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1-Introdoction

Road construction leads to damage to the environment so that it is a pivotal problem for protecting fauna
and flora species in each region. In spite of abundant benefits, Pole Zal - Khorram Abad highway from
southwestern Iran had various geohazards and environmental impacts on this area such as landslides,
land use change, and decreasing the population of fauna and flora species. For the reason, a newly
optimum route selection for the highway is considered. This act is a complicated process due to the
uncertainty of various factors which affect it. Analytic hierarchy process (AHP) is a multiple criteria
decision-making (MCDM) technique that can integrate particular preferences in performing spatial
analyses on the physical and nonphysical parameters. Since criteria considered in highway route
selection are geospatially nature, a geographic information system (GIS) analysis can be helped data
input analyses in solving the problem. During the last decade, a few attempts have been accomplished to
automate the route-planning process using GIS technology. For instance, Subramani and Pari (2015)
were aligned the highway from Erode to Karur (southern India) using geological factors, land uses,
ground costs, and soil types in a GIS environment. The aim of this study was to find the optimum route
based on environmental considerations. For this purpose, eight effective factors were selected. Then, the
AHP and fuzzy systems were applied to standardize each effective parameters as engineering geological,
environmental and economic viewpoint. The suggested route was selected by the combination of the
factors based on the relative weight in GIS. The selected route has less geological hazards and negative
environmental impacts.

2- Research methods

The initial stage of a sitting of route selection is the gathering of accessible information and data
associated with the study area. For selecting the optimum route of Pole Zal - Khorram Abad, eight
parameters considered that are the altitude, slope angle, stratigraphy, proximity to drainage network,
proximity to faults, land uses, vegetation covers, as well as protected areas, were prepared. These layers
were obtained from topographical maps, geological maps, satellite images, and fieldwork study.
Subsequently, the layers were drowning using Arc GIS 10.3 software. The layers of slope and altitude
were derived directly in the raster format from the produced digital elevation model (DEM). Also,
Analytic hierarchy process (AHP) and fuzzy systems were applied to standardize each effective factor.
The slope, altitude, proximity to drainage network, proximity to faults, and protected area layers were
reclassified using the fuzzy functions. Whereas, stratigraphy, vegetation cover, and land use maps were
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standardize using AHP. Afterward, the relative weights of each effective factor determined using Expert
Choice 11 software as engineering geological, environmental and economic viewpoint. Finally, the
optimum route selection was performed using weight exertion of parameters in their layers and merging
them by Arc GIS software.

3-Discussion

In order to reduce environmental impacts and to perform environmentally highway construction
projects, environmental factors must be taken into account. Due to the environmental impacts of Pole
Zal - Khorram Abad highway, this study focus on an optimum route selection for the highway. For the
purpose, the possible/feasible route was recognized based on various economic, engineering geological
and environmental parameters. Stratigraphically, the study area presents a continuous series of
sedimentary strata ranging in age from upper Cretaceous to Miocene. It is characterized by the rocks of
the Illam - Sarvak, Gurpi, Amiran, Tale Zang, Kashkan, Asmari, and Gachsaran Formations. In this area,
the Altitude ranged from 253 to 2679 MSL. Moreover, slope angles slope varied from 0 to 81 in degrees.
The results showed that among the effective factors the protected area, stratigraphy, vegetative cover,
and land use were the most effective factors in recently highway route selection. The relative weights of
these factors are equal to 0.166, 0.165, 0.147, and 0.123, respectively (Table 1). This is because these
factors are restricting the construction of the Highway and increasing the construction costs. The Results
indicate that the route which was selected using GIS technique is more environmentally effective and
cheaper than the existent route (Fig. 1).

Table 1. Calculated final weights of each effective factor as engineering geological, environmental and
economic viewpoint.

Criteria
Sub-criteria Engineering Economic Environment Final weight
geology

Slope angle 0.062 0.041 0.019 0.122
Stratigraphy 0.088 0.065 0.012 0.165
Proximity to faults 0.063 0.046 0.012 0.121
Proximity ~ to  drainage 0.051 0.027 0.034 0.112

network ' ' ' '
Protected areas 0.011 0.012 0.143 0.166
Vegetation covers 0.019 0.016 0.112 0.147
Land uses 0.031 0.026 0.066 0.123
Altitude 0.023 0.009 0.012 0.044

4-Conclusion

The final result of the study is a feasibility map which shows the environmentally optimum route. This
study demonstrates the combination of GIS, AHP, and fuzzy logic as decision-making techniques in
distinguishing environmentally optimum route between Pole Zal — Khorram Abad. The study reveals
that the proposed route is 15 km shorter than the existent highway. Also, the recent route has less
geological hazards and negative environmental impacts. Therefore, it is recommended that this method,
for decreasing environmental impacts, apply to constructed and constructing highways.
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Figure 1. Final cost function map, existent and proposed routes.
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Fig. 6. Standardized map of protected area in the study area.
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Fig. 7. Standardized map of proximity to reverse faults for the study area.
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Fig. 8. Standardized map of proximity to normal faults for the study area.
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Fig. 10. Standardized stratigraphic map of the study area.
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Fig. 11. Standardized vegetation cover map of the study area.
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Fig. 12. Standardized altitude map of the study area.
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Table 3. Calculated weight of sub-criteria as environmental viewpoint.

Sub-criteria weights
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Table 4. The Calculated weight of sub-criteria as economic viewpoint.

Sub-criteria weights

Proximity PrOX|_m|ty to Protected Slope Land Vegetation Stratigraphy Altitude
to faults drainages area use cover
0.181 0.101 0.050 0.159 0.106 0.065 0.260 0.036
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Table 5. The calculated final weights of each effective factor as engineering geological, environmental and economic viewpoint.

N Criteria ] ]
Sub-criteria .. - Final weight
engineering geology economy environment
Slope 0.062 0.141 0.019 0.122
Stratigraphy 0.088 0.065 0.012 0.165
Proximity to faults 0.063 0.046 0.012 0.121
Proximity to drainages 0.051 0.027 0.034 0.112
Protected areas 0.011 0.012 0.143 0.166
Vegetation cover 0.019 0.016 0.112 0.147
Land use 0.031 0.026 0.066 0.123
Altitude 0.023 0.009 0.012 0.044
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Fig. 13. Final cost function map, existent and proposed routes.
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