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Abstract: Based on the concept of sea–land coordination and the statistical data of Hainan Province
from 1999 to 2013, we establish a new evaluation index system included four aspects—economic
development, social progress, environmental protection and resource efficiency—and use the
integrated approach (such as the combination weight method, the coupling coordination degree
model, the scissors difference model and the dynamic coupling coordination degree model) to
measure the coupling coordination degree of a sea–land system. The results show that: (1) the
overall development level of sea system and land system are gradually improved; (2) the coupling
coordination degree of sea–land system is gradually from moderately uncoordinated to well
coordinated, and the comprehensive evaluation value of sea system has a greater effect on the
coupling coordination degree D than that of land system; (3) the scissors difference between sea
system and land system is gradually increasing; (4) the dynamic coupling coordination degree of
the sea–land system which favors a parabolic shape is basically in the break-in development stage;
(5) in the process of sea–land system coordination, the influencing factors of economic development,
the social progress and resource efficiency should be given priority and, at the same time, strengthen
the environmental protection efforts and awareness to promote the role of environmental protection
in the sea–land coordination.

Keywords: sea–land system; combination weight method; coupling coordination degree;
scissors difference; Hainan Province

1. Introduction

The marine economy is developing rapidly in the 21st century. Since the beginning of the new
century, in order to alleviate the energy shortage, resource shortage, ecological deterioration, and other
issues, countries around the world have developed new national marine strategies, strategically laid
out from land to sea, which results in fierce competition between marine economies [1]. However, with
the rapid development of marine economies, the conflicts and contradictions between sea system and
land system are becoming more and more prominent in terms of resources, environment, production
elements, and space for development, which seriously restricts the sustainable development of sea
system and land system. In addition, the effect of the marine economy in promoting the national
economy is more and more limited [2]. Therefore, in order to solve the contradictions between sea
system and land system and achieve sea–land system coordination, China has put forward the “The
Five Plans as a Whole” principles of economic development [3] and future development goals of
“adhering to sea–land coordination, formulating and implementing the marine development strategy,
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improving the capabilities of developing, controlling, and integrated marine management [4]”, making
sea–land coordination a national development strategy. Thus, it is of important theoretical and practical
significance to strengthen the research on sea–land coordination in coastal areas.

Zhang et al. [5] proposed the concept of “sea–land coordination” firstly. He thought that the
concept of sea–land coordination was that in regional social development, the sea system and land
system are two important subsystems that affect the development of the entire regional system,
so the government needs to scientifically develop unified planning for oceans and land to achieve
complementary advantages and coordination of interaction between the sea system and land system
on the basis of taking into account the characteristics of the sea system and land system in terms
of resources, environment, economy and social use, and using the links of logistics, energy flow,
information flow, and so on between sea and land. The direct purpose of sea–land coordination
is effectively using the advantages of the land system to support the breadth and depth of sea
development, and then through the vitality of the sea system develop a greater room for improvement
of land system. At the same time, the long-term purpose of the sea–land coordination is to achieve a
reasonable allocation of sea resources and land resources to promote regional sustainable development.

A conceptual rendering of sea–land co-ordination is shown in Figure 1. The interaction
mechanisms of sea system and land system are shown in Figure 2. The development levels of the sea
system and land system are not the same in the regional development system, and the overall structure
is a pyramid. Although the size of the sea system is small, as a pioneer in regional development,
it is located at the top of the pyramid, while the scale of the land system which is located in the
lower end of the pyramid is relatively large, and provides basic support for marine development.
While giving full play to the guiding role of policy planning and expanding the support of the land
system to the sea system, the sea system can rely on land-based infrastructure to expand its own scale.
When the interaction between the sea system and the land system is so sufficient that the scale of the
sea system is maximized, the radiation degree of the sea system to the land system also increases.
This will create a broader space for the progress of the land system. If the land system continues to
develop using these spaces, it will further provide greater support for the sea system. At this point,
a virtuous circle is formed: the scale of the region is expanding and achieving the goal of coordinated
and sustainable development.
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There is not a concept of sea–land coordination in western countries, where the studies related to
sea–land coordination are called integrated coastal zone management (ICZM) [6,7]. ICZM refers to
an ongoing and dynamic process of formulating policy and management strategies to solve conflicts
in the use of coastal resources and control the environmental impact of human activities on coastal
areas. It mainly considers the ecological, economic, and social fields, and uses an integrated approach
to plan and manage human activities in the marine and coastal zone [8]. Comparing the concepts
of sea–land coordination and ICZM, we summarize the similarities and differences between them,
and then summarize the advantages and disadvantages of developing sea–land coordination and
ICZM (as shown in Table 1).

The similarities:

(1) Comprehensive strategic objective. The ultimate goals of both approaches are to achieve
the sustainable development of marine and coastal zones on the basis of a comprehensive
consideration of the economic, environmental, social, and environmental needs.

(2) Similarity of scope. They are both suitable for resource management of land and sea and the
design of management mechanisms.

(3) Diversification of means. They both emphasize the management of marine and coastal
zones through policies, laws, regional planning, science and technology, education, training,
and other means.

The differences:

(1) Focus. Sea–land coordination focuses on the characteristics of the marine system and the land
system, and stresses the achievement of complementary advantages between the sea system and
land system, two economic systems, through policy guidance and industry links. ICZM Manages
and plans the development of coastal zones mainly based on natural, environmental, and social
factors. It is more concerned about the ecological and environmental problems of the coastal
zone, but it is less concerned about the development of the marine economy and coordination
between the sea industry and land industry.

(2) Viewing angle. Sea–land coordination solves the contradictions between sea system and land
system from the perspective of the whole region. ICZM protects the environment and ecology of
the coastal zone from the local perspective of the coastal zone.
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(3) Level. Sea–land coordination is a national strategy for the development of the sea economy and
the land economy in China, and is a guiding ideology for planning and developing the marine
and coastal economies. ICZM is a specific implementation process.

(4) Scope of implementation. The spatial scope of sea–land coordination can not only cover marine
and land areas, but also extend to international areas closely related to our interests. The spatial
scope of the ICZM is a narrow strip.

Table 1. The advantages and disadvantages of developing sea–land coordination and integrated coastal
zone management (ICZM).

The Advantages and Disadvantages of Developing Sea–Land Coordination in China

The advantages

1. The rapid development of the marine economy has laid a solid material foundation for the
implementation of sea–land coordination.
2. The Chinese government attaches great importance to sea–land coordination, and has
upgraded sea–land coordination to a national strategy.
3. In academic circles, the research on the sea–land coordination has made some achievements,
which provides a theoretical guidance for the sea–land coordination.
4. The main adviser of the sea-land coordination policy is the Chinese government, which
provides an effective guarantee for the smooth implementation of this policy.

The disadvantages

1. The coordination between governments at all levels is difficult.
2. Disputes over the maritime boundaries have affected the process of the sea–land
coordination internationally.
3. Due to historical reasons and lack of publicity, at present the concept of “heavy land light
sea” is serious, and the national awareness of developing the sea economy is weak.
4. The legal system of sea–land coordination has not yet formed.

The advantages and disadvantages of ICZM

The advantages

1. At present, there are many achievements in the ICZM at home and abroad, which lay a solid
foundation for the future research.
2. The dynamic assessment of the ICZM has formed a mature index assessment system, which
can be expressed specifically as DPSIR model (drive-pressure-status-influence-reaction).
3. A variety of new technologies or methods have been routinely used in the ICZM research,
such as Geographic Information System (GIS), Remote sensing, Decision Support Systems,
Visual database, Ocean Geographic Techniques and so on.

The disadvantages

1. At present, there is no uniform definition of the coastal zone at home and abroad, so the
scope of ICZM cannot be well defined, leading to legislative difficulties in the coastal zone.
2. The main disciplines of ICZM research are distributed in the fields of environmental science,
ecology, oceanography, geography and other natural sciences, and the social science research is
less; it mainly focuses on the international relations law.
3. The funding support to ICZM is less; much of the funding comes from the international
organizations.
4. The ICZM focuses on the planning process, the evaluation of the effect after the
implementation of ICZM is insufficient, leading experience of ICZM cannot be well studied.

At present, the research of Chinese scholars on sea–land coordination can be divided into two
aspects: qualitative research and quantitative research. Qualitative research focuses on the connotations
of “sea–land coordination” [9], the effects on the development of the marine economy [10], the problems
facing it, the feasibility of implementation, and so on [11]. In the quantitative research, Yang et al. [12]
used the Criteria Importance through Inter-criteria Correlation (CRITIC) and Analytic Hierarchy
Process (AHP) methods to measure sea–land coordination in the Bohai Sea area from the perspectives
of the industry, society, ecology and so on. Sun et al. [13] used the capacity structure model and AHP
method to measure sea–land coordination from the perspectives of resources, industry, technology,
and environment. Liang et al. [14] used the entropy weight method and coupling coordination
degree model to evaluate the coupling degree of the sea–land system in Guangdong, China from the
perspectives of economy, society, input, and sustainable development. Zhao et al. [15] used the entropy
weight and coupling coordination degree model to measure sea–land coordination in China from the
perspectives of environment, management, performance, structure, and technology.

The research areas of sea–land coordination have been mainly concentrated on the Bohai Sea,
the Yellow Sea and the East Sea of China. Fan et al. [16] analyzed the differences of basic conditions
of sea–land coordination in different areas of Liaoning using the statistical data of Liaoning Province
as the study sample. Jiang et al. [17] analyzed how to promote the development of the Shandong
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Peninsula Blue Economic Zone from three levels: the macro view, middle view and micro view.
Through the analysis of the correlation between the marine industry and the land industry in Jiangsu
Province, Chang et al. [18] put forward effective measures to promote the development of marine
and land industry. Hainan has long been China’s major marine economic province, so there is a great
deal of research into its marine economy. Through the analysis of the marine industry in Hainan
Province, Ye et al. [19] identified the leading and dominant marine industries of Hainan, and proposed
countermeasures of marine industry structure optimization and upgrading. Wu et al. [20] investigated
the present situation of marine economic development and marine environmental protection in Hainan
Province, pointed out the problems existing in protection of the ecological environment, and put
forward some suggestions. Zhang et al. [21] constructed an ecological risk assessment model to
analyze the main risks of tourism in Hainan, and provided some guidance for the rapid development
of tourism in Hainan.

In summary, there is still a very broad space for research on sea–land coordination at home and
abroad. Firstly, there is the evaluation index system. From the concept of the sea–land coordination,
we can know that the four functions of sea–land coordination include economy, society, environment,
and resources, and that these should be fully considered in the evaluation process of sea–land
coordination, but in the existing literature, the evaluation index system of sea–land coordination
has not yet considered these four aspects. Secondly, research methods. At present, in the quantitative
research of sea–land coordination, the methods of determining the weight of the indexes are mostly
single. What is more, the research method into the coupling coordination degree of the sea system and
the land system is limited to the coupling coordination degree model, while the scissors difference
model and the dynamic coupling coordination degree model have not been used. Finally, research
areas need to be expanded. In the existing literature, the research on sea–land coordination is mainly
concentrated on the Bohai Sea, the Yellow Sea and the East Sea of China. There is little research on
sea–land coordination in the South China Sea. However, in recent years, with the increasing concern
of the Chinese government on the South China Sea issue as a base for the development of the South
China Sea, it is necessary for Hainan to implement the policy of sea–land coordination.

Therefore, in this paper, firstly, we take Hainan Province as the research object, and construct a new
evaluation index system of sea–land coordination including four aspects: economic development,
social progress, environmental protection, and resource efficiency. Secondly, we use a chain of methods
which includes the combination weight method, the coupling coordination degree model, the scissors
difference model, and the dynamic coupling coordination degree model, to measure the sea–land
coordination degree of Hainan. Finally, according to the conclusions, this paper puts forward relevant
suggestions for the development of Hainan which have important practical significance for promoting
the sustainable development of the sea–land system in Hainan Province.

2. Materials and Methods

2.1. Materials

2.1.1. Study Area

Hainan Province (Qiong for short) lies between 108◦37′ E to 111◦05′ E and 18◦10′ N to 20◦10′ N,
and is in the southern tip of China [22]. The coastline length of Hainan is 1823 km, and the land area
and the sea area are 35 thousand km2 and 2 million km2 respectively. The scope of its administrative
region includes the Hainan, Xisha, Nansha, and Zhongsha Islands and it is located at the northern
edge of the tropical zone, having a tropical monsoon climate. The Special Economic Zone of Hainan
Province is the only provincial Special Economic Zone and Hainan Island is the second largest island
in China outside of Taiwan Island. With rich marine and land resources as well as the country’s
high attention, the economy, society, environment, and resources of Hainan Province have made
great progress. In economic respects, Gross Domestic Product (GDP) rose from 47 billion CNY in
1999 to 314 billion CNY in 2013, and the Gross Marine Product (GMP) rose from 5 billion CNY in
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1999 to 88 billion CNY in 2013. In social respects, the living standard of urban and rural residents
continues to improve. The per capita disposable income of urban households rose from 5338 CNY in
1999 to 22,929 CNY in 2013, and education and health are achieving new development. The financial
expenditure on education, health, and science rose from 130 million CNY in 1999 to 279.9 (100 million
CNY) in 2013. The carrying capacity of the ports has also been gradually rising. The number of berths
for port production increased from 46 in 1999 to 76 in 2013. The scale of marine science and technology
practitioners has been expanding, and the number of people rose from 30 in 1999 to 212 in 2013.
In environmental respects, the capacity of environmental governance has increased, and the urban air
quality is generally fine. The investment into pollution control increased from 24,030 thousand CNY
in 1999 to 16,344 million in 2013. The per capita marine nature reserve area increased from 1 m2 in
1999 to 27.5 m2 in 2013. In 2013, the proportion of good urban air quality is 99%. In terms of resources,
the utilization efficiency of resources continues to increase. The regional economic density increased
from 14,100 million/km in 1999 to 89,000 million/km in 2013; the coastline economic density increased
from 31 million/km in 1999 to 173 million/km in 2013.

However, in recent years, due to the excessive development of the marine economy,
the competition for production elements between sea system and land system is more and more
intense. Due to depletion, development, severe resource waste, and the vulnerability of the ecological
environment, competition between the sea system and the land system is very prominent. All those
have seriously hindered the sustained, healthy, and rapid development of Hainan. Therefore, it is
imperative to coordinate the development of the sea–land system.

2.1.2. The Indexes System

Since the 21st century, the relationship between sea and land has become more and more
complex [23]. On the one hand, spatial dependence and the complementation of production factors
make coordination and sustainable development of sea and land possible. On the other hand,
more intense competition for development space and production elements makes coordination and
sustainable development of sea system and land system difficult. Thus, the system that consists of
the sea system and the land system can be defined as a coupling system. Obviously, the coupling
coordination degree is used to represent the degree of interaction between the two systems [24].
To measure the relationship between the sea system and the land system, we determined the
preliminary indexes framework by searching the literature [25–27], and then in accordance with
the actual situation in Hainan Province, we constructed a final evaluation indexes system based on
the principles of appropriateness, comparability, and accessibility. The indexes system of the sea
system and land system contains 4 subsystems (economic development, social progress, environmental
protection, and resource efficiency) and 16 basic grade indicators respectively. The final evaluation
indexes system is displayed in Table 2.

Table 2. The evaluation indexes system of sea system and land system.

System
Grade

Subsystem
Grade Basic Grade uAHP uIEW u∗CW

Sea
System

Economic
development

X1: Gross Marine Product (100 million CNY) 0.1294 0.0568 0.0884
X2: GMP accounts for GDP proportion (%) 0.0458 0.0245 0.0337
X3: Gross fisheries product (100 million CNY) 0.0915 0.0474 0.0664
X4: International tourism foreign exchange income
(USD 10,000) 0.0647 0.0655 0.0644

Social
progress

X5: Main port cargo throughput (10,000 tons) 0.0901 0.0652 0.0755
X6: Distribution of coastal observation stations (number) 0.0576 0.0594 0.0579
X7: Staff and workers of marine scientific research (person) 0.1275 0.1526 0.1398
X8: Number of marine science and technology (number) 0.0332 0.0489 0.0414
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Table 2. Cont.

System
Grade

Subsystem
Grade Basic Grade uAHP uIEW u∗CW

Sea
System

Environmental
protection

X9: Direct discharge of industrial waste water into marine
(million tons) 0.0520 0.0199 0.0339

X10: Number of completed projects for marine pollution
control in the year (unit) 0.0368 0.0551 0.0464

X11: Number of marine nature reserves (unit) 0.0136 0.0412 0.0285
X12: Per capita area of marine nature reserves (m2) 0.0235 0.1925 0.1154

Resource
efficiency

X13: Economic density of coastline (100 million CNY/km) 0.0975 0.0823 0.0881
X14: Length of wharf (m) 0.0281 0.0699 0.0506
X15: Marine capture production (tons) 0.0689 0.0223 0.0427
X16: Mariculture area (hm2) 0.0398 0.0169 0.0269

Land
System

Economic
development

X17: Growth rate of gross national product (%) 0.1370 0.0442 0.0858
X18: Total investment in fixed assets (100 million CNY) 0.0619 0.0807 0.0723
X19: Total merchandise exports in foreign trade
(ten thousand US dollars) 0.0357 0.0594 0.0488

X20: Total retail sales of social consumer goods
(10 thousand CNY) 0.0968 0.0580 0.0754

Social
progress

X21: Land transportation volume (10,000 tons) 0.1283 0.0485 0.0843
X22: Household disposable income of urban residents
(CNY) 0.0907 0.0524 0.0696

X23: Employee in scientific research and technological
development (person) 0.0370 0.0424 0.0400

X24: Financial expenditure in education, health and science
(10 thousand CNY) 0.0524 0.0756 0.0652

Environmental
protection

X25: Total discharge of industrial waste water (10,000 tons) 0.0434 0.0321 0.0372
X26: Industrial solid waste generation (10,000 tons) 0.0480 0.0226 0.0340
X27: Pollution control project investment (million CNY) 0.0211 0.1444 0.0891
X28: Afforested area (ha.) 0.0135 0.0621 0.0403

Resource
efficiency

X29: Regional economic density (100 million CNY/km2) 0.0968 0.0539 0.0731
X30: Per capita arable land(hm2) 0.0253 0.0373 0.0319
X31: Total energy production (10,000 tons of standard coal) 0.0685 0.1319 0.1035
X32: Percentage of social employed population (%) 0.0438 0.0547 0.0498

The uAHP denotes the weight coefficient of the AHP method, uIEW represents the weight
coefficient of the information entropy weight (IEW) method, and u∗CW denotes the weight coefficient of
the combination weight of game theory (CW).

2.2. Methods

2.2.1. Data Pre-Processing

The relative sea statistic data (1999–2013) were acquired from the China Marine Statistical
Yearbook (National Bureau of Statistics of the People’s Republic of China, 1999–2013), and the relative
land statistic data (1999–2013) were acquired from the Statistical Yearbook of Hainan Province (Hainan
Provincial Bureau of Statistics, 1999–2013). For this paper, the temporal and spatial sequence data of
Hainan Province from 1999 to 2013 were selected and the data are standardized as Equations (1) and
(2) to exclude the influence of dimension, magnitude, and positive and negative orientation (as shown
in Tables A1 and A2 in Appendix A) [28,29].

Positive indicator:

X′ij =
(
Xij −min

{
Xj
})

/
(
max

{
Xj
}
−min

{
Xj
})

(1)

Negative indicator:

X′ij =
(
max

{
Xj
}
− Xij

)
/
(
max

{
Xj
}
−min

{
Xj
})

(2)

where Xij denotes the value of indicator j in year i and max
{

Xj
}

and min
{

Xj
}

indicate the maximum
and minimum values of indicator j for all years respectively. Thus, all of the indexes values are in the
range of (0, 1).
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2.2.2. Evaluation of the Statistical Data

To overcome the limits of the subjective evaluation method and the objective evaluation method,
a combination weight method has been widely adopted in recent research [30]. To make the evaluation
process more reasonable, we selected the AHP as a subjective weighting method and the IEW as
an objective weighting method to determine the combination weight of each indicator based on game
theory. The calculation process for AHP and IEW can be found in References [31–34].

The calculation process of combination weight based on game theory is as follows [35]:
Step (1): Obtain n weights according to n types of weighting methods, and then construct a basic

weight vector set U| = {u1, u2..., un}. A possible weight set is combined by n vectors with the form of
arbitrary linear combination as:

U =
n

∑
k=1

αkuT
k (αk ≥ 0) (3)

where the u is a possible weight vector in set U and αk is the weight coefficient. Remarkably, in this
paper n is equal to two (i.e., AHP and IEW).

Step (2): Determine the most satisfactory weight vector u∗ of the possible weight vector sets
according to the concept of game theory, suggesting that a compromise was reached among n weights.
Such a compromise can be regarded as optimization of the weight coefficient αk, which is a linear
combination. The aim of optimization is to minimize the deviation between u and uk using the
following formula:

min‖
n

∑
j=1

αj × uj
T − ui

T‖
2

(i = 1, 2, · · ·, n) (4)

According to the differentiation property of the matrix, the condition of optimal first order
derivative in Equation (4) is:

n

∑
j=1

αj × ui × uj
T = ui × ui

T (i = 1, 2, · · ·, n) (5)

The corresponding system of linear equations is:
u1 · uT

1 u1 · uT
2 ... u1 · uT

n
u2 · uT

1 u2 · uT
2 ... u2 · uT

n
... ... ... ...

un · uT
1 un · uT

2 ... un · uT
n




α1

α2

...
αn

 =


u1 · uT

1
u2 · uT

2
...

un · uT
n

 (6)

Step (3): Calculate the weight coefficient (α1, α2 · · · αn) according to Equation (6), and then
normalize it with the following formula:

α∗k =
αk

n
∑

k=1
αk

(7)

Lastly, the combination weight will be obtained as:

u∗ =
n

∑
k=1

αkuk
T (8)
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2.2.3. Analysis of the Coupling Coordination Degree

The Coupling Coordination Degree Model (CCDM)

The coupling is a term in physics that refers to the phenomenon when two or more systems
achieve coordination through interaction and mutual influence, and the coordination degree is used to
measure the level of harmony and compatibility in the development of systems. Liao et al. [36] first
combined coupling and coordination degree into the coupling coordination degree model to determine
the degree of coupling coordination within a system or between different systems, and further divided
the grades of coupling coordination degree. Since then, the coupling coordination degree model has
been widely used in the evaluation of systems in different areas [37–39].

For this paper, we built a coupling coordination degree model to evaluate the coupling relationship
between the sea system and the land system. The specific calculation process of CCDM follows [40].

Step (1): Calculate the comprehensive evaluation values of sea system and land system.

f (x) =
n

∑
i=1

aix∗i (9)

g(y) =
n

∑
i=1

biy∗i (10)

where f (x) and g(y) represent the comprehensive evaluation values of sea system and land system,
respectively, as shown in Table 5; x∗i and y∗i respectively represent the dimensionless normalized values
of the two systems; and ai and bi represent the index weights, which are expressed by the combination
weight based on game theory of the two systems respectively.

Step (2): Calculate the coupling coordination degree between sea system and land system.

C =

 f (x) ∗ g(y)(
f (x)+g(y)

2

)2


1
2

(11)

T = α f (x) + βg(y) (12)

D(x, y) =
√

C · T (13)

where D represents the coupling coordination degree, and D ∈ (0, 1);C represents the coupling degree
between sea system and land system, C ∈ (0, 1) [41]; T reflects the comprehensive coordination index
of sea system and land system; and α and β represent the contributions of sea system and land system,
respectively. For Hainan Province, the sea system is equally as important as the land system, so the
values of α and β are equivalent: α = β = 0.5.

According to the degree of coupling coordination degree D, the development of coupling of
sea system and land system was divided into 3 classes and 10 sub-classes based on the comparative
relationship between the comprehensive assessment indexes of sea system f (x) and land system g(y)
(The specific assessment criteria and grade are shown in Table 3.).

Table 3. Discriminating standards of the coupling coordination degree.

Section D Value Types

Uncoordinated Development

0~0.09 Extremely uncoordinated
0.10~0.19 Seriously uncoordinated
0.20~0.29 Moderately uncoordinated
0.30~0.39 Slightly uncoordinated
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Table 3. Cont.

Section D Value Types

Transitional Development 0.40~0.49 On the verge of uncoordinated
0.50~0.59 Barely coordinated

Coordinated Development

0.60~0.69 Slightly coordinated
0.70~0.79 Moderately coordinated
0.80~0.89 Well coordinated
0.90~1.00 Quality coordinated

The Scissors Difference Model (SDM)

Seton et al. [42] first proposed the concept of scissors difference to describe the trend of the price
gap between industrial products and agricultural products. Now the scissors difference is also widely
applied to economic research [43].

In this paper, we measure the difference of development trends between the sea system and
the land system at a given time through the scissors difference model. The larger the scissors
difference, the bigger the difference between the two development trends of sea system and land
system (see Figure 3).
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Figure 3. The sketch map of the scissors difference model.

The specific calculation process of the SDM is as follows:
Step (1): Obtain the coupling equations of sea system F(x) and land system G(y) by fitting all the

comprehensive evaluation values of sea system f (x) and land system g(y) respectively in EXCEL.
Step (2): Calculate the tangent angle α between F(x) and G(y) at a given time. The greater the

value of α, the bigger the difference between the sea system and land system will be.

VF(x) = F′(x) = dx/dt (14)

VG(y) = G′(y) = dy/dt (15)

α = arc cos
1 + VF(x)VG(y)√

(1 + V2
F(x))(1 + V2

G(y))
(0 ≤ α ≤ π) (16)

where the range of t is 1 to 15, corresponding to the years 1999–2013.
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The Dynamic Coupling Coordination Degree Model (DCCDM)

The dynamic coupling coordination degree model is used to determine the coupling degree of the
whole system [44].

Li et al. [45] first proposed the DCCDM and used it for coordinated evaluation between the
resource environment system and the socioeconomic system, and then divided the grades of the
coupling degree of the compound system.

For clarifying the relationship between sea system and land system, we assume that the sea
system and the land system and their interrelationships are a compound system. In accordance with
systematic evolution in the general systems theory, we establish a dynamic coupling coordination
degree model between the sea system and land system to analyze the dynamic evolution and coupling
states of the compound system.

The changes of sea system and land system are nonlinear, so the evolutional equation of them can
be described as:

dx(t)/dt = f (x1, x2, · · ·, xn); i = 1, 2, ..., n; (17)

where f is the nonlinear function of xi.
The stability of the nonlinear system depends on the nature of the characteristic root of

the first-order approximation system, so under the premise of ensuring the stability of motion,
spreading it around the origin according to Taylor series expansion, and ignoring the high-order
item, the approximate expression of the nonlinear system can be obtained:

dx(t)/dt =
n

∑
i=1

aixi; i = 1, 2, ..., n; (18)

In accordance with this idea, we can establish the general function of the change process of sea
system and land system:

f (x) =
n

∑
i=1

aix∗i , i = 1, 2, ..., n (19)

g(y) =
n

∑
i=1

biy∗i , i = 1, 2, ...n (20)

Assuming the sea system and land system and their interrelationships as a single system, there are
two elements F(x), G(y) within this system. According to the Bertalanffy’s general system theory,
the evolution equation for the compound system can be expressed as:

F(x) = d f (x)/dt = T1 f (x) + T2g(y), VF(x) = dF(x)/dt (21)

G(y) = dG(y)/dt = U1 f (x) + U2g(y), VG(y) = dG(y)/dt (22)

where F(x) and G(y) are the evolution states of sea system and land system respectively under the
influence of their own and external environments. VF(x) and VG(y) are respectively the evolution speed
of the sea system and the land system. In the compound system, F(x) and G(y) are mutually influenced,
and the change of any subsystems will lead to the change of the whole system. The evolution speed
of the system V can be regarded as a function of VF(x) and VG(y), so V = f

(
VF(x), VG(y)

)
. Therefore,

taking VF(x) and VG(y) as the control variables, the coupling relationship between the whole system
and two subsystems is studied by analyzing the changes of V. Since the evolution of the whole
system conforms to an S-shaped mechanism, we assume that the dynamic coupling relationship
between sea system and land subsystem is periodic. In each cycle, because the changes of V are
caused by VF(x) and VG(y), we analyze V by projecting the evolution trajectories of VF(x) and VG(y)

in a two-dimensional plane
(

VF(x), VG(y)

)
. In this condition, the variation of V is an ellipse in the

coordinate system, as shown in Figure 4. The variable β expresses the angle between VF(x) and VG(y).
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According to the value of β, we can determine the dynamic coupling coordination degree of the
sea–land system (The specific assessment criteria and grade of β are shown in Table 4.).

β = arctan
(

VF(x)/VG(y)

)
(23)

Table 4. The coupling degree of the sea–land model.

The Range of fi Stage Development Stage The Performance

−90◦ < β ≤ 0◦ I low-grade symbiosis stage

During this period, the development speed of sea
system is slow, and it is not restricted by land system.
The impact of the sea system on the land system is
almost zero.

0◦ < β < 45◦

II

primary-grade coordinated
development stage

VF(x) < VG(y), the development speed of the sea
system is less than that of the land system, and the
sea system has already begun to show the stress on
the land system.

β = 45◦ harmonious development
stage

VF(x) = VG(y), the development speed of the sea
system is equal to that of the land system. It is
harmonious between the sea system and the land
system.

45◦ < β ≤ 90◦ common development stage

VF(x) > VG(y), with the rapid development of the sea
system, the two system began to interact with each
other, and the restriction of the land system to the
sea system began to appear, but it is not prominent.

90◦ < β ≤ 180◦ III utmost development stage

With the rapid development of the marine economy,
the sea system has accelerated the demand for land
resources, the contradiction between the sea system
and the land system has become increasingly
prominent, which has restricted the development of
the marine economy.

−180◦ < β ≤ −90◦ IV high-grade symbiosis stage

The restriction between the sea system and the land
system has been gradually transformed into mutual
promotion, and finally reaches a high-grate
symbiosis between the sea system and the land
system.

In a cycle, the whole system will experience four states according to the value of β: (I) a low-grade
symbiosis stage, (II) a break-in development stage, (III) an utmost development stage, (IV) a high-grade
symbiosis stage.
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3. Results and Discussion

3.1. The Time Series Analysis of the Comprehensive Evaluation Values of Sea System and Land System

Firstly, the subjective weight and the objective weight are calculated by the AHP and IEW
respectively. Secondly, in accordance with Equation (8), we calculate the combination weight of
the evaluation indexes. Finally, we bring the normalized data and the combination weight into
Equations (9) and (10), and get the comprehensive evaluation values of the sea system and the land
system. See Tables 2 and 5.

Table 5. The comprehensive evaluation values of sea system and land system.

Year The Comprehensive Evaluation
Values of Sea System (f(x))

The Comprehensive Evaluation
Values of Land System (g(y))

1999 0.0544 0.1169
2000 0.1304 0.1339
2001 0.1346 0.1419
2002 0.1084 0.1601
2003 0.1625 0.1775
2004 0.1980 0.1730
2005 0.2354 0.1959
2006 0.3418 0.2391
2007 0.4153 0.2700
2008 0.4933 0.2774
2009 0.5331 0.3177
2010 0.7225 0.5238
2011 0.6783 0.6667
2012 0.6717 0.6464
2013 0.7883 0.6906

In Tables 2 and 5, we can see that the comprehensive evaluation values of the sea system and
the land system all gradually increased from 1999 to 2013 in Hainan. The comprehensive evaluation
values of the sea system increased from 0.0544 to 0.7883 with growth of 0.7339 during 1999–2013,
with a growth rate was 93.1%. The comprehensive evaluation values of the land system increased from
0.1169 to 0.6906 with a growth of 0.5737 during 1999–2013, with a growth rate of 83.07%. According
to the different comprehensive evaluation values of sea system and land system, we divide the
development of the sea–land system in Hainan into two cases: (1) f (x) > g(y), marine economy
dominant type; (2) f (x) < g(y), land economy dominant type.

In Figure 5, we can see that the marine system of China witnessed continuous development in
1999–2013 years, and that though there was a decrease in 2011, the growth trend remained unchanged.
The first year of the “12th Five-Year” plan was 2011, when the economic, social and resource indexes
of the marine system were rising, but the environment index declined. For example, the amount
of industrial wastewater discharged increased significantly in the coastal areas. When we focus
on developing the marine economy, the external environment and its regulation are overlooked,
resulting in a negative impact on marine economic development. The land economy maintained its
growth in 1999–2013, except for a small decrease in 2012 which may also be caused by the destruction
of the environment. During 1999–2003, f (x)/g(y) were less than 1 and gradually approaching 1,
indicating that the development of the marine economy had lagged behind the land economy. In 2003,
the State Council issued the “National Marine Economic Development Plan” [46], which led to a rapid
development of the marine economy. However, in 2004–2013, f (x)/g(y) was greater than 1, indicating
that the development of the marine economy was ahead of the land economy. In 2005, the government
of the Hainan province had issued “About Accelerating the Development of the Marine Economy
Decision”, the marine economy had gone through a blowout development, and the economic gap
between the sea and the land widened. At the same time, the burden of the environment on the
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marine economy was becoming heavier. After 2011, f (x)/g(y) was stable near 1, indicating that the
sea system and the land system gradually realized coordinated development.
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The research results of this part are basically as same as the research results of Yang et al. [12] and
Sun et al. [13]. In their research, they carried out a quantitative study on the sea–land coordination in
Bohai sea ring area in China respectively, the results showed that the comprehensive evaluation values
of sea system and land system are increasing steadily. Thus, with the country’s high attention to the
marine economy and adhering to the sea-land coordination policy, the economic strength of the sea
system and the land system indeed have a general increase.

3.2. The Time Series Analysis of Coupling Coordination Degree of Sea System and Land System

In Table 6, we can see that the coupling degree C of the sea system and the land system in Hainan
from 1999 to 2013 was between 0.9310 and 0.9978, and the volatility was 7.18%, so the change in
that variable was relatively stable. But the coupling coordination degree D was between 0.2824 and
0.8590, a relatively apparent change. The reason for this phenomenon is that the coupling degree
indicates synchronization between land system and sea system, but it does not indicate the direction
of synchronization between them, while the coupling coordination degree D takes full account of the
degree of good or bad coordination between them. See column three in Table 6, which shows that the
coupling coordination degree of sea system and land system experienced three stages from 1999 to
2013: uncoordinated development (1999–2002), transitional development (2003–2007), and coordinated
development (2008–2013).

Table 6. The coupling coordination degree of sea system and land system.

Year Coupling Degree C Coupling Coordination Degree D Grade of Coupling Coordination

1999 0.9310 0.2824 Moderately uncoordinated
2000 0.9999 0.3635 Slightly uncoordinated
2001 0.9997 0.3718 Slightly uncoordinated
2002 0.9813 0.3630 Slightly uncoordinated
2003 0.9990 0.4121 On the verge of uncoordinated
2004 0.9977 0.4302 On the verge of uncoordinated
2005 0.9958 0.4634 On the verge of uncoordinated
2006 0.9842 0.5347 Barely coordinated
2007 0.9773 0.5787 Barely coordinated
2008 0.9599 0.6082 Slightly coordinated
2009 0.9674 0.6415 Slightly coordinated
2010 0.9872 0.7843 Moderately coordinated
2011 1.0000 0.8200 Well coordinated
2012 0.9998 0.8117 Well coordinated
2013 0.9978 0.8590 Well coordinated
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In order to explore the effect of the comprehensive evaluation values of the sea system and
the comprehensive evaluation values of the land system on the coupling coordination degree D,
a multivariate linear regression model was established based on the coupling coordination degree
D as the dependent variable, and the comprehensive evaluation values of the sea system and the
comprehensive evaluation values of the land systems as the independent variables, using Statistical
Product and Service Solutions (SPSS) software. The results are shown in Tables 7 and 8. In Table 7,
it can be seen that in this multivariate linear regression model, the fitting degree of the model R2 is
0.993, very close to 1; this shows that the fitting degree of the model is very good. This multiple linear
regression model can be expressed as: Yi(D) = 0.265 + 0.582 fi(x) + 0.223gi(y), (i = 1, 2, ..., 15), and it
can be seen in Table 8 that the coupling coordination degree D can be expressed as a multivariate linear
function of the comprehensive evaluation values of the sea system and the land system. When the
comprehensive evaluation value of the sea system increases by 1 unit, the coupling coordination
degree of the sea–land system increases by 0.582 units; when the comprehensive evaluation value of
the land system increases by 1 unit, the coupling coordination degree of the sea–land system increases
by 0.582 units.

Table 7. The model summary of multiple linear regression model.

Model Summary

Model R R2 Adjusted
R2

Standard
Estimation

Error

Change the Statistics

Durbin–WatsonR2

Changes
F

Changes df1 df2 Sig. F
Changes

1 0.996 a 0.993 b 0.992 0.0176638 0.993 824.459 2 12 0.000 0.979
a R denotes the multiple correlation coefficient; b R2 denotes the fitting degree of the model.

Table 8. The coefficients of multiple linear regression model.

Coefficient

Model

Non-Normalized
Coefficients

Normalized
Coefficients

t Sig.

The Colinearity
Statistics

B Normalized
Error Trial Version Tolerance VIF

constant a 0.265 0.009 31.005 0.000

the comprehensive
evaluation values of sea

system a
0.582 0.052 0.767 11.079 0.000 0.126 7.955

the comprehensive
evaluation values of

land system a

The coupling
coordination degree D b

0.223 0.064 0.242 3.492 0.004 0.126 7.955

a Predictive variable: constant, the comprehensive evaluation values of sea system, the comprehensive evaluation
values of land system. b Dependent variable: the coupling coordination degree D.

In short, the relationship between the land system and the sea system developed in the desired
direction. Also note that the overall comprehensive evaluation values of the sea system has a greater
effect on the coupling coordination degree D than does the comprehensive evaluation values of the
land system. The main reasons for this are that the government of Hainan Province has begun to pay
attention to land economy with careful attention to the marine economy, having begun the process of
developing sea–land coordination. The sea–land coordination development of Hainan Province has
been inextricably linked with sustainable development policy, the scientific outlook on development
policy, and the sea–land coordination policy that China has been promoting from 2003.

The research results of this part are basically the same as the research results of Zhao et al. [15].
In her research, she used the coupling coordination degree to assess the coupling coordination of
sea-land system from 2003–2013, the results showed that China’s sea-land system achieved from on
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the verge of uncoordinated to well coordinated from 2003–2013. Thus, it can be seen that CCDM is
appropriate for the study of coupling coordination degree of sea system and land system.

3.3. The Scissors Difference Analysis of Sea System and Land System

In accordance with the comprehensive evaluation values of sea system f (x) and land system g(y),
polynomial regression models are used to fit the trend functions of sea system F(x) and land system
G(y) in Excel, as shown in Figure 6. Hence the following formulas:

F(x) = −0.00006t4 + 0.0014t3 − 0.0063t2 + 0.0251t + 0.0601 (R2 = 0.9787) (24)

VF(x) = −0.00024t3 + 0.0042t2 − 0.0126t + 0.0251 (25)

G(y) = −0.0001t4 + 0.0037t4 − 0.0358t4 + 0.134t− 0.0039 (R2 = 0.9652) (26)

VG(y) = −0.0004t3 + 0.0111t2 − 0.0716t + 0.134 (27)

where VF(x) = F′(x) = dx/dt and VG(y) = G′(y) = dy/dt.Sustainability 2017, 9, 859 17 of 27 
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The scissors difference α between sea system and land system is calculated according to
Equation (16). In Figure 7, it can be seen that the curve of the scissors difference α is a “W” type,
which can be divided into four stages: during the first stage, from 1999 to 2000, the scissors difference
α was basically showing a downward trend, decreasing from 3.2◦ to 1◦, which indicated that the
difference between sea system and land system was decreasing. The second stage was from 2001 to
2003, when the scissors difference α showed a brief upward trend. During the third stage, from 2004
to 2006, the scissors difference α showed a brief downward trend and reached its minimum in 2006;
and during the fourth stage, from 2007 to 2013, the scissors difference α between the sea system and
the land system gradually increased and reached its maximum in 2013.

In short, it can be seen that: from 1999–2000, the sea system was relatively backward, the land
system was developing well, the pressure from the sea system to the land system had been revealed,
but the development speed of land system decreased significantly, thus, at this time, Hainan Province
had begun to focus on developing the sea system; from 2001 to 2006, the land system was relatively
backward, the sea system was developing well, the development speed of sea system was faster than
that of the land system, and the interaction between two systems was obvious. The reasons for this
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were, at this time, Hainan Province had begun to implement the sea–land coordination policy and the
State had promulgated a series of policies and regulations to promote the sea–land coordination; from
2007 to 2013, the development speed of land system exceeded that of sea system, the restriction effects
of sea system on land system were evident, thus, at this time, the sea–land coordination policy had
been effectively implemented in Hainan Province.
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3.4. The Dynamic Coupling Coordination Degree Analysis of the Sea–Land System Model

As can be seen in Figure 8, the dynamic coupling coordination degree of the sea–land system is
basically a parabolic shape. From 1999 to 2003, except for 2002, the dynamic coupling coordination
degree of the sea–land system demonstrated a general uptrend; after 2003, it was basically a downward
trend. The coupling state of the sea–land system was in the break-in development stage except for in
2002. In 2002, Hainan Province was affected by Severe Acute Respiratory Syndrome (SARS), and the
developments of the sea system and the land system were seriously disturbed; so in the analysis of
this part, we temporarily did not consider 2002. The coupling state can therefore be divided into
three stages. The primary-grade coordinated development stage was from 1999 to 2000. In this stage,
the development speed of the sea system was less than that of the land system, and the development
of the sea has already begun to show the stress on the development of the land. The common
development stage was the second stage, which was from 2001 to 2007. During this period, with the
rapid development of the sea, the sea system and the land system began to interact with each other,
and the restrictions on the land from the sea began to appear, but were not prominent. The third
stage was also the primary-grade coordinated development stage, from 2008 to 2013, the development
speeds of the sea system and the land system had both fallen, with the declining speed of the sea
system being faster than that of the land system.

Based on the above analysis, it can be seen that the results of this part are basically in agreement
with the results of Section 3.3. Thus, we can know that the coupling state of the sea–land system has
a lot to do with the ocean policies of Hainan and the development policies of China. At the same time,
the coupling state of the sea–land system circled between the primary-grade coordinated development
stage and the common development stage. This is consistent with the interpretation of the coupling
state of system in the literature [47].
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3.5. The Influencing Factors of Coupling Coordination Degree of Sea System and Land System

There are many factors influencing the coupling coordination degree of the sea system and land
system. This paper mainly considers 16 indicators and 4 subsystems, including economic development,
social progress, environmental protection, and resource efficiency. A linear regression analysis was
performed between the comprehensive evaluation values of 16 indicators and 4 subsystems and the
coupling coordination degree D, using SPSS software. The results are shown in Tables 9 and 10.
In the 5% confidence interval, all indicators and subsystems are significantly correlated with the
coupling coordination degree D in addition to the environmental protection subsystem; the fitting
degree R2 is greater than 0.841 and is very ideal between the other subsystems and the coupling
coordination degree.

Table 9. The influence order of four subsystems.

System
Grade Influencing Factor The Linear Regression Equation The Fitting

Degree R2
Influence
Order

The sea
system

Economic Development Yi(D) = 0.293 + 2.459 fECi(x) 0.966 2
Social Progress Yi(D) = 0.346 + 1.750 fSOi(x) 0.933 3

Environmental Protection Yi(D) = 0.390 + 2.714 fENi(x) 0.244
Resource Efficiency YI(D) = 0.270 + 3.135 fREi(x) 0.919 1

The land
system

Economic Development Yi(D) = 0.353 + 2.483gECi(y) 0.953 1
Social Progress Yi(D) = 0.364 + 2.185gSOi(y) 0.092 3

Environmental Protection Yi(D) = 0.862− 4.497gENi(y) 0.484
Resource Efficiency Yi(D) = 0.365 + 2.423gREi(y) 0.814 2

Remarks: The EC denotes the economic development subsystem, the SO denotes social progress subsystem; the EN
denotes environmental protection subsystem; the RE denotes resource efficiency subsystem, the i = 1, 2, ..., 15.

Table 10. The influence order of 16 indicators.

Index Evaluation System Influence Order Index Evaluation System Influence Order

X1: Gross Marine Product
(100 million CNY) 10 X17: Growth rate of gross national

product (%) 5

X2: GMP accounts for GDP
proportion (%) 2 X18: Total investment in fixed assets

(100 million CNY) 2

X3: Gross fisheries product
(100 million CNY) 4 X19: Total merchandise exports in

foreign trade (ten thousand US dollars) 11

X4: International tourism
foreign exchange income
(USD 10,000)

8 X20: Total retail sales of social consumer
goods (10 thousand CNY) 10



Sustainability 2017, 9, 859 19 of 25

Table 10. Cont.

Index Evaluation System Influence Order Index Evaluation System Influence Order

X5: Main port cargo
throughput (10,000 tons) 9 X21: Land transportation volume

(10,000 tons) 12

X6: Distribution of coastal
observation stations (number) 7 X22: Household disposable income of

urban residents (CNY) 8

X7: Staff and workers of
marine scientific research
(person)

15 X23: Employee in scientific research and
technological development (person) 15

X8: Number of marine
science and technology
(number)

1
X24: Financial expenditure in
education, health and science
(10 thousand CNY)

3

X9: Direct discharge of
industrial waste water into
marine (million tons)

14 X25: Total discharge of industrial waste
water (10,000 tons) 14

X10: Number of completed
projects for marine pollution
control in the year (unit)

12 X26: Industrial solid waste generation
(10,000 tons) 6

X11: Number of marine nature
reserves (unit) 6 X27: Pollution control project

investment (million CNY) 7

X12: Per capita area of marine
nature reserves (m2) 13 X28: Afforested area (ha.) 16

X13: Economic density of
coastline (100 million
CNY/km)

11 X29: Regional economic density
(100 million CNY/km2) 4

X14: Length of wharf (m) 5 X30: Per capita arable land(hm2) 13

X15: Marine capture
production (tons) 3 X31: Total energy production

(10,000 tons of standard coal) 9

X16: Mariculture area (hm2) 16 X32: Percentage of social employed
population (%) 1

In Table 9, it can be seen that the influence order of each subsystem includes resource efficiency,
economic development, and social progress in the sea system, but in the land system, the influence
order includes economic development, resource efficiency and social progress. (The environmental
subsystem is not considered because in the linear analysis the fitting degree is less than 0.5).
This suggests that social progress, economic development, and resource efficiency have positive
influences on the coupling coordination degree. Although the fitting degree of environmental
protection is not ideal, its positive role in promoting sea–land coordination, which has been confirmed
by many scholars, cannot be ignored [48,49]. Thus, for the actual situation in Hainan, priority in
the process of sea–land coordination should be given to social progress, economic development,
and resource efficiency, along with strengthening the efforts and awareness of environmental protection
to enhance the role of environmental protection.

In Table 10, it can be seen that in the 16 indicators in sea system, the top five influencing factors
on the coupling coordination degree D are marine science and technology, GMP accounts for GDP
proportion, marine capture production, gross fisheries product, and length of wharf, respectively
(The top five influencing factors are marked in bold in Table 10). The mariculture area, staff and
workers of marine scientific research, the direct discharge of industrial waste water into marine, the per
capita area of marine nature reserves, and the number of completed projects for marine pollution
control in the year, rank in the last five. For the land system, the top five are: percentage of social
employed population, total investment in fixed assets, financial expenditures on education, health
and science, regional economic density; growth rate of gross national product, respectively (The
top five influencing factors are marked in bold in Table 10). Employees in scientific research and
technological development, the afforested area, total discharge of industrial waste water, per capita
arable land, and land transportation volume rank in the last five. This shows that improving the
efficiency of economic development, increasing the investment in science and technology, labor and
infrastructure can effectively promote the coordinated development of sea-land system in Hainan.
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The research results of this part are basically as same as the research results of Liang et al. [14]. In his
research, he found that Guangdong Province should give priority to economic efficiency factors,
social development factors and labor technology investment factors to coordinate the sea-land system.

4. Conclusions

Research on the relationship between the sea system and the land system is important for
promoting the overall development of the sea–land system in Hainan Province. The coordinated
development of sea system and land system is a constantly changing process. In this paper, taking the
statistical data of Hainan Province from 1999 to 2013 as our example, we constructed a sea–land system
which includes four subsystems—economic development, social progress, environmental protection,
and resource efficiency—to measure the coupling coordination degree between the sea system and the
land system. Our conclusions are as follows:

(1) From 1999 to 2013, the comprehensive evaluation values of the sea system and the land system
of Hainan Province were basically increasing step by step, and the basic development trend
was consistent. Moreover, the development of sea-land system in Hainan Province had gone
through two stages from 1999–2013: the land economy dominant stage and the marine economy
dominant stage.

(2) Through the analysis of the coupling coordination degree between sea system and land system,
it can be seen that the relationship between them is developing in a desirable way. This shows
that under the influence of national policy, the government of Hainan has begun to pay
attention to the land economy as well as to the marine economy and implemented the sea-land
coordination policy.

(3) With the attention of the country and the government of Hainan to the sea-land coordination
policy, the gap between the development speed of the marine economy and land economy has
been increasing, and the curve of the scissors difference α is a “W” type.

(4) The dynamic coupling coordination degree of the sea–land system, which follows a parabolic
curve, was basically in the break-in development stage from 1999–2013. At the same time,
the coupling state of the sea–land system circled between the primary-grade coordinated
development stage and the common development stage.

(5) To promote coupling coordination development of sea–land system in Hainan Province,
the government should give priority to economic development, social progress, and resource
efficiency subsystems in adhering to the principles of developing the sea through science and
technology and of sea–land coordination, and increase efforts towards and cultivate consciousness
of environmental protection, making environmental protection an important aspect of promoting
sea–land coordination. What’s more, improving the efficiency of economic development,
increasing the investment in science and technology, labor and the infrastructure can effectively
promote the coordinated development of sea–land system in Hainan.

In building on previous studies, this paper makes a useful attempt to quantify the sea–land
coordination. We hope to provide guidance for the sea–land coordination development of Hainan
Province and other coastal areas and cities. However, due to the limits of statistical data in Hainan
Province, the available evaluation indicators of sea–land system are limited, which leads to a relatively
weak consistency in evaluation indicators between the sea system and the land system. This is
a problem that needs to be solved in future study.
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Appendix A

Table A1. The standardized data for sea system.

Year Gross Marine
Product

GMP Accounts for
GDP Proportion

Gross Fisheries
Product

International
Tourism Foreign
Exchange Income

Main Port
Cargo

Throughput

Distribution
of Coastal

Observation

Staff and Workers
of Marine

Scientific Research

Number of
Marine Science
and Technology

1999 0.000 0.000 0.000 0.061 0.000 0.0137 0.0000 0.0000
2000 0.019 0.103 0.066 0.062 0.020 0.0274 0.0108 0.0256
2001 0.057 0.342 0.126 0.063 0.033 0.0274 0.0216 0.0513
2002 0.066 0.307 0.116 0.024 0.060 0.0000 0.0270 0.0769
2003 0.110 0.495 0.167 0.000 0.097 0.3836 0.0054 0.0513
2004 0.200 0.851 0.232 0.038 0.123 0.4247 0.0162 0.0513
2005 0.237 0.874 0.307 0.190 0.134 0.3699 0.0108 0.1026
2006 0.310 0.981 0.187 0.524 0.345 0.2877 0.2595 0.3462
2007 0.382 1.000 0.255 0.777 0.512 0.3425 0.6649 0.4872
2008 0.452 0.944 0.344 0.826 0.544 0.3562 0.8324 0.4487
2009 0.505 0.946 0.415 0.572 0.602 0.2603 0.8757 0.5641
2010 0.610 0.864 0.507 0.768 0.718 0.5479 0.9027 0.6410
2011 0.723 0.797 0.657 1.000 0.829 0.3562 0.8378 1.0000
2012 0.842 0.822 0.810 0.829 0.910 0.0548 0.8757 0.5128
2013 1.000 0.917 1.000 0.831 1.000 1.0000 1.0000 0.5256

Year

Direct
Discharge of

Industrial
Waste Water
into Marine

Number of
Completed

Projects for Marine
Pollution Control

in the Year

Number of
Marine Nature

Reserves

Per Capita Area of
Marine Nature

Reserves

Economic
Density of
Coastline

Length of
Wharf

Marine Capture
Production Mariculture Area

1999 0.390 0.108 0.708 0.007 −0.001 0.000 0.000 0.393
2000 0.513 1.000 0.708 0.006 0.021 0.088 0.134 0.538
2001 0.661 0.324 0.708 0.006 0.043 0.088 0.275 0.670
2002 0.617 0.068 0.000 0.000 0.060 0.088 0.425 0.728
2003 1.000 0.135 0.000 0.000 0.027 0.088 0.588 0.761
2004 0.772 0.108 0.000 0.000 0.063 0.088 0.733 0.856
2005 0.444 0.324 0.167 0.005 0.108 0.176 0.870 0.894
2006 0.000 0.378 1.000 0.010 0.166 0.206 1.000 1.000
2007 0.332 0.216 1.000 0.010 0.229 0.243 0.606 0.000
2008 0.469 0.176 0.917 0.196 0.315 0.257 0.653 0.275
2009 0.814 0.068 1.000 0.010 0.421 0.727 0.825 0.610
2010 0.848 0.122 0.750 1.000 0.579 0.977 0.740 0.539
2011 0.436 0.311 0.750 0.184 0.756 0.977 0.824 0.550
2012 0.341 0.270 0.750 0.185 0.885 0.888 0.915 0.670
2013 0.376 0.000 0.750 0.183 0.997 1.000 0.933 0.764
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Table A2. The standardized data for land system.

Year
Growth Rate of
Gross National

Product

Total
Investment in
Fixed Assets

Total
Merchandise

Exports in
Foreign Trade

Total Retail
Sales of Social

Consumer
Goods

Land
Transportation

Volume

Household
Disposable Income
of Urban Residents

Employee in
Scientific Research
and Technological

Development

Financial
Expenditure in

Education, Health
and Science

1999 0.0000 0.000 0.000 0.000 0.094 0.000 0.105 0.000
2000 0.1590 0.001 0.018 0.018 0.084 0.001 0.153 0.005
2001 0.1240 0.006 0.018 0.037 0.030 0.028 0.200 0.013
2002 0.1880 0.014 0.024 0.057 0.000 0.084 0.000 0.026
2003 0.1650 0.034 0.041 0.042 0.068 0.109 0.013 0.034
2004 0.1710 0.053 0.116 0.097 0.117 0.136 0.097 0.051
2005 0.1410 0.075 0.093 0.139 0.184 0.158 0.285 0.081
2006 0.2760 0.093 0.239 0.191 0.323 0.231 0.310 0.102
2007 0.4120 0.126 0.368 0.262 0.430 0.322 0.297 0.177
2008 0.1180 0.205 0.377 0.375 0.310 0.413 0.387 0.272
2009 0.1290 0.320 0.389 0.467 0.304 0.478 0.478 0.403
2010 1.0000 0.450 0.555 0.573 0.611 0.582 0.745 0.522
2011 0.8470 0.561 0.606 0.717 0.743 0.741 0.804 0.716
2012 0.3180 0.771 0.809 0.853 0.901 0.886 0.902 0.890
2013 0.1410 1.000 1.000 1.000 1.000 1.000 1.000 1.000

Year
Total Discharge

of Industrial
Waste Water

Industrial
Solid Waste
Generation

Pollution
Control Project

Investment

Afforested
Area

Regional
Economic
Density

Per capita Arable
Land

Total Energy
Production

Percentage of Social
Employed
Population

1999 0.963 1.000 0.002 0.072 −0.001 0.984 0.000 0.009
2000 0.965 0.926 0.019 0.098 0.019 0.911 0.008 0.000
2001 0.967 0.984 0.000 0.383 0.040 0.779 0.012 0.000
2002 0.974 0.958 0.260 0.157 0.065 0.696 0.009 0.075
2003 0.961 0.938 0.004 1.000 0.081 0.576 0.006 0.129
2004 0.981 0.897 0.001 0.376 0.121 0.487 0.001 0.164
2005 0.961 0.835 0.091 0.329 0.159 0.401 0.010 0.185
2006 0.955 0.778 0.182 0.194 0.214 0.297 0.015 0.151
2007 1.000 0.747 0.008 0.029 0.285 0.190 0.020 0.248
2008 0.999 0.571 0.007 0.092 0.379 0.392 0.035 0.257
2009 0.966 0.625 0.007 0.125 0.436 0.293 0.039 0.340
2010 0.013 0.594 0.009 0.075 0.591 0.064 0.864 0.403
2011 0.044 0.000 1.000 0.072 0.764 0.071 0.957 0.523
2012 0.000 0.099 0.162 0.047 0.890 0.043 1.000 0.766
2013 0.029 0.040 0.051 0.000 1.000 0.004 0.898 1.000
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