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obstacles. As a developing country, Iran has been tackling similar barriers.
This paper aims at developing a conceptual model, to examine this complex
problem, using a systems approach by which subsystems and casual loop
diagrams have been created. Afterward, DEMATEL technique has been used,
revealing the most effective variables. The research can remarkably help
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1

Introduction

Nowadays, the marine industry has decisive rule for the countries in which water way is
available. Due to the large amount of required investment in this industry and high level
of rate of return on investment, marine industry is known as one of strategic industries
and its development will results in commercial and even military superiority (Bax et al.,
2003).
The marine industry in developed countries has strategic and action plans, so
appropriate results are achieved up to now. For example, marine industry in China,
performing its 11th five year strategic plan, during the recent ten years has had
remarkable growth. The applied containers in China ports in 2011 reached to more than
one hundred million units and also have 26% container operations of the world.
Throughput of cargo and shipping in China during the five years before 2012 with an
annual growth rate of 35% is ranked as the first in the world (Xiang, 2010). Data released
by the British shipbuilding analysis agency (Clarkson Research Services) shows that in
2017, China took the first place in three indexes measuring the development and capacity
of a country’s shipbuilding industry: the completion of ships, new orders, and volume of
holding orders (China Leads in Shipbuilding, 2018). But new research predict that China
will lose advantage in the global market (Hwang and Park, 2018).
However, some developing countries, despite having considerable experience in
marine industry and qualified geographical position, have not had acceptable
performance. For example, Iran has sufficient experience in marine industry. This
country started the completion race with the ones which are among the best in this scope
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such as South Korea, but analysing the performance of Iran in marine industry implies
serious problems. Whereas the other similar countries could reach a significant position
in the global market.
According to Figure 1, total number of metal vessel is decreasing; in contrast, based
on Figure 2, the amount of non-oil goods is increasing simultaneously.
Figure 1

Iran’s metal vessels production (see online version for colours)

Source: Safargholi et al. (2017)
Figure 2

Iran’s non-oil goods transit (see online version for colours)

Source: Safargholi et al. (2017)
Figure 3

The total gross tonnage of vessels with an average size in recent years (see online
version for colours)

Source: Overview of the Shipbuilding and Maintenance in Iran (2014)
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Shipbuilding and ship repair industry’s annual staff (see online version for colours)

Source: Safargholi et al. (2017)

However, according to Figure 3, despite the potential of the shipbuilding, the actual
utilised capacity is much smaller and has been declining in recent years (Overview of the
Shipbuilding and Maintenance in Iran, 2014).
Due to lack of domestic order, shipbuilding supply chain has not developed also, and
shipbuilding has a lot of problems. Existing delivery delays caused domestic orders to
leave to foreign shipbuilder and so income is decreasing. As Figure 4, the number of
manpower in the shipbuilding sector has been declining in recent years and some of them
turned their jobs to other and some of them leaved shipbuilding and entered maintenance.
One of the most similar country to Iran, according to infrastructure, population, etc.,
is Turkey. In this country, shipbuilding is one of classic activities. Turkish shipbuilding,
due to competition with global markets, experienced a multiplied increase in
shipbuilding, export capacity, and remarkable diversity in products. Turkey is among the
first ten countries in the world in terms of deadweight production and also this country is
among the top five countries in terms of number of ships (Stopford, 2017).
According to above, the Iran marine industry performance, in spite of its good market
potential, domestic demand, and capacity, has serious problems.
Here, the challenging question is that why marine industry in some developing
countries (i.e., Iran) has not developed considerably while the industry in other prior
competitors (i.e., Turkey) has developed such that they have one of the first ten top
shipbuilding industries.
The paper is organised as follows. In Section 2 the literature is reviewed briefly and
then the steps and method of research are described in Section 3. Subsystems of marine
industry development and the relations are discussed and casual loops are explained and
effective variables in any of the loops are explained. Finally, effective factors are ranked
by DEMATEL and related policy option is reviewed for important factors in developing
countries in Section 6. The last section concludes the paper.

2

Literature review

A few articles has been applied the systems approach in investigating marine industries;
especially in the macro policy layer (which is the purpose of this paper) there exists
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limited literatures although the approach has been used to investigate complex problems
in various field like production and manufacturing systems (Rafiei et al., 2014; Dutta and
Ashtekar, 2017), social issues (Saleck Pay et al., 2013; Lashgarian Azad et al., 2010), oil
and gas sector in global and national level (Hosseini and Shakouri, 2016; Hosseini et al.,
2014), maintenance system (Esmaeili et al., 2019), wind power development (Hosseini
et al., 2012), business ecosystem (Marakhimov et al., 2018), etc.
Cakravastia and Diawati (1999) developed a system dynamics model of developing
logistic efficiency of marine industry in Indonesia. In the paper, financial flow and supply
of materials and equipment are modelled, and mentioning the effective loops, the
bottlenecks to improve the profitability of the industry and reduce the delivery time are
reviewed and identified. In this paper, financing and information flow are considered as
two important factors in the marine industry.
In another investigation, shipbuilding industry analysis is performed in which military
project management is emphasised (McCue, 1997). Also, some scenarios for modifying
the quality and the time of delivery are presented in which the components are analysed.
The author, identified project management and timing as the most important factors in
marine industry performance.
In another research proposed in 2009 about South Korea marine industry, classical
strategy analysis by SWOT matrices is applied and the competitive advantages are
studied as casual loops. The author of the paper, regarded competitive strategies, increase
of market share, investment, and entering into new technologies such as wind energy as
important factors of compensating the decrease in shipbuilding orders (Samuel et al.,
2010).
In another study, a plan is proposed to simulate marine industry of Croatia by system
dynamics methodology in which documentation and procedure of shipbuilding are
reviewed. The author of the article identifies the documentation processes of building
stages as important factors in shipbuilding projects (Munitic et al., 2003).
Another research studied the situation of competitiveness in non-EU countries in
Europe and considered main effective subsystems as demand, ship owners, shipbuilding,
regulatory system, training and investigation, innovation infrastructure and political
issues [Transport Research Market Uptake (Market-up), 2015].

3

Research methodology

Due to complexity of the issue, in this paper the systems approach is used. The most
important goal of systems modelling is to achieve a common understanding about the
relationships affecting a problem so as to be able to verify the possible policies to be
applied for improving the system’s situation. This perception is only achieved by way of
studying all parts and the relations between them as an integrated system. As an effective
methodology to conduct a study by systems approach, system dynamics is developed by a
group of investigators of MIT in the late 1950s leaded by Forrester (1961).
Furthermore, because of the multiplicity of factors (which depicted here as a causal
loop diagram), DEMATEL1 technique is used to rank and analyse the effective factors, so
that the main factors could be recognised for policy formulation.
In this paper, the systems approach is utilised to analyse system components and main
variables in the context of casual relations as causal loops. Casual loop diagram could
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briefly give a good understanding of the main effective factors on the studied problem
and the relations among the factors (Sterman, 2000).
Casual loops make the user simply communicate with main hypothesis and feedback
structure (Sushil, 1993); causal loops are repeatedly used in academic studies to
(Sterman, 2000):
•

quickly take the hypothesis about the dynamics of a system

•

deduce and take subjective models of individuals or teams

•

link the effective separate loops.

According to Figure 5, which shows the steps of this study, after reviewing the systems
models in the literature and studying the global facts and figures, considering the
principles of systems approach, causal loops and subsystem diagrams are depicted after
the primary summary in the next stage, some semi-structured interviews with managers,
experts, and advisers in marine industry, casual loops and the effective subsystems in
each problem are finalised. In the final step the effective factors are ranked via
DEMATEL technique, using expert opinion and related strategies are presented. In this
research, we used 12 experts including, politicians, government authorities, shipbuilding
owners and managers, representatives from non-governmental organisation, etc.
Figure 5

Flow chart of research process
Analysis of the
existing data
Initial conclusions and
identification
subsystems, variables
and the relationships

Designing and conducting
semi-structured
interviews with
managers, consultants,
and experts

Ranking of the factors
with DEMATEL and
identifying the
influential factors

Finalizing subsystems,
variables, and causal
loops affecting the
system behavior

Literature review

As mentioned before, casual loop diagram shows the relationships between variables, but
it is necessary to use a method, which can determine quantitatively the most effective
factors. For this purpose, DEMATEL technique has been used.
DEMATEL is abbreviated form of decision making trial and evaluation (Genç and
Masca, 2018). This technique uses paired comparisons method which is capable of
variables ranking in a network (Falatoonitoosi et al., 2013). Based on paired comparisons,
using the opinion of experts in achieving the factors of a system and regulated shaping
via graph theory. This method presents a hierarchy structure consist of the factors in
system with effective relations and mutual effects such that the intensity of the relations
is determined numerically (Bagheri Moghaddam et al., 2010).
To compare factors with each other, five values are applied which are mentioned in
the Table 1.
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Table 1

Criteria value

Name

Value

No effect

0

Low effect

1

Moderate effect

2

High effect

3

Very high effect

4

To study the criteria, views of p experts (which in this case p = 12) are used in the
matrices. Xij is as view of each expert and Xij = 0 (i = j = 1, 2, 3, …, n) are all null
(the main diagonal is null). To consider all expert views, as the formula (1), arithmetic
mean is used:
z=

x1 + x 2 + x3 +  + x p
p

(1)

In the above formula, P is the number of experts and x1, x2, …, xp are progressively paired
comparison matrices of the experts 1, …, p. Then, in order to normalise the matrix, the
following formula is used:
H ij =

zij
r

(2)

In which r is achieved as follows:
r = max1≤i ≤ n

(

n
j =1

Z ij

)

(3)

After having calculated the above matrices, fuzzy relations matrix is achieved by the
bellow formula:
T = lim k →+∞ ( H 1 + H 2 +  + H k ) = H × ( I − H ) −1

(4)

In which I is identity matrix. The next step is to gain the sum of rows and columns of T.
Sum of rows and columns is obtained by the following relations:
( D) n×1 = 

( R )1×n = 






Tij 
 n×1

(5)

Tij 
1×n

(6)

n
j =1

n
i =1

That D and R are n × 1 and 1 × n respectively.
The next stage determines importance of indicators (Di + Ri) and the relation between
the criteria (Di – Ri) is identified. If (Di – Ri) > 0 the related criterion is effective and
otherwise it is impressionable.
Finally, a diagram will be depicted that shows value of importance and effectiveness
and impressionability among the criteria. The horizontal line of the diagram will indicate
to the importance of the criteria and the vertical one indicates to the effectiveness or
impressionability of the criteria. At the final step, for determining key factors, distance of
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points from median of points, will calculate. The variable with high distance from median
consider as key factors.

4

System conceptualisation

System conceptualisation, shapes the effective subsystems, in order to show physical and
information flows among different subsystems and to determine the modelling borders
(Sterman, 2000). In this case, Iran’s marine industry is divided into eight main
subsystems that are: government, supply of equipment and raw materials, environmental
issues, demand for shipbuilding and maintenance, science and technology, economy and
finance, and human resources (Figure 6).
Figure 6

Subsystem diagram of marine industry (see online version for colours)
regulations
Government

Environment
• Coastal and marine pollution
• Quality and quantity of

Equipment and raw materials
Environmental requirements

environmental inspections

• Political conditions prevailing
• Supervision
• National and international

The standards
and regulations

regulations and standards .

• The implementation of

and materials

• Labor laws and social security in

environmental standards

• Supply from foreign suppliers

the maritime industry

The standards
and regulations

Environmental requirements

• Capacity of domestic suppliers
• Profit, income and cost of equipment

Delivery of equipment
and raw materials

Shipbuilding and maintenance
Science and Technology
• Laboratories and test centers
• non-industrial Research institutes
• Technological capability

Design and repair
Knowledge

• Shipbuilding capacity
• Maintenance dock capacity
• Financial condition of the

industry

• Shipbuilding tonnage rate
• Number of repaired ship

Construction and
maintenance demands

Demand of shipbuilding and
maintenance
• domestic demands
• international demands

Investment of Industry

Public and Professional training
Trained manpower
Human Resources
• The number of design engineers
• The number of domestic and

international consultants
• The number of technicians
• Number of managers

Economy and Finance
• Financing and Investment
• Insurance and customs
• Economic conditions prevailing

Finance and insurance

Government subsystem consists of the political situation, state and international rules that
affect marine industry.
Supply of equipment and raw materials subsystem delivers basic need of shipbuilding
and maintenance, from domestic and foreign supplier to shipbuilding and maintenance
complexes.
Environmental issues subsystem transfers environmental regulation in both
shipbuilding and maintenance to government subsystem in order to be considered in rules
and transfers them to science and technology subsystem to be more developed in
environmentally friendly processes (Anne et al., 2015).
Demand subsystem consists of effective factors on demand and competitiveness in
shipbuilding and maintenance (Stott, 2018).
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Shipbuilding and maintenance subsystem is considered as the main subsystem in the
marine industry and to some extent is related to all other subsystems (Wada et al., 2017).
Economic and finance subsystem consists of factors effective on economic conditions
of insurance and customs in the industry that affect the amount of demand and
competitiveness directly. Moreover, methods of finance for marine industry projects is
determined in this subsystem (Ok and Feng, 2017).
Human resource subsystem consists of effective factors on recruitment and training of
specialist and experienced manpower to the industry’s need. This subsystem, takes
knowledge from science and technology subsystem and gives experts and specialists in
shipbuilding and maintenance group (Bruintjes et al., 2017).
In this paper, loops are consist of economic financial problems, insurance services,
investment in processes development, overhead costs, investment in capacity and
identified infrastructure, un-competitiveness, supply chain problems, mismanagement
and human resources efficiency.

4.1 Economic financial problems
Economic and financial problems are of the most important ones cause not to assign
sufficient investment budgets to projects and therefore the delivery delays emerge.
In other words, while finance activities is not on time and continuous, human resource
efficiency is decreased and supplying the equipment and raw material will be delayed or
stopped which result in considerable delay in delivery. When the customers see delays in
projects, refuse to order in domestic enterprises and prefer supplying from abroad and so
the income caused by the customer, loans paid by banks will decrease which lead to
limited financial resources more and more (Figure 7).
Figure 7

Casual loop diagram of financial effect on marine industry (see online version
for colours)
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4.2 Insurance services
Insurance services leads to decrease investment risks. Thus insurance services result in
increase of bank and private sector investments and so will strengthen the financial
resources of the industry. While financial resources increase, workload increase and the
delivery delays decrease. This decrease leads to customer satisfaction and the domestic
orders raises and insurance coverage will develop and the loops continues (Figure 8).
Figure 8

Casual loop diagram of insurance service effect on marine industry (see online version
for colours)
+
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financed orders

Impressionability of insurance
required by the maritime industry
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+
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Project delay
+
Delivery of ordered
equipment and materials
Completion rate +
+

+
Effective human
resource

4.3 Capacity building and developing the infrastructures
Investment in developing the infrastructures and capacities will cause to gain more
orders. This development needs evaluation of development profitability. In other words,
before any development, investment rate of return must be determined. Development of
shipbuilding infrastructure will lead to increase in orders and production rate and as a
result the final cost decreases. Decreasing final costs of projects, the income increases
and possibility of more investment for developing the infrastructure will be economically
explainable (Figure 9).

4.4 Investment in processes development
Investing in processes development causes to more efficiency of decision making and
human resources, which increases the mean value of workload. This item results in
decrease of delays in one hand and increase of final price on the other.
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Suitable prices make customers order for domestic production and so the volume and
profitability will raise which at last leads to more investment and improving the
efficiency (Figure 10).
Figure 9

Casual loop diagram of developing infrastructure investment in shipbuilding capacity
(see online version for colours)
+
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Figure 10 Casual loop diagram of investment on improving organisation function (see online
version for colours)
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4.5 Overhead costs
The delays in projects not only affect customer’s satisfaction and trust in a negative
manner, but also increase the overhead costs of the project. In other words, overhead
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costs such as infrastructure costs, salary, and, etc., continue during the project and so the
costs of the project will increase.
This increase of costs will add to the cost of the ship and will decrease domestic
orders. Therefore the production and thus income and profitability of the industry will
decrease which implies a decrease of financial resources in the industry, restriction of
supply, decreases in effective human resources and increases in delivery delays in
projects (Figure 11).

4.6 Lack of competitiveness in attracting demands
Competitiveness in absorption of domestic demand is affected by the country economic
situation. GDP is used to define a suitable variable to evaluate the economic situation.
When GDP increases, the demand of marine transportation and the demand for more
shipbuilding increases that the need can be provided by domestic or foreign market.
Shipbuilding capacity in the country leads to attract the demand such that few ones order
abroad. These orders, to be executed, need to be financed which ultimately the final
number of real orders which are financed will be determined. Another important factor is
delivery delay and the ship’s price which directly affect customer’s satisfaction and
consequentially order absorption (Figure 12).
Figure 11 Casual loop diagram of delay project effect on final cost (see online version
for colours)
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4.7 Supply chain problems
One of the main problems that plays a major role in delivery delays in marine industrial
projects is supply chain performance. Sometimes, the absence of a parts will put over
constructing a ship to some months later. In the first loop (Figure 13), the effect of
domestic supply chain capacity on industry performance is shown. The larger the
capacity, the more expected delivery of equipment and materials, and so, completion rate
will increase. Thus the delivery delays decrease and customer satisfaction and trust is
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achieved. Orders and the demand for equipment and raw materials supply will increase as
a result.
Continues demand increase, leads to the development of equipment and raw materials
supply capacity in the country and consequently domestic supply increases. Price and
delivery time are two important factors that affect how to choose among foreign and
domestic suppliers.
Figure 12 Casual loop diagram of shipbuilding demands (see online version for colours)
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Figure 13 Casual loop diagram of marine industry supply chains (see online version for colours)
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In the second loop, the effect of foreign supply of equipment and material is presented.
The country’s international relations level influence the supply and also the constraints
such as delays in customs clearance impact on the supply of equipment and materials of
industry. The late supply of equipment makes completion rate go lower and delay
increases, eventually as a result customer satisfaction and trust will come down.
A reduction in customer satisfaction and trust, will result in a decrease in domestic orders
decrease and so the need for material and equipment will decrease and consequently the
domestic capacity for the supply of equipment is to be depreciated and the supply will be
limited.

4.8 Mismanagement and human resources efficiency problems
Human resources is one of the important factors in marine industry performance.
Lack of effective human resources capacity results in delay in delivery of projects and
consequently decreases the satisfaction and trust. Therefore a decrease in domestic orders
occurs and profitability and income of industry and so human resources budget to provide
the salaries and facilities decrease (Figure 14).
Figure 14 Casual loop diagram of human resource (see online version for colours)
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Generally the situation of marine projects is located in bad weather regions in the south
of the country far from civil atmosphere. Therefore, the labour attraction decreases,
which implies that facilities, and salary, and benefits is important in attracting human
resources. Human resource capacity of the industry consists of specialists and amateurs
who gradually and after having trained and experienced, turn to specialists. Decreasing
the budget of human resources, the benefits and salaries and consequently the attraction
decrease as well. Also the budget affects the training rate and makes it come down. Thus
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human resources capacity and the effective man – hour capacity of the industry
diminishes which itself reduces the labour rate. Aggregating the effective loops of causal
loops diagram which indicate to the links among the factors and variables are as the
following. Causal loops only show the relations among the factors, but how much any
factor can affect or be impressed is not trivial in the diagram. In order to reach this
purpose, the DEMATEL weighting approach is applied. The following table shows the
effectiveness and impact of each factor.
In the next stage importance of indicators (Di + Ri) and the relations among the
criteria (Di – Ri) are identified. If Di – Ri > 0 then the related criterion is effective and if
Di – Ri < 0 it has interaction. Tables 2–3 shows Di + Ri and Di – Ri.

5

Discussion

As mentioned before, to calculate key factors, the score of Tables 2 and 3 considered.
Based on above score, according to Table 4, high score variable had formed to ten key
factors which has most influence in marine industry development.
Table 2
Row
1
2
3
4
5
6
7
8
9
10
Table 3
Row
1
2
3
4
5
6
7
8
9
10

Ranking of the most important factors
Variable name

D i + Ri

Final cost of shipbuilding projects
Number of financed orders
Supply of equipment and materials from domestic suppliers
Shipbuilding profitability
Order rate of domestic shipbuilding
Final cost
Completion rate
Shipbuilding manpower capacity
Supply of equipment and materials from foreign suppliers
Estimating the profitability of infrastructure development

2.837
1.935
1.655
1.597
1.454
1.435
1.365
1.349
1.347
1.295

Ranking of the most interaction factors
Variable name

D i – Ri

Supply of equipment and materials from domestic suppliers
Salary and facilities of human resources
Number of financed orders
Orders of required equipment and materials
Ratio of financed orders
Domestic shipbuilding capacity
Equipment and materials supply capacity
Supply of equipment and materials from foreign suppliers
Impressionability of insurance required by the maritime industry
Situation of international relationships

0.896
0.675
0.625
0.573
0.507
0.403
0.377
0.349
0.324
0.302
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Table 4
Row
1
2
3
4
5
6
7
8
9
10
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Ranking of key factors
Variable name
Final cost of shipbuilding projects
Estimating the profitability of infrastructure development
Effective human resource
New ship orders to be met in aboard
Order rate of domestic shipbuilding
Shipbuilding profitability
Customer satisfaction and trust
Domestic demand of ship
Cost of equipment and materials supply from foreign suppliers
Experienced manpower capacity

According to the importance of effectiveness and interactions of each factor calculate in
Table 4, the following strategies are suggested for growth and development of the marine
industry in developing countries.
a

Domestic supply chain development: due to lack of infrastructure of value chain in
the developing countries (such as Iran), equipment and materials supplied from
abroad (Rathod et al., 2019). Because of probable inappropriate international
relationships, the dealers are proposed and consequently the expenses increase.
Also import tariffs and delivery delays increase the expenses more and so the time of
providing material and equipment raises. The mentioned problem sometimes made
delay in completion of a project due to delay of providing a piece. Thus, domestic
supply chain development in order to increase the domestic supply share in
shipbuilding is recommended (Christopher and Holweg, 2017).

b

Special rights and benefits for employees: most yards and centres concerned with
marine industries are located in remote areas and recruitment of specialists
accompanies by special benefits, otherwise there will be no job attraction. Also, in
order to recruit foreign specialists, some facilities must be provided. For instance, in
South Korea, for the manpower from other countries, gold visas and special benefits
are awarded (Chen et al., 2017).

c

Increase in manpower efficiency: manpower efficiency in Iran is as 130 MH/CGT
whereas in a country such as South Korea it is by 10.7 MH/CGT (Safargholi et al.,
2017), which shows that it is low in Iran and so as to increase it, it is necessary to
make a serious investment. Furthermore, well-timed and cost-effective delivery of a
ship, requires planning in project activities and phases, hence a more relaxed labour
and social security laws for employees suggested in the developing countries.

d

Demand absorption: one of the problems in the way of domestic development, is
distrust about domestic productions. Establishing a section for marketing the
domestic production and capability, is effective in attracting the demands as the
leading countries insist on the marketing (Jiang et al., 2013).

e

Low-interest loans with suitable guaranties: it is suggested that governmental banks
offer an integrated loan-guarantee-insurance services for mega project and big
shipbuilding orders (Jiang et al., 2013).
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f

Effective and integrated management: one of the most important problems in marine
industry is the lack of sponsorship and integrated management. Inconsistencies
between the organisations, causes that the performances are at odds with each other.
Hence, a need to have an organisation, the role of which is to coordinate activities of
different parts of industry is obviously felt. Therefore, a separate and independent
office in the government is suggested (Li et al., 2018).

6

Conclusions

The goal of this paper is to analyse the effective factors on the growth shipbuilding
industry in developing countries. At first, according to this goal, systems approach has
been used. Based on that, a comprehensive understanding about the complicated system
of marine industry has been made. Studying the similar cases all over the world and
presenting the expert’s viewpoints, causal diagram of effective loops in marine industry
has been identified. Finally, eight main and effective loops and the main variables and the
relations among them has been considered. The most important and interacting
factors are determined by means of DEMATEL technique. Domestic supply chain
development, special rights and benefits for employees, increase in manpower efficiency,
demand absorption, low-interest loans with suitable guaranties, effective and integrated
management are the key factors and main issue in developing country marine industry.
Considering the importance mentioned above about the industry, for future studies, it is
recommended that a quantitative system dynamics model be developed in order to verify,
analyse, and evaluate the problem more precisely and formulate more real and integrated
strategies.
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Decision making trial and evaluation.

