fatal tragedy.
Furthermore, experts in geo-seismology suggest that fault
ruptures in the Marmara Sea are worse than those in the land
(BECT, 2000).

Yalova city lies in a coastal fringe (see also fig.3) largely
composed of recent quaternary deposits, a result of active
erosion of the landscape. The geological formation of the city
is shaped in the form of low hills between the coastal region
to the north and the mountainous region to the south. As a re-
sult of tectonic disturbance, mountains characterized in terms
of weak rocks weather easily into soil which is eroded into
the valleys. In addition, a high water table exists in these
mountainous regions, which together with the low shear
strength creates slope instability (BECT, 2000). Thus, the
geologic and geomorphologic features of Yalova expose the
city to a variety of hazards such as landslides, liquefaction,
cavitations and collapse (BECT, 2000). Thus, the following
kinds of sub-hazards are triggered by earthquakes in Yalova:

e Liquefaction or loss of strength in saturated granular
soil due to a built-up of pore water pressure under cycli-
cal loading.

e  Fault-related displacements, which can prove damag-
ing to structures constructed across a fault. However,
only the more powerful earthquakes result in surface
rupture. In this case, determination of the location of ac-
tive faults is an essential component of the seismic haz-
ard mitigation process. In the Yalova region, there are
many active fault segments associated with the North
Anatolian Fault Zone.

e  Landslides and mud flows, often triggered by liquefac-
tion of a soil stratum. Although the landslide hazard is
present in Yalova, it poses only a moderate risk for peo-
ple and properties, as urban areas have historically been
constructed away from zones prone to landslides. Land-
slides can affect roads, pipelines, and cables.

e  Tsunamis or sea waves, which are caused by the sud-
den change in sea bed level that may occur in an off-
shore earthquake. Wave heights tend to increase as they
enter shallow water. At least 9 tsunamis have occurred
in the Marmara Sea in the last 500 years. The last one
happened on 17 August 1999. Reports indicated that
wave heights at the coastline are were in the range of 1
meter to 2.5 meters, with a maximum height of 4 meters
reported near Golciik located in the east of Yalova.

However, no significant damage was reported from
these waves so far in the Marmara Region.

e  Seiches or waves in lakes due to resonance of the water
with the earthquake motions. Nevertheless, no seiche or
other surface wave in the lakes or water reservoirs in the
Yalova region have been reported subsequent to the 17
August 1999 earthquake.

Yalova is mainly at high risk due to its urban vulnerabilities
which are exposed to earthquake hazards. The 1999 earth-
quake revealed the vulnerability of buildings (dwelling units,
social services such as schools, hospitals, administrative
buildings, etc.), transportation routes, sewerage and drinking
water pipelines, electricity and telecommunications networks,
and industrial sites. Among the factors which contributed to
the risks that were exposed by the 1999 earthquake, the fol-
lowing deserve explicit mention:

e  The complex and cumbersome set of norms and meas-
ures targeting land-use and building norms, and the in-
capacity of local governments to oversee their enforce-
ment their implementation by private developers.

e A relaxed view to risk management practices by devel-
opers taking into consideration the fact that their cus-
tomers are tourists, who may not inhabit properties all
year long, but only on a temporary basis considering the
trend of Yalova as a summer tourist resort.

e A void in the adoption of responsibilities concerning
land-use norms by the local authorities in a period of
time when the central government was delegating such
responsibilities to local authorities, which was used by
unscrupulous real estate developers to establish risks by
locating infrastructure in areas exposed to seismic haz-
ard and related sub-hazards formerly used for agriculture
and forestry.

e A weakness in institutional and public awareness con-
cerning earthquake risks, despite a solid awareness con-
cerning earthquakes in Turkey.

As a result of the stipulated factors above, earthquakes can
also trigger other urban risks such as floods due to dam fail-
ures, fires in fractured gas pipelines, explosions of gas and oil
tanks and spills of other dangerous chemicals (BECT, 2000).

3.3 The Risk Mitigation by Means of GIS in the City of
Yalova

After the earthquake hit Yalova in 1999, Implementation
Plans at the 1/5000 and 1/1000 scales were elaborated by the
Ministry of Public Works and Settlement for new settlements
areas of citizens who were affected by the disaster. Simulta-
neously, the Ministry approved a framework to provide guid-
ance to municipalities in preparing such spatial plans in Ya-
lova in 2002. This framework explains principles and
standards of spatial plans and establishes rules and standards
for buildings in various earthquake prone areas such as allu-
vial lands, land slide areas, etc. In addition, the Municipality
of Yalova elaborated a new Master Plan at the 1:25,000 scale
in coordination with the Provincial General Council which
was approved on the 8" of June, 2007. In the context of spa-
tial planning at the local level, which is essential in the con-
text of prevention, responsibilities are divided among gover-
norates and municipalities. Municipalities have the
responsibility to elaborate spatial plans at the local scale in



addition to their administrative responsibilities (The Gover-
norate of Yalova & the Municipality of Yalova, 2006). By
August 2008, the Ministry of Public Works & Settlement
also prepared and approved a large scale plan for Yalova and
the Izmit Gulf area in light of the significant earthquake risks
in these regions. The plan was prepared incorporating the
concept of Integrated Coastal Zone Management along the
Izmit Gulf and Yalova coastal areas at the 1:50,000 scale. It
sets out main policies and principles for land uses in this re-
gion®.

The Ministry of Public Works and Settlement also carried out
geotechnical and geomorphologic surveys in earthquake
prone areas. Considering the fact that the extensive damage
provoked by the 1999 earthquake was attributed to un-
planned urban development and constructions with insuffi-
cient consideration of geological and ground conditions, the
Ministry performed numerous geological and geotechnical
studies in Yalova as well as other earthquake prone cities. In
these studies, the Ministry gave a priority to accomplishing
geotechnical and geomorphologic surveys in permanent
housing areas for earthquake-struck citizens. According to re-
sults of those surveys, permanent housing areas were grouped
into three zones, namely (i) zone with no need for a geotech-
nical study, (ii) zone with a need for the geotechnical study,
(iii) zone with hard soil sedimentation (can only be suitable
for green areas). Special technical requirements for construc-
tions were adopted for the first two zones. While new hous-
ing units were constructed, damage assessment and categori-
zation studies of existing building stocks were carried out by
the Ministry. For the purpose of damage assessment studies,
the existing building stock was categorized according to the
damage level. Moderately damaged buildings were rehabili-
tated while heavily damaged ones were demolished. Accord-
ing to damage assessment and categorization studies in Ya-
lova, 14,646 units (dwelling units +offices) were determined
as heavily damaged and/or collapsed, and 15,699 units
(dwelling units +offices) were determined as moderately
damaged (The Turkish Ministry of Public Works & Settle-
ment, 2000).

4. CONCLUSION

Although Yalova is a city prone to earthquakes, disaster miti-
gation techniques and approaches are not reflected in spatial
planning methods and procedures to the full extent possible.
As adaptation to earthquake hazards can only be accom-
plished through spatial planning standards and building
codes, earthquake mitigation techniques should be inserted in
tools of spatial planning and construction works. Natural dis-
aster mitigation techniques should thus become an integral
part of national and local level planning activities.

As a result of the impacts on infrastructure provoked by
the1999 earthquake, the central government implemented a
variety of complementary measures targeting geotechnical
and geo-morphological surveys, land-use planning norms;
and enacted legislation targeting building inspections, build-
ing insurance, and compulsory earthquake insurance. Such
approach is expected to improve the design and construction
of infrastructure, avoiding thus the generation of vulnerabil-
ity as it occurred before 1999. The risk in the settlement of
Yalova can be reduced by building awareness concerning ex-

% Interview with the Division Chief in charge of spatial plans of
Yalova in the Ministry of Public Works & Settlement, conducted
on the 2™ of September, 2008.

isting hazards and designing and building all infrastructure
and superstructure with a view to decreasing vulnerability.
While many authorities and citizens are already aware of the
seismic hazard to a certain degree, because of the multitude
of institutional responsibilities for relevant public services
such as planning and infrastructure works, the awareness of
disasters is not always sufficient to prevent the next disaster
hazard. At this point, it is believed that GIS tools and tech-
niques will be very helpful to fulfil planning and construction
responsibilities of the relevant authorities efficiently. In terms
of efficiency and effectiveness towards earthquake risk miti-
gation, the GIS tools should be integrated into the following
issues:

Site and Location: Ground survey, soil analysis and geo-
logical report of the area are basic for all infrastructures and
superstructures. Therefore, constructions should be prohib-
ited in geological failure areas, non-stable ground bases, and
fault lines.

Construction Quality and Design: For settlement to be es-
tablished in areas exposed to seismic hazard, the building
codes should be different than for other settlement areas. For
instance reinforced concrete and shear walls should be re-
quired for issuing construction permits. The design of infra-
structure and superstructure should be assessed with a view
to decreasing risks to an acceptable level. For instance, al-
though building a mosque with minaret is quite an old cul-
tural trend in Turkey, mosques in earthquake-prone areas
should be redesigned with a view to lessening hazards of
minarets on human life in the course of an earthquake.

Control and Monitoring: The process of control is quite
long and multidimensional in the construction field. The
whole controlling procedures and processes range from pro-
ject control over construction control to construction material
quality control. In the 1999 earthquake in Yalova, it is nota-
ble that many collapsed buildings had a proper architectural
design. Nevertheless most of the building stocks were se-
verely damaged due to lack of control of construction and
quality of materials employed. For instance, many field sur-
veys in the earthquake area proved that marine sand had been
widely used in buildings. Periodical monitoring is another es-
sential service especially in such an often earthquake prone
settlement like Yalova. The control and current condition as-
sessment should be done periodically and especially after
each earthquake hit.

On a positive note, its important to mention that since the
1999 earthquake, improvements of the legislation and im-
plementation procedures as well as a rearrangement of re-
sponsible institutions have taken place, leading to a new
framework that minimizes the reconstruction of old risks. In
addition, risk-transfer mechanisms introduced via the Build-
ing Insurance Law; and the Decree Law on Compulsory
Earthquake Insurance should allow Yalova and many cities in
Turkey cope with the financial impacts associated with the
reconstruction or restoration of infrastructure in case of an
carthquake .
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