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Abstract

Environmental databases generated by automation of the decision-making process for resolving complex en-
vironmental problems can be used more efficiently than traditional environmental evaluation. Such databases
allow access to and analysis of spatial information at either the local or regional level for purposes including
the development and assessment of effect of environmental policies, land use planning, precautions for natural
disasters, monitoring of the effects of such disasters, and planning of the responses to them. This requires gath-
ering data about local and regional resources, including data on access to roads and rivers, settlements, soil,
land cover, and population. The study reported here highlights some technical problems associated with the
collection and integration of data from a data-poor environment, and describes the potential benefits of inte-
grating spatial data in relation to environmental problems. The Black Sea region of Turkey, especially the Tra-
bzon province, in which the study was conducted, is burdened with adverse environmental conditions in terms
of climate, topography, and land cover. These adverse conditions often cause landslides and in some areas re-
strict settlement. The purpose of the study described here was to analyze the spatial change (1990-2000) in pop-
ulation distribution in the Trabzon province and to detect potential landslide areas within the province by us-
ing functions incorporated in Geographical Information Systems (GIS). The preliminary results of these analyses
showed that 62.4% of the area of the Trabzon province is at risk for landslide and that 283 village settlements
are within regions at high risk for landslide.
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Introduction mental databases and facilitating the application of spatial
analyses.
GIS have been used throughout the world in global, regional,

ISSUES RELATING TO ENVIRONMENTAL PROBLEMS have become
and local environmental studies, (Budic et al., 2004; Coleman

increasingly important in terms of protecting human life

and safeguarding property. Use of classical methods for
estimating the potential risk posed by environmental fac-
tors is relatively costly and time consuming, and is subject
to a variety of errors of different types and sources. Envi-
ronmental databases are widely recognized as powerful
tools for multidisciplinary environmental research, and
provide a basis for the analysis of environmental factors
on the local and regional scale. Developments in the tech-
nology of Geographical Information Systems (GIS) have
created promising opportunities for improving environ-
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and McLaughlin, 1997; George, 2000). These systems allow the
capture, storage, processing, and display of an unprecedented
quantity of geographical and spatial information and wide va-
riety of environmental and cultural phenomena (Aronoff, 1989;
Huxhold and Allan, 1995; Longley et al., 2001; Yomralioglu,
2000). Current and accurate spatial data must be readily avail-
able for use in local, state, and national development, and for
improving the quality and stability of the environment, as well
as for flood and other disaster management, for urban and rural
planning and development, and for infrastructure develop-
ment (Cihlar et al., 2000; Cowen, et al., 1995; Klosterman, 1995;
Mansourian et al., 2006; Zhang and Beavis, 1999).

The applications of GIS can vary among countries, and are
influenced by national legislative as well as by economic, so-
cial, and cultural factors. In Turkey, many public institutions
have generated and used spatial data in many different for-



mats, yet one of the most serious deficits in this work is the
lack of reliable and accurate data about environmental prob-
lems generated before 2005. This problem had increased the
difficulty of using spatial data in multidisciplinary studies.
This was eased after 2005 by the Turkish Federal Regulation
for Producing Large Scale Map and Map Data, issued to stan-
dardize the collection and sharing of GIS data among pub-
lic institutions. However, there remains the need to collect
spatial data about environmental issues and to use this to
build an integrated database to prevent damage to the en-
vironment caused by human activity.

In order to design a useful spatial database for a specific
geographic area, it is necessary to rapidly collect reliable and
accurate geographic, social, and economic data from the re-
gions within the area. The boundaries for a large study area
for which a spatial database is to be developed should there-
fore be determined according to administrative districts.
Turkey has four types of such administrative district: the
province, township, subdistrict, and village. Of these,
provincial administrators have the most senior position in
terms of authority and responsibility. Provincial adminis-
trators are also responsible for preparing their own devel-
opment schemes and supervising urban and rural areas
within the division. When a planned improvement falls
within the purview of more than one type of division, the
provinces constitute the most important administrative units
for planning and determining strategies at the local level.
The provincial administrator must therefore make decisions
by creating a Geographic Data Base (GDB) and providing
base maps of the planned improvement (SPO, 1999).

In the Trabzon province, the creation of a Province Envi-
ronmental Information System (PEIS) began in 2001 as a pi-
lot study with the goal of solving environmental problems
within the province. The project was funded by the State
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Planning Organization (SPO) of the Prime Ministry of
Turkey and by the Karadeniz Technical University (KTU).
The objective of the present study was to create a spatial
database at the province level and to analyze the landslide
potential of the region, which is one of the most important
of its environmental issues. In the study, a spatial database
infrastructure (SDI) for province-based environmental stud-
ies was developed and environmental problems were ana-
lyzed according to the Turkish administrative structure.

According to the Turkish Statistical Institute (TURKSTAT,
2006), the Trabzon province covers an area of 4664 km? and
has a population of 979,295, giving it a population density
of 210/km?. The characteristics of the settled areas of the
province are very diverse, but houses are scattered through-
out rural areas. Unfavorable environmental conditions have
resulted in some problems, such as areas of restricted set-
tlement. The topography of the province is steep and the cli-
mate rainy (Reis, 2005). The most important reason for our
having selected the Trabzon province as the region for de-
velopment of an environmental spatial database is that it in-
cludes many of the public institutions of Turkey and has an
economic preeminence over the neighboring provinces. Be-
ing on the historical Silk Road, it is also very important in
terms of tourism and trade. In recent years, ecotourism has
increased the popularity of the Trabzon province and con-
tributed to the tourism potential of the region. Agriculture
and fishing are the main occupations. The chief crop is the
hazelnut, and hazelnut fields in the region are generally cov-
ered by forests.

Study area

The province of Trabzon is located between 39° 15" and
40° 15" east-longitude and 40° 30" and 41° 7' north-latitude
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FIG. 1. The location of the Trabzon province in Turkey.
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in the middle of the East-Black Sea region of Turkey (Fig. 1).
In some areas of the province the elevation exceeds 3000 m
above sea level. Generally, mountains, hills, and high
plateaus are situated in the inner part of the region. Prox-
imity to the sea results in a temperate climate with summers
that are generally warm and winters that are mild. The over-
all annual average temperature of the Trabzon province is
14.5°C and the annual average precipitation is 838.4 mm
(TSMS, 2001).

Methodology

Designing province-based environmental information
system (PEIS)

In GIS-related studies, it is important to provide decision
makers with high-quality and usable data within the short-
est possible time (Baskent, 1997). This can be achieved
through building a spatial database at the forefront. The
present report summarizes the procedure for designing such
a database. The data model is a conceptual index of defined
types of data that represent real spatial features or objects
such as buildings, rivers, and forests and their relationships
established for the database. The data modeling used in con-
structing the database involves structuring, organizing, and
displaying of the data for a specific environment where ob-
jects are held in thematic layers (Elmasri and Navathe, 2000).
Three types of data models are commonly used in GIS: hi-
erarchical, network, and relational data models. The latter is
the most widely used of the three, and used in this study.

In designing the database for the PEIS, all operations were
conducted according to a province-based system. The the-
matic layers as digital coverage were grouped in two groups:
the base thematic layers generated from scratch and repro-

duced layers from the existing pones. The base thematic lay-
ers consisted of spatial data initially generated by either dig-
itizing or scanning. They may also be provided by public in-
stitutions in digital form, such as in the case of a land cover
map based on field surveys and satellite images, or geolog-
ical and soil maps obtained by digitizing of data on paper
sheets. Base layers are divided into the eight geographic cat-
egories of hydrology, forestry, geology, and climate disci-
plines, making it possible to increase the number of layers
according to the purpose of a study. The layers so produced
are obtained by analysis of the base layers in accord with the
end user’s requirements. As with base layers, there is no re-
striction in generating produced layers, and they can be gen-
erated according to the user’s needs. Figure 2 shows the gen-
eral form of a province-based layer design.

The PEIS database was created with the ArcGIS software
systems. Since most of the graphic data were in analog form,
the mapped information had to be digitized, edited, and ver-
ified for accuracy. Paper records were entered into the GIS
via the Excel and Arcview software systems. All data in the
GIS were then transformed into a Universal Transverse Mer-
cator (UTM) coordinate system. The digital elevation model
of the Trabzon province was created by digitizing contour
lines from standard topographic maps with a scale of
1:100,000.

Data collection

A wide range of spatial data were collected and entered
into the GIS (Table 1). Base topographic data for the GIS con-
sists of maps within the General Command of Mapping, at
a scale of 1:100,000. Digital data that must be transformed
into GIS format are generally produced in computer-assisted
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TaBLE 1.

Data Sources Usep To BuiLp PEIS

Feature of Scale
Data the data Data type (1/x) Resource
Transportation Line Paper drawing/paper 100.000 Landsat ETM™,
general command of
mapping
Forestry Polygon Paper 100.000 General directorate of
forest
Landslide inventory Polygon Paper 100.000 General directorate of
Energy resource (pipe line, Polygon, Paper/photocopied 100.000 mineral research &
transformer) line, point records exploration
Geology Polygon Paper/digital file 100.000
Meteorological data Point, text Written descriptions Turkish state of
meteorological services
Culture and tourism areas Point Paper 100.000 General command of
mapping, directorate of
culture and tourism
Administrative boundaries Polygon, Photocopied 100.000 General directorate of
and centers point records/paper rural services, general
drawing/digital directorate of land title
file/written descriptions and cadastre in Turkey,
the ministry of public
works and settlement
Land use/cover Polygon Paper 100.000 General directorate of
Soil Polygon Paper/digital file 100.000 rural services
Population Text Paper records Turkish statistical
institute (TURKSTAT)
Planning maps (regional and Polygon Paper map/paper records 100.000 The ministry of public
territorial plans) works and settlement
Topography Line Paper 100.000 General command of
mappin
Land cover Raster Image 100.000 Landsat ETM*
Water resource (sea, lake, Polygon, Paper map/photocopied 100.000 Landsat ETM™*
freshwater, coastal) line, point records
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FIG. 3. Land cover map of the Trabzon province.
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design (CAD) format. In the present study, the required data
were collected from public institutions, and the resulting
data set was originally cross-checked in terms of format, co-
ordinate system, and accuracy before being stored in the GIS.
Data that were not available from public institutions were
collected from a Landsat satellite sensor image acquired on
September 19, 2000.

Province-Level Geospatial Analyses for
Environmental Management

Despite the wide range of data problems and various data
types and formats involved in rendering an environmental
analysis of the Trabzon province, there exists a consolidated
database that holds most of the available data relating to the
management of the province. This database plays a very im-
portant role in environmental monitoring, protection, and
planning. In performing the analyses done in the present
study, two key environmental analyses in the Trabzon re-
gion were taken into consideration, as follows: (1) demog-
raphy and (2) landslide. The following sections explain how
these environmental analyses were accomplished with the
spatial analysis functions of GIS technology.

Geospatial information on topography and demography

Topographic and demographic data are crucial for envi-
ronmental management and planning. Spatial analysis
shows the sloping nature of the topography of the Trabzon
province. Only 16.4% of the province has terrain with a slope
of less than 10%. Areas with slopes of 10-50% cover 43.1%
of the Trabzon province, and land with a slope of 50% or
more occupies 40.5% of the province.

There is also a complex land cover structure in the Trab-
zon region, which was determined by a classification of
Landsat ETM+ images (Reis and Yomralioglu, 2006). The
type of land cover was categorized and allocated into one

TABLE 2. THE PoPULATION OF THE COUNTY
CENTERS IN 1990 anD 2000

Population
County centers 1990 2000 Change (%)
Trabzon 143,941 214,949 49.3
Akcaabat 25,285 39,102 54.6
Arakli 12,141 22,506 85.4
Arsin 6705 13,038 94.5
Besikdtizii 14,047 29,766 111.9
Cargibasi 7128 8532 19.7
Caykara 2250 5829 159.1
Dernekpazari 2686 5108 90.2
Diizkoy 4793 6863 43.2
Hayrat 4168 7665 83.9
Kopriibas: 4343 4998 15.1
Magka 7673 11,060 44.1
Of 14,948 25,478 70.4
Salpazari 3665 7591 107.1
Stirmene 12,008 17,063 42.1
Tonya 11,058 12,666 14.5
Vakfikebir 20,564 33,394 62.4
Yomra 7335 13,346 81.9

TaBLE 3. FAcCTOR ScoRrReEs AND WEIGHTS USED IN THE
DETERMINATION OF THE LANDSLIDE POTENTIAL AREAS

Factors Scores Weights
Slope (%) 100
0-20 100

21-30 70

31-40 40

41-50 20

>51 10

Lithology 60
Al, P1 30

Kri3, Kri4d 60

EVI ]kl ]11 70

Kri2, Kriil 80

y 100

Land Cover 40
Rocky 100

Forest 80

Settlement 50

Agriculture, pasture 40

Stream and Road 20
Stream* 10

Road* 10

Other areas 100

*Stream and road are buffered at 100 m.

(Al: aluvium, Pl: pliocene, Ev: eosen, y: upper cretaceous-
paleocene, Kriil: basalt, andesite, and pyroclastics, Krii2: rhyodacite,
dasitic lava, and pyroclastics, Krii3: mudstone, sandstone, and
tuffite, Krii4: rhyolite, rhyodacitic lava, and pyroclastics, Jk: jurassic,
JI: liasic)

of nine classes after supervised classification and image en-
hancement of the ETM+ images (Fig. 3). These classes are
(1) pasture, (2) deciduous forest, (3) coniferous forest, (4)
mixed forest, (5) land used for cultivating green tea, (6)
hazelnut growth, (7) rocky topography, (8) settlement area,
and (9) agricultural area. The overall accuracy of this clas-
sification is 84.68%, with a Kappa coefficient of 0.829. The
class of land cover having the largest proportion of area is
deciduous forest, with 38% of the total area. This class in-
cludes some hardwood species, such as beech, hornbeam,
and chestnut; conifers constitute 2.3% of the tree types in
the Trabzon province. As a class, agricultural area is taken
up mainly by the cultivation of corn, tobacco, beans, and
other agricultural species cultivated in the region. Because
of the scattered cultivated land in small parcels, owing to
the topography of the region, some agricultural areas were
listed in agricultural class Land devoted to agriculture con-
stitutes 17.06% of the area of the Trabzon province, which
is nearly equal to the area of pastoral land, which in turn
covers 18.5% of the province. Cultivation of hazelnut, as the
major agricultural product of the Trabzon province, covers
15.3% of the province land area, an area nearly as large as
that covered by other land devoted to other agricultural
plant species. The region contains only a few plantations
growing green tea.
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FIG. 4. Landslide potential map of the Trabzon province.

Topography and land cover influence the distribution of
the population in the Trabzon province. Spatial analysis
shows that population distribution becomes more dense in
coastal areas, valleys, and riverside regions. Table 2 shows
the growth of the population in the county centers of the Tra-
bzon province between 1990 and 2000. In this period, total
population growth in the province was 14% (from a popu-
lation of 858,687 to a population of 979,295). The population
growth was more pronounced in city centers, district cen-
ters, and coastal areas. In 2000, 51.5% of the population was
living 1 km away from the coast. Moreover, the population
density in valleys and riversides of the Trabzon province in-
creased in 2000.

Demographic analysis shows that settlements in the Tra-
bzon province are built along valleys (especially the five
large valleys in the province) and rivers such as Fol River in
the Vakfikebir district, Kalanima River in the Akcaabat dis-
trict, Degirmendere River in the Trabzon district center, Kara
River in the Arakli district, and Solakli River in the Of dis-
trict. Because of the rainy climate and steep topography of
much of the province, the greater population in valleys and
riversides intensified the potential damage from floods and
landslides in such areas.

Landslide potential analysis

The Black Sea region of Turkey, including the Trabzon
province, is at risk for natural hazards because of its cli-
mate and topographic structure (Akgun and Bulut, 2007).
Landslides and floods are the main natural hazards in the
region, and Trabzon is one of the leading provinces of land-
slide risk in Turkey, with 662 landslides having occurred
and 245 people having died according to records kept since

1950 (Ergtinay, 2003). Consequently, it is important to cre-
ate a landslide potential map of the region in order to be
able to protect human lives and prevent damage to prop-
erty.

Many parameters and methods can be used to assess the
landslide potential of an area. There is no agreement in the
literature about the factors that should be included in de-
termining landslide risk potential (Aleotti and Chowdhury,
1999; Gokgeoglu and Ercanoglu, 2001; Yalcin and Bulut,
2007). At least three factors, slope, lithology, and land use,
are usually included in GIS analyses. However, the num-
ber of factors can be increased depending on the charac-
teristics of the study area (Dai et al., 2001; Yalcin, 2005). In
the present study, slope, lithology, land use, stream net-
works, and road networks were included as factors, and a
matrix (grid) analysis method was used to identify land-
slide hazard areas. For this purpose, all thematic layers

TABLE 4. RELATIONSHIP BETWEEN THE POTENTIAL
LEVELS AND THE INVENTORY LANDSLIDE MAP

Landslide inventory map

Potential landslide class ha %

High risk 420 15.6
Risk 1301 48.4
Medium risk 463 17.2
Low risk 267 10.0
Very low risk 236 8.8
Total 2687 100
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TABLE 5.  SETTLEMENT COUNTS AND PERCENTAGES
ACCORDING TO THE LANDSLIDE POTENTIAL CLASS

Potential landslide Potential landslide Settlement Settlement

class areas (%) counts (%)
High risk 11.8 56 10.1
Risk 50.6 227 40.9
Medium risk 159 108 19.5
Low risk 10.5 89 16.0
Very low risk 11.2 75 13.5
Total 100 555 100

used in the analysis were converted into grid format at a
resolution of 100 m.

Factor scores were assigned a range of 0-100, with high
scores representing a low landslide risk and low scores a
high landslide risk. Factor weights were determined similar
to the factor scores and each factor was scored relative to the
other factors on a scale of 0-100. Since the study area has a
highly sloped topography, as previously noted, slope was
given the greatest weight (100) among the factors causing
landslides, since it is considered the most important risk fac-
tor for landslides. The factor scores and weights used in de-
termining areas with landslide potential are shown in Table
3. These scores and weights were based on a study done by
Yalcin et al. (2002).

Once they were determined, the factor scores were multi-
plied by the factor weights, after which pixel scores for the
all factors were added to each item. The pixel scores were
then evaluated and a map of landslide potential was gener-
ated, showing this potential (Fig. 4) according to the five cat-
egories of: (1) very low risk, (2) low risk, (3) moderate risk,
(4) high risk, and (5) very high risk, respectively.

In order to verify the applicability of our landslide poten-
tial map, we used a landslide inventory map, which included
landslides that are already occurred, produced by the Gen-
eral Directorate of Mineral Research & Exploration of the
Government of Turkey. The inventory maps produced by
the General Directorate before 2000 covered a total area of
2687 ha. To verify our results, we matched the landslide po-
tential maps with the inventory used for the General Direc-
torate map. Table 4 shows the area in hectars (ha) and per-
cent (%) of relationship between the landslide potential
levels in our map and the landslide inventory map. This
showed that 64% of the landslide zones in the Trabzon
province fall into the high and very high landslide-potential
categories.

Figure 4 shows the areas at risk for landslide (except
medium risk) cover 62.4% of the Trabzon province. By con-
trast, only 21.7% of the province’s areas are not at risk. These
areas are typically close to the coast, where a flat topogra-
phy is frequent. In order to examine settled areas of the Tra-
bzon province under possible landslide risk, we overlaid the
landslide potential map and the map of currently settled ar-
eas in the Trabzon province. Table 5 shows the number of
settlements in each of the landslide potential categories. Ac-
cording to these results, 56 villages are at high risk and 227
villages are at some risk of landslide. Thus, 51% of the vil-
lages in the Trabzon province are estimated to be at risk of
a landslide.

Discussion and Conclusions

In this study, we successfully created a spatial database of
environmental factors for landslide risk in the Trabzon
province in Turkey. Difficulties were associated with data
access, production time of the map, data incompatibility, and
data accuracy. Essentially, these problems are not peculiar
to Turkey; similar difficulties exist in most developing coun-
tries.

A GIS-based Environmental Information System is a ver-
satile tool for the analysis of any type of environmental data.
This kind of system provides digital information pertaining
to a region of study in the form of maps, contours, reports,
and graphs. This information permits successful analyses
and the effective interpretation of environmental problems.

The present study indicates the importance of the PEIS for
producing and analyzing spatial data for solving environ-
mental problems encountered in the Trabzon province in
Turkey. In permitting the generation of a map of landslide
potential, the PEIS provides solutions for one of the most im-
portant such problems of this province. According to this
map, about 64% of the study area is at risk for landslide. This
is because most of the settlement areas within this 64% of
the study area are in river basins and on sloping terrain.
Dense forests and the topographic structure of this latter ter-
ritory are forcing people in the region to find alternative set-
tlement locations. However, the landslide risk to areas of po-
tential settlement in a region should be determined before
development, by using landslide potential maps like that
produced in this study in order to protect people from the
hazards of landslide.
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