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Abstract: Geographically, the coastal zone is a unit where the marine system and the terrestrial
system intersect and have the closest relationship with human survival and development. The
study of coastal-zone land use change is therefore of great significance in promoting the sustainable
development of coastal areas in terms of resources and environment. However, the relationship
between urban land use change and distance from the coastline is indeterminate in current research.
This paper aims to assess the spatial and temporal characteristics of coastal land use change with
the sea–land gradient, as well as to reveal the role of coastal ecosystems. The indices of the dynamic
index, net transfer matrix, and aggregation index were measured in different coastal buffer zones
quantitatively. A case study of Dalian between 2000 and 2015 indicates that Dalian’s urban construc-
tion land is distributed among the coastal zones with a high total and fast growth rate. The land use
conversion direction varies significantly between different buffer zones, with [0, 2.5] km tilted mainly
towards urban types and [10, Max] km tilted mainly towards rural areas. The aggregation of land
use structure in Dalian fluctuated and increased year by year. As the distance from the coastline gets
closer, land use is going to get more diverse.

Keywords: land use and land cover change; coastal zone; sea–land gradient; Dalian City

1. Introduction

Land use and land cover change (LULCC) refers to changes in land use on the Earth’s
surface caused by human activities [1,2]. The LULCC driving forces exist mainly in natural
and social systems. The natural systems driving factors are relatively stable over the
long term, whereas the human driving factors of social systems are relatively dynamic [3].
It is important to maintain and improve the regional ecological balance and to achieve
sustainable development and use of land resources [4]. Land use and land cover change
has become an active field of research at home and abroad in recent years, and has become
the key to many different application fields, such as ecosystem services, soil erosion, urban
expansion, and water quality changes [5–17].

The coastal zone is a zone where the Earth’s lithosphere, hydrosphere, atmosphere,
and biosphere intermingle; where the effects of various factors are frequent; where material
and energy exchange are active; and where changes are extremely sensitive [18]. Due to
the combined effects of climate change and human activities, the coastal zone ecosystems
and natural environment are extremely fragile, showing that the region is highly dynamic,
complex, and diverse [19]. China has a coastline as long as 18,000 km. The coastal areas
are extremely sensitive to change. It is characterized by high productivity, high economic
value, and relatively good resource advantages, which have an important impact on the
development of coastal cities. Therefore, the study of land use changes in the coastal
zone is of great significance for understanding human activities and sea–land relations,
coordinating land use in coastal zones, and sustainable development.

In addition, the coastal zone, as a border zone between land and sea, is rich in pro-
ductive resources. Due to the high intensity of human activity and modification of the
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coastal zone, the coastal-zone land use type and the geology and conditions (topography,
geomorphology, soils, policies, population, economy, etc.) in which it is located are con-
stantly changing [20]. Specific knowledge about the characteristics of coastal land use along
the sea–land direction helps to better understand the spatial heterogeneity of coastal land
use, which could offer scientific support for rational land management and the sustain-
able development of the coastal zone [21]. At present, the research on the coastal zone
is relatively extensive, but it mainly focuses on the evaluation of the regional ecological
service value using the coastal zone and LULCC [22–25], and the analysis of the land use
change in the coastal area [26–30]. It is worth noting that current studies on land use and
land cover change in coastal zones usually focus on large-scale areas, and there are some
shortcomings in the discussion of the scale effects of land use and land cover change under
different distance conditions from the coastline. To address this issue, this paper introduces
the concept of the sea–land gradient. The sea–land gradient refers to an independent
environmental system characterized by sea–land transition [31]; furthermore, the study of
sea–land gradient changes are of great importance to coastal areas. Sea–land gradients are
generally used to analyze patterns of ecological conditions in coastal areas [31], land use
change [32–35], and the value of ecosystem services [22]. It is also used to analyze patterns
of ecological status, land use change, and the value of ecosystem services in coastal areas.

As the largest port city in Northeast China, Dalian has convenient access to land
and sea, and has the geographical advantage of being near the sea. With the strategic
deployment of the “One Belt, One Road” [3,36] and the revitalization of the old industrial
bases in Northeast China [37], there has been a significant impact on the land use and
land cover change in Dalian. Based on Landsat images from 2000, 2005, 2010, and 2015,
this research uses Dalian as the study region and extracts land use data for four years.
At the same time, the sea–land gradient is built by establishing buffer zones at various
distances inland from the coastline to investigate the spatial and temporal changes in the
amount, distribution, and degree of convergence of land use and land cover with time
and distance. The spatial distribution pattern of land use was analyzed based on the
county-level administrative units in Dalian, which provides a scientific basis for sustainable
land use in the coastal zone of Dalian, and also provides a reference for regional land use
planning and urban development planning decision-making.

2. Materials and Methods
2.1. Study Area

Dalian is located on the southernmost tip of the Liaodong Peninsula (120◦58′–123◦31′ E,
38◦43′–40◦10′ N), on the shores of the Yellow Sea in Northeast China (Figure 1). The to-
pography is high in the north and low in the south and wide in the north and narrow in
the south, with many hills and mountains and few plains and lowlands. Furthermore, the
altitude of the Dalian Plain is 20–60 m above sea level. The highest mountain is located
in Zhuanghe City, with an altitude of 1130.7 m. The total area of Dalian is approximately
12,574 km2. The total area of the city is approximately 550.27 km2. Dalian had a total
registered population of 5,936,000 people by the end of 2015, with an urban population of
3,049,000 people and a built-up area of 396 km2 [38]. This paper divides the land area of
Dalian into the main urban area (including Zhongshan District, Xigang District, Shahekou
District, and Ganjingzi District), Jinzhou District, Lushunkou District, Pulandian District,
Wafangdian City, and Zhuanghe City, and presents the statistics separately to analyze the
spatial and temporal effects of the sea–land gradient on coastal land use changes.

2.2. Selection of Data Period

National policies play a special role in influencing land use and land cover changes. At
the beginning of the 21st century, China proposed the “Northeast Revitalization” [37] and
issued the “Opinions on the Implementation and Management of Land Use Planning” [39].
Then, in 2013, China proposed the “One Belt, One Road” initiative [3,36]. Dalian is located
in Northeast China and has the longest coastline in China. Policies have an impact on
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local land use change and are one of the main drivers of land use change, directly or
indirectly influencing the land type and land use pattern change from top to bottom.
The implementation of national policies and strategies between 2000 and 2015 has had a
significant impact on land use in Dalian. In addition, since the land use changes in Dalian
from 2015 to 2020 are not more obvious than those from 2010 to 2015, the data period of
this paper is focused on 2000 to 2015.
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Figure 1. Location and administrative divisions of Dalian.

2.3. Data Sources

To study the land use and land cover changes in the coastal zone of Dalian City
over different periods, Landsat remote sensing images of four periods—namely 2000,
2005, 2010, and 2015—were selected in this paper (Table 1). After geometric correction,
radiometric calibration, atmospheric correction, and image enhancement (standard false-
color synthesis using near-infrared, red, and green light bands) and reclassification, the
remote sensing images of the above four periods were finally classified using the supervised
classification method. According to the national standard of Land Use Status Classification
(GB/T21010-2017) [40] and concerning existing relevant studies, the land use types were
classified into agricultural land, woodland, grassland, water bodies, construction land, and
unused land, among which construction land includes urban construction land, villages,
and other construction lands (Table 2).

Table 1. Parameters of Landsat TM images.

Year Sensor Spatial Resolution Date

2000 TM 30 m 4 May 2000
2005 TM 30 m 6 July 2005
2010 TM 30 m 27 July 2010
2015 TM 30 m 24 June 2015

To ensure the accuracy of the land use classification in the remote sensing image
interpretation, the data after supervised classification was checked and corrected by Google
Earth and then corrected again with reference to the data from the Second China Land Use
Survey [41] combined with experiential knowledge [42–44]. The final land use and land
cover type classification results for Dalian from 2000 to 2015 are shown in Figure 2.
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Table 2. Land use classification and description.

Category Description

Agricultural land Refers to land used directly for agricultural production, including arable,
watered, dryland, and other agricultural lands.

Woodland Refers to land on which trees and shrubs grow.

Grassland Refers to land on which herbaceous plants grow predominantly.

Water bodies Refers to river and lake waters and mudflat marshes.

Building sites
This refers to land on which buildings and structures are constructed.
Includes land for settlement, independent industrial and mining land,

special land, scenic tourism land, transport land, water facilities land, etc.

Urban building sites Refers to land on which buildings and structures are constructed,
including urban settlements.

Rural building land Refers to land on which buildings and structures are constructed,
including rural settlements.

Other building sites It mainly includes land for construction away from cities and villages
such as ports, airports, and industrial mines.

Unused land This refers to unused land within the boundaries of towns, villages, and
industrial mines, including land whose use has not yet been determined.
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2.4. Methods
2.4.1. Extracting Coastline

The current coastline is used as the boundary of the study area and the coastlines for
the years 2000, 2010, and 2015 were extracted from the land use classification (Figure 3).
Since 2000, the coastlines have varied and expanded toward the sea due to natural factors
and human activities, and some of the sea areas have been converted into land use. The
baseline points of the coastline in this paper are selected from the survey results of the
Dalian coastline in 2015 [45] and used as the reference coastline to reflect the changes in
land use.
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2.4.2. Extracting the Sea–Land Gradient

The notion of the sea–land gradient is presented in this study to assess the spatial and
temporal change of coastal land use with the Euclidean distance from the coastline [46–48].
The method of gradient analysis is widely used in the field of landscape ecology, such as
the urban–rural gradient [49]. The sea–land gradient depicts the many transitions from
the water to the land area. Using the above coastline as a benchmark, four buffer zones
were set to inland areas using the buffer zone analysis function, [0, 2.5] km, [2.5, 5] km,
[5, 10] km, and [10, Max] km, respectively (Figure 4). The different coastal buffer zones
were overlaid with the land use classifications for different periods to perform a sea–land
gradient analysis of coastal land use changes.

2.4.3. Dynamic Index of the Coastal Land Use

The land use dynamic index refers to the change in the quantity of a land use type over
a certain time frame in a study area and can reflect the intensity of change in land use type
in regional land use and land cover [50]. This paper constructs a quantitative description
of the rate of land use change in the coastal land use dynamic index in Equation (1). By
comparing the land use dynamics in different buffer zones, the influence of the sea–land
gradient on the change in land use quantity can be analyzed.

Rij =
UBij −UAij

UAij
× 1

T
× 100% (1)
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where Rij is the dynamic attitude of land type i in the jth buffer zone during the study
period, T is the period of change, and UA and UB are the areas of that land use type at the
beginning and end of the study, respectively.
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2.4.4. Net Transfer Matrix for Coastal Land Use

The land use transfer matrix is the main method for the quantitative study of the
quantity and direction of interconversion between land use types, which can specifically
reflect the structural characteristics of land use change and the direction of transfer between
types [51], which was calculated as:

S =


S11 S12
S21 S22

· · · S1n
· · · S2n

...
...

Sn1 Sn2

...
...

· · · Snn

 (2)

where S is the area of land converted from type i to type j in the study period, i represents
the land use type in the previous period, j represents the land use type in the latter period,
and n is the number of land use types.

This paper uses the land use transfer matrix to analyze the land use transfer directions
in different zones in Dalian City from 2000 to 2015. However, in the transfer matrix S, Sij
and Sji could be similar and did not help determine the direction of land use transfer. To
offset these similar Sij and Sji values Sij
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According to Equation (3), when Sij > 0, it means that more land in category i is
converted to land in category j; when Sij < 0, it indicates more conversion of land type j to



Land 2022, 11, 1302 7 of 17

land type i; and when Sij = 0, it means that there is no interconversion between category i
and category j land or the number of interconversions is equal. Therefore, Equation (2) can
be translated into a net transfer matrix as:

S =


0 S12 − S21 · · · S1n − Sn1
0 0 · · · S2n − Sn2
...

...
. . .

...
0 0 · · · 0

 (4)

2.4.5. Aggregation Index of Coastal Land Use

The aggregation index is used to reflect the structural characteristics of the distribution
of land use quantities between different zones in different periods [52]. This parameter is
defined as shown in Equation (5):

J = − 1
log N

N

∑
i

Pi log Pi (5)

where Pi is the percentage of the land area of land use type i; N is the number of land use
types; and log N denotes when the area of each land use type in the study area is equal,
namely P1 = P2 = ... = PN = 1/N, and the entropy value reaches the maximum and the
distribution of land use data reaches an equilibrium state. The greater the aggregation
index, the greater the homogeneity of land use, and the more balanced the distribution
of quantity.

3. Results
3.1. Gradient Analysis of Area Change

The change in the area of different land use types in different buffer zones in Dalian
between 2000 and 2015 (Table 3) could be summarized in the following:

(1) Both agricultural land and woodland have the highest share in each buffer zone, at
over 40% and 20%, respectively, with a slight decrease in each buffer zone since 2000;

(2) The proportion of water bodies area are highest in the range less than 2.5 km from the
coastline but has decreased significantly with time. A slight increase in the proportion
of water is noted in the buffer zones [5, 10] and [10, Max] between 2000 and 2015;

(3) Between 2010 and 2015, the changes in the area of cities and villages have shown
some reciprocity with increasing distance: when the distance from the coastline is less
than 5 km, the proportion of urban building sites is significantly higher than that of
villages; when the distance from the coastline is greater than 5 km, the proportion of
urban building sites is significantly smaller than that of villages;

(4) From 2000 to 2015, other building sites and unused land both had significant increases
at [0, 2.5] km, with increases of 5.2% and 2.96%.

Table 3. Changes in coastal land use gradients in Dalian.

Land Use Category Year

Change in Percentage of Land Use within Each
Coastal Buffer Zones Space (%)

[0, 2.5] [2.5, 5] [5, 10] [10, Max]

Agricultural land

2000 47.79 54.70 60.38 42.00
2005 47.07 54.34 60.29 41.67
2010 43.16 50.34 58.39 43.71
2015 40.53 47.91 57.39 43.27

Woodland

2000 26.04 28.50 29.33 47.59
2005 25.13 27.20 28.88 47.65
2010 23.50 25.54 26.80 43.76
2015 23.04 24.75 26.75 43.54
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Table 3. Cont.

Land Use Category Year
Change in Percentage of Land Use within Each

Coastal Buffer Zones Space (%)

[0, 2.5] [2.5, 5] [5, 10] [10, Max]

Grassland

2000 1.61 0.80 0.74 2.27
2005 1.88 0.76 0.82 2.13
2010 1.95 0.90 0.74 1.27
2015 1.83 1.05 0.79 1.53

Water bodies

2000 10.44 1.18 1.26 2.80
2005 9.61 1.05 1.27 3.01
2010 5.33 1.16 1.55 3.09
2015 0.88 1.04 1.78 3.20

Urban building sites

2000 5.82 6.92 0.92 0.48
2005 6.75 8.30 1.26 0.56
2010 10.97 10.63 1.90 0.85
2015 15.21 14.60 2.86 0.92

Villages

2000 6.86 7.43 6.96 4.76
2005 6.76 7.21 6.95 4.75
2010 9.01 9.43 9.60 7.00
2015 8.91 9.20 9.63 7.16

Other building sites

2000 0.86 0.37 0.27 0.09
2005 1.81 0.97 0.34 0.18
2010 3.57 0.64 0.68 0.20
2015 6.06 1.34 0.68 0.29

Unused land

2000 0.58 0.09 0.14 0.01
2005 0.99 0.17 0.19 0.05
2010 2.50 1.36 0.33 0.12
2015 3.54 0.12 0.12 0.09

3.2. Gradient Analysis of Change Rate

The analysis of the changes of the dynamic land use attitude gradient in the buffer
zones during the period 2000–2015 (Figure 5) could be summarized in the following points:

(1) The dynamic degree of agricultural land and woodland is not considerably different
between buffer zones. The decline rate of agricultural land in the [0, 2.5] km zone
is slightly faster than that of other zones, and woodland has a drastic change in the
[10, Max] km zone;

(2) The area of water bodies has gradually decreased in the range of [0, 2.5] km, with a
significant rate of decrease, especially since 2005;

(3) Urban construction land in all coastal zones shows positive dynamics; according to
the above, urban construction land is primarily distributed in the [0, 2.5] and [2.5, 5]
km zones. When comparing the two dynamics, the growth rate of urban construction
land in the [0, 2.5] km zone has been more obvious since 2005, while the proportion of
urban land in the [5, Max] km zone is smaller but also has a faster growth;

(4) Villages are close to each other in terms of change in attitude, mainly in the period of
2005–2010, with a higher growth rate and a slightly higher absolute value of attitude
in the [10, Max] km zone;

(5) Other built-up land and unused land have more drastic changes in dynamic attitude,
mainly concentrated in the [0, 2.5] and [2.5, 5] km zones.
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Table 4 reports the dynamic land use attitudes of different administrative units within
the Dalian municipality from 2000 to 2015. There are significant regional differences in the
level of urbanization in different administrative regions. The main observations may be
summarized as follows:

(1) In terms of urban construction land, Dalian’s main urban area has the highest dynamic
attitude in the [5, 10] km zone, Jinzhou District and Zhuanghe City have a higher
dynamic attitude in the [0, 2.5] and [5, 10] km zones, Lushunkou District has the
highest dynamic attitude in the [2.5, 5] km zone, and Pulandian District has the
highest dynamic attitude in the [0, 2.5] km zone;

(2) There is a significant increase in the attitude of unused land in Wafangdian City,
Jinzhou District, Pulandian District, and Zhuanghe City;

(3) Only the Lushunkou District has the largest positive dynamic attitude in the coastal villages;
(4) As the sea–land gradient increases, the dynamic attitude of agricultural land in each

administrative region also gradually increases, and the maximum dynamic attitude
of agricultural land is located in Zhuanghe City at the [10, Max] km zone.

3.3. Gradient Analysis of Land Use Transfer

The net land use transfer matrix within each buffer zone in Dalian allows for the detec-
tion of the spatial interconversion between land use types (Tables 5–8). This test revealed
that in the [0, 2.5] km, zone the main land use transfer direction is the transformation of
water bodies into construction lands, such as cities and ports, and the transformation of
agricultural land into cities and villages. In the [2.5, 5] and [5, 10] km zones, the prevailing
trend of land use transfer is the transformation of agricultural land and woodland into
cities and villages, with a gradual shift towards villages as the distance increases. The
predominant direction of land use transfer at [2.5, 5] and [5, 10] km is the transformation of
agricultural and woodland into cities and villages, with a steady shift towards villages as
the distance from the coastline rises.
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Table 4. Change in dynamic land use attitude gradient by district in Dalian from 2000 to 2015.

Administrative
Units

Buffer
Distance

(km)

Land Use Dynamics 2000–2015 (%)

Agricultural
Land Woodland Grassland Water

Bodies
Unused

Land

Urban
Building

Sites
Villages

Other
Building

Sites

Dalian City
District

[0, 2.5] −1.74 −1.86 −1.01 −6.06 0.55 3.6 0.75 8.19
[2.5, 5] −1.16 −2.22 −3.03 4.1 0 3.81 −2.98 −3.16
[5, 10] −0.43 −1.21 0 4.91 0 7.72 −1.94 −2.59

[10, Max] 0 −0.83 0 0 0 0 0 0

Jinzhou
District

[0, 2.5] −1.35 −0.76 41.86 −6.31 23.57 20.75 0.52 22.26
[2.5, 5] −1.03 −1.02 0 −3.86 −2.85 7.65 1.03 6.67
[5, 10] −0.38 −0.75 0 4.8 −5.83 47.23 2.57 13.33

[10, Max] 0.07 −1.88 0 10.66 0 0 0.64 33.33

Lushunkou
District

[0, 2.5] −2.1 −0.85 0 −5.44 0 15.23 10.05 24.11
[2.5, 5] −1.26 −0.84 0 14.8 0 146.65 7.29 4.31
[5, 10] −0.28 −0.71 0 −3.33 0 0 3.7 0

[10, Max] 0 0 0 0 0 0 0 0

Pulandian
District

[0, 2.5] −0.28 −0.99 2.22 −5.75 166.67 19.99 0.46 0
[2.5, 5] −0.36 −0.53 0 −0.83 0 4.31 0.4 0
[5, 10] −0.36 −0.19 −3.99 3.14 19.99 6.67 3.1 11.99

[10, Max] 0.17 −0.49 −2.41 −0.98 0 0 2.66 43.33

Wafangdian
City

[0, 2.5] −0.87 −0.57 −0.68 −6.41 453.33 0 0.87 596.67
[2.5, 5] −1.1 −0.79 3.67 0.61 −6.67 0 1.03 213.33
[5, 10] −0.07 −0.41 9.17 0.83 0 0 0.82 0

[10, Max] 0.21 −1 4.6 1.39 −3.33 4.94 3.59 6.67

Zhuanghe
City

[0, 2.5] −0.48 0.48 −4.17 −5.59 20.00 65.83 4.88 0
[2.5, 5] −0.58 0.67 −3.7 0 0 4.44 4.18 0
[5, 10] −0.49 0 −3.01 1.61 0 86.67 5.24 0

[10, Max] 0.25 −0.29 −4.05 1.99 0 0 4.67 0

Table 5. Net land use transfer matrix between [0, 2.5] km buffer zone in Dalian.

Agricultural
Land Woodland Grassland Water

Bodies

Urban
Building

Sites

Unused
Land Villages

Other
Building

Sites

Agricultural land 0 −0.60 2.21 −10.99 81.29 10.45 67.47 28.04
Woodland 0 0 2.96 −2.18 31.74 5.64 10.62 24.54
Grassland 0 0 0 −3.13 2.03 0.98 −0.18 0.17

Water bodies 0 0 0 0 77.12 58.67 3.81 76.74
Urban building sites 0 0 0 0 0 −5.04 −24.15 −8.32

Unused land 0 0 0 0 0 0 −1.75 0.20
Villages 0 0 0 0 0 0 0 5.76

Other building sites 0 0 0 0 0 0 0 0

Table 6. Net land use transfer matrix between [2.5, 5] km buffer zone in Dalian.

Agricultural
Land Woodland Grassland Water

Bodies

Urban
Building

Sites

Unused
Land Villages

Other
Building

Sites

Agricultural land 0 −13.49 0.82 3.66 61.69 0.46 37.22 9.88
Woodland 0 0 3.65 1.62 25.41 0.23 5.06 5.69
Grassland 0 0 0 −0.36 0.96 0.00 0.20 −0.01

Water bodies 0 0 0 0 6.52 0.28 0.14 0.00
Urban building sites 0 0 0 0 0 −0.50 −15.87 −2.18

Unused land 0 0 0 0 0 0 0.01 0.16
Villages 0 0 0 0 0 0 0 0.75

Other building sites 0 0 0 0 0 0 0 0
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Table 7. Net land use transfer matrix between [5, 10] km buffer zone in Dalian.

Agricultural
Land Woodland Grassland Water

Bodies

Urban
Building

Sites

Unused
Land Villages

Other
Building

Sites

Agricultural land 0 −21.57 −0.69 7.38 19.37 1.57 49.78 6.16
Woodland 0 0 2.52 2.71 11.90 −1.10 13.23 2.62
Grassland 0 0 0 −0.07 −0.03 0.00 0.93 0.00

Water bodies 0 0 0 0 0.08 −0.79 0.04 0.01
Urban building sites 0 0 0 0 0 −0.25 −7.19 −1.39

Unused land 0 0 0 0 0 0 −0.05 0.00
Villages 0 0 0 0 0 0 0 1.22

Other building sites 0 0 0 0 0 0 0 0

Table 8. Net land use transfer matrix between [10, Max] km buffer zone in Dalian.

Agricultural
Land Woodland Grassland Water

Bodies

Urban
Building

Sites

Unused
Land Villages

Other
Building

Sites

Agricultural land 0 −188.08 −23.10 19.16 13.93 2.10 88.47 8.65
Woodland 0 0 −12.75 7.25 6.31 1.61 58.28 3.29
Grassland 0 0 0 1.79 −0.09 0.02 8.57 −0.14

Water bodies 0 0 0 0 0.00 1.34 1.70 0.54
Urban building sites 0 0 0 0 0 0.00 −7.18 0.01

Unused land 0 0 0 0 0 0 −0.11 0.00
Villages 0 0 0 0 0 0 0 0.48

Other building sites 0 0 0 0 0 0 0 0

Table 9 reports the maximum direction of net land use transfer for each administrative
unit in Dalian. In addition to Dalian city, Jinzhou District, Lushunkou District, Pulandian
District, and Wafangdian City are the main bearers of land use urbanization, and it mainly
occurs in the zone within 5 km of the coastline. Within [5, 10] km, the shift to building
land occurs in all administrative districts, and most of them are rural building land. When
located at [10, Max] km, the greatest direction of transfer is woodland to agricultural land
in Jinzhou District, Pulandian District, Wafangdian City, and Zhuanghe City.

Table 9. Maximum direction of net land use transfer by administrative districts in Dalian.

[0, 2.5] km [2.5, 5] km [5, 10] km [10, Max] km

Dalian City District Agricultural land→ Urban Agricultural land→ Urban Agricultural land→ Urban

Jinzhou District Water bodies→ Urban
Water bodies→ Port Agricultural land→ Urban Agricultural land→ Village Woodland→

Agricultural land

Lushunkou District Agricultural land→ Urban
Agricultural land→ Village

Agricultural land→ Urban
Agricultural land→ Village

Agricultural land→ Village
Woodland→ Agricultural land

Pulandian District Water bodies→Urban Agricultural land→ Village Agricultural land→ Village Woodland→
Agricultural land

Wafangdian City Water bodies→ Port Agricultural land→ Urban Woodland→ Village Woodland→
Agricultural land

Zhuanghe City Agricultural land→ Village Agricultural land→ Village Agricultural land→ Village Woodland→
Agricultural land

3.4. Gradient Analysis of Aggregation

Figure 6 shows the obtained results of the calculation aggregation index of the land
use structure of Dalian City from 2000 to 2015 at different distances. The results of this
index demonstrate two things. First, from the time scale, the equilibrium degree of land
use structure in Dalian City from 2000 to 2015 shows a fluctuating upward trend. Second,
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from the distance scale, the closer the distance to the coast, the more functional and the
higher homogeneity coastal land use is.
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Table 10 reports the changes in the balance of the land use structure of each adminis-
trative unit in Dalian. In the [0, 2.5] and [2.5, 5] km zones, the balance of land use in Dalian
City decreases slightly, while the balance in Jinzhou, Lushunkou, and Wafangdian increase,
and that in Pulandian and Zhuanghe remains unchanged. In the buffer zone greater than
5 km, the balance of land use in each unit fluctuates slightly and remains unchanged.

Table 10. Changes in the balance of the land use structure of the administrative units in Dalian.

Administrative Units
2000 2015

[0, 2.5] [2.5, 5] [5, 10] [10, Max] [0, 2.5] [2.5, 5] [5, 10] [10, Max]

Dalian City District 0.58 0.33 0.26 0.00 0.53 0.32 0.28 0.01
Jinzhou District 0.44 0.29 0.31 0.18 0.47 0.31 0.34 0.19

Lushunkou District 0.45 0.30 0.23 0.00 0.55 0.35 0.25 0.00
Pulandian District 0.14 0.13 0.20 0.47 0.14 0.13 0.21 0.47
Wafangdian City 0.27 0.17 0.21 0.45 0.30 0.18 0.21 0.48
Zhuanghe City 0.18 0.13 0.18 0.47 0.18 0.13 0.19 0.48

4. Discussion
4.1. Changes in Coastal Land Use Types

Land use change represents the result of the interaction between human and land dur-
ing this period, and is the main manifestation of the interaction between human activities
and the natural environment. On the other hand, the land surface under the influence of
human activities, such as deforestation and urban expansion, has been transformed from a
state of natural coverage to a state of artificial coverage [53]. The sea–land gradient of the
land use pattern reflects the distribution and changing characteristics of land use structures
in different coastal buffer zones, which can more clearly reflect the spatial and temporal
changes of land use types in different buffer zones.

Between 2000 and 2015, the area of agricultural land showed a trend of increasing
and then decreasing with the increase of the sea–land gradient, reaching a peak between
[5, 10] km. The dynamic attitude is the same in all zones, with a slightly faster decline in
[0, 2.5] km than in the other zones. The largest net shift in land use of agricultural land
is in the direction of building land. The main reason for this change is that coastal cities
are at the forefront of economic development. As urbanization has accelerated in recent
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years, the traditional farming way of life has been affected and changed, the population
has continued to gather in economically developed areas and the expansion of land for
construction has led to a significant decline in agricultural land, especially in areas close to
the coastline.

The woodland area increases with the sea–land gradient to [10, Max] km, where it
increases abruptly. The dynamic attitude of woodland decreases slightly faster at [10, Max]
km than in the other zones. Compared with other administrative districts, woodland has
the largest dynamic attitude in Zhuanghe. Between 2000–2015, the overall land cover status
of Dalian is dominated by agricultural land and woodland. As the gradient between land
and sea increases, woodland is being transformed into agricultural land, with the largest
area transferred at [10, Max] km. Given this, it is important to increase protection and
reduce deforestation in the development process. The concept of “green water and green
mountains are the silver mountain of gold” should be fully implemented.

The proportion of water bodies decreases year by year within the [0, 2.5] km zone,
reaching 0.88% in 2015. Water bodies are mainly converted to urban construction land
and other construction lands. Dalian should improve water conservation and wetland
protection to protect water resources and reduce water pollution during the rapid urban-
ization process.

The share of urban building land and villages has increased year by year. Urban
construction land is mainly concentrated in area close to the coast, while the opposite
is true for rural construction land. Within [0, 5] km, the conversion is mainly to urban
building land, and within [5, Max] km, the area converted to rural building land is much
larger than urban building land. The maximum direction of transfer within [0, 10] km in
all administrative districts of Dalian is the conversion to construction land, while when
the distance is greater than 10 km, the conversion direction changes to agricultural land.
The geographical expansion of urban and rural areas is significant, and the continuous
expansion of construction land has caused a contraction in the area of arable land, water,
and woodland. The development of construction land has been increasing over time,
and the closer to the coastline, the more pronounced the development. This indicates
that with the accelerated urbanization in recent years, Dalian has made full use of its
coastal advantages. It is important to strengthen the protection of water bodies and natural
vegetation, to enhance the planning and management of land resources in the development
of urbanization, and to reduce the impact of rapid urbanization on agricultural production
land, such as arable land and garden land.

4.2. Land Use Change in Coastal Administrative Areas

The changing characteristics of land use types over time, and the changes in the
equilibrium degree of the land use structure on the sea–land gradient, reflect to some
extent the influence of natural conditions on the land use structure and the adjustment
of socioeconomic development and policy factors in recent years [44]. Due to the rapid
socioeconomic development of the country, land use changes in Dalian show a dynamic
process of high intensity and rapid change. The spatial pattern is characterized by a clear
regional divergence according to the different coastal buffer zones. The urban development
of the main urban area of Dalian is tilted inland; the urban development of Jinzhou District
and Zhuanghe City is expanding both to the sea and inland; Lushunkou District is at the
primary stage of inland expansion, and Pulandian District is still developing the coastal
area. The main reasons for the above phenomenon are the different geographical locations
of the administrative regions, the differences in the level of economic development and the
different rates of urban development.

As time increases, the equilibrium of land use in Dalian increases. There are differences
in the hierarchy of the sea–land gradient in the distribution of land use advantages across
the administrative regions and in the equilibrium of the performance of each buffer zone.
This indicates that there are differences in land use patterns, natural environment, related
policies, and regional development orientation among administrative regions. Dalian City
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is surrounded by the sea on three sides. In comparison, Pulandian City is located inland. In
contrast, Dalian City, Jinzhou District, and Lushunkou District are strategically located and
have a relatively high degree of land use. The equilibrium degree is all over 0.4, and the
construction land coverage is relatively obvious, with relatively rapid urban development.
In the process of development, attention should be paid to land use planning in order to
adapt to local conditions and improve the efficiency of land use by combining regional
characteristics, development trends, and relevant ecological and environmental protection.
Dalian should make full use of the coastal advantage to achieve the overall optimization
and rapid development of the land use pattern.

5. Conclusions

In the context of global sustainable development, exploring the impact of sea–land
gradients on land use change in coastal cities can help to better understand coastal urban
development, which is important for adapting to environmental and natural challenges.
This paper takes the coastline of Dalian in 2015 as the baseline point, and divides four
different distance buffer zones towards the land. A fixed baseline point helps to explore
changes in each land use type within the coastal area. The study shows that the dynamic
index of the coastal land use, the net transfer matrix for coastal land use, and the aggregation
index of coastal land use can well reflect the changes in the area and transfer the direction
and structural distribution of coastal land use between 2000 and 2015. They can reflect
the spatial and temporal effects of the sea–land gradient on coastal land use. The main
conclusions of this paper are as follows. During the urban development process, Dalian
has fully utilized the benefits of coastal resources, and the entire quantity of land for the
urban and port building has been spread near the coastline area with a quick growth rate.
The main source of land for building in the coastal zone is the conversion of agricultural
land by human activity. The major zone of urban construction land has expanded from
the shore to the inland in the southern part of Dalian; in the center and northern portions,
urban construction land has developed inland on the one hand, and to the sea on the other.
From a spatial perspective, the homogeneity of land use gradually decreases from the
coast to the interior. From a temporal perspective, the homogeneity of administrative units
gradually increases, except for the Dalian City area. During development, the homogeneity
of land use in Dalian increases with time and subsequently diminishes when it reaches a
particular level. Overall, the coastal areas are the first to suffer. This paper does not include
socioeconomic factors in the analysis of land use change, and further research is needed.
In addition, further studies on coastline encroachment changes and marine ecosystem
assessment toward the ocean can be conducted in the future.
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