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vector-raster conversations, complicated GIS analyses done automatically due to the give factor and sub-factor
(buffer, interpolation, clip, erase, cost distance, cost weights. A pair-wise comparison and TOPSIS formulas
path), weight assignments, and calculations can be have been implemented in the extension. We named the

Fig. 4. Graphic view of the geodatabase.
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optimum route determined using MEDES-PR as the
environmentally sensitive optimal route (ESOR).

Case Study Analyses

GIS-based S-MCDM analysis was applied with the
collected geospatial database at the direction of steps
explained briefly in the methodology section. We have
made all analysis with our case-sensitive TP route planning
extension. Analysis steps are simply explained below. The
first step is creating ring buffers to point or line vector data
(rivers, ways) in the affected zone as 100 m, 200 m, etc.
The second step is that interpolation of density data, such
as population with Kriging or height with IDW and TIN
creation. The third analysis step is classifying polygonal
data such as soil, geology, or land use. The fourth step
is transforming all these prepared data to raster format
and reclassifying these raster data with normalization
techniques. In these processes, all data layers were formed
using raster-based standard pixel sizes. The pixel sizes
were determined depending on the scale of the used spatial
data as 50 m in order to avoid loss of data. And finally,
we calculated accumulated cost surface with TOPSIS
formulas included in the extension. Then cost distance and
cost path analysis were done for determining the optimum
route-caring environment.

A summary of TOPSIS calculations is: 1) the first step is
calculating normalized sub-factor values with the formula
x/xMax, 2) calculating factor weights with pair-wise
comparison method, and 3) calculating TOPSIS matrix
results according to given formulas with weighted matrix
and minimum-maximum matrix. A pair-wise comparison
and normalized weight table are given in Table 1.

According to the EIA evaluation, the criteria were
determined through the creation of a cost surface map. The

Table 1. Weights of factors.

Factor Weights from.Pair—wise
comparison

Land Cover 0.179
Soil 0.166
Stand Type (Forest) 0.138
River 0.145
Historically Protected Areas 0.100
Flora-Fauna 0.081
Lake 0.069
Population 0.033
Slope 0.027
Geology 0.019
Road 0.018
Avalanche 0.015
Plant Type 0.010

surface was divided into 10 land classes, including urban
areas, broad-leaved woodland, thin-leaved woodland,
grassland, tea plantations, hazelnut orchards, cultivated
agricultural land, wetlands, and rocky areas. Woodlands,
wetlands, and urban areas were identified as restricted
areas for TP transit. According to data from the survey,
the transit of these three surface classes was avoided as
much as possible. It was foreseen that transits of rivers,
streams, and other watercourses would be limited, and
a small number of road transits would be necessary in
order to reduce the construction activities occurring
in the road transit areas. As no transits in proximity to
water resources, protected areas, conservation areas, and
recreation areas were allowed, transits were planned to
pass at a distance outside of these areas. To prevent the
degradation of flora and fauna habitats and high-grade
agricultural soil classes, transit of these areas was avoided.
Provisions were made for protection of summer and winter
grassland pastures. Geological and hydrogeological
factors and also constraints were considered for slopes
in order to minimize excessive splitting of landslide-
prone embankments. All these factors are essential for the
creation of an environmentally sensitive TP route.

Analysis Results and Discussion

The optimum route was created using S-TOPSIS with
GIS-based LCP. At this stage, ArcGIS 10.1 software was
used and an extension was created to be able to identify
routes through raster data models for the LCPA that was
designed on this software using S-TOPSIS. The weight
values shown in Table 1 were multiplied with the data
layers and the resulting values were designated as the cost
value to each layer pixel. A cost surface map had been
created (cost) with values assigned as resistance in order
to determine the environmental challenges of the TP line
in each pixel (Fig. 5). The surface was divided into 10
levels of difficulty in terms of environmental sensitivity
with the method reclassify raster. First-degree transit areas
were classified as best for environmental care while 10™-
degree areas were the most difficult transit areas and were
crucial in terms of environmental sensitivity.

In accordance with the criteria declared in the
Applying Analysis section, an ESOR was determined with
S-TOPSIS and its advantages as compared to the current
route (CR) are shown in Table 2. The result showing how
ESOR is more effective than conventional methods can be
casily seen at Table 2. ESOR is advantageous to CR when
it is 12 criteria considered separately. CR and ESOR routes
were also compared with field studies. Advantageous and
disadvantageous aspects of the two routes are clearly seen
in the visiting area. There was great coherence between
analysis results and field observations. The primary reason
for this result lays behind the accuracy and reality of the
geospatial data used.
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Fig. 5. Accumulated cost surface map.

Table 2. Comparison of routes in terms of environmental criteria.

. ESOR Current
FACTORS (Criteria) (suggested road) Road
Transit .ofhazelnut 3.124m 3.828m
agriculture
Transit of tea agriculture 12,891 m 15,864 m
Transit of pastures 3,858 m 3,890 m
Transit of rocky areas 21,491 m 33,848 m
Transit of quality soil 0Om 661 m
Intersect with streams 7m 20 m
Transit of sensitive
agricultural land 22,689 m 24414m
Transit of high slopes
=450 35,185 m 37,211 m
Transit of geologically 21491 m 33.840 m
hard areas
Length 77,292 m 84,333 m
Transit of forest areas 46,142 m 48,566 m
Intersect with protected 0m I'm
areas
Proximity to settlement 720 m 1,960 m

*Each value shows passing measure in meters due to the
given criteria
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Fig. 6. Current route and optimum route on study area map.

The lowest possible pixel values and the shortest
possible route between the initial and final end points in the
area were determined automatically by the LCP method
on the cost surface map (Fig. 5). The TP START point at
the Rize border in the southern part of the study area was
the starting point; the end point was at the northern part of
the urban distribution area (Fig. 6).

This study was carried out in accordance with the
requirements of countries’ energy-intensive pipeline
activities in order to reduce the environmental damage
caused by the identified route. Moreover, its aim was to
determine, via an automated process, the environmental
sensitivity that is undetectable by conventional route
determination methods and to reduce environmental
damage caused by the TP project.

Route determination studies made by conventional
methods, without questioning the data quality of the
standard 1/25,000 scale maps, do not produce effective
results. All areas are not fully examined by using classic
route corridor analysis, generally known as “narrowing
the field”; thus, accurate results cannot be obtained by
conventional methods. These methods were used to make
a selection from among alternatives for determining the
1,850 km route for the Trans-Anatolian Natural Gas
Pipeline Project (TANAP). This TP is planned to transport
natural gas from the Caspian Region through Turkey
and then to Europe. This situation is not regarded as an
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appropriate approach for the reduction of environmental
damage. In this context, MCDM methods and GIS-based
route determination applications are very important.

The ESOR was determined by integrating
S-TOPSIS with the GIS-based LCP method, identifying
environmental factors and determining the weight of the
factors using pairwise comparison matrices in the route
determination process. In this process, it was proven that
TOPSIS integrated with GIS can be used in this kind of
work. In future studies, results can be proven by using
other spatial MCDM methods.

In order to determine environmentally sensitive TP
routes more precisely, using the improved interface
developed in this field study, the weights of environmental
factors showing possible regional differences can be
dynamically changed. In addition, resulting routes can
be determined alternatively. In the case of more than one
alternative route, using the improved interface, the process
can be repeated and the most environmentally sensitive
route among these alternatives can be identified.

At this stage, using updated and accurate data is very
important. The accuracy of the identified route is directly
related with the quality of the spatial data. It is clear that
more effective results can be found by studies that deal
directly with actual data obtained from remote sensing and
satellite technology. Our model showed that integrating
S-TOPSIS with the GIS-based LCP method effectively
prevents environmental damage while applying office
studies before building TPs.

We have applied sensitivity tests on our geodatabase
in order to determine whether or not our weights and data
classifications are sensitive to any changes. We have used
Dr. Chen and Dr. Yu’s AHP_SA tool, which is a special
extension to ArcMap working on ArcMap and Matlab
programs. We have seen it is an essential and easy tool
to use for sensitivity tests. At this study these tests were
done with five geographic layers. The extension defined
our five layers as stand type, protected areas, soil, river,
and land cover (respectively S1, S2, S3, S4, and S5). We
have calculated weight sensitivity matrix and sensitivity
directions between S1>S2, S1>S3, S2>S4, S5>S3, etc. All
the results were fulfilling and these tests showed that our
methods were correct.

Conclusion

The movement of energy resources from one point
to another is an important issue today. In the near future,
with the necessity of transporting oil and gas from the
rich reserves of the Middle East to Europe via Turkey,
the importance of this issue will increase even further.
The geographical location of Turkey as a bridge between
Asia and Europe is fortuitous. When analyzing existing
energy transmission projects and projects planned
for the future, it is seen that several transmission line
applications will be carried out in Turkey; thus, LCPA-
based GIS route determination studies are among the most
important technological tools that can be used effectively

to reduce the cost of this process, both economically and
environmentally.

The MCDM method integrated with GIS technologies
can be used effectively in the analysis of multifactorial
problems such as route determination. Conventional
route determination methods currently give rise to many
environmental, economic, sociological, and sustainability
problems. Ranking, scoring, and pairwise comparison
methods are used for the determination of the weight
factors. The pairwise comparison method is used in the
route determination process with the TOPSIS method.
Subjective evaluations are always involved in determining
the weights. Therefore, weights can be changed according
to the characteristics of the study area and the ideas of
the decision makers. Furthermore, results are affected by
the significant variations between weights that have been
determined by different methods. Although its application
is difficult, the pairwise comparison method is more
effective in terms of producing more accurate results
and controlling whether the weights are consistent in the
process of determining the TP route.

The S-TOPSIS method was effectively used in LCPA
applications based on GIS. This study has provided
very positive results in determining TP routes with the
advantage of the algorithm used in the calculation cost
surface. The current route is 84.33 km in length, while
the ESOR found with S-TOPSIS was 77.29 km. When
calculating the width of the corridor as 20 m and the length
as 7.04 miles, it was proven that environmental damage
due to construction could be prevented on approximately
14 ha. However, this is an economy-saving application,
and the final route is essential and applicable with the
aspects of environmental sensitivity such as forest areas,
stream intersections, or passing protected areas (Table 2).
Wildlife, habitats, and nature will be protected as a result.

A local conclusion of this study states that in Turkey,
spatial data problems must be eliminated by creating
standards for the most important components of the GIS
spatial data. A significant part of the project dealt with
the difficulties in spatial data collection. The burden of
temporal, economic, and labor data collection confirmed
this conclusion.

Remote sensing technology and GPS were used to
obtain non-available data. It has been proven that these
technologies can provide useful data for the generated
models with the integration of GIS-MCDM methods.
A number of test studies were performed in specially
selected areas for the ESOR found with S-TOPSIS land
applique and GPS. The accuracy of the spatial data used
in this field study was tested, and finally the test results
and resulting spatial deviations were determined within
the general accuracy limits of the project.

In order to minimize environmental damage, TPs are
subject to the Environmental Impact Assessment (EIA)
process, which has been established by legislation. At
the feasibility stage of a TP project, routes are analyzed
in terms of environmental damage, and the TP routes
would be revised in instances of extreme environmental
degradation. In the case of Turkey, conventional route
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determination methods are commonly used, making it
difficult to manage the process effectively. In addition, of
the four factors affecting TP routes in Turkey — economics,
the environment, sociology, and politics — economics
and politics seem to be much more in the forefront than
environmental factors.

For this study, we advise that all route planners using
GIS and MCDM (especially TOPSIS) solve challenging
problems together. Our recommendation for academicians
and practitioners studying in similar areas is to create their
own GIS extension or tools for their specific studies or
related projects. Reliable data should be used because
this study directly shows that the success of all these
analyses and optimizations lay behind accuracy of spatial
data used. As a final declaration, we think nature wasted
by using technology in bad ways would be recovered by
using technology consciously.
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