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Abstract 

Special Economic Zones (SEZs) are areas controlled by specific legislations so as to 
attain economic prosperity. These zones are commonly established and controlled by 
government officials and are primarily characterized by growing population and developing 
transport infrastructure. One relevant case is the Pars Special Economic Energy Zone 
(PSEEZ) situated in the south of Iran, on the northern shores of the Persian Gulf. This 
particular zone has been formed to extract, refine, and export gas. The coast of the Persian 
Gulf has brought on further expansions in sea transportation, thereby increasing shipping 
activities in the area. The chief mode of shipping goods and materials in the PSEEZ is 
Maritime transportation. Identification of areas where traffic is carried out requires the 
collection of spatial data of ships. These spatial data are utilized in several applications for 
modeling of marine ecosystem. The central purpose of this research is to procure spatial 
data required for the PSEEZ using optical remote sensing images. Thus, Landsat-8 and 
Sentinel-2 images spanning from 2013 to 2018 were incorporated to identify ships in the 
study area. The threshold-based method was implemented for detecting the ships using 
infrared bands of 172 images, upon which a total of 3361 ships were identified. The map of 
areas affected by ship traffic was prepared using Hot Spot analysis. The results specify that 
more than 80 square kilometers of the marine environment has been affected by ship traffic 
during the years 2013- 2018. 
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Introduction 
Special Economic Zones (SEZs) are set up 
by governments to support economic 
activities. Establishing international trades, 
producing goods, transferring technology, 
generating productive employment, and 
encouraging domestic and foreign 
investment are the major reasons behind the 
creation of these areas (Hejazi et al., 2015). 
The Pars Special Economic Energy Zone 
(PSEEZ) of southern Iran is a prime 
example of such areas, which has recently 
become a national and transnational zone. 
A variety of activities take place in the area 
such as extraction, exploitation, refinement 

and export of gas (Talebian et al., 2008). 
The development of the PSEEZ has 
engendered further operations including the 
establishment and construction of 
petrochemical refineries, followed by the 
attraction of population and development of 
transportation infrastructures in the region 
(Figure 1). The location of the PSEEZ 
along the Persian Gulf coast and its access 
to free waters provide context for the 
development of maritime transportation 
(Chengjin et al., 2018). This mode of 
transportation is commonly used for the 
transportation of goods and materials in the 
PSEEZ. 

  

 
 

Figure 1. Establishment of the PSEEZ and the development of its related infrastructure 
 

Disregard of ecological rules and 
regulations in the development of harbors 
and ship traffic are bound to affect marine 
ecosystems (Wei et al., 2018). The major 
problems with ship traffic are air, noise and 
oil pollution. Waste, sewage drainage, 
ballast water, toxic substances are among 
other predicaments that can be mentioned 
(Andersson et al., 2016; Peng et al., 2015). 
An example of the impacts of ship traffic in 
the study area is the rather high 
concentration of heavy metals in waters of 
this region (Dobaradaran et al., 2018). Ships, 
in particular tankers, discharge ballast water 
when entering the area in accordance with 
sea safety regulations. The literature shows 
that in the long run, ballast water can and 
will most likely change the quality of 
chemicals in marine environments, while 
also affecting human health and the marine 
ecosystem. The subsequent entry of invasive 
species inflicts heavy damages to sensitive 
coastal and marine ecosystems. Therefore, 

permanent monitoring and ballast water 
treatment before discharge are crucial to the 
preservation of marine environmental health. 

In order to locate areas affected by ships, 
spatial and temporal traffic information must 
be acquired and extracted so as to generate a 
map of affected zones. In addition to 
modelling the marine ecosystems, the map 
could be employed in a wide range of 
applications including sea safety, marine 
spatial planning, illegal fishing management, 
marine defense security, piracy, 
unauthorized immigration and control of 
borders (Kanjir et al., 2018). Remote sensing 
is one of the most valuable tools for ship 
detection and identification which grants the 
user access to several features including 
global coverage, appropriate spatial and 
temporal resolution as well as easy and free 
access to a large corpus of data (Marino et 
al., 2015; Ouellette and Getinet, 2016; 
Cozzolino and Lasta, 2016). Although 
Synthetic Aperture Radar (SAR) data is still 
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the leading technology for ship detection, 
optical remote sensing images are rapidly 
becoming famous. The ongoing 
developments and advancements in the 
temporal resolution of optical images have 
encouraged the prevalent use of optical 
images as a means of ship detection (Kanjir 
et al., 2018). Various image datasets have 
emerged in this regard, the most notable of 
which are the Landsat-8 and Sentinel-2 
images, which have significant potential for 
ship detection applications (Wang et al., 
2017). 

The purpose of this research is to detect 
ships in the PSEEZ to provide a map of 

areas affected by ship traffic using remote 
sensing data (Landsat-8 and Sentinel-2) for 
a period of 5 years from 2013 to 2018. 
 
Materials  
Study area 

PSEEZ is the largest special economic-
led zone for oil, gas and petrochemical 
industries throughout the world (Figure 2). 
The area was established in 1998 to extract 
oil and gas resources from the South Pars 
field and carry out economic activities in 
the city of Asaluyeh, Bushehr Province 
(PSEEZ, 2018).  

 

 
Figure 2. The study area (PSEEZ), and infrastructure of the PSEEZ before its establishment in 1986 and 
after its establishment in 2018 

 
In the past, the inhabitants primarily 

resorted to fisheries and agricultural 
activities as their main source of income, 
however, the area is now surrounded by a 
large number of oil and gas factories or 
industrial facilities. The region, extending 
to 22,500 hectares in area, was tagged as 
the Nayband protected area in 1978. The 
Nayband protected area, along with parts of 

Persian Gulf, with an approximate area of 
49815 ha, were registered as the first 
Iranian Marine National Park in 2003 (Owfi 
and Owfi, 2018). The presence of coral 
reefs, mangrove forests, rocky beaches, and 
real estuaries make this area one of the 
most diverse and beautiful coastal 
ecosystems in the world. The area also 
enjoys a variety of aquatic species, marine 
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mammals such as dolphins and whales, 
endangered reptiles, such as the green and 
eagle tip turtle and different kinds of 
aquatic birds (Zahed et al., 2010; Owfi and 
Owfi, 2018).  

Based on the findings of surveys, the 
Nayband area is in several ways exposed to 
the threat of oil and gas contaminants 
(Dialogue and Development in Iran, 2013). 
Most of these threats are from maritime 
transportation in the PSEEZ, including the 
Pars port complex and the transit route of 
oil tankers, which upon passing the Strait of 
Hormuz make way towards Lavan Island, 
Asalouyeh, Bandar Taheri, Kharg Island, 
Khuzestan oil fields and in general the 
Persian Gulf oil fields. Experiences from 
innumerable parts of the world has shown 
that such cases are bound to occur as the 
universal effects of the development of oil 
and gas industries. In the absence of proper 
management, this could lead to long-term 
negative impacts on the animal and plant 
communities and the surrounding natural 
settings. Therefore, the establishment of 
effective systems for monitoring and 
controlling the status of the region in 
different environmental dimensions is of 
utmost importance (Torkianfar et al., 2010).  

The present study investigates 200,000 
hectares (2000 square kilometers) of the 
Persian Gulf area, considered to be Iran's 
territorial waters, as well as the Southern 
PSEEZ.  

 
Data Sources 
A total of 27 images from Landsat-4 and 5 
were used to assess the status of ship traffic 
prior to the establishment of the PSEEZ, 
and afterwards, ship traffic routes in the 
PSEEZ from 2013 to 2018 were determined 
using 172 Landsat-8 and Sentinel-2 images. 
Landsat-8 has 11 spectral bands that cover 
the range of visible to infrared thermal 
wavelengths. The visible, infrared, and 

short-wave infrared ranges include 8 bands 
with a resolution of 30 meters. Two thermal 
infrared bands have a spatial resolution of 
100 meters, which were resampled to 30 
meters. The Landsat-8 Panchromatic Band 
with a resolution of 15 meters was obtained 
with the aim of improving the quality and 
quantity of visible bands (NASA, 2017). 

The European Space Agency's 
Copernicus program, aiming to produce 
consistent and high quality ground 
observation data on a global scale has 
launched a new family of earth observation 
satellites called the Sentinel (Castro 
Gomez, 2017). Each Sentinel satellite has at 
least two satellites with full coverage of 
Earth, which provides the required data for 
the Copernicus program. Sentinel-2 is one 
of the multispectral satellites of this 
program, which covers visible, near-
infrared, and short-wave infrared ranges 
with 13 bands, 4 with a resolution of 10 m, 
6 with a resolution of 20 m, and the 
remaining 3 bands with a resolution of 60 
m (ESA 2017). Landsat 8 has a 16-day 
revisit time, whereas the Sentinel-2A & 2B 
have a combined 5-day revisit time (Li and 
Roy, 2017). 

Figure 3 shows an example of a ship 
detected by these images. The figure 
represents a ship in the study area and 
includes the true color combination (bands 
2, 3, 4) and the infrared band from both 
satellites (spatial resolution of Sentinel-2 
and Landsat-8 is 10 and 30 m respectively). 
Also, the panchromatic band and the true 
color combination (bands 2, 3, 4) were 
integrated with Landsat-8 panchromatic 
bands in order to improve the pixels of 
visible bands of Landsat-8 from 30 meters 
to 15 meters. The figure clearly shows the 
difference between Landsat-8 and Sentinel-
2 for the detection of ships. The two 
satellites receive 7 to 8 images per month 
from the entire study area. 
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Figure 3. An example of a ship from the images of Sentinel-2 and Landsat 8, received on 2016.02.15 
from the study area. a: True color combination (4, 3, 2) of Sentinel-2 with a resolution of 10 meters; b: 
near-infrared (Band 8) of Sentinel-2 with a resolution of 10 meters; c: True color combination (bands 4,3, 
2) of Landsat-8 with a resolution of 30 m; d: near-infrared (band 5) of Landsat-8 with a resolution of 30 
meters; e: True color combination (Landscape 4-band 4) of Landsat-8 combined with Landsat-8 
panchromatic band to improve spatial resolution from 30 meters to 15 meters; f: Landsat-8 panchromatic 
band with a resolution of 15 meters 
 
Methods 
The present study sought to use the most 
common methods for identifying ships 
based on satellite imagery, primarily due to 
the fact that ships are brighter than their 
surroundings. The threshold method, as one 
of the classic and widely used methods for 
identifying ships, divides the image into 
pieces based on the threshold value selected 
on the histogram. This method is 
particularly suitable for situations with 
smooth sea levels or high contrast between 
ship targets and sea background. The 
threshold was selected experimentally 
(Kanjir et al., 2018). After comparing 
Landsat-8 and Sentinel-2 bands, the near-
infrared band (Landsat-8 band 5 and 
Sentinel-2 band 8) was selected for ship 
detection using the threshold method. The 

next stage was to recognize whether the 
object was a ship or not. This step aims to 
remove the misclassified items obtained 
from the previous step (Bi et al., 2010). 
One common manner by which researchers 
identify misclassified items is the use of 
geometric characteristics such as size 
(length, width, and length to width ratio) or 
a combination of spectral and geometric 
properties (Kanjir et al., 2014; Kanjir et al., 
2018). The present study employed 
geometric characteristics to make the final 
decision in detecting ships. Ultimately, the 
identified ships were visually controlled 
and evaluated. 

Hotspot analysis was used to determine 
the areas affected by ship traffic in GIS 
environment (Zhang et al., 2017). To 
conduct this analysis on ships identified 
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from satellite imagery, the study area was 
divided into 400 × 400 meters nets of 
rectangular cells (Fishnet), wherein the 
number of ships identified in each net was 
connected to its attribute value. This 
analysis considers each net along with its 
neighboring nodes. If a net has high values, 
it is deemed to be important, otherwise it 
may not be statistically significant to be 
leveled as a hot spot. In order to be 
considered a hot spot and statistically 
significant, both the net and its neighbors 
must have high values (Huang et al., 2013). 
Hot Spot analysis calculates the Getis-Ord 
Gi statistic for all nets using Equation 1 (Yu 
and Yi, 2014; Yunus et al., 2015; Yingjie et 
al., 2017): 

)1( 

퐺∗ =
∑ 푤 , ∗ 푥 − 푋 ∗ ∑ 푤 ,

푆 ∗
푛∑ 푤 , − ∑ 푤 ,

푛 − 1

 

where n is the total number of nets, 푥  is the 
attribute value for 푗 and 푤 ,  is the spatial 
weight between 푖 and	푗. 푋 , and 푆 are 
calculated according to Equations 2 and 3: 
 

푋 =
∑

                                                (2)  
 

(3) 

푆 =
∑

− (푋)                  
 
Results and Discussion 
Following the separation of sea from land 
and the removal of clouds from all images, 
the threshold method was applied. No ships 

were detected in the 27 images from 1987, 
1990, and 1991, prior to the establishment 
of the PSEEZ. Subsequently, the threshold 
method was applied to 172 images from 
2013 to 2018, after the establishment of the 
PSEEZ, and the results are presented in 
Figure 4. The results (Table 1 and Figure 6) 
show an increase in the presence of ships 
from 2013 to 2016 from an average of 15 
ships per image to 31 ships. The increase 
peaked in 2016. A significant drop is seen 
in the presence of ships in the studied area 
in 2017 and 2018 (an average of 14 and 11 
ships per image). During these years the 
presence of ships in the east of the study 
area and near the Nayband bay had 
increased. Furthermore, surfaces affected 
by the traffic of ships were determined by 
analyzing hot spots on identified ships 
(Figure 5). The results (Table 1 and Figure 
6) indicate that more than 80 square 
kilometers of the study area is affected by 
the traffic of each ship per year. 

The largest affected areas in 2014, 2018, 
2016, and 2017 were 140, 136.48, 117.28 
and 100.96 square kilometers, respectively. 
Also, the lowest affected areas in 2013 and 
2015 were 80.48 and 93.12 square 
kilometers, respectively. These results were 
obtained at 90, 95, and 99 percent 
confidence intervals. Taking into account 
the ships identified during the entire period 
from 2013-2018, approximately 144.48 
square kilometers of the study area is 
affected by ship traffic ships, of which 
107.52 square kilometers are within a 99 
percent confidence interval. 

 
Table 1. Results of identified ships and hot spots analysis from 2013 to 2018 

Area of hot 
spots with 

99% 
confidence 

Area of hot 
spots with 

95% 
confidence 

Area of hot 
spots with 

90% 
confidence 

Area of 
hot spots  

Mean 
number of 
ships per 

image 

Number of 
ships 

Number of 
images Year 

34.56 0.32 45.6 80.48 15 218 15 2013 
53.6 0.32 86.08 140 19 330 17 2014 
63.36 0 29.76 93.12 23 586 25 2015 
72.32 15.68 29.28 117.28 31 1255 40 2016 
64.32 0 36.64 100.96 14 658 46 2017 
49.44 0.32 86.72 136.48 11 314 29 2018 

107.52 22.72 14.24 144.48 20 3361 172 All 
(Units for columns 5 to 8: sq. Km) 
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Figure 4. The ships identified using Landsat-8 and Sentinel-2 images from 2013 to 2018 
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Figure 5. Analysis results of hot spots (waters affected by the ship traffic from 2013 to 2018) 
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Figure 6. Results of identified ships and analysis of hot spots from 2013 to 2018 

 
Results indicate a significantly high ship 

traffic in the majority of the study area after 
the establishment of the PSEEZ. The 
amount of traffic versus the capacity of the 
region in producing oil and gas is normal. 
According to the latest report, exports of 
gas condensates and non-oil products of the 
region reached 2 million 684 thousand and 
251 tons (PSEEZ, 2018). The regular 
monitoring of ship traffic and planning of 
transit routes can play a significant role in 
preserving marine ecosystems in the region. 
This research is the first of its kind to focus 
on spatial and temporal distribution of ship 
traffic in the PSEEZ. The majority of 
research solely refer to the pollution caused 
by ships in the region, and thus an 
investigation into the correlation between 
ship traffic and pollution was called for. 
The results of this study reaffirmed the 
efficiency of remote sensing in ship 
identification, however, certain limitations 
were also identified. One of the limitations 
of using remote sensing data in this study 
was the lack of access to images that cover 
all the days of the year for the given period. 
This could be resolved to a great extent by 
combining data from different sensors and 
increasing the number of remote sensing 
satellites. Other notable constraints include 
the dependence of optical remote sensing 
images on atmospheric conditions. This 
limitation can also be solved by using radar 
data along with optical data. The visual 
control and evaluation of ships identified 

using the threshold method increased the 
time needed to prepare a spatial database. 
By providing automatic detection systems 
for ships, it is possible to reduce the time 
needed to prepare a database and perform 
on-time analysis. 
 
Conclusion 
The results of our research indicate that 
remote sensing images are effective in 
identifying ships using GIS for spatial 
analysis. Certain directions for future 
research are as follows: 

Since the impact of ships on marine 
ecosystem varies according to the type of 
ship (cargo, tanker, passenger, and fishing), 
it is suggested that future investigations 
identify ships based on type and incorporate 
relevant spatial analyses in GIS. 

We recommended that in future, studies 
focus on using Sentinel-1 radar images 
alongside Landsat-8 and Sentinel-2 data. 
These data are the latest radar images for 
remote sensing applications that provide C 
band images during day and night and in 
various weather conditions. Independence 
from atmospheric conditions is one of the 
benefits of Sentinel-1 radar data, compared 
to Landsat-8 and Sentinel-2 optical images. 
In addition, the use of Sentinel-1 images 
will increase the number of available 
images from 8 to 13 images per month.  

It is also recommended that the results 
of this research be used to identify the 
impact of ships on biodiversity as an 
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ecosystem service. By providing a 
biodiversity map, it is possible to determine 
the extent of the impact of ship traffic and 
in turn take measures to preserve various 
species in the study area. 
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