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Abstract: This paper points out the possibilities of better
exploitation of marine traﬃc as well as its connection
with other kinds of traﬃc. Special attention is given to
the analysis of 1,081 harbors about their availability
during the year. The methods and algorithms used in
GIS are buﬀers, cluster, method of interpolations, and
network analysis. The methods used for the purpose
of conducting numerical analyses are algorithms that
served for the analysis of the network, its transport features, and the connectivity with harbors in terms of geospace. The main results found in this research showed
that harbors have good connectivity in the ﬁrst place
with road traﬃc and after that with air and railroad
traﬃc. According to data from 2019, all traﬃc lines cover
4.1 × 1015 km, and the road traﬃc has the most signiﬁcant
potential in connection with the harbors. The most connected

* Corresponding author: Aleksandar Valjarević, Faculty of
Geography, Department of Geospatial and Environmental Science,
University of Belgrade, Studentski Trg 3/III, Belgrade, Serbia,
e-mail: aleksandar.valjarevic@gef.bg.ac.rs
Dragan Radovanović: Faculty of Sciences and Mathematics,
Department of Geography, University of Pristina in Kosovska
Mitrovica, 38220 Kosovska Mitrovica, Serbia,
e-mail: dragan.radovanovic@pr.ac.rs
Svetislav Šoškić: Department of Armaments and Army, Faculty of
Defense, Military Academy, Pavla Jurišića Šturma Street, Number
33, 11000 Belgrade, Serbia, e-mail: cacaksole@yahoo.com
Nikola Bačević: Faculty of Sciences and Mathematics, Department of
Geography, University of Pristina in Kosovska Mitrovica, 38220
Kosovska Mitrovica, Serbia, e-mail: nikola.bacevic@pr.ac.rs
Nikola Milentijević: Faculty of Sciences and Mathematics,
Department of Geography, University of Pristina in Kosovska
Mitrovica, 38220 Kosovska Mitrovica, Serbia,
e-mail: nikola.milentijevic@pr.ac.rs
Jelena Golijanin: Department of Geography, University of East
Sarajevo, Vuka Karadzića 30, 71126, Istočno Sarajevo, Bosnia and
Herzegovina, e-mail: jelenagolijanin@gmail.com
Marko Ivanović: Faculty of Sciences and Mathematics, Department
of Geography, University of Pristina in Kosovska Mitrovica, 38220
Kosovska Mitrovica, Serbia, e-mail: marko.ivanovic@pr.ac.rs
Open Access. © 2021 Aleksandar Valjarević et al., published by De Gruyter.
International License.

harbors and airports are in the east coast of North America,
west coast, north Europe, southern Europe, south-east
Australia, a central part of Oceania, and south-east Africa.
The results in the modiﬁed Likert scale between airports
and harbors showed medium results. The densest road
network is located in the eastern part of USA, western
and central part of Europe, and east coast of China. The
number of possible connected lines between main road
nodes and harbors is 0.8 × 109. This type of traﬃc showed
excellent results and connection with harbors. The number
of possible connected lines per month between railroads
and harbors is 1.3 × 103. This type of traﬃc showed low
connectivity with the harbors. In the end comparison of
harbors with air, road and railroad networks were established. The geographical position of harbors was analyzed,
and better understanding was performed on a global scale.
Keywords: harbors, traﬃc, geographical position, mapping,
GIS analysis, nodes, network properties

1 Introduction
The position of the harbors, along with the inﬂuence of
anthropogenic and natural factors, may be of great signiﬁcance for the further development of marine traﬃc.
The analysis of regions about cargo traﬃc sets a good
example of how global marrine traﬃc should be treated [1].
The application of two algorithms such as Infomap and
Walktrap could explain the interaction between the city
harbors and the cities by means of road and railroad networks [2]. Geoinformatics and the application of GIS could
be the new approach to study more eﬃcient exploitation of
harbors. India, which is becoming one of the leading world
economies, will be strongly oriented to the exploitation of the
sea harbors. This study has shown that by means of the
analysis of the main export harbors as well as by the analysis
of container export in the USA, it is possible to deﬁne the
advantages and disadvantages of the harbors themselves [3].
In the last decades, the ports in the hugely populated
areas have developed large cities. These cities are called
This work is licensed under the Creative Commons Attribution 4.0
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hub cities because the development of ports aﬀected the
development of cities. Agglomerations and humankind
itself move to shorelines of the world seas. At the same
time, traﬃc was concentrated in these hub cities [4]. Port
cities are some of the most economically strong and competitive cities in the world. However, a weakening of the
ties between ports and cities has been identiﬁed over
recent decades. This situation includes a very poor connection between ports and periphery regions close to
ports. This region may be divided into three belts: ﬁrst
is the central area of port, second is the suburban part of
the city, and third is the urban part of the city. Only ports
(harbors) with good traﬃc and eﬀective routes can be
enough exploited [5]. A port-city system is a complex
and integral system, and it can be simulated by the
system dynamic method, which is used to solve nonlinear
problems. In that sense, it is important to include numerical and geostatistical methods and procedures. In the
ports area the development industry will have crucial
importance in future, because of low cost of transport.
To analyze better insights of ports, it is necessary to know
better shorelines and their properties. The shoreline position is diﬃcult to predict but the trend of erosion or accretion
can be determined by the use of Geographical Information Systems and with Remote Sensing techniques.
Landsat series of satellite recordings within the diﬀerent
periods may be of crucial importance in determining relationships between ports and shoreline belts. The use of
GIS after Remote Sensing analysis gives the ﬁnal estimation of the geographical position of the ports [6]. In recent
times, shoreline is one of the rapidly changing landforms
in the coastal area. Multi-date satellite data of Indian
Remote Sensing (IRS) satellites (1999, 2000, 2003, 2005,
and 2006) can be used to extract the shorelines. The
satellite data were processed by using the ERDAS IMAGINE 9.1 software and analyzed by ArcGIS 9.2. In this
investigation, GIS was crucial for the estimation of ports
and shorelines in subtropical India [7]. The ordinary GIS
technics used in ports (harbors) analysis are Kriging and
Semi-kriging, methods of selective interpolations, interpolations, buﬀer, zonal statistics, and numerical analysis
of network properties. Even with a huge number of presented technics, it is not enough to estimate precise harbor’s importance and properties. The main deﬁciency of
all GIS procedures and methods is in the very low possibility for any prediction. Overall, there is a need for progressing GIS predictive modeling techniques to assess
and link the responses of social and ecological systems
to solutions to support long-term predictions [8].
The ports and roads are very signiﬁcant for the economic development of a country. Using county-level

data, it is possible to analyze the infrastructure of ports
and retail trade sectors. On the other hand, the population in the last centuries has increased constantly. But the
population dispersion is not equal in the space. The most
dense areas are very close to shorelines and ports (harbors). The modern port cities have ﬁve zones: (1) commercial is situated around the city center, (2) transitional
zone with mixed land use, (3) high-income residential
zone with the best amenities, (4) the squatters zone
with the highest population density, and (5) another
squatters zone with the second-highest population density. The other ports may have the same or very similar
belts [9]. With the increase of mapping methods, there
are a lot of possibilities to analyze global zones of density
population. The combination of updated Gridded population of the world and lighted settlement imagery with a
global digital elevation model (DEM) and a high-resolution vector coastline is important in the estimation of
population density near coastal zones. The near-coastal
population within 100 km of a shoreline and 100 m of sea
level was estimated as 1.2 × 109 people with average densities nearly 3 times higher than the global average density [10]. The investigation of maritime transportation
and risk analysis is of high signiﬁcance. In practice, the
ship encounters probability estimates by using traditional observation. All modern vessels have a geographic
information system (GIS) that is based on an intelligent
algorithm. In the mid-western waters of the Bohai Sea in
China, one simulation showed GIS methods and advances
in maritime transport facilities. The ﬁndings showed that
the framework proposed in this paper has the potential to
provide decision support for guiding future marine transportation planning. The GIS and emerging complex system
and simulation technology in the future would be of great
importance [11]. The Bay of Finland and its marine connection with Estonian waters are important for the analysis of ever-increasing cargo traﬃc.
The increased rate of cargo ships from Russia exacerbates the safety of marine traﬃc between these two countries. GIS and the digital analysis of these two countries’
harbors are indicative of their geographical position today
in the increasing traﬃc. Istanbul Harbor, which is one of
the most important harbors in Europe, has very insecure
access. Marine Traﬃc Fast Simulation (MTFTS) special
system needs to determine which positions (points) within
the harbor are the safest for the traﬃc. The system is supported by the Geographical Position System as well as by
the system of digital mapping [12]. Concerning the everincreasing marine circulation, coastal parts of China are
under immense pressure. Numerous systems use the analysis of all harbor positions in China. The analysis named
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Formal Safety Assessment (FSA) has delivered surprising
results, stating that the largest Chinese harbors (geographical position) do not have a good position when compared to other means of transport. The analyses used
progressive GIS methods [2]. Various world harbors are
located in inaccessible places, and they are not connected
with other important traﬃc points. The geographical position of various harbors has retained the 18th- and 19thcentury positions. In the past, there was less traﬃc both in
terms of the passengers and in terms of the cargo [13]. The
Automatic Identiﬁcation System (AIS) has been applied
to various countries of the world with big busy harbors.
The Portuguese coastal Vessel Traﬃc Service (VTS) using
digital and GIS analyses investigates the position of vessels and the geographical position of the harbor itself to
avoid collision [14]. Europe represents one of the cradles of
civilization, its position may be considered to be a metageographical space. A special analysis of harbor connection within the European continent deﬁnes a new macroregion that occupies a speciﬁc place in the marine traﬃc of
the world. To investigate Europe and its marine position as
well as its harbors, it is vital for the global, regional, and
local levels to be investigated. Globally, Europe can be
observed as a trial harbor or as a system of hundreds of
harbors. The regional level of observation is analyzed
through a scale view of harbors and their connection
with diﬀerent ways of traﬃc. Every harbor has a local,
national, and transnational economy. This quantitative
and qualitative approach will give way to a better insight
into the geographical position of the European marine
harbors [15]. Estuarine and coastal belts are dramatically
accelerated over the past 150–300 years. Human impacts
will be dangerous for humans themselves. Coastlines must
be preserved, and new harbors must be established very
soon. Thus, new geographical locations are ﬁrst placed in
this procedure. Because to ﬁnd a precise and safe place is
of most importance and depends on digital measurements
[16]. There have been enormous concerns about the consequences of human population growth for the environment
and for the social and economic development, especially
in the belts close to the world seas. The research shows
that there is a 60% probability that the world’s population will not exceed 10 billion inhabitants before 2100.
For diﬀerent regions, the date and size of the peak population will vary considerably. The most vulnerable regions
are in the Paciﬁc and Atlantic oceans [17].
Two geographic regions, China and Europe, have
big domestic movement and international shipments in
marine traﬃc. With the help of Infomap and Walktrap
algorithms, it is possible to detect structural equivalence
between shipments from hinterland cities to port cities.
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The network in the geographical context between main
ports is asymmetric [18]. Global shipping network is considering stop locations as nodes and journeys between
nodes as links. This approach generates diﬀerent levels
of shipping networks from the terminal, port, and country
levels. It is illustrated by a case study that extracts
country, port, and terminal level Global Container Shipping Networks (GCSN) from AIS trajectories of more than
4,000 container ships in 2015 [2]. In this research, we are
trying to ﬁnd patterns between main harbors across the
world and roads, railroads, and density of population.
GIS (Geographical Information Systems), database, and
numerical analysis may be useful for establishing and
estimating harbors and their geographical positions. Geographical locations are very important for many transport
systems and vehicles. To know the geographical locations of harbors is to know the potential of maritime
traﬃc. This paper shows the importance of the distribution of harbors in the world and their advantages and
disadvantages. In this paper, four methods of GIS (interpolation, buﬀer, network analysis, zonal statistics), four
types of traﬃc (air, road, railway, and marine), and density of population were included in the estimation of the
geographical position of the harbors. This paper gives us
the main answer about the geographical position of the
large harbors in the world but in a geographical sense. In
the end, numerical analysis together with geographical
analysis is of importance for estimating the locations of
1,081 harbors [19].

2 Materials and methods
Data for estimating network properties were in csv format
or (Comma Delimited File Extension). The total number
of harbors investigated in this research is 1,081 [20].
The main data in shape format were downloaded from
the open-source database called Natural Earth (https://
www.naturalearthdata.com/); this database has numerous
types of data. From this database, we have downloaded
population density on a global scale. This density was at
10 m of resolution. The data of airplane lines were used
from the oﬃcial page of International Air Transport Associations (IATA). This database has two main types of data:
the data of nodes (airports) and the data of links (connection) between airports. With the help of spatial information tools such as GIS and algorithms used in this research,
the distribution of harbor was determined on a global
scale. The analysis of traﬃc networks of airplane lines
was analyzed in open-source software Gephi 0.9.2. This
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open-source software is very useful and easy to manipulate. For each traﬃc network, the modiﬁed and adapted
Likert scale in QGIS and GRASS-GIS were applied. The
results are between 0.1 (the lowest result) and 1.0 (the
best result). The Likert scale usually has ﬁve kinds of
answers. In this research, we used four types of traﬃc
connection or answers to the very bad, bad, good, and
excellent connection. This scale is modiﬁed to very low,
low, moderate, and high traﬃc connections. This analysis
of network properties and threshold ring analysis is usually
used for very similar calculations [15,21].
Three types of buﬀers were used for the analysis of
railroads and roads. These buﬀers have a radius of 50,
100, and 200 km. Circular buﬀers of 50, 100, and 200 km
are used for the analysis of ports. Three belts used in this
research show close, medium, and far points from the
harbors. The correlation method was used to analyze
and calibrate buﬀer properties. Two types of values are
a and b, while r is the coeﬃcient of correlation between a
and b. The value of r can vary between −1 and +1, where
r = 1 indicates that an increase in a is associated with
a corresponding increase in b, r = −1 indicates that an
increase in a is associated with a corresponding decrease
in b, and r = 0 indicates the absence of a predictable
relationship. As well when r has a value of 0, buﬀer
does not exist. When the value of r is +1, buﬀer increases,
and when the value of r is −1, buﬀer decreases. The main
formula used for this purpose is as follows (equation 1):

r=

∑ni = 1 (ai − a¯ )(bi − b¯ )
∑ni = 1 (ai − b¯ )2 × ∑ni = 1 (ai − b¯ )2

,

(1)

where the value r is a summary measure relating to an
entire set of paired observations. In this research, the r
varied between 0.2, 0.4, and 0.7 [22]. As pointed out by
[23], spatial models are fundamental tools to statistically
investigate the geographic dispersion. The analyzed data
for this study included air, railway, marine, and road
traﬃc. In the QGIS 3.12, we have downloaded points
of population density, which represent a real situation
of the population according to the situation from 2019
[24]. After that, we were interpolated data and estimated
population density into ﬁve belts. The ﬁrst belt has a
population of <100 inhabitants per 1 km2; the second
belt covers a density of population between 150 and
250; the third belt covers a density of population between
250 and 350; the fourth belt covers a density of population between 350 and 450, and ﬁfth belt covers a density
of population >450 inhabitants. With the methods such
as interpolations and inverse distance weight algorithms,
we have found the properties of the population in the

world (see Figure 1). The data of roads and railroads
were used and supported by the georeferenced shape
ﬁle extension. Another free of source software used in
this research is SAGA (System for Automated Geoscientiﬁc Analysis). Using this software, we have analyzed
interpolation results and the accuracy of the Djcastra
algorithm and network properties [25]. To estimate complete roads in the world, we downloaded additional ﬁles
for roads in the United States and South America. This
shape has 1 m of resolution. In hope that data must be
proven, we used old and new nautical maps to check the
position of the harbors. Also, we used analog maps that
present the density of the population. For all networks,
we checked the other properties: mobility, connectivity,
accessibility, modularity, centrality, and clustering coefﬁcient. Using the software QGIS 3.12.3, we determined the
threshold of calculations by using MMQGIS algorithms.
The scale varied within the range of 0.1–0.2 as low connectivity, 0.3–0.7 as medium, and 0.7–1.0 as high. [26]. Modularity is a very speciﬁc unit and presents a real connection
of some type of network with other types of networks.
Using the methods of interpolation and buﬀer analysis, we obtained the belts which marked the length, i.e.,
the areas of 50, 100, and 200 km inland. The method of
buﬀer analysis minimizes the estimation error. This way,
the average population density is selected which gravitates
around world harbors. In a similar way, using the methods
of systematic GIS analysis, we obtained a complete image
of 1,081 harbors connectivity with three modes of traﬃc
and a population density that gravitates toward the coastlines. Finally, to test the the method in this work, the
following procedures are introduced.
The ﬁrst one concerns the determination of gravitational harbor nodes and their inﬂuence on geospace up
to 50, 100, and 200 km. The second one is the determination of geographical position (geographical coordinates) concerning all the harbors examined and
dealt with in this work. The third one is related to the
determination of geographical azimuth and steep angle
expressed in percentage. The geographical method with
the help of GIS analysis has to show the general position
of harbors in the world as well as their connectivity
with means of transport up to 50, 100, and 200 km (see
Figures 1–3).

2.1 GIS and numerical methods
In this research, GIS numerical methods have served as
the basis for analyzing the position of harbors taken

GIS and geographical analysis of the main harbors in the world
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Figure 1: All airline routes in the world in 2019 with most connected harbors.

globally. Data modeling in the GIS environment represents a highly powerful tool for the calculation and analysis of harbor features all over the world. The position of
harbors and their features are compared with the remaining
modes of traﬃc using a precise GIS analysis. The method
serving as support was the Interpolation Method. The software that served the purpose was SAGA. There are other
procedures, algorithms, and methods which could be used
for a similar purpose. The advantage of the Inverse Distance
Algorithm is its minimization of error inside a spatial analysis. This means that the value may increase at a square
distance. Due to the above-mentioned reasons, we have
combined a multiple standard and untypical methods, so
that when we calculate, we can reduce the errors to the
minimum [27,28].
The analytics as well as the entire process is put into
practice with the help of the open-source software. To
determine the features and connectivity of railroad traﬃc
as precisely as possible, in terms of their connectivity
with marine harbors, the sophisticated Gephi 0.9.2. software has been used [29,30]. This software has a wide
spectrum of possibilities since it reads 20 formats of
mainly vector and compression extension. The nodes of
all harbors as well as their networks (graphs) are decoded
and analyzed by means of this software. In this software,
all the available connecting linking points connected to
the stream are analyzed to examine and analyze the
accessibility of railroad and road hubs within the zones
of 20, 50, and 100 km from the coast. With the help of
advanced GIS and inside the QGIS software, we have
initiated a highly precise algorithm or the function
MMGIS. Inside the algorithm, it is possible to execute,
along with the software Gephi 0.9, numerical analyses

of high precision. The most important analysis carried
out is proximity as well as semi-proximity, including
the buﬀer classifying analysis that separates the results
as belts. In total, after the demanding GIS and numerical,
geo-static analysis, more complete data are obtained concerning the position values of world harbors [31].

3 Results and discussion
The results in this research show the maximum and
minimum potential of traﬃc in comparison with harbors.
The red spots present most connected harbors and
airports. From Figure 1, we can see that the east coast
of North America, west coast, north Europe, southern
Europe, south-east Australia, a central part of Oceania,
and south-east Africa have a good connection with harbors from the airplane traﬃc network; it can be seen
that the total path length of all airplane lines in 2019
was 4.1 × 1015 km
The largest number of lines is between America and
Europe (37%), then between Asia and Europe (33%),
North America and South America (11%), Asia and East
Asia (9%), Europe and Africa (5%), and others (5%). The
total number of nodes (airports) is 5,623, and the total
number of edges is 72,406. The results in modiﬁed Likert
scale between airports and harbors are as follows: the
mobility is 0.5; the connectivity is 0.4; the availability
is 0.6; the density of graph which represents direct lines
is 0.001; the modularity is 0.1; the average clustering
coeﬃcient is 0.270; and the centrality is 0.03 (see
Table 1).
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Figure 2: Road network and connect with harbors: (a) belt of the radius of 50 km, (b) belt of the radius of 100 km, and (c) the belt of the
radius of 200 km.

GIS and geographical analysis of the main harbors in the world
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Figure 3: Railroad network and connect with harbors: (a) belt of the radius of 50 km, (b) belt of the radius of 100 km, and (c) the belt of the
radius of 200 km.
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In USA, the biggest node is Atlanta’s airport, in Europe,
the biggest nodes are identiﬁed in the UK (Heathrow), in
Germany (Frankfurt Airport), in the Netherland (Schiphol),
in France (Charles De Gaulle), and in Turkey (New
International Airport). In Central Asia, the biggest nodes
are (Sheremetyevo) in Russia (Beijing Capital International
Airport) and (Shanghai Pudong International Airport) in
China.
The densest road network is located in the eastern
part of USA, western and central part of Europe, and east
coast of China. The road traﬃc network between three
continents, i.e., between North and South America across
Central America is a closed network. The number of possible connected lines between main road nodes and harbors is 0.8 × 109 per month (see Table 2). The roads of
Europe, Asia, and Africa belong to the same closed network. The highest number of possible connected lines per
month is in Europe 1.3 × 108.
The road networks in Australia and East Asia are
isolated. The number of possible connected lines per
month between harbors and road networks in Australia

is 0.4 × 107. In Asia, the number of possible connected
lines per month is 1.2 × 108. In South America, the
number of possible connected lines per month is 0.6 ×
108 (see Table 2).
The railway traﬃc network has the following results:
the mobility is 0.6; the connectivity is 0.3, and the availability is 0.8. The railway graph is relatively less connected in comparison with the road graph. The railway’s
traﬃc network in North America represents the dependency graph. The number of possible connected lines per
month between railroads and harbors is 1.3 × 103.
The railway graph has the following characteristics:
the average modularity is 0.3; the average clustering coefﬁcient is 0.270; and the centrality is 0.04 (see Table 3).
The number of possible connected lines per month in
South America is 0.9 × 102. Europe has the largest railway
network and the number of possible connected lines per
month is 2.8 × 103. In the railways of Asia, the number of
possible connected lines per month is 0.9 × 103 (see
Table 3).
The results of the marine traﬃc network are as
follows: the mobility is 0.2, the connectivity 0.1, and
the availability 0.4. Harbors are highly distributed in
Western Europe and the East of USA. GIS and numerical
analysis have given the results related to the position of
harbors and primary traﬃc features, i.e., mobility, connectivity, availability, density of connected lines, modularity, average clustering, and centrality. In total, the
results of the whole 1,081 harbors are as follows: the
mobility is 0.2; the connectivity is 0.1; the availability is
0.5, the density of connected lines, and the following
ships (Cargo, Tankers, Tugs, Towing, Tugs-towing). The
density of all the given lines according to the 2019 data is
0.0007 per square nautic mile (see Figure 4).
The east coast of the United States of America has
high connectivity and high potential of traﬃc ﬂow with

Table 2: Properties of connection between road network and
harbors

Table 3: Properties of connection between railroad network and
harbors

Continent

Centrality

Clustering
coeﬃcient

Modularity

Connectivity

Continent

Centrality

Clustering
coeﬃcient

Modularity

Connectivity

Europe
North
America
South
America
Asia
Australia
Africa
Antarctica

0.05
0.05

0.430
0.440

0.6
0.6

High
High

0.03
0.03

0.330
0.310

0.5
0.5

High
High

0.03

0.310

0.4

Moderate

0.01

0.190

0.3

Moderate

0.03
0.02
0.02
0.00

0.300
0.280
0.220
0.000

0.4
0.3
0.2
0.1

Moderate
Moderate
Low
Very low

Europe
North
America
South
America
Asia
Australia
Africa
Antarctica

0.02
0.01
0.01
0.00

0.220
0.200
0.280
0.000

0.3
0.2
0.2
0.1

Low
Low
Low
Very low

Table 1: Properties of connection between Airplane network and
harbors
Continent

Centrality

Clustering
coeﬃcient

Modularity

Connectivity

Europe
North
America
South
America
Asia
Australia
Africa
Antarctica

0.03
0.03

0.270
0.340

0.2
0.2

Moderate
Moderate

0.02

0.190

0.1

Low

0.03
0.02
0.01
0.01

0.330
0.210
0.190
0.001

0.2
0.1
0.1
0.1

Moderate
Low
Low
Very low

GIS and geographical analysis of the main harbors in the world
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Figure 4: The distribution of the 1,081 harbors which used in this research with the most connected harbors.

harbors. The following regions and countries exhibit similar
results: Western Europe, South-east Europe, South East
China, Japan, Central America, South Africa, South-east
Australia, and all areas close to big agglomerations. The
ﬁrst belt with a radius of 50 km has high potential in the
eastern parts of USA and Western Europe due to possible
connectivity with other types of traﬃc. The belt of 100 km
covers the same areas. Finally, the belt of 200 km radius
covers 75% of the total connection with harbors.
According to the 2019 situation, the highest density is
in the regions of Northern India, Central, and Western
Europe, as well as the east coast of USA. The harbors
are highly distributed in Western Europe and the East
of USA. The remaining regions with a big population
density are eastern China, eastern and south-east
Australia, the Japanese archipelago, big agglomerations
in Africa and South America. In these regions, the population density is 100 inhabitants per square kilometer. On
average, these areas are 250 km distant from the major
harbors. Only 15% of densely populated areas (100 inhabitants per square kilometer) are 100 km distant from the
coastline. The biggest megalopolises in the world such
as Tokyo (Japan), Delhi (India), Shanghai (China), Sao
Paolo (Brazil), Mexico City (Mexico), Dhaka (Bangladesh),
Cairo (Egypt), Beijing (China), Mumbai (India), Osaka
(Japan), Karachi (Pakistan), Chongqing (China), Istanbul
(Turkey), Buenos Aries (Argentina), Kolkata (India), Logos
(Nigeria), Kinshasa (Congo), Manila (Philippines), Tianjin
(China), and Rio De Janeiro (Brazil) have a density between
500 and 1,000 inhabitants per square kilometer. These most
highly populated areas on the planet are, in average terms,
70 km away from the major world harbors and 90% are
inside the belt of 100 km. Thus, the most densely populated

areas are well connected with major harbors. This fact indicates changes that will occur in the future when urbanization and city expansion are concerned. More than
387,000,000 inhabitants gravitate within the best connectivity with major world sea harbors. On doing a GIS analysis
according to the current UN prediction, we have calculated
that more than 70% of the population will live at a distance
less than 50 km away from world harbors (see Figure 5).
After doing a GIS analysis, almost all sea harbors of
the world show a good connection, apart from those
which are on isolated islands and which are at the geographical latitude above 70°N I 70°S. If we expect the
melting of ice after climate change, the good connectivity
will have harbors on Greenland and Antarctica. Speaking
of railroad connections, the densest network is by all
means in western and central Europe. In one part of the
United States as well as in Eastern Asia, on carrying out a
GIS software analysis, we have concluded that 30% of
railroad communications has a good connection with
sea harbors taken globally. The countries with exceptional sea potentials due to their geographical positions
are Mexico, Panama, and Cuba in Central America, Chile,
Brazil, and Argentina in South America. The countries
with the highest number of ports (nodes) are the United
Kingdom, France, Italy, Spain, Greece, Turkey, Russia,
Denmark, Norway, Finland, Ireland, and Island. In North
America, the east coast has more ports than the west coast;
Morocco, Egypt, and Algeria in North Africa; Angola and
Nigeria in West Africa; the South African Republic in South
Africa; Madagascar and Kenya in East Africa; and China,
Indonesia, Saudi Arabia, Iran, Filipinas, South Korea,
Japan, and the Asian part of the Russian Federation in Asia
(Figure 5).
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Figure 5: The density of population on a global scale.

Regardless of the traﬃc mobility being low, the possibility of carrying a huge cargo as well as the notable
presence of the population that will gravitate toward the
harbor might be a huge advantage. GIS and geographical
analysis, in this research, have shown that 70% of harbors have a good connectivity with regional and international roads. About 20% of the harbors have the best
possible connectivity with railroad nodes. The best connectivity is with European harbors, harbors in the United
States and southeast Asia, which includes all types of
traﬃc. About 12% is extremely low connected, 62% displays medium connectivity, whereas 26% displays excellent connectivity. About 80% of the well-connected harbors with all modes of traﬃc belong to Asia, 10% to North
America, and 10% to Europe. On carrying out the analyses, European harbors have the best connectivity with
railroad nodes and the North American ones with roads.
This research has shown that Africa, due to its prominent
geographical position, has the biggest potential in the
further development and the opening of sea harbors.
The research has taken into consideration the geographical position of 1,081 harbors, their dispersion as well
as their connectivity with all modes of traﬃc 200 km long.
American east coast has the best connectivity up to
50 km, as well as harbors in South East Asia. Central
American and Western American harbors have a connection; in South Africa, it is 0–50 km. In Eastern Australia
and South Asia, the belt stretches to 50 km as well as in
South America. North and East African harbors have an
average distance of 100–200 km. Antarctic harbors as
those on isolated islands are least connected with the

network of all the three traﬃc modes whose distance
exceeds 200 km. The buﬀer and interpolation models outline that GIS techniques, resources, and methods can be
eﬃciently used for more eﬀective investigation of geographical locations of harbors in the world (see Figure 4).
After ﬁnished buﬀer analysis, we have data and calculations for buﬀer zones in comparison with the positions of harbors. The most useful areas in the future are
zones on the east coast in the United States, zones in the
California Bay harbor on the west coast in the United
States on the Paciﬁc side, and zones of the east coast in
USA. In the future, valuable geographic positions are
situated in Mexico and Panama, westside of South America,
and eastside of Chile and south part of Argentina. Europe has
good potential in connecting harbors even in Scandinavia: in
Africa, south parts of Africa, Madagascar, East Africa, Bay of
Guinea, Durban, and Madagascar and in Asia, Persian Gulf,
Gulf of Thailand, South China Sea, Bay Bengal, east part of
Japan, western Australia, and southeast Australia. The road
connection has 56% better connection than railroads with
harbors on a global scale. The railroads at a global scale
depend on low connectivity with the main harbors. Hence,
we calculated that railroads have 35% fewer networks to the
harbors than road networks. The main zones are the Gulf of
Alaska, California, Gulf of Mexico, Florida, Philadelphia, New
York, and Nova Scotia; in South America, Sao Paolo and
Montevideo; in Africa, Cape Town and Durban; in Europe,
we have a better connection almost with all harbors; in
Asia, Mumbai, Calcutta, Hong Kong, east coast of China,
Japan, Vladivostok. In Australia Melbourne, Sydney, and
Brisbane.

GIS and geographical analysis of the main harbors in the world

4 Conclusion
GIS and the geographical analysis of the 1,081 biggest
harbors in the world have shown their position and
potential in relation to all modes of traﬃc within 200 km
oﬀ the coast. Major traﬃc features such as connectivity,
mobility, availability, centrality, and clustering coeﬃcient have shown all the advantages and ﬂaws of road,
railroad, and marine traﬃc. All three types of traﬃc are
compared with the order and position of sea harbors. In
this paper, it was noted that air traﬃc in the future has
numerous new airports and because of that a high possibility for mobility, especially in USA and Europe, as
well as in Mainland China. The road traﬃc has good
possibility in connection with harbors in 80% of the territories. The connectivity of harbors with other traﬃc networks is ranked as average – it is better with the road
traﬃc system and less for 30% with railway traﬃc. The
reason for this lies in the fact that the speed of air traﬃc
is relatively high, and a number of new. Road traﬃc
has high mobility, the highest connectivity, and reliable
availability.
Advanced GIS methods as well as geographical analyses have displayed the weaknesses and advantages of
the current harbor positions as well as their future potentials. The seven continents, including the Antarctic, have
been included in the study. GIS methods such as clustering, buﬀer, zonality, kriging, and interpolation have
helped in terms of better isolation and the characteristics
of harbors themselves globally. This analysis has shown
that old sea harbors are still important and that they are
very well connected with traﬃc hubs. The analysis of
harbors in relation to general population density, ﬁnalized with the 2019 situation, showed that world harbors
were near great agglomerations, which might appear
both as an advantage and a disadvantage. The advantage
lies in a better industrial accessibility, including traﬃc
and population, while the disadvantage is in the potential overburdening of traﬃc infrastructure in the future.
The solution to the problem may be the opening of new
harbors, along with the existing old ones, as well as the
rebuilding of new traﬃc connections for the sake of better
accessibility. The analysis has shown that Europe, the
east coast of America, and southeast Asia are still main
nodes, being solidly bound especially with road communications. The rest of the continents are less connected
yet with the potentials that could be better in the future
by building new communications. Africa, being a central
continent with a good geographical position, might in the
future, especially with its western part, become a major
marine node having new harbors built. This work may
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represent a solid basis for further research related to
world harbors. Other analysis, apart from GIS and geographical ones, would be a good foundation for creating a
detailed analysis which besides this one would be a basis
for further marine traﬃc development.
Finally, we know that this research has some limitations and disadvantages, but it would be good to extend
with some new and diﬀerent approaches. Regardless of
everything, this research would be important for all spatial science, marine investigation, and geography. The
buﬀer zones in this research showed that roads have a
better possibility of connecting than railroads, especially
in belts of 200 km from harbors. Good harbors must have
an equal relationship between the density of population,
commodity, and real necessity of marine traﬃc. This
research in the future may be extended with a new database that is better connected on a local and regional
scale.
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