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Abstract: A coastline is the boundary zone between land and sea, an active zone of human social
production activities and an area where the ecology is fragile and easy to change. The traditional
method to analyze temporal and spatial changes in the coastline is to extract the coastline through
remote sensing, LiIDAR, and field sampling and analyze the temporal and spatial changes with
statistical data. The coastline extracted by these methods has high spatial and temporal resolution,
but it requires remote sensing images and data obtained by other sensors, so it is impossible to extract
coastlines from before the emergence of remote sensing technology. This paper improves the coastline
generation algorithm. Firstly, a triangulated irregular network is used to generate the preliminary
rough coastline, and then, each line segment is optimized with Python language according to the
influence range of the place names to further approach the real coastline. The accuracy of the coastline
extracted by this method can reach 80% within 500 m, which is of great significance in the mapping
and analysis of small- and medium-scale coastlines. This paper analyzes the changes in the coastline
of Hainan Island before the founding of China (pre-founding) and in modern times and analyzes
the impact of coastal development on coastline change. Through the analysis, it is found that, from
before the founding of the People’s Republic of China to the present, the natural coastline of Hainan
Island has become shorter, the artificial coastline has become longer, and the coastline generally
presents a trend of advancing toward the ocean. This method realizes coastline construction under
the condition of missing remote sensing images and puts forward a new way to study historical
coastline changes.

Keywords: simulated coastline; place names; coastline changes; Hainan Island; remote sensing

1. Introduction

The coastal zone is a unique natural resource in coastal areas that plays an important
role in improving the quality of life in coastal areas and enriching the landscape scenery [1].
However, its ecological environment is fragile and vulnerable to destruction [2—4]. People
need to protect the coastal ecology rather than develop it further [5], which has gradually
become a key issue [6]. As one of the important elements of the coastal zone [7], the
coastline can be compared across different periods to assess the changes in the coastal
zone. Since the founding of the People’s Republic of China, China has made great efforts
to develop its economy, especially after the establishment of the Hainan Special Economic
Zone in 1988. Shown in Figure 1, Hainan Island is the main island of Hainan Province,
China. Its elevation is high in the middle and low in the periphery [8]. It is located in the
tropics at 108°37’-111°05" E longitude and 18°10’-20°10" N latitude, in the southernmost
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part of China. Hainan has a unique island advantage: on the side is the Pearl River
Delta, and there is economic support, and on the outside is South East Asia, which is
convenient for developing an outward-oriented economy. There are many types of coast,
generally defined according to the composition of the material classification; the current
broad definition of a natural coast includes the artificially built natural function of the
coast, but the traditional definition of a natural coast is relative to the artificial coast. In the
early stage of Hainan’s economic development, there was no awareness regarding coastal
zone protection, and a large number of economic behaviors, such as land reclamation and
artificial island construction, were carried out, which caused great damage to the coastal
zone ecology of Hainan, thus reducing the natural coast and increasing the artificial coast.
In this paper, the whole coastline of Hainan is reconstructed, and the two major cities
shown in Figure 1 are taken as examples for detailed analysis.
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Figure 1. Elevation of Hainan Island, including the major rivers and two major cities used in
this study.

Place names are the proper names given by people to natural or human geographical
entities in a specific region according to some reasons or standards [9]. They are the product
of the development of human society to a certain extent, a “living fossil” of history, and a
true record of the cultural origin, geographical evolution, and administrative change of
various nationalities [10]. Most research on place names in history and other disciplines is
based on temporal and semantic information, while geography pays more attention to their
spatial attributes. Place names can be used to reconstruct certain historical information; for
example, Zhong et al. [11] used place name information to reconstruct the historical river
network of Hubei Province, and Chen et al. [12] used place name information to analyze
the landscape structure of Hubei Province.

There are many studies on coastline extraction that have used various methods, such
as (1) extracting the water boundary line at the time of imaging from a remote sensing
image and then generating the coastline. For example, Joo-Hyung et al. [13] and Ghosh
et al. [14] used the Thematic Mapper (TM) and the Enhanced Thematic Mapper (ETM) to
extract water boundary lines according to differences in the reflectivity of ground objects.
Zhang et al. [15] used color Canny and morphological chromatic aberration to extract
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water boundaries from color remote sensing images. Another method is to (2) extract
coastlines from LiDAR data, as performed by Stockdonf et al. [16] and also Yu et al. [17],
who carried out coastline extraction based on LiDAR point cloud data rasterization. A
third method is to (3) conduct a field investigation to obtain the coastline, as in the work
of Zhang et al. [18], who used the combination of field investigation data and remote
sensing images to extract the coastline. It is also possible to (4) carry out vector registration
on a historical topographic map and extract the coastline; for example, Fang [19] used a
historical topographic map to extract the historical coastline when studying the changes
in the historical coastline of Liaoning, China. The first step in studying the temporal and
spatial variations in a coastline is to obtain the trend of the coastline.

It is of great significance to study the changes in coastlines to protect the ecological
environment of coastal zones. Xiang et al. [20] established a new model that can be used
to evaluate the sustainable utilization of coastlines so as to obtain the output efficiency of
artificial coastlines and the interference degree of human activities on natural coastlines.
Moussa et al. [21] studied and analyzed the ecological conditions of the coastline of Moorea
Island in a long-term study and determined that the factors affecting the changes in the
coastline of the island were mainly caused by human beings, and it was necessary to
establish a coastline observation station for continuous observation in order to maintain
the coastline of the South Pacific island. Liu et al. [22] analyzed the problems with coastline
utilization in China since the 1990s and put forward opinions and suggestions for coastline
protection and utilization. Thoai et al. [23] analyzed the changes in the Ca Mau Cape
coastline through data analysis and questionnaire surveys and concluded that the most
important factor affecting the coastline changes was the reduction in forest area, which
could be used to formulate sustainable coastal management strategies for the study area.

At present, most coastline research data focus on field investigations, remote sensing
images, and LiDAR data acquisition [24]. Although the spatiotemporal resolution is high,
it cannot meet the needs of historical coastline construction research because it is difficult to
obtain coastline data from before the advent of remote sensing technology. In the study of
historical coastlines, coastline extraction is mostly carried out from historical topographic
maps, and the accuracy of extraction is directly related to the accuracy of the historical
topographic maps, but there is the problem that some areas lack historical topographic
maps. In this paper, taking the pre-founding place names of Hainan Island as the data
source and using a triangulated irregular network (TIN) and section-by-section analysis
method, we simulated the general trend of the coastline, established the pre-founding
coastline, compared it with the modern coastline, and analyzed the main differences. In
this study, the coastline refers to a coastline in the broad sense, which is the range of human
activities on land and the boundary of the ocean. This method is an innovative coastline
generation method. It uses POI data and its influence range to generate the coastline and
can obtain the approximate distribution of the coastline at a certain time by using the
information of place names in history. Using this method, coastlines can be reconstructed
from historical periods when remote sensing images are not available. This provides an
important reference for coastal ecological restoration and protection in Hainan Province
and is of great significance for protecting its coastal ecological environment.

2. Study Data and Methods
2.1. Study Data
2.1.1. Hainan Place Name Information Data

These data were derived from the second general survey of place names conducted
by the Ministry of Civil Affairs of China between 2014 and 2018. Each place name contains
such attributes as longitude, latitude, place type, place origin, place meaning, and place
history. Taking the data listed in Table 1 as an example, the information of longitude
and latitude represents the geometric central coordinates of the place; place origin, place
meaning, and place history represent the semantic information of the place name and refer
to the origin of the place name, the meaning of the place name, and the related history
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of the place name, respectively, from its emergence to the present day; and place type
represents the category of the place. Place name information data are data providing spatial
information, and the text dataset shown in Table 1 can be converted into point data with
the semantic information of place names according to longitude and latitude. In this study,
the coastline reconstruction and the spatial-temporal analysis are carried out using the
data of place names.

Table 1. Example of place name information data.

Standard Name Xinxing Community Residents Committee
Place type Community neighborhood committee
Place origin Xinxing community residents committee is located in Xinxing village

The residents committee of the Xinxing community manages the affairs of

Place meanin, o ; .
& the Xinxing community, hence its name

Place history It was established in 1950
Longitude 108.7
Latitude 18.51

2.1.2. Coastline Data of Hainan Island

The modern coastline data used here adopt the coastline distribution information
obtained by Bi et al. [25] in the Hainan Island Coastline Data Set. They took the Landsat
TM/OLI images of 30 m resolution obtained by the US Geological Survey in Hainan Island
in 1987, 1990, 1995, 2000, 2005, 2010, 2015, and 2017 as the data source, combined with
field survey data through visual interpretation; information on the distribution and type of
coastline was obtained using the digital vectorization method; and the coastline accuracy
was high. In this study, this dataset provided the standard data to test the accuracy of this
research method.

2.2. Methodology

As shown in Figure 2, the place names of Hainan Island were divided into modern
place names and pre-founding place names according to certain rules. Next, the modern
place names were used to simulate the coastline structure through TIN and section-by-
section analysis and verify the accuracy. Then, the parameters that met the accuracy
conditions were used to simulate the pre-founding coastline. The modern simulated
coastline and the pre-founding simulated coastline were superimposed and analyzed.
Finally, the place types and the generation time of the place names in the changed areas
were counted, and the reasons for the changes were analyzed.

2.2.1. Place Name Data Clustering

The place name data were divided into two groups, namely place names before the
founding of China (pre-founding place names) and modern place names. There are more
than eighty place names in Hainan Island because the place name information is derived
from the place name census data in recent years, and all the existing place names can be
defined as modern place names in Hainan Island. Next, there are some obvious place
types that did not exist until after the founding of the People’s Republic of China, such as
park, port, and hotel, so the place names included in these place types were preliminarily
eliminated from modern place names and initially recognized as pre-founding place names.
In the remaining modern place names, a semantic analysis was performed on the text
information, such as place name history, place name origin, and place name meaning,
one by one, and a regular expression matching method was used to extract the time to
determine the time when the place names appeared; the place names before 1949 (when
China was founded) were selected as the pre-founding place names. The method considers
both the type and the semantic information of the place name and determines the time
when place names were generated based on the semantic information. This method can
greatly improve the accuracy of classifying place name information according to time.
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Figure 2. Methodology flowchart showing the main data used in the research and the algorithm implementation process.

2.2.2. Coastline Retrieval

A TIN is a mesh plane control graph constructed by a series of triangles [26,27], as
shown in Figure 3. In this research, Delaunay triangulation was used to construct the TIN,
and the gradual interpolation algorithm was adopted [28]. The main algorithm flow is
shown in Figure 3 as an example. In the first step, there are 5 points in the point group,
and a super triangle containing all data points is defined. There are only super triangles in
the initial triangle set. In step 2, point P in the data points is inserted into the triangulation
network, and the triangle T where the point is located is found. Taking the first inserted
point as an example, as shown in Figure 3b, point 1 is inserted; then, point 1 is point P, and
the super triangle is triangle T. The third step is to connect the three vertices of P and T
to form three triangles. The fourth step is to update the generated triangle by using the
local optimization rule—Lawson’s LOP (local optimization procedure). The fifth step is to
repeat the second step to the fourth step until all the points are inserted, and step six is to
delete the triangle containing the vertex of the super triangle.



ISPRS Int. ]. Geo-Inf. 2021, 10, 609

6 of 19

2
s
,~ /8
il \ 4
—:__:::.

(h)

Figure 3. Gradual interpolation algorithm: Pre-construct a super triangle containing all points,
sequentially select points from the given point data, and insert them into the super triangle to
construct a triangular network according to certain rules until all points are inserted. Finally, delete
the pre-constructed super triangle and its connecting lines, and the rest is the finally obtained TIN.
(a) Point Group and Super Triangle. (b) Insert the First Point. (c) Insert the Second Point. (d) Insert
the Third Point. (e) After Inserting the Third Point, Apply the Triangulation Modified by Lawson
LOP Rule. (f) Insert the Fourth and Fifth Points. (g) After Inserting the Fifth Point, Apply the
Tri-angulation Modified by Lawson LOP Rule. (h) Triangulation Net after Removing Super Triangle.

Lawson’s LOP rule means that after inserting a point, the constructed triangulation
must meet the maximum and minimum angle criterion of Delaunay triangulation. As
shown in Figure 4, when the triangulation is reconstructed at the insertion point, if the
triangulation does not meet the maximum-minimum angle criterion, the triangle must be
corrected by exchanging diagonals (that is, local optimization).
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C C C
(a) (b) (¢)

Figure 4. Lawson’s LOP rule: the diagonal of the quadrilateral is changed to meet the maximum-
minimum angle criterion. (a) Initial Triangle. (b) Triangulation Network after Insertion Point D.
(c) Modified Triangulation Network.

Maximum-minimum angle criterion means that in a convex quadrilateral composed
of two adjacent triangles, after exchanging diagonals, the minimum angles of six internal
angles should be maximized [29], as shown in Figure 5.

D
A
Exchange diagonals

| >

B C C

Figure 5. Maximum-minimum angle criterion: the minimum angle of two triangles is maximized by

exchanging diagonal lines of quadrilaterals.

The whole figure formed by the above method is convex hull, which does not conform
to the actual coastline contour. In order to make the results closer to the actual coastline
shape, this paper makes improvements on this basis. Firstly, according to the midpoint of
two adjacent Voronoi polygons, the maximum distance between two geographical points
is determined. Secondly, the TIN generated by the above method is judged, one triangle at
a time. If the length of any side of the triangle exceeds the set value, it will be deleted, and
the final result will be the remaining triangulation.

Its construction idea is to ensure that the nearest neighboring points form triangles
and strive to make each triangle as close as possible to an equilateral triangle [30]. The
graph structure constructed by the TIN is a set of adjacent and non-overlapping triangles.
Compared with ordinary convex hulls, the edge is more refined. In this study, the TIN
was constructed based on the data of place names, and the coastline was preliminarily
simulated with the peripheral boundary. Figure 6 shows the TIN result of preliminary
construction.
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Figure 6. TIN example: overall TIN shape of Hainan Island and three enlarged examples of areas for display.

There is a certain gap between the place names and the coastline, so each broken line
should be processed again separately according to the attributes of line segments so as to
move closer to the real coastline. Each region has its average area of influence, and the
boundary of the area of influence is closer to the real coastline. The location of the place
name points is the center of mass of the region. According to the average influence area of
each name type, the influence area can be retrieved. By using this method, the coastline
constructed by TIN can be retrieved and analyzed, which can make it closer to the real
coastline.

In this study, the place name point types of two endpoints of each line segment were
obtained, and buffers were generated according to the average influence range of the
toponymic point types to invert the actual influence area. The buffer distance of each line
segment was obtained by Formula (1), and the coastline was simulated by the peripheral
buffer boundary. The types of geographical names with a large number and regular
distribution, such as rural residential areas and urban residential areas, could generate
Thiessen polygons, and the influence range could be obtained according to the average
area of each Thiessen polygon. For the types of geographical names with less and irregular
distribution, such as parks and mountains, the average influence range could be obtained
through data access and visual interpretation. For example, as shown in Figure 7, one
side is taken from the coastline contour constructed by the TIN, and its two vertices are
the place names used to construct the TIN—one is point 1 and the other is point 2. Point
1 represents rural settlements and point 2 represents enterprise. After calculation, the
average influence radius of rural settlements was 737 m (B1), and the average influence
radius of rural settlements was 113 m (B2). Therefore, according to Formula (1), the radius
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of the buffer zone on this side is 425 m. Every other edge generated by TIN uses this
algorithm to calculate its corresponding buffer.

B = (B1+ B2)/2 1)

where B is the buffer distance of each line segment, B1 is the buffer distance of point 1, and
B2 is the buffer distance of point 2.
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Figure 7. (a) Preliminary TIN simulation. (b) Production of buffer zone. (c) Result of the section-by-section analysis.
Section-by-section analysis: there is a large error in the initial TIN simulation results, so the buffer analysis of each line
segment makes it closer to the real coastline.

2.2.3. Accuracy Verification

In order to verify whether the accuracy of the coastline generated by the algorithm
can meet the requirements, a similarity analysis is needed with the real coastline. The real
coastline used in this paper is the coastline of Hainan Island in 2017 extracted from the
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coastline dataset of Hainan Island from 1987 to 2017 [25]. The coastline was obtained by
remote sensing interpretation using 30-m-resolution Landsat TM/OLI images.

The principle of hash image similarity analysis [31-33] is to scale two images into
small size images, keep the whole structure, and remove the details [34]; convert the image
into a gray image; calculate the average pixel value of the whole image; and judge each
pixel one by one. If it is greater than the average value, it is 1; otherwise, it is 0. Then,
the results of two images are compared one by one, and the similarity can be judged.
In this paper, the similarity of line elements is judged and improved based on the idea
of preserving the whole structure and removing the detail information in the similarity
analysis of hash images. The existing real coastline was divided according to the breaking
point, a buffer was generated for each line segment, and the buffer was used as the pixel
unit to calculate whether the simulated coastline was contained in each buffer; inclusion
was represented as 1, while non-inclusion was 0. The similarity was compared as shown in
Formula (2).

Si = Sa/Sum 2)

where Si is the coastline similarity, Sa is the number of similar units, and Sum is the number
of statistical units.

2.2.4. Coastline Semantic Generation

In traditional research, coastlines are divided into artificial coastlines, bedrock coast-
lines, sandy coastlines, and silt coastlines [35] by combining image data and measured
data. In this study, the coastline was automatically classified according to the types of
place names. The place name types were classified as shown in Table 2, and the coast-
line type was determined according to the place name types of the two endpoints of the
simulated coastline. For example, if both endpoints are rural type, the coastline is a rural
coastline, and if one endpoint is rural type and one endpoint is economic zone type, then
the coastline is a rural-economic zone coastline, etc. In the simulated coastline generated
by the method described in Section 2.2.2, both ends of each line segment were assigned
the place name type used in the construction. A Python program was designed to analyze
the generated simulated coastline one by one, and according to the coastline semantic
generation principle described in this section, the coastline semantics corresponding to
each line constituting the simulated coastline were generated.

Table 2. Classification of the different place names according to the type of place.

Classification Place Type
Transportation Roundabout, intersection, railway station, etc.
Rural Village committees, rural settlements
Port Lighthouse, beacon, harbor, etc.
Urban residential area Neighborhood committees, houses, urban settlements
Commercial Enterprises, development zones, border trade zones, etc.
Natural Cape, cave, mountain, etc.
Entertainment Scenic spots, parks, temples, etc.
Administration Institutions, non-governmental organization, public institution, etc.

2.2.5. Coastline Spatial-Temporal Analysis

An overlay analysis was carried out on the pre-founding simulated coastline and the
modern simulated coastline to obtain the coastline change area. Combined with factors
such as the change in coastline type and the type of place names, the causes of the change
were analyzed.

3. Results
3.1. Place Names Generate Shoreline Availability

In Figure 8, the green curve is the modern simulated coastline, and the red curve is
the true coastline. The shape and trend of the modern simulated coastline are basically
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consistent with the trend of the real coastline. In the figure, the results of Qiongshan City,
Dongfang City, and Wanning City are displayed on the top, bottom left, and bottom right,
respectively. As shown in Table 3, after quantitative similarity calculation, the similarity
could reach 80% within 500 m accuracy, 89.3% within 1000 m accuracy, and 91.7% within
1500 m accuracy, which proves that the proposed method is basically feasible and can be
used to simulate the coastline trend.
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Figure 8. Simulated coastline results: comparison of the simulation results of the modern coastline with the real coastline,
and enlargement of three areas used for display.

Table 3. Accuracy of the simulated coastline: Similarity of simulated coastline under accuracy of 500,

1000, and 1500 m.
Number of Number of . S
Accuracy (m) Statistical Units Similar Units Coastline Similarity
1500 420 385 91.7%
1000 420 375 89.3%
500 420 336 80%

3.2. Coastline Change Result
3.2.1. Cities’ Change Area

The pre-founding simulated coastline and the modern simulated coastline were super-
imposed and analyzed. In Figure 9, the lower right corner shows the southern coastline of
Sanya City, and the upper right corner shows the northern coastline of Haikou City. It can
clearly be seen that the coastline is extending outward in these two areas. Table 4 shows the
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changes in coastlines of various cities of Hainan Province, according to which Sanya City
had the largest coastline change area of about 123.85 km?. Danzhou City and Haikou City
also had a large change area, and other cities had different change areas, with Qionghai
City having the smallest change area of 1.20 km?.
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Figure 9. Variable zone example: the change area between the pre-founding simulated coastline and the modern simulated
coastline; Sanya and Haikou are enlarged and displayed.

Table 4. The coastline change area of each city in Hainan Island.

City Change Area (km?)
Sanya 123.85
Danzhou 119.97
Haikou 82.23
Wenchang 54.50
Ledong Li 27.17
Dongfang 22.15
Lingshui Li 20.99
Wanning 13.92
Chengmai 11.11
Changjiang Li 9.23
Lingao 6.87
Qionghai 1.20

3.2.2. Coastline Type Change

The coastline types before the founding of the People’s Republic of China and the
modern coastline types were each counted by the length of the urban area. Taking Sanya
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City and Haikou City as examples, Tables 5 and 6 show the changes in their coastline types,
respectively. It can be seen from Table 5 that before the founding of the People’s Republic
of China, the main coastlines in Sanya were rural-natural coastlines and natural coastlines,
whereas now, Sanya’s coastlines are relatively average with no dominant coastlines, and the
top three coastline types are commercial-natural coastline, rural coastline, and commercial
coastline. Table 6 shows that the predominant coastline type in Haikou before the founding
of the People’s Republic of China was rural coastline, whereas now, the rural-commercial
coastline type accounts for a larger proportion than other coastline types.

Table 5. Coastline type proportion changes between the pre-founding simulated coastline and the modern simulated

coastline in Sanya.

Pre-Founding Proportion Modern Proportion
1 Rural-natural coastline 36.5% Commercial-natural coastline 9.6%
2 Natural coastline 24.1% Rural coastline 9.6%
3 Rural coastline 11.0% Commercial coastline 9.6%
4 Port-natural coastline 6.9% Rural-natural coastline 8.0%
5 Transportation—natural coastline 4.7% Natural coastline 6.4%
6 Rural-port coastline 4.0% Commercial-administration coastline 6.1%

Table 6. Coastline type proportion changes between the pre-founding simulated coastline and the modern simulated

coastline in Haikou.

Pre-Founding Proportion Modern Proportion
1 Rural coastline 42.7% Rural-commercial coastline 21.1%
2 Entertainment—port coastline 16.3% Commercial coastline 14.0%
3 Natural-administration coastline 14.3% Rural coastline 12.7%
4 Rural-entertainment coastline 13.7% Commercial-urban residential area coastline 10.8%
5 Entertainment—administration coastline 5.7% Port-administration coastline 9.1%
6 Port-natural coastline 5.5% Entertainment—administration coastline 8.7%

4. Discussion

The coastline similarity of the method that uses a TIN for initial construction and then
generates buffer zones one by one according to the place name type could reach 80% under
500 m accuracy. This proves that the method is scientific and effective. The degree of fit
was very high in areas with relatively gentle coastlines and little change. However, due to
the limitation of the TIN, as shown in Figure 10, the fitting degree was low in areas with
relatively curved and complex terrain, which still needs to be further improved.

At present, scholars tend to use remote sensing image data, LIDAR data, and field
survey data to extract coastlines accurately. This study is different in that that we tried to
reconstruct the coastline as much as possible using only the data of place names, because
the influence range of each interest point in different regions is different, and the coast-
line distribution extracted from remote sensing images with different resolutions is also
somewhat different. We aimed to extract the coastline with high accuracy and practical
significance by using singular data and a simple method. As shown in Figure 11, we
achieved good results at the scale of 1:250,000, and it is of great significance to analyze the
coastline changes in a medium-scale map with a long time span.
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Defects of TIN
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Figure 10. Defects of the method: the simulated coastline is poor in detail restoration of
complex terrain.

After comparing the pre-founding coastline with the modern coastline, it was found
that the coastlines around many cities had undergone great changes and expanded outward
to a great extent. We took Sanya and Haikou as examples for analysis.

As shown in Table 7, Sanya Bay area is the main area where Sanya’s coastline has
undergone changes. The top four place names in this area are enterprises (320), urban
settlements (148), institutions (135), and non-governmental organizations (66). During
the period of 1980-2018, 46 place names were added from 1980 to 1989, 106 from 1990
to 1999, 348 from 2000 to 2009, 112 from 2010 to 2018, and 52 from the rest of the period,
with the largest increase occurring between 2000 and 2009. According to the local place
name table, it was found that the enterprises mainly include restaurants, hotels, medical
treatment centers, and banks; the urban settlements are mainly villas and communities; the
public institutions are mainly schools and party and government organizations; and the
civil organizations are mainly life and entertainment organizations.
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Figure 11. Display effect at 1:25w: the simulated coastline shows good results at the scale of 1:25w.

Table 7. Place types in the south of Sanya: the top four types of changes in the total number of place names in Sanya in

different periods.

Period
1980-1989 1990-1999 2000-2009 2010-2018 Other Sum
Place Type

Enterprises
Urban settlements
Public institutions
Civil organizations

Sum

15 50 170 70 15 320
12 24 83 15 14 148
19 32 50 11 23 135
0 5 45 16 0 66
46 106 348 112 52 669

As shown in Table 5, among the coastlines in Sanya before the founding of the People’s
Republic of China, rural coastlines, natural coastlines, and rural-natural mixed coastlines
occupied a dominant position, accounting for 36.4%, 24.1%, and 10.9%, respectively; that
is, the coastline was dominated by rural coastlines, and natural coastlines accounted for
71.4% of all the coastlines in Sanya, while the remaining coastlines of ports, transportation,
and entertainment accounted for a low and even proportion. Among the modern coastline
types in Sanya, there is no dominant coastline type, and the coastline types are evenly
distributed. The top ones are commercial-natural coastline, rural coastline, and commercial
coastline. In addition, the proportion of coastlines related to urban residential areas and
entertainment is relatively high, while the proportion of other coastline types is gradually
decreasing, but there is no dramatic change. It can be seen from the changes in geographical
names and coastlines in Sanya that the dominating rural coastlines and natural coastlines
before the founding of the People’s Republic of China were transformed into economical
coastlines with the intervention of human activities.

From the 1980s to the present, vigorously developing tourism and urbanization in
Sanya may be the main reasons for the coastline changes in Sanya. The same conclusion
was obtained when consulting the literature [36].



ISPRS Int. ]. Geo-Inf. 2021, 10, 609

16 of 19

As shown in Table 8, the top four types of geographical names in the expansion area of
northern Haikou are urban residents (355), enterprises (201), institutions (106), and houses
(80). Between 1980 and 2018, 136 place names were added from 1980 to 1989, 240 from 1990
to 1999, 268 from 2000 to 2009, 35 from 2010 to 2018, and 97 from the rest of the period,
with the largest increase occurring between 2000 and 2009. It was found that the urban
residential areas comprise mainly residential areas and villas; the enterprises are mainly
hotels, banks, and shipping companies; the institutions are mainly schools, hospitals, and
party and government organizations; and houses are mainly company buildings.

Table 8. Place types in the north of Haikou: the top four types of changes in the total number of place names in Haikou in

different periods.

Period
Place Type 1980-1989 1990-1999 2000-2009 2010-2018 Other Sum

Urban settlements
Enterprises
Institutions

Houses
Sum

47 109 156 11 32 355
32 62 65 18 24 201
12 27 24 6 37 106
11 42 23 0 4 80
136 240 268 35 97 742

As shown in Table 6, among the coastlines in Haikou before the founding of the Peo-
ple’s Republic of China, rural coastlines, entertainment—port coastlines, natural-administra-
tion coastlines, and rural-entertainment coastlines constituted a large proportion, at 42.7%,
16.3%, 14.3%, and 13.7%, respectively, accounting for 87.0% in total, with the highest pro-
portion of rural coastlines, which have obvious advantages over other coastlines, while the
rest had a lower proportion. Among the modern coastlines in Sanya, rural-commercial
coastlines account for 21.1%, followed by commercial coastlines accounting for 14.0% and
rural coastlines accounting for 12.7%. In addition, coastlines related to urban residential
areas, ports, and administration also account for a higher proportion, while the proportion
of other coastlines is gradually decreasing, but there is no dramatic change. It can be
seen from the changes in place names and coastline types in Haikou that rural coastlines
occupied a dominant position before the founding of the People’s Republic of China. After
the intervention of human activities, the proportion of rural coastlines decreased, while the
proportion of commercial coastlines and urban residential coastlines increased.

Port construction, real estate development, and tourism development in Haikou from
the 1980s to 2009 may be the main reasons for this change, which is the same conclusion
obtained by the consulting literature [37].

Through the comparative analysis of the pre-founding simulated coastline and the
modern simulated coastline generated by place names, it can be seen that in the 70 years
after the founding of the People’s Republic of China, the whole coastline of Hainan has
changed greatly. In order to promote economic development, a large number of natural
coastlines have been changed into artificial coastlines, the coastline has been expanded
to the sea as a whole, and there has been obvious reclamation behavior, which has had a
certain impact on the marine ecology and coastal zone ecology. In response to the call for
sustainable development and harmonious coexistence between man and nature, we should
stop land reclamation and restore the ecological environment as much as possible.

As shown in Table 9, most scholars use remote sensing images or LIDAR data as data
sources when analyzing coastlines in space-time, which requires relatively complex image
processing and algorithm design [38-40], and the similarity of the method used in this
study could reach 80% with an accuracy of 500 m and 91.2% with an accuracy of 1500 m.
Compared with other methods, the method proposed in this study is simpler and more
efficient with certain accuracy. In other places with similar data and land—sea distribution,
this research method can be applied to quickly obtain coastlines.
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Table 9. Comparison of coastline extraction methods and data from relevant scholars.

Authors Research Area Research Period Data Source Method
Njutapvoui F. Landsat5/7/8 CoastSat toolbox’s
Nourdi et al. Bonny Bay, Cameroon 1986-2020 Sentinel-2A /2B automatic extraction

Alexandre Nicolae Aquitaine Coast 2011-2017 Airborne LiDAR Automatic detection with
Lerma et al. GIS treatment
Bin Ai et al. Pearl River Estuary 1978-2017 Landsat MSS/TM/OLI Support vector machine

Mandelbrot in “How Long Is the Coast of Britain? Statistical Self-Similarity and Fractal
Dimension” mentioned that geographical curves involve many details, and the coastline is
a highly complex geographical curve [41]. Wang and Wu [42] also pointed out that one
of the main factors affecting cartographic generalization is map scale. Appropriate scale
conditions can ensure the use and purpose of maps. The coastline is meaningful only at a
certain scale. In this study, due to the characteristics of the TIN itself, as shown in Figure 10,
the restoration of details was not perfect at the large scale, but as shown in Figure 11, the
similarity was already very high at the medium scale of 1:25w. The method proposed in
this study can be used to study the restoration and change of small- and medium-scale
coastlines.

5. Conclusions

In this study, an algorithm innovation is made on the coastline generation method.
In the absence of image data, the basic trend of the simulated coastline generated by the
TIN and section-by-section analysis is in good agreement with the real coastline, which
can satisfy the construction of a historical coastline trend and perform a spatiotemporal
analysis of modern coastlines. This method can be used to study historical coastlines. In
many historical documents, the division of administrative areas is recorded, but most of
the coastline is missing. We can use this method to reconstruct historical coastlines from
historical place names. In addition, this method can also be used for similar requirements,
such as solving the influence area of a certain area.

In this study, relatively simple processing methods and single data were used to
achieve better coastline fitting results at the scale of 1:250,000. It has strong practicability
and high efficiency and accuracy when reconstructing and analyzing coastlines over a
long time span at medium and small scales. Since the founding of the People’s Republic
of China, the coastline of Hainan Island has notably changed. The natural coastline is
becoming shorter, the artificial coastline is becoming longer, and most of the coastline is
advancing towards the sea. Taking Sanya and Haikou as examples, we found that the
tourism development and urbanization in Sanya are the main reasons for its coastline
change, while the port construction, real estate development, and tourism development in
Haikou are the main reasons for its coastline change. In the case of increasingly serious
environmental protection problems, we should pay more attention to the protection of
the natural coastline. The most significant contribution of this study is that in the absence
of regional remote sensing images, the proposed method can simulate the basic trend of
coastline change through place names. Moreover, in areas with remote sensing images,
the method proposed in this study can provide a simpler and more effective method to
extract the coastline with a certain accuracy. This paper provides a new idea for assessing
the trend of historical shorelines and the temporal and spatial variations in the coastline in
areas where research data are missing.
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