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Determining optimum locations for an industry is a critical and complex decision for manufacturers. To
select a potential site to establish food industries, various criteria should be considered regarding
accessibility, delivery, market, and environmental factors. In this study, the weighted overlay method was
employed to develop an up-to-date geodatabase providing the potential areas for establishing food
industries to assist urban development in Qaemshahr city, Iran. The required data were acquired through
various sources including remote sensing, Global Positioning System (GPS), and Geographical
Information System (GIS). To achieve the aim, firstly the criteria of food industries settlement in
Qaemshahr city have been measures, and the corresponding maps have been prepared. Using weighted
overlay method all weighted maps were aggregated and final suitability map was established. Finally, the
suitable sites for food industries in Qaemshahr were determined. The results have been validated by
experts practicing Qaemshahr urban development. The results showed that around 172 sites are suitable
for establishing the food industries in Qaemshahr. Accuracy assessment analysis proved the effectiveness
of the achieved results with the accuracy level of 90%. The study concluded that the geodatabase model
prepared in this study could be useful for future food industry development plans in Qaemshahr city, Iran.
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1.0 INTRODUCTION

packaging, storage, transportation, and distribution [4, 5].
Establishment in a suitable place is a key element in success and

Urban development is composed of industrial development [1].
Despite the important role of industries in employment and
economic issues, they have large effects on environmental
pollution [2]. Making decisions on industries location
identification is a key aspect of strategic and logistical decision
making for manufacturers [3]. Location identification must
consider a wide range of factors in order to coordinate socio-
economic benefits and environmental sustainability. Site selection
can be defined as the process of finding the best site for a project
establishment based on socio-economic and environmental
conditions [2].

Food conversion and complementary industry is known as
the industry that convert the raw materials from food sources such
as agriculture, cultivated, livestock, poultry, and fish to
comestible products with higher shelf-life time. The processing
operations include sorting, physical and chemical changes,

survival of food industrial centers [6]. Location identification
analysis has been grown over the last decades, evolving earliest
roots to current widespread use [7]. The general issues for
determining a specific location for food industry are:
environmental, geographical, and economic factors.

Finding a suitable location for food industry is a complex
process which considers various criteria [8]. In most of
developing countries, the required data for food location
identification are collected via traditional methods which are
tedious and time consuming, and using old data [9]. To overcome
these issues, geospatial technologies; namely, Remote Sensing
(RS) and Geographic Information System (GIS) would be
employed as the excessive tools to identify the potential sites for
food industry settlement. GIS has been used in several studies for
different site selection applications [10-13].
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In this study, combination of GIS and remote sensing
technologies were employed to identify the potential sites for
establishing food industries in city of Qaemshahr, Iran. Several
data acquired using remote sensing techniques, Global Positioning
System (GPS) survey, and GIS were collected as input layers. The
weighted overlay method was employed to aggregate the maps to
identify the potential areas for food industries in Qaemshahr, Iran.
Finally, the achieved sites were validated by the urban
development organizations of the study area.

2.0 MATERIALS AND METHODS

In order to achieve the aim of the study, the following tasks were
performed: area study, data collection, preparation of the layers,
Distancing based on criteria, site selection, and validation of the
results on map suitability.

2.1 Area Study

Qaemshahr city is located in Mazandaran province, Iran, This
region is a pole of country's citrus and rice [5, 14, 15]. Qaemshahr
is located between 36 21” N to 36 38” N and 52 43” Eto 53 3” E
of the Greenwich meridian. The study area is an average about
51.2 meters above mean sea level, with the area around 458.5
km?. Qaemshahr has 17.7 Celsius mean yearly temperature, 621.5
millimeter sum of yearly rain, and 79 percent mean relative
humidity [16]. According to the 2011 census, population of the
study area is more than 320,741 people containing 10 percent of
the province population, in which 203,741 people live in urban
areas and 117,000 people live in rural areas [16]. The study area is
composed of two towns including Qaemshahr (in the central part)
and Kiakola (in the northern part), two sectors, and 165 villages
[17]. Qaemshahr has a prominent position in the province because
it is just 260 km away from the capital city (i.e. Tehran) and is
connected to Tehran by rail and road links. Figure 1 shows
location of Qaemshabhr city, Iran.
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Figure 1 Location of the study area (Qaemshahr, Iran)

2.2 Data collection

Two scenes of ASTER Level-1B data acquired on 27 May 2010
and one scene of Landsat-5 TM image acquired on 7 August
2010; all obtained from the US Geological Survey Global
Visualization Viewer (http:/glovis.usgs.gov/) are used as input
satellite data in this study. The ASTER images are then
mosaicked in order to cover the entire study area. Landsat
imagery is used in this study to fulfill the lack of blue and
shortwave infrared bands of ASTER data. The satellite images are
used to provide some of the required layers in site selection
process, including water bodies, built-up areas, forests, roads, and
slope.

In addition, topographic map, geological map, GPS data, and
GIS data are used to provide the other required input layers. The
topographic and geology maps of the study area were obtained
from National Geographical Organization (NGO) of Iran. These
maps are used to extract various layers through on-screen
digitizing. Moreover, field observation was employed using GPS
technology to collect locations of various factors including
medical, education and military centers, aqueduct, villages,
concrete, asphalt, cement, casting, abattoir and cemetery factories,
waste accumulation, waste water treatment, as input data for food
industry site selection.

2.3 Preparation of the Input Layers

The required layers are defined according to the criteria for food
industry site selection. The required data were acquired through
various sources as follows:

2.3.1 Image Processing

The remote sensing based data were obtained using satellite-
derived indexes, Digital Elevation Model (DEM), and LOC-Road
methods. The built-up areas, water bodies, and broadleaf forests
layers were obtained through the calculation of Normalized
Difference Built-up Index (NDBI), Normalized Difference Water
Index (NDWI), and Normalized Difference Vegetation Index
(NDVI), respectively. The slope layer was obtained from a digital
elevation model of the study area which was created using
ASTER stereo imagery. The stereo pair bands of ASTER imagery
(3N and 3B) are capable of creating absolute DEM using defined
ground control points. The processing procedures to generated
ASTER DEM include: input stereo images pair, defining GCPs,
defining tie points, calculating epipolar geometry and images,
specifying DEM output projection parameters, specifying DEM
extraction parameters, and creating the DEM. Using the ArcGIS
software, the slope layer was derived from the generated ASTER
DEM.

The main roads in the study area were extracted using Lines
of Communication (LOC)-Roads technique. The LOC-Roads
algorithm, streamlines spectral processing for mapping road lines
of communication (LOCs) using multispectral data. To perform
LOC-Roads to extract the main roads, a multispectral image
containing Red, Green, Blue, and Near IR bands is required. In
this study, a layer stacked image containing the ASTER Red,
ASTER Green, ASTER NIR, and Landsat Blue bands was used
for this purpose. To perform the LOC-Roads method, supervised
technique using selected ROI was applied, and spectral matching,
principal component, and red soil were selected as spectral
processing parameters. The output image was a black and white
image which enhanced the roads for purpose of digitizing the
main roads.
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2.3.2 GPS Source

Some of the required data such as the locations of educational
centers, medical centers, military centers, villages, castings,
abattoirs, cemeteries, Aqueduct, waste accumulation centers,
waste water treatment, and concrete, Asphalt, and cement
factories were collected through GPS survey in the study area.
The GPS collected points were then imported to ArcGIS
environment to prepare the layers.

2.3.3 Official Source

The topographic and geological maps of the study area were
collected from National Geographical Organization (NGO) of
Iran. These maps were used to extract some of the required layers
including railway, river, tectonic, and fault layers through on-
screen digitizing.

2.4 Distancing Based on Criteria

Distancing for each layer was implemented using Euclidean
(straight-line) Distance tools in ArcGIS Spatial Analyst, based on
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the criteria defined for food industry site selection in Iran (as
presented in Table 1).

2.5 Weighted Overlay

Since the input layers are in different numbering systems with
different ranges, to combine them in a single analysis, each cell
for each criterion must be reclassified [18]. To do so, first the
distanced layers were reclassified into two classes: allowed and
not-allowed. Equal influence was defined for input raster layers.
The obtained maps were then aggregated to generate the final
suitability map and finally the suitable sites have been
determined.

2.6 Validation of the Results on Map Suitability

In order to evaluate the accuracy of results of map suitability, an
investigation was conducted via field work and experts input
study. The experts have been invited from Department of
Environment and Ministry of Agricultural Jihad, Mazandaran city,
Iran. Total 20 random samples have been selected within the
study area. The applicability of food industries settlement has
been also investigated.

Table 1 The criteria for food industry site selection in Iran

Criteria Distances from place (m)

Places and facilities > > > > > > 8
= o o o o o o =
€ g+ | 8N | 8> | Y | 80 | Z° |3

< I I I I 5] 2]
o (&) (&) o o (8]
1 settlements Provincial centers - 500 1000 1500 2000 2500 *
(last of residence)
2 City centers - 250 500 1000 1500 2000 *
(last of residence)
3 City - 200 500 1000 1500 2000 *
4 Village - 200 500 750 1000 1500 *
5 Medical and education centers - 200 500 750 1000 1500 *
6 Military centers 50 200 500 750 1000 1500
7 National park- Water body (pond-Lake) -Forest 150 150 500 1000 1500 2000 *
8 Wildlife refuge-protected area - 150 200 250 500 1000 *
9 Permanent river of non-potable 100 100 150 150 250 500 *
10 Permanent river of potable 150 150 500 1000 1500 2000 *
11 Drinking water wells-agriculture- aqueducts 50 50 150 200 250 500 *
12 Cement plants, sand preparation, asphalt, 3000 *

Isogum
13 First degree pollutants: poultry- cattle farms- 1000 **

traditional slaughterhouses- chalk and lime

plants- accumulation of garbage or manure-

tanned- leather and wastewater treatment
14 Secondary pollutants include: casting- mosaics 250 ol

and ceramics- cemetery- industrial abattoir
15 villages that somehow have livestock- 500 ol

traditional poultry farming buildings
16 On a 100-year flood pass away Not located **
17 Fault 200 il
18 Main Road 100 el
19 Railway 100 faieied
20 Slope 10% faieied

Note: * Iran Department of Environment, ** Iran Food and Drug organization, ***Iran Construction Engineering Organization

3.0 RESULTS AND DISCUSSION

To identify the potential areas for food industries in the study
area, the required data were collected, the criteria for food
industry were defined, the layers were prepared, and finally using
the adopted overlay method the suitability map was generated.

Figure 2 shows the final suitability map for food industries
generated using weighted overlay method.

In the generated map, the areas highlighted by red color are
the suitable locations for establishing food industries in the study
area. To determine the optimum sites for food industries, the
generated suitability map was converted to polygon. Therefore,
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several polygons/sites were identified in the study area suitable
for food industries. The area of each site was then calculated, as
presented in Table 2. The results showed that a total of 172 sites
are suitable for establishing food industries in the study area,
while the biggest and smallest sites are 31146793 m? and 8765
m?, respectively.

To evaluate the accuracy of the achieved results, a total of 20
sample points were randomly selected within the study area. The
selected points were then sent to the Ministry of Agriculture Jihad
(Mazandaran branch) to assess whether they are allowed for food
industries or restricted. The inquiry results were then compared
with the site selection results achieved in this. The results are
presented in Table 3.

The results showed that there is 90% (18 points) similarity
between the reference inquiry and weighted overlay outcomes.
The results indicated high accuracy of the food industry site
selection model generated in this study. This model could be
useful for future food industry plans in Qaemshahr city, Iran.
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Figure 2 The suitability map for food industries in the study area

4.0 CONCLUSION

The study determined the optimum locations for establishing food
industries in Qaemshahr city, Iran. The required data were
acquired through satellite image processing, global positioning
system, and geographical information system. To conduct the site
selection procedure, first the criteria of establishing the food
industries in the study area were identified, and then, the
corresponding maps were prepared in ArcGIS environment.
Secondly, the weighted overlay method was employed to develop
an up-to-date geodatabase providing the potential areas for
establishing food industries to assist urban development in
Qaemshahr city, Iran. The weighted overlay method was

employed to generate the final map of food industries site
identification. Accuracy assessment analysis demonstrated
validity of the output sites for food industries settlement in the
study area. The study concluded that the identified sites for food
industries are reliable and could be used for future food industry
plans in Qaemshahr city, Iran.

Table 3 Validation of the selected sample points

Sample No. Field work & expert ideas Weighted overlay
1 Allowed v
2 Restricted v
3 Allowed v
4 Restricted v
5 Allowed v
6 Restricted v
7 Restricted v
8 Restricted X
9 Allowed v
10 Allowed v
11 Restricted v
12 Restricted v
13 Allowed x
14 Restricted v
15 Allowed v
16 Allowed v
17 Allowed v
18 Allowed v
19 Allowed v
20 Restricted v
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Num. Area (m?) Num. Area (m?) Num. Area (m?) Num. Area (m?)
39 18475.36 82 18688.22 125 1444155 168 215209.6
40 9472247 83 18475.26 126 9370.83 169 36775.29
41 59771.52 84 9370.83 127 32426.01 170 9370.83
42 9370.83 85 6883768 128 18688.22 171 9370.83
43 475565.1 86 9370.83 129 18475.26 172 9370.834
Counted sites 172 Sum area (m?) 116267775.597057
Max. area (m?) 31146793 Min. area (m?) 8764.929




