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Abstract: Taking the Bohai Economic Rim as the research area and 44 prefecture-level cities as research
objects, on the basis of deepening the connotation of urban land use morphology, we constructed
a multi-dimensional indicator system for urban land use transition based on the dominant and
recessive morphologies of land use. The patterns of change and transition type are described by
single-morphology and comprehensive morphology indices, respectively, while a decoupling elastic
coefficient model was used to analyze the coupling relationship and evolution process between the
dominant and recessive morphologies of urban land use. The results showed the following: (1) From
2000 to 2020, the single-morphology and comprehensive morphology indices of urban land use in
the Bohai Economic Rim both improved, to a certain extent. Overall, the transition types of dominant
and recessive morphologies of urban land use showed a development trend, in which the degree
of recessive morphology transition was higher than the degree of dominant morphology transition,
and the spatial difference of its distribution pattern was obvious. (2) From 2000 to 2020, the type
of coupling relationship between the dominant and recessive morphologies of urban land use in
the Bohai Economic Rim experienced an evolution, from a single-morphology recession decoupling
to a single-morphology leading positive hook. The whole region was in the benign development
stage of close coupling, where the degree of transition showed the spatial characteristics of Beijing—
Tianjin-Hebei > Liaodong Peninsula > Shandong Peninsula. (3) Differences in the economic levels
and urbanization processes of different cities led to different paths, speeds, and degrees of urban land
use transition, showing stable, volatile, and non-transition paths. The direct influence of different
influencing factors, as well as their potential effects, drive the dominant and recessive morphologies
of urban land use to grow, in terms of coupling and synergy, promoting the realization of urban land
use transition.

Keywords: urban land use transition; land use morphology; coupling relation; transition path; Bohai
Economic Rim

1. Introduction

Land change science has become an important part of global environmental change
and sustainable development research [1]. As an important branch of land use/land cover
change (LUCC), and as a guiding factor in response strategies and policies aimed at the side
effects of high-speed urban expansion [2—4], land use transition has gradually developed
into the current hot frontier of land change research. Land use transition originated from
the forest transition hypothesis [5,6]. Grainger proposed the concept of land use transition
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from the perspective of national land use morphology [7]. After entering the 21st century,
domestic and foreign scholars, such as DeFries, Foley, and Long, among others, have
proposed improvements and supplements [8-11]. Since then, the field of land use transition
research has continued to expand. The scope of such research includes the impacts of
land use transition in agricultural production [12,13], the driving mechanisms of land use
transition [14-17], the relationships between land use transition and urbanization [18,19],
and the impacts of land use transition on the ecological environment [20-23]. Thus, the
research field tends to be diversified.

With improvement at the socioeconomic level and the advancement of urbanization,
importance had been attached to sustainable development [24,25], while land resources
continue to be allocated to nonagricultural industries [26]. The transition of rural home-
steads along the Yangtze River transects [27], along with the transition of cities in the New
Orleans and Phoenix urban governances, which have foreshadowed this [28]. More and
more studies have begun to pay attention to construction land transition, including the
transition of urban—rural construction land and its coupling with population mobility [29],
rural-industrial land transition [30], and rural-residential land transition [31,32]; however,
various environmental pollution problems have been directly or indirectly caused by the ac-
celerated expansion of construction land, such as air pollution [33] and water pollution [34].
These environmental problems originate from complex economic activities, for which a
traditional qualitative analysis cannot obtain accurate results. For this reason, scholars
have attempted to use a combination of big data collection technology and quantitative
analysis methods for analysis through the use of remote sensing, geographic information
systems, and other technical means and have explained that urban land use transition
has exacerbated urban disasters and environmental pressures, introduced the conceptual
framework of impact assessment for urban land use transition, and discussed the tem-
poral and spatial evolutional characteristics of the ecological environment index [35-37].
Following these developments, an approach has been extended to the impact of land use
transition on the entire ecosystem [38].

After land use transition was introduced in China, as a new way to study LUCC, Long
continued to deepen the concept and connotation of land use transition from a theoretical
perspective and proposed two land use morphologies—that is, the dominant morphology
and the recessive morphology [39]. Scholars have carried out research based on these two
morphologies of land use, such as analyzing the transition stage and spatial pattern for
the scale change of urban construction land on a national scale [40], detecting the hotspot
characteristics of the dominant morphology transition of urban land use on the regional
scale [41,42], or revealing the characteristics of the recessive morphology transition of
urban land use from a single dimension (e.g., function or input-output) [43—45]. Overall,
the current research on urban land use transition has mainly focused on the analysis of a
single morphology of land use or the related description based on certain numerical values.
There has been less research on the comprehensive transition of urban land use, especially
considering a combination of qualitative and quantitative analysis-phase processes or the
trends of urban land use transition inflection points.

Land is the main place where humans produce and live and is an important carrier
with which for cities to carry out socioeconomic activities. Urban land use transition can
reflect the changes in human activities and the direction of urban development and, to
a certain extent, can reveal the various pain points and problems in the socioeconomic
development process. At present, China is in a critical period of transition, from high-speed
urban expansion to high-quality development [46]. The way in which to achieve the harmo-
nious development of the human-land-society system and to solve the difficulty of a land
supply and demand balance have become the top priority in land resource management.
Therefore, land management concepts and utilization methods need to be changed urgently.
Under the premise of achieving the goal of sustainable urban development, it is of great
significance to analyze the change process and transition characteristics of urban land use
in order to determine the optimal urban land use and urban green development in the
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future. The comprehensive judgment of urban land use transition is helpful in describing
the transition process and phase characteristics from more dimensions. In order to make
up for the shortcomings of urban land use transition along this line, this study used the
Bohai Economic Rim with its rapid urbanization and obvious differences as the research
object, depicted the trend changes of the dominant and recessive morphologies of urban
land use, and used the decoupling elastic coefficient model to further discuss the coupling
relationship between the dominant and recessive morphologies and revealed the evolution
path and its spatial and temporal patterns of urban land use transition. The theoretical
framework of this study serves to supplement and enrich the ideas presented in existing
land management research relating to the integration of land use morphology to provide
a scientific reference for promoting high-quality urban development and to promote the
formulation of land management policies.

2. Theoretical Framework

Land use transition refers to the change of land use morphology in a certain region
over a certain period of time, usually corresponding to a social and economic development
stage. With the continuous deepening and expansion of the concept of land use transition,
Long stated that land use morphology can be characterized by dominant and recessive
morphologies. Specifically, the dominant morphology includes the directly visible quanti-
ties, spatial structures, and so on, while the recessive morphology includes the qualities,
property rights, inputs, outputs, operational modes, and functions of the land [38]. As the
spatial carrier of human life and production, urban land has the basic properties, in terms
of scale, structure, and function, of general land resources. At the same time, compared
to rural land—due to differences in land properties, location, conditions, population, and
industries—cities reflect an alienated morphology with inherent characteristics, such as the
nationalization of urban land, clear property rights, and a fixed operational mode for a long
time. The development of population urbanization promotes the continuous expansion of
urban space on a large scale, dense urban population, strong service capacity, a high degree
of spatial agglomeration, diverse urban industrial types, complex land structures, and high
output efficiency, among other characteristics. Therefore, urban land use morphologies are
both general and specific. In terms of the dominant morphology, considering that cities are
typically embedded in vast arable land, their rapid expansion process has formed different
spatial patterns in different geographical environments, demonstrating obvious visibility.
The dominant morphology can, thus, be measured from the scale, structure, and pattern
of urban land use. With the proposal of the new concept of “People’s City Built by the
People, People’s City for the People”, it is to be understood that urban construction and
development are increasingly developing in a people-oriented direction, where the living
standard of urban residents has become an important direction to consider when assessing
the urbanization quality. At the same time, in the process of rapid urban expansion, ur-
ban ecological land becomes squeezed, and urban ecological functions may be severely
damaged. As it is an ecological space, concern and attention regarding maintaining and
conserving urban green environments are ever increasing. Therefore, in terms of the com-
prehensive input and output of the production factors, land management methods, life,
and ecology, the perspectives of urban high-quality development, urban production, and
living and ecological qualities are used to represent the recessive morphology, revealing
the potential for urban sustainable development from multiple viewpoints.

Chinese cities are now undergoing rapid development and transition. Due to the
phased effect of a series of driving factors, such as population migration, industrial struc-
ture upgrading, ecological security, and policy regulation, urban land use presents the
characteristics of multi-type and multi-path transitions (Figure 1). In the early stage of
urban development (T1), when urbanization and industrialization have just started, a
city is considered a “simple industrial production center”. The urban scale develops in
an uncontrolled and irregular manner, the urban land structure is unreasonable, and the
urban construction land presents a fragmented and decentralized pattern in space. The
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urban quality development is slow, and housing shortages, inadequate infrastructure
construction, environmental pollution, and other “urban diseases” emerge and worsen,
as the requirements for the living environment and ecological maintenance are not high.
During this period, the urban scale, structure, pattern, and quality level are in their ini-
tial stages, such that coordinated changes of the dominant and recessive morphologies
show a negative trend, and the transition momentum is insufficient. Later, due to the
acceleration of urbanization and industrialization (T2), the urban boundary continues to
spread to the periphery, and a large number of people begin to gather in the city. The urban
land structure is mostly industrial and residential land, where the newly added urban
construction land is mainly used to fill the internal gaps in the existing urban land. The
city begins to pay attention to problems such as degradation of the ecological environment
and insufficient infrastructure. The differences in the emphasis and centers of economic
growth of different cities inevitably lead to the phenomenon of focusing on the devel-
opment of the dominant or recessive morphology, such that it becomes easy to shift the
dominant or recessive morphology to move toward the first positive development stage,
while the other morphology is still in the decline stage. Consequently, the gap between
the two grows, and the relationship between the two falls into a stage of confrontation.
With socioeconomic transition and industrial optimization and upgrading (T3), the city
gradually develops into a new type of “multi-form and multi-functional” living space. The
scale evolves from expansion to a slower (or even stagnant) trend, the structure becomes
more reasonable and coordinated, the diversity of the land use is constantly enriched, and
the quality of the living environment is improved. During this period, the dominant and
recessive morphologies of urban land use gradually approach a coordinated development
trend as the gap between the two continuously reduces, showing a continuous coordinated
urban-rural development trend. Due to the differences in the actual conditions of specific
cities, the development processes of the dominant and recessive morphologies of urban
land use present a differentiated transition path in different cities, which is either gradually
promoted or “in one step”. Therefore, in this study, we used the method of identifying
the coupling relationship between the dominant and recessive morphologies to describe
the characteristics of urban land use transition; that is, urban land use transition is the
transition process of the dominant and recessive morphologies of urban land use from an
imbalanced state to coordinated development. This process helps to realize the gradual
strengthening of the carrying capacity of the city, creating a more reasonable structure, a
more compact pattern, and a continuous improvement of quality.
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Figure 1. Theoretical framework of urban land use transition.
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3. Study Area Selection, Data Sources, and Processing
3.1. Study Area Selection

The Bohai Economic Rim refers to the economic area composed of the coastal areas sur-
rounding the entire Bohai Sea and part of the Yellow Sea [47], including Liaoning Province,
Hebei Province, Shandong Province, Beijing, and Tianjin, with convenient regional trans-
portation and obvious locational advantages (see Figure 2). There are approximately
260 million people in the region, and its land area accounts for approximately 12% of the
country. In 2020, the GDP of the region accounted for 18.5% of the country. As the center
of China’s reform and opening up (gradually moving eastward) and global production
factors (which have continued to move northward), the Bohai Economic Rim has become
the third-largest growth pole of China’s economic growth, after the Pearl River Delta and
the Yangtze River Delta [48], and is the most important open emerging economic circle
in Northern China, integrating political, economic, cultural, and foreign trade develop-
ment. At present, urban development in the Bohai Economic Rim is undergoing a drastic
transition, and the level of urbanization is continually increasing. The urbanization rate
of the population increased from 22.83% in 1986 to 65.34% in 2020, making it one of the
fastest-growing regions in China at this stage. The land space that carries human activities
has also shown dramatic changes. The scale of urban construction land increased from
2733 km? in 1986 to 12,935 km? in 2020, while the rate of land urbanization increased from
1.86% in 1986 to 15.46% in 2020 (which was obviously higher than that of the population
urbanization). The scale of land development and utilization is large but unreasonable.
At the same time, there still exist problems relating to uneven urban development in the
Bohai Economic Rim. For example, Beijing’s per capita GDP is nearly four times that
of Hebei Province. As a dense urban region and a priority development area, the Bohai
Economic Rim has a high population density, severe resource and environmental pressures,
intensified economic activities, and a shortage of reserve land resources. They way in which
to improve the economical and intensive utilization of the land and to promote sustainable
development are the core issues affecting the realization of high-quality development in
the Bohai Economic Rim. Therefore, it is necessary and representative to carry out research
on urban land use transition in the Bohai Economic Rim, where the contradiction between
humanity and land is prominent.

¥ Capital
® Provincial Capital

= Beijing-Tianjin-Hebei Region
(BTHR)

[JShandong Peninsula(SP)
[JLiaodong Peninsula(LP)

Figure 2. The Bohai Economic Rim (BER).

3.2. Data Sources and Processing

In this study, we used 44 prefecture-level and above cities in the Bohai Economic
Rim as a research object. We considered their connection with the five-year plan for
national economic development; as such, five time nodes—in 2000, 2005, 2010, 2015, and
2020—were selected as the research period. Different data on the land use, spatial layout,
and socioeconomic development of each city over this period were collected. Among
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these, the land use data included information on the scale and structure of urban land
use, while the socioeconomic development data included information relating to the
population, industries, and construction of facilities, mainly derived from the “China
Urban Construction Statistical Yearbook” and the “China City Statistical Yearbook”. The
urban pattern data included the location change information of city map spots during
the study period, which were mainly derived from the 30-m resolution remote sensing
image interpretation data of the Resource and Environmental Science Data Center of the
Chinese Academy of Sciences (http://www.resdc.cn/, accessed on 5 May 2021), from
which the city map spots were extracted. Fragstats software was used to calculate the
pattern indices of each city map spot for the different periods. On this basis, we looked at
44 urban administrative regions as the basic units and used the ArcGIS spatial attribute
link function to synthesize all kinds of information in order to form a basic database of
urban land use transition data.

4. Research Methods

Based on the understanding of the above urban land use transition theory, the basic
research methods of this study are shown in the figure below (Figure 3).

Selection of transition indicators

!

Single-morphology transition measure

v
¢ Y i ¢ v

Scale Structure Pattern Production Living el
transition transition transition qua.th qua.th quathy
transition transition transition
measure measure measure
measure measure measure

| | | | |
v

_____ ——t
[ Weighted sum : [ Weighted sum |

L__I__

S

Comprehensive change index of
the dominant morphology

Comprehensive change index of
the recessive morphology

Dual-morphology
> L. —
transition measure

Divide coupling types and
transition paths

Figure 3. Urban land use transition research methods diagram.

4.1. Selection of Transition Indicators

Based on the above understanding and theoretical assumptions about the transition
process of the dominant and recessive morphologies of urban land use, and on the basis of
the principles of comprehensiveness, representativeness, and data availability, an evalu-
ation index system for the dominant and recessive morphologies of urban land use was
constructed, referring to the relevant literature in combination with the actual situation
of the study area (Table 1). The dominant morphology was described from three aspects:
scale, structure, and pattern. The scale index was based on the principle of improving the
carrying service capacity and restraining disorderly expansion. Based on the total urban
land scale, the two indicators of urban land scale increment and average amount were
extended to measure the transition characteristics of the relationship between urban and
rural construction land and the urban human-land relationship, including three indicators:
the urban built-up area, the proportion of newly increased urban construction land area to
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the total increased urban and rural construction land area, and the population per urban
construction land unit area. The structure, considered the external mapping of urban sys-
tem functions, determines the integrity of the urban functions and supporting facilities. We
selected the residential; administration and public services; industrial and manufacturing;
roads, streets, and transportation; and green space and square proportions as the five
indicators representing structure, in accordance with the “Urban Land Classification and
Planning Construction Land Standard” (GB50137-2011; referred to below as “Standards”).
The proportions of all kinds of land used, as stipulated in the “Standards” specification,
were designated as the ideal values (Table 2), while the actual proportion of urban land
used was set as the actual value. By calculating the difference between the actual value and
the ideal value, the rationality of the urban land use structure could be comprehensively
judged. The pattern is a comprehensive reflection of the process of human production
and those living activities promoting urban spatial expansion under certain environmental
conditions. This process changes the size, shape, density, and connectivity of an urban
area under the interaction of multi-scale spatial composition and the arrangement of the
urban matrix and is regarded as a key indicator for understanding the multifunctional
aspects of the urban system. Based on the principles of landscape ecology, four classic
indicators—namely, area, landscape shape index, patch density, and contiguity index of
the urban land—were selected to reveal the compactness and clustering of the pattern.

Table 1. The urban land use morphology evaluation index system.

Target Layer Element Layer Index Layer Weight  Direction
Area of urban built-up area (km?) 0.22 +
Proportion of the newly increased urban land
construction area to the total increased urban and rural 0.32 +
Scale (0.352)

Dominant morphology

construction land area (%)
Population per urban construction land unit area

(person/km?) 046 *
Proportion of residential land area (%) 0.20 +/—
Proportion of land area for administration and public
. o 0.20 +/—
services (%)
Structure (0.364) Proportion of land area for 10ndustr1al and 0.20 e
manufacturing (%)
Proportion of land area for roads, streets, and
C o 0.20 +/—
transportation (%)
Proportion of land area f(lr green spaces and squares 0.20 o/
(%)
Area 0.18 +
Pattern O Landscape shape index 0.23 -
(0.284) Patch density 0.32 —

Contiguity index 0.27 +




Land 2021, 10, 493 8 of 29
Table 1. Cont.
Target Layer Element Layer Index Layer Weight  Direction
Per capita GDP (10,000 yuan/person) 0.29 +
Proportion of non-agricultural industry output values
(%) 0.19 +
Production quality Per capita investment in fixed assets (10,000
(0.365) 0.29 +
yuan/person)
Per capita public budget revenue (10,000 yuan/person) 0.23 +
Annual per capita disposable income of urban 0.25 N
households (10,000 yuan/person) '
Recessive morphology Per capita expenditure on science and education 037 N
Living quality (10,000 yuan/person) '

(0.410) Number of doctors per 10,000 population (person) 0.22 +

Per-capita area of paved roads in city (m?2/ person) 0.16 +

Built district green space rate (%) 0.35 +

Ecological quality Comprehensively utlhze?o/lr)ldustrlal solid wastes rate 017 N

(0.225) Wastewater treatment rate (%) 0.28 +

Domestic garbage treatment rate (%) 0.21 +

(D Note: Please refer to “Landscape Ecology—Pattern, Process, Scale and Level” (Wu Jianguo, Higher Education Press) for the specific
calculation methods of the various land use pattern indicators.

Table 2. Planning urban construction land structures.

Land Use Type Proportion of Urban Construction Land (%)
Residential 25-40
Administration and public services 5-8
Industrial and manufacturing 15-30
Roads, streets, and transportation 10-25
Green spaces and squares 10-15

The recessive morphology of urban land use was expressed in three aspects: produc-
tion quality, living quality, and ecological quality. The production quality, as an observed
value reflecting the degree of economic development of a city, is an inexhaustible driving
force and source of urban development and transition. Considering the high efficiency of
urban economic output, excellent industrial structure, and fiscal revenue, we selected the
per capita GDP, proportion of nonagricultural industry output value, per capita investment
in fixed assets, and per capita public budget revenue as the four indicators representing
the production quality. The living quality reflects the people-oriented living space, em-
phasizing the livability and security of the city, as well as the promotion of thought and
civilization in the population. Considering urban life, wealth, medical, educational, and
other public service resource configurations, we selected the annual per capita disposable
income of urban households, per capita expenditure on science and education, number of
doctors per ten thousand people, and per capita area of paved roads in the city as the four
indicators representing the living quality. The ecological quality is a background aspect
related to urban transition, upgrading, and sustainability. Urban land use plays a decisive
role in maintaining and protecting ecosystem services [49]. Considering the degree of
urban greening, garbage disposal, and pollution levels of green coverage, we selected the
built district green space rate and comprehensively utilized the industrial solid wastes
rate, wastewater treatment rate, and domestic garbage treatment rate as the four indicators
representing the ecological quality.
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4.2. Transition Measurement Method
4.2.1. Single-Morphology Transition Measure

Both the dominant and recessive morphologies were measured using the multi-factor
weighted sum method. First of all, considering the different indicators that characterize the
urban land use transition process, as there are certain differences between them, different
standardized methods should be used to normalize the indicators. Among them, the
scale transition aims to continuously improve the carrying capacity of a city, and the
various indicators show positive effects. Thus, the positive range standardization method
(Formula (1)) was used for normalization. The structure transition aims at the rationality
of land use allocation, where each indicator has a certain reasonable interval. Thus, a
piecewise function (Formula (3)) was used for standardization. The pattern aims to make
the urban space transition more compact and regular. All indicators show positive and
negative interactions, and, so, the positive and negative range standardization methods
(Formulas (1) and (2)) were used for normalization. The quality transition is aimed at
high-level coordination, and all the indicators have a positive effect. Thus, the positive
range standardization method (Formula (1)) was used for normalization. Then, according
to the characteristics of the indicators, the weights were set. The structure adheres to the
principle of balanced and diversified proportions of all kinds of construction land, so the
weight was set as the same proportion. For the size, pattern, production quality, living
quality, and ecological quality, the entropy value method was used to determine the initial
weight of each index [50]. Due to the large time span of the study period and the large
fluctuations in the developmental speeds of the cities in the study area, the average value
of the initial weights for each period was used as the final weight of each indicator in order
to reduce the degree of difference in the development levels of the different periods. Finally,
Formula (4) was used to calculate the one-dimensional indices of the scale, structure,
pattern, production quality, living quality, and ecological quality, while Formula (5) was
used to calculate the comprehensive index of the dominant and recessive morphologies of
the urban land use.

Xii — Ximi
xz/‘j =74 ~imn 1)
Ximax — Xi,min
Xi max — Xij
X = i,max ij (2)

g

Ximax — Xi,min

where x;; is the standardized score of index j in element layer 7; x;; is the original score
of index j in element layer i; X; min and X; max are the minimum and maximum scores of
index j in element layer i, respectively; i represents the element layer, taking the values of 1,
2, and 3, which represent the scale, structure, and pattern, respectively, of the dominant
morphology of urban land use and the production quality, living quality, and ecological
quality, respectively, of the recessive morphology of urban land use; and j represents the
index of each element layer, taking the valuesof 1,2,3, ... , n.

Sy < X
Ximin’ " Y i,min
/ / .. /
X = 1;xi,min < X < X nax (3)

X
i,max x/ < xij

Xij 7 “"1,max

/
i,min

X} ax are the minimum and maximum values of the ideal value interval of index j in

element layer 7, which mainly correspond to the area proportions of various urban land

use structures. The specific score values are shown in Table 2.

In Formula (3), the connotations of xgj,xi]’, i, and j are the same as above; x and

n
Td,'j = le’-jxwij (4)
i=1
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where Td; is the score of each element layer of the dominant and recessive morphologies
of urban land use, the connotation of x/; is the same as above, and w;; is the index weight
value of item j of the element layer i (see Table 1).

Ty = aTdy + ,BTdkz + yTdys 5)

where Tj is the comprehensive index of the dominant and recessive morphologies of urban
land use; k represents the dominant and recessive morphologies, with values of 1 and 2,
respectively; Tdy; is the scores of the element layer i of target layer k, respectively; and «, 5,
and vy represent the weight of each element layer, respectively (Table 1).

For each single and comprehensive index, according to its change trends and proce-
dural characteristics in different periods, the types of transitions were divided into four
types: stable, relatively stable, relatively unstable, and non-transition. A stable transition
refers to the process of a continuous increase in the morphology index. A relatively stable
transition refers to a process in which the morphology index fluctuates a little in the early
stage and tends to increase in the later stage. A relatively unstable transition refers to the
fact that, although the index tends to increase in the end, the whole process fluctuates more
frequently. A non-transition refers to the fact that the various morphology indices are still
lower than the initial point in the final period, regardless of whether the process continues
or fluctuates.

4.2.2. Dual-Morphology Transition Measure

A dual-morphology transition refers to the evolution of the relationship between
the dominant and recessive morphologies in terms of urban land use. On the basis of
references to the relevant domestic and foreign literature [51,52], the decoupling elastic
coefficient model (Formula (6)) was used to identify the coupling and transition process of
two morphologies:

(TeffTef,l)
1d — ATe _ Tey (6)
ATh (Thi—Th;_4)
Thy

where ID is the decoupling index of the dominant and recessive morphology of urban land
use, ATle is the comprehensive change rate of the dominant morphology of urban land use,
ATh is the comprehensive change rate of the recessive morphology of urban land use, Te; is
the comprehensive index of the dominant morphology of urban land use at time point ¢,
Te;_1 is the comprehensive index of the dominant morphology of urban land use at time
point t — 1, Th; is the comprehensive index of the recessive morphology of urban land use
at time point ¢, and Th;_ is the comprehensive index of the recessive morphology of urban
land use at time point ¢ — 1.

As can be seen from Table 3 and Figure 4, the coupling relationship between the two
morphologies theoretically included six types, the transition process had seven paths, and
there were also some non-transition phenomena.

Table 3. Discrimination of the coupling types of the dominant and recessive morphologies of urban land use.

Decoupling Index The Relationship between ATe and ATh Coupling Type
08<Id<1.2 ATe >0, ATh>0 Dominant and recessive synergy hook (DRSPH)
0<Id<0.8 ATe >0, ATh >0, and ATe > ATh Recessive leading positive hook (RLPH)
Id>12 ATe >0, ATh >0, and ATe < ATh Dominant leading positive hook (DLPH)
<0 ATe<0,ATh>0 Dominant recession decoupling (DRD)
ATe>0,ATh <0 Recessive recession decoupling (RRD)
Id>0 ATe<0,ATh <0 Dominant and recessive negative hook (DRNH)
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Figure 4. Realization paths of urban land use transition.

From the perspective of coupling types (Table 3), the relationship between the dom-
inant and recessive morphology evolution of urban land use can be divided into two
types: decoupling and hook. Decoupling means that the two morphologies are in a state of
confrontation. At this time, Id < 0, and the urban land use transition is in an uncoordinated
state. Decoupling can be divided into two types: dominant recession decoupling (DRD)
and recessive recession decoupling (RRD). The former is characterized by ATe < 0 and
ATh > 0, indicating that the dominant morphology index of urban land use is decreasing,
the recessive morphology index of urban land use is increasing, and the transition of the
dominant morphology needs to be strengthened; for the latter, ATe > 0 and ATh < 0, indi-
cating that the dominant morphology index of urban land use is increasing, the recessive
morphology index of urban land use is decreasing, and the transition of the recessive
morphology needs to be strengthened. Hook means that the two morphologies are in a
coordinated change state of increase and decrease. At this time, Id > 0, and, according to the
direction of change, it can be divided into a positive hook and negative hook. When ATe <
0 and ATh < 0, it means that both the dominant and recessive morphologies of urban land
use show a trend of decay, which is defined as the dominant and recessive negative hook
(DRNH). At this time, an urban land use transition has not yet occurred. When ATe > 0 and
ATh > 0, according to the relationship between the two, it can be divided into a dominant
and recessive synergy hook (DRSPH) and dominant or recessive leading positive hook
(RLPH or DLPH, respectively). The former is characterized by 0.8 < ID < 1.2, and, at
this time, the growth rates of the dominant and recessive morphologies of urban land
use are coordinated, which indicates the highest state of urban land use transition. In the
latter case, either ID > 1.2 or 0 < ID < 0.8. At this time, both the dominant and recessive
morphologies of urban land use are in a state of growth, but the growth rate is different,
which indicates the transition type of urban land use transition from uncoordinated to
coordinated.
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From the perspective of the transition path (Figure 4), according to the above-mentioned
coupling types, a certain area needs to realize the coordinated transition of the dominant
and recessive morphology of urban land use. The evolution stage generally needs to
undergo a transition process from DRND to DRSPH. However, due to different urban
background conditions and influencing factors in different regions, the urban land use
transition path can be divided into long and short. The long path goes through three types
of evolution—namely, the primary transition from DRND to RRD or DRD, then to RLPH
(or the transitional transition of DLPH), and, finally, to DRSPH—in order to achieve full
transition (called the LP path). The medium path undergoes two evolution types to achieve
transition, including DRND to RRD or DRD and then to DRSPH (called the MP1 path),
DRND to RLPH or DLPH and then to DRSPH (called the MP2 path), and RRD or DRD
to RLPH or DLPH and then to DRSPH (called the MP3 path). The short path undergoes
one evolution type to achieve transition, including from DRND to DRSPH (called the SP1
path), RRD or DRD to DRSPH (called the SP2 path), and RLPH or DLPH to DRSPH (called
the SP3 path). At the same time, the sequences of different paths to achieve transition are
also different, which can be divided into stable paths and fluctuating paths. The former
involves reaching type A step-by-step and remaining unchanged after the transition is
realized, while the latter involves the process of reaching DRSPH. Comparing the twists
and turns or turning to other types after reaching DRSPH is called an unstable transition
path (called UP path). In addition, some cities have not yet reached DRSPH after multiple
types of evolution and are still in the state of RLPH, DLPH, RRD, or DRD, staying in a
transitional stage dominated by a single dominant or recessive morphology, which is called
an incomplete transition path (IP path). This study sets up a collection of the initials that
appear in the Appendix A (Table Al).

5. Results
5.1. The Transition Process of the Dominant Morphology of Urban Land Use

The overall level of the Bohai Economic Rim was obtained by adding the values
of 44 cities to get the mean value, while the average level of each region was obtained
by adding the values of the cities where each region is located to get the mean value.
Judging from the average level of the Bohai Economic Rim as a whole and the three
regions of Beijing-Tianjin—-Hebei, Shandong Peninsula, and Liaodong Peninsula (Figure 5),
the one-dimensional and comprehensive indices of the dominant morphology of urban
land use from 2000 to 2020 generally presented a fluctuating and rising trend. Among
them, the size index of the Bohai Economic Rim decreased slightly from 2000 to 2010 but
increased significantly from 2015. The trend for the Beijing—Tianjin—-Hebei region was
similar to that of the Bohai Economic Rim. The trend for the Shandong Peninsula decreased
slightly at first and then continued to increase. The trend for the Liaodong Peninsula
fluctuated greatly and increased significantly, compared with that in the initial stage. The
structure index of the Bohai Economic Rim and its three regions showed a continuous
upward trend, where the Liaodong Peninsula was always stable at the highest level. The
pattern index of the Bohai Economic Rim continued to decline from 2000 to 2015, only
beginning to improve in 2015, with little fluctuation as a whole. The Beijing-Tianjin—-Hebei
and Liaodong Peninsula presented similar ups and downs within the Bohai Economic
Rim. Although the Liaodong Peninsula rebounded, it did not exceed the initial level.
Although there were slight fluctuations in the Shandong Peninsula, the overall situation
was accelerated. The comprehensive index of the dominant morphology of urban land
use in the Bohai Economic Rim showed a gradual increase in volatility from 2000 to 2015,
where the acceleration increased after 2015. The Beijing-Tianjin—-Hebei and Shandong
Peninsula, as a whole, showed an upward trend, while the Liaodong Peninsula presented
fluctuations that were relatively sharp and at a low level. From 2000 to 2020, the carrying
capacities of the cities in the Bohai Economic Rim were strengthened, the ratio of urban
land structure was reasonable and balanced, the pattern of urban land was compact and
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Figure 5. Evolution trend of the dominant morphology index of urban land use in the Bohai Economic Rim from 2000 to

2020.

Based on the above-mentioned overall analysis of the transition of the dominant
morphology of urban land use, in order to further reveal the specific urban transition
process and its regional agglomeration characteristics, an in-depth analysis of the spatial
layout of the transition of the dominant morphology of urban land use was carried out.
From the perspective of each city scale, the spatial pattern characteristics of the domi-
nant morphological transition types of urban land use in the Bohai Economic Rim from
2000 to 2020 were obvious (Figure 6). The stable transition of scale mainly occurred in
Beijing, Tianjin, and the developed coastal cities of Shandong Peninsula. These cities, as
metropolitan areas with a relatively developed economic level, tended to have stabilized
urbanization processes and paid more attention to improving their quality. Relatively stable
transitions were scattered in the Liaodong Peninsula, with a small number concentrated in
the west of Beijing—Tianjin-Hebei and Central Shandong Peninsula. Most of these cities
were emerging cities that have continued to gather urban populations, the outer edges
of which have continued to expand outward in recent years. Under the impetus of their
internal driving forces, the sizes of these cities constantly expand. Relatively unstable
transitions were scattered in the northern part of the Liaodong Peninsula and on both sides
of Jinan. Such cities have had a late start to urbanization, gradually developing secondary
and tertiary industries or promoting the construction of new urban areas. The problems of
urban expansion and inefficient utilization coexist, and the transition process is not stable.
Non-transitions are mainly distributed in the north and south of Beijing-Tianjin—-Hebei and
sporadically appear in Zibo and Zaozhuang on the Shandong Peninsula. Such cities are
basically inland, with weak economic foundations, insufficient driving force for industrial
development, and lack of a driving force or ability for urban expansion.
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Figure 6. Spatial patterns of the dominant morphology transition types of urban land use in the
Bohai Economic Rim from 2000 to 2020.

Stable transitions of structures mainly occur in provincial capital cities. Such cities are
basically cities with early urbanization, where the types of urban infrastructure construction
lands are complete and diverse, and the urban land structure has a high degree of balance.
The relatively stable transitions are concentrated in the central part of Beijing—Tianjin—-
Hebei, Eastern Liaodong Peninsula, and Western Shandong Peninsula. Such cities are
subject to policies and their own development needs, constantly improving their urban
functions and weakening the leading role of single dominant land types, such that urban
land use diversification can be sustainably promoted. The relatively unstable transitions
are mostly distributed in Northern Beijing-Tianjin—-Hebei and in small parts of Shandong
Peninsula and Liaodong Peninsula. Such cities are mostly old industrial bases or traditional
agricultural areas, with historical factors making the level of urban land use structures
balanced and policy-oriented, with a time lag hindering their smooth transitions. Non-
transitions are scattered in the three major regions in cities with less-developed economies,
such as Chaoyang and Langfang. Industrial and mining land and residential land occupy
a relatively high proportion of the interior of these cities. It is necessary to strengthen
the policy control and guidance, improve the proportion of urban construction land, and
increase the area of infrastructure and ecological land in these areas.

The stable transition of patterns only occurs in the northeast and west of Shandong
Peninsula. In recent years, Shandong Province has expanded its urban construction land
to form a contiguous development pattern [12]. At the same time, it has paid more
attention to the reshaping of the urban landscape, gradually increasing the concentration
of urban internal landscape, with most patches having a higher degree of morphological
integration and the urban pattern becoming more compact and regular. The relatively
stable transitions are concentrated in the central part of Beijing-Tianjin-Hebei and the
central part of Shandong Peninsula. Most of these cities are located in provincial capitals
and the surrounding cities. Influenced by policy and political factors, they have inevitably
paid more attention to the regular appearance of a city. Most of the relatively unstable
transitions are located in the central part of Liaodong Peninsula. As an old, heavy, industry
base, industrial relics and idle lands are the main reasons for the fragmentation of the urban
landscape pattern. Non-transitions mainly occur on the east and west sides of Liaodong
Peninsula and the west of Beijing—-Tianjin—Hebei. The blind and extensive development
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of such cities in urban expansion have led to fragmentation of the landscape pattern and
irregular patch shapes. It is urgent to change the development concept and to reduce the
degree of fragmentation of the landscape pattern and, thus, the degree of patch separation.

The stable transitions of the dominant morphology of urban land use occur in Beijing,
Fushun, Tai’an, and Weihai. Most of these cities are in the stage of rapid urbanization
development, such that the land use structure and spatial layout are constantly improved,
while the urban construction land expands. Large areas of relatively stable transitions
are appearing in the Liaodong Peninsula and the central and western regions of Beijing—
Tianjin—-Hebei, where most cities rely on policy support to attract capital to settle in, and the
dominant morphology of urban land use has achieved long-term development under the
promotion of internal and external factors. Most of the relatively unstable transitions are
located in Northern Beijing-Tianjin-Hebei and the southern and central parts of Shandong
Peninsula. This is due to the slow urbanization processes of small- and medium-sized cities,
caused by geographical and other conditions, resulting in a relatively weak increase in the
dominant morphology of urban lands. Non-transitions are scattered in the cities with slow
urbanization in the three major regions. These cities have relatively backward industrial
systems, a poor ability to attract capital, and insufficient motivation for the transition of
the dominant morphology of urban land.

5.2. The Transition Process of the Recessive Morphology of Urban Land Use

Judging from the average level of the Bohai Economic Rim as a whole and the
three regions of Beijing-Tianjin—Hebei, Shandong Peninsula, and Liaodong Peninsula
(see Figure 7), the overall situations of the one-dimensional and comprehensive indices of
the recessive morphology of urban land use from 2000 to 2020 improved. The production
quality index of the Bohai Economic Rim gradually rose after a slight decline in the initial
stage. The directions of Beijing—Tianjin-Hebei and Shandong Peninsula were similar to that
of the Bohai Economic Rim. The Liaodong Peninsula continued to rise, accelerating the
forward trend such that its final level was equal to that of Beijing-Tianjin-Hebei. The living
quality index in the Bohai Economic Rim rose, amidst gradual fluctuations. Beijing-Tianjin—
Hebei and Shandong Peninsula “made great progress” along the way, where their indices
and growth rates exceeded the overall level of the Bohai Economic Rim; however, the
growth of Liaodong Peninsula was the weakest, remaining at a low level. The ecological
quality index of the Bohai Economic Rim increased sharply at the initial stage, then fell and
rose. That of Shandong Peninsula fluctuated at a higher level, while Beijing-Tianjin-Hebei
and Liaodong Peninsula showed rapid increases from their initially low levels. In the
end, the differences between the three major regional indices were relatively small. As the
comprehensive index of the Bohai Economic Rim was at a high level, the index rose slowly,
while the three major regions all presented a steady upward trend. From 2000 to 2020, the
social production capacity of the Bohai Economic Rim was efficient and of high quality,
with the living standards continuously improving, the urban ecological environment also
continuously improving, and the development capacity of the recessive morphology of
urban land use being continuously enhanced.
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Figure 7. Evolution trend of the recessive morphology index of urban land use in the Bohai Economic Rim from 2000 to 2020.

Based on the above-mentioned overall analysis of the transition of the recessive mor-
phology of urban land use, in order to further reveal the specific urban transition process
and its regional agglomeration characteristics, an in-depth analysis of the spatial layout
of the transition of the recessive morphology of urban land use was carried out. From
the perspective of each city scale, the spatial heterogeneity of the recessive morphology
transition types of urban land use in the Bohai Economic Rim from 2000 to 2020 were
obvious (see Figure 8). In addition, the living quality and the ecological quality showed
non-transition characteristics, except for the production quality in Beijing—Tianjin—-Hebei.
Stable transitions of the production quality were concentrated in the provincial capital
cities. These cities relied on their own policy advantages and geographic conditions to
achieve sustainable development within their social and economic levels. Relatively stable
transitions were scattered in Beijing-Tianjin-Hebei and Shandong Peninsula. These cities
were facing new economic situations, working hard to break through their own constraints,
seeking development breakthroughs, and experienced gradually improving social produc-
tivity and economic capabilities. Most of the relatively unstable transitions were embedded
in the surroundings of relatively stable transition cities. Due to the constraints of geo-
graphical location or inadequate development conditions, the urban economic production
capacity was relatively weak, and the production capacity was susceptible to interference
from external factors. Non-transition only occurred in Tangshan and Binzhou. The original
extensive industrial development model was unable to effectively provide the driving force
for production, where industrial structure optimization and other aspects of transition and
upgrading are urgently needed.
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Figure 8. Spatial pattern of the recessive morphology transition types of urban land use in the Bohai
Economic Rim from 2000 to 2020.

Stable transitions of the living quality were scattered in areas close to the provincial
capital cities. In recent years, with the advancement of ecological construction and the
improvement of the quality of life of urban residents, for a provincial capital city, the con-
struction of a livable city has become the key direction of urban living space optimization.
Relatively stable transitions ran through Liaodong Peninsula. With the improvement of the
living standards, the yearning for livable cities has become more obvious and, in response,
the government has continuously improved the comfort and atmosphere of urban life. Rel-
atively unstable transitions were concentrated in the western part of Beijing-Tianjin-Hebei
and large areas in the middle and western parts of Shandong Peninsula. Due to low social
and economic productivity, most cities have not paid enough attention to the spiritual lives
of residents or the construction of service spaces. Therefore, it is necessary to continue to
improve the living environment, living quality, and life happiness of the residents in these
areas.

Stable transitions of the ecological quality were concentrated in Beijing, Tianjin and
the western and southern parts of Liaodong Peninsula. The good ecological quality
of these cities is related to increases in the protection of ecological lands and the strict
implementation of ecological policies, such as restricting the development of high-emission
and high-polluting enterprises. Relatively stable transitions were scattered between areas of
stable and relatively unstable transitions. Most of these cities are tourist cities or close to the
sea, with good urban ecological environments. Most of the relatively unstable transitions
were located in the central part of Beijing—Tianjin-Hebei and Central and Western Shandong
Peninsula. Most of these cities are inland, with a relatively high proportion of industrial
industries, such that it is difficult to solve the problem of urban pollution. Therefore, it
is necessary to strengthen the management of urban ecological spaces and improve the
ecological environment quality in these areas.

Stable transitions of the recessive morphology of urban land use were mostly dis-
tributed in the provincial capital cities and the western part of Shandong Peninsula. Such
cities had obvious first-mover advantages, where the continuous settlement of key national
projects has continued to improve their economic development, living standards, and
ecological environmental quality. Relatively stable transitions were scattered in Northern
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Beijing—Tianjin—-Hebei and Central Liaodong Peninsula. Most of these cities were in a
critical period of improving urbanization or trying to improve their own development
constraints, attracting a large number of laborers to leave agriculture and enter secondary
and tertiary industries. The level has changed, and the “production-living—ecological
space” has been continuously optimized. The relatively unstable transitions were mainly
concentrated in the central part of Beijing-Tianjin—-Hebei and the northwestern part of
Shandong Peninsula. The urbanization of these cities started relatively late, the functions
of the cities are not complete, and the quality of these cities has not been significantly
improved.

5.3. Coupling Characteristics of the Dominant and Recessive Morphology of Urban Land Use
5.3.1. Overall Coupling Characteristics

The coupling relationship between the dominant and recessive morphologies of urban
land use in the Bohai Economic Rim became more and more distinct, showing a trend of
centralized and optimized development. It can be seen from Table 4 that the number of
coupling types of the dominant and recessive morphologies of urban land use in the Bohai
Economic Rim on the whole, from 2000 to 2020, evolved from six to four (DRSPH, PLPH,
DLPH, and DRD), where the proportions of the corresponding cities were 20.45%, 31.82%,
36.36%, and 11.36%, respectively, among which more than four out of five cities showed
a positive relationship between the dominant and recessive morphologies of urban land
use, indicating that most cities in the Bohai Economic Rim had dominant and recessive
morphologies of urban land use that were growing more and more synchronized. At
the same time, a very small number of cities were still in a state where the dominant
and recessive morphologies of urban land use were not coupled. From the perspective
of phased changes, the coupling type of the dominant and recessive morphologies of
urban land use in the Bohai Economic Rim shifted from recession decoupling to dominant
positive hook; that is, PLPH and DLPH accounted for the highest proportions. DRND,
which characterized the co-decay of the dominant and recessive morphologies of urban
land use, disappeared in T2. RRD, with quality degradation as the main state, disappeared
in T4. DRD continued to decrease, indicating that the Bohai Economic Rim had solved the
dilemma of the degradation and development of the dominant and recessive morphologies,
and, at the same time, it was breaking away from the situation of the two constraints.
The number of DRSPH cities in a coupled state continued to increase, from one in 2000
to nine in 2020, indicating that cities in the Bohai Economic Rim achieving urban land
use transition continued to appear, and that the growth of the dominant and recessive
morphologies of urban land use tended to balance out.

Table 4. Coupling types and changes in the Bohai Economic Rim from 2000 to 2020.

Number of Cities/Proportions

Coupling Type
2000-2005 (T1) 2005-2010 (T2) 2010-2015 (T3) 2015-2020 (T4) 2000-2020
DRSPH 1/2.27 4/9.09 4/9.09 12/27.27 9/20.45
RLPH 7/1591 2/4.55 7/1591 15/34.09 14/31.82
DLPH 5/11.36 14/31.82 13/29.55 15/34.09 16/36.36
DRD 6/13.64 12/27.27 10/22.73 2/4.55 5/11.36
RRD 19/43.18 12/27.27 10/22.73 0 0
DRND 6/13.64 0 0 0 0

5.3.2. Local Coupling Feature Comparison

The coupling types of the dominant and recessive morphologies of urban land use in
the Bohai Economic Rim are complex and diverse. From Figure 9, DRSPH, which was in a
coupled state from 2000 to 2020, first appeared in Beijing-Tianjin—Hebei, then appeared
in various regions and showed an upward trend. The number of RLPH and DLPH cities
in a transition state increased in each region, indicating that the cities in each region were
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transitioning from a noncoupled state to a coupled state. The number of DRD and RRD
cities in the uncoupled state indicate that the three regions tended to increase first and then
decrease. Uncoupled DRND cities only appeared in Beijing-Tianjin-Hebei and Shandong
Peninsula and then disappeared. The dominant and recessive morphology coupling types
of urban land use in the Bohai Economic Rim had spatial agglomeration characteristics
that tended to become better.
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Figure 9. Proportion of cities with different coupling types.

Based on the above-mentioned overall analysis of the coupling types of the dominant
and recessive morphologies of urban land use, in order to further reveal the specific urban
transition process and its regional agglomeration characteristics, an in-depth analysis of
the spatial layout of the coupling types of the dominant and recessive morphologies of
urban land use was carried out. From Figure 10, the core cities (e.g., Beijing, Tianjin, and
Jinan) were in the DRSPH from 2000 to 2020. The RLPH was concentrated northeast
of Liaoning Peninsula, the west of Beijing—Tianjin-Hebei, and the middle of Shandong
Peninsula. The DLPH was mainly distributed in the central part of Liaodong Peninsula,
the north and south of Beijing-Tianjin—Hebei, and the western part of Shandong Peninsula.

A few peripheral cities located in more economically developed areas, such as the core
cities, were in the DRD.
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Figure 10. Spatial pattern of the dominant and recessive morphology coupling relationships in the
Bohai Economic Rim from 2000 to 2020.
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The subregional Beijing-Tianjin—Hebei coupling-type evolution showed the core cities
driving the spatial patterns of ascension around the city, presenting patterns similar to
concentric circles. Under the influence of the core cities, such as Beijing, Hebei Province
broke through its own developmental restrictions, in addition to Tangshan entering the
DLPH and RLPH transitional states in 2015. This was mainly due to the advancement
of the Beijing—Tianjin-Hebei coordinated development strategy during the “Twelfth Five-
Year Plan” period, which promoted in-depth linkage and complementary advantages
between the cities. The core cities played significant radial driving roles, which signifi-
cantly improved the quality of the regional urban development. The evolution process
of the coupling types in Shandong Peninsula showed an economic gradient, where the
economically developed cities, such as Qingdao, took the lead in transforming to DRSPH.
Some less economically developed cities in Central and Western Shandong Peninsula were
in the stage of transforming from a decoupling state to a transition state. This spatial pattern
was related to the important order of urban development. Due to its natural geographical
and transportation advantages, the coastal city of Qingdao has a high degree of opening to
the outside world. The expansion of the urban land scale and the improvement of land
use efficiency go hand-in-hand. The transition and upgrading of industrial technology
constantly stimulate employment; promote consumption; and improve the urban economic
level, infrastructure services, and living environment. As the provincial capital, Jinan itself
possessed political resource advantages and had a good industrial foundation and urban
development environment. Meanwhile, in inland western and central cities, industrializa-
tion and urbanization started relatively late, and urban expansion was accompanied by
development issues, such as low-utility land, chaotic land structure, the imperfect construc-
tion of a modern industrial system, and the hindrance of urban development, resulting
in the distribution of the dominant and recessive morphology coupling relationship in
Shandong Peninsula, having obvious spatial-stage characteristics. The change processes
of the coupling types in Liaodong Peninsula showed diversity and tended to be better
than in Shandong Peninsula. The northern cities fluctuated repeatedly in the transitional
and uncoupled states, while most of the southern cities showed a continuous tendency
to become better. This is closely related to the country’s continued efforts to promote
the comprehensive revitalization of Northeast China and focus on the construction of the
Shenzhen-Dalian Economic Belt and another four economic belts during the “Twelfth
Five-Year Plan” period. A large amount of capital moved into these areas, which pro-
moted the expansion of the urban land scale, the optimization and upgrading of Liaodong
Peninsula industries, and diversification and balancing of the construction land types, with
consequent continuous improvements in the urban quality.

5.4. Path Analysis of Urban Land Use Transition

According to the evolution process of the urban coupling type, the transition processes
of different types of cities were divided into the realizing transition stage, the transition I
stage, the transition II stage, and the primary transition stage. Each stage, according to the
differences in the stability of the transition process, was divided into a stable or unstable
evolution (Figure 11).
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Figure 11. Schematic diagram of the transition process of urban land use around the Bohai Economic
Rim from 2000 to 2020.

Realizing the transition stage: At this stage, the city reached DRSPH and realized the
transition. Qinhuangdao and Liaoyang passed from RRD in the initial stage of the study to
reach DRSPH at T4 through the MP3 path; Qingdao and Dalian, at T1 and T2, stayed at
RRD/DED and directly jumped through the SP2 path at T3 and stayed at DRSPH; Fushun
reached DRSPH at T4 through the SP3 pathway after three periods of RLPH stagnation;
Beijing passed from RLPH at T1 to DRSPH at T2 via the SP3 path and remained stable.
The above-mentioned cities underwent transitions through different evolutional paths,
either step-by-step or by leaping, and there was no rebound in the transition process,
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showing a stable trend toward transition. However, cities such as Tianjin, Jinan, and Weihai
underwent transitions in the course of volatile and circuitous evolution, representing
unstable transitions. Specifically, Tianjin dropped from DRSPH to the uncoupled RRD
at T2, reached DRSPH at T3, and directly realized its transition through the SP2 path;
Shijiazhuang and Weihai fell back from the transitional RLPH/DLPH to RRD/DRD and
then reached DRSPH through the MP3 path; Jinan reached DRSPH through the SP2 path
at T2 but fell to DLPH at T3 and then reached the DRSPH through the SP3 path again;
Yantai and Shenyang realized the trend of repeated fluctuations in the transition process,
passing through the SP3 path at T2 after reaching DRSPH, returning to the transitional state,
and then realizing its transition through the SP3 path again. The cities in the transition
stage were either provincial capitals or located in the coastal economic belt. With the
dual advantages of their location and policy bias, these cities achieved rapid development.
Among them, the instability in the transition processes of Shijiazhuang, Jinan, and other
cities showed that, in the long-term process of development, such cities are more dependent
on external driving forces, and their internal driving forces need to be improved.

Transition I stage: At this stage, the city has not achieved transition but stays in the
RLPH, dominated by the recessive morphology. Hengshui gradually passed from DNRN
to RRD, DLPH, and, finally, reached RLPH; Baoding stopped at RRD in T1 and T2, then
passed through DRD to PLPH; Benxi, Jinzhou, Yingkou, and Panjin gradually passed from
RRD through DRD, DLPH, and to RLPH; Huludao started from DRD to RLPH through
DLPH; Taian stagnated at DLPH in T1 and T2, then reached RLPH at T3. The above-
mentioned cities underwent transitions through different evolutional paths, step-by-step
or by leaping, and there was no rebound in the transition processes, showing a stable trend
toward transition. Linyi, Zibo, and Dongying upgraded from RRD to transitional DLPH but
fell back to DDR at T3, then rose to RLPH; Rizhao, Laiwu, Weifang, and Tieling all fell back
to an uncoupled state in the initial transition, DRD and RRD, and then rose back to RLPH
at T4. The processes of the above cities reaching RLPH were accompanied by instability
and volatility. Although they will eventually remain in a transitional state, their future
trends are uncertain. Most of the cities are the result of the successful transitioning of old
industrial bases and small- and medium-sized cities that have received attention in recent
years. Due to the implementation of key national policies, such as revitalizing Northeast
China and promoting the high-quality development of the Yellow River Basin, cities in the
transition I stage showed good upward momentum and huge transition potential.

Transition II stage: In this phase, the city has not achieved a transition but has stayed
in the DLPH, dominated by the dominant morphology. Handan and Chengde upgraded
from DRND to DLPH; Dezhou upgraded from RRD to DLPH. The above-mentioned cities
underwent transitions through different evolutional paths, step-by-step or by leaping, and
there was no rebound in the transition processes, showing a stable trend toward transition.
Cangzhou changed from DRND to DLPH, but, at T3, it dropped to RRD, then rose to DLPH
at T4; Jining, Liaocheng, Xingtai, and Heze had similar transition paths, all of which were
first upgraded from RRD to DLPH, returned to DRD/RRD at T3, then upgraded back to
DLPH again at T4; Dandong and Fuxin repeatedly oscillated between RRD and DRD in
T1-T3 and finally turned to DLPH at T4; Zhangjiakou, Binzhou, and Anshan switched
from DRD to RRD at the early stage, then were promoted to DLPH at T3, and the cities
were in a stable state. The processes of the above cities reaching DPH were accompanied
by instability and volatility. Although they will eventually remain in a transitional state,
their future trends are not clear. Cities in the transition II stage are in the early stages of
development, occupying more advantageous land resources; however, the tradition of
heavy agriculture or heavy industry has slowed the development of urban industries, and
the predicament of deformed industrial structures should be addressed as soon as possible.
The development of the recessive morphology of such cities has always been in a weak
position, and the quality of these cities needs to be improved.

Primary transition stage: At this stage, a city has not achieved transition or even
completed the transition but has simply broken away from DRDN and completed the
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primary transition. Chaoyang declined from DLPH back to RRD at the initial stage, then
changed to DRD at T3; Tangshan rose from DRD to DLPH, then fell to RRD and, at T4,
changed to DRD. Chaoyang and Tangshan, as resource-based cities, tend to deplete their
resources; however, they have not moved past their dependence on natural resources, and
the development of alternative industries is insufficient. In addition, under the traditional
guidance of “production first, life later”, the degree of urban service space development is
generally low, and there is a serious lack of motivation for urban transition.

6. Discussion
6.1. General Characteristics

The current research on land use transition tends to describe specific figures and is
artificial and subjective. As cities are highly directional and differentiated individuals,
simply focusing on numerical changes can easily obliterate the unique characteristics
and regional particularity of cities. In this study, we regarded cities as whole systems
and analyzed the change characteristics within and between their subsystems, as well
as regarded the dominant and recessive morphologies of urban land use as two aspects
for measuring the urban systems. Among them, the dominant morphology subsystem of
urban land use includes three types of elements: scale, structure, and pattern. Meanwhile,
the recessive morphology subsystem of urban land use includes three types of elements:
production quality, living quality, and ecology quality. The dominant morphology of urban
land use, as a directly visible display form, represents the evolutional pattern of urban
land recessive morphology acting on the land through the forms of quantity and spatial
layout. The former is the concrete manifestation of the latter, while the latter is the essence
and foundation of the former. Therefore, there is a correlation between the two. This
approach also provides a new perspective for measuring the urban land use transition. The
resulting transition of the dominant and recessive morphologies of urban land use reflects
the transition processes and realization paths from negative to positive (or from zero to one),
eliminates the uncertainty of the relative measurement values, and improves the reliability
and scientific attributes of the results. The recessive morphology of urban land use is the
core of urban land transition. At present, it is gradually changing from the development
of the dominant morphology to the promotion of the recessive morphology, in order to
promote the improvement of the dominant morphology. The synergistic and coupling
evolution of the two morphologies is the key to urban system transition and upgrading.
Therefore, urban land use transition is a long-term, comprehensive, and nonlinear process,
manifesting as the trend of coupling between the dominant and recessive morphologies of
urban land use. At the same time, the phases of the socioeconomic development process
will inevitably lead to phases of urban land use transition [15]. Under the influence of
the urban development stage, socioeconomic conditions, and policies, urban land use
transitions have obvious periodic and phase characteristics, the dominant and recessive
morphologies of urban land use in different cities have different change trends, and the
transition paths and speeds also vary.

6.2. Drive Mechanism

As a human labor object and labor resource, land has dual attributes—that is, resources
and the environment. Cities are a dense combination of multiple functions, such as
market transaction functions and living and residential functions. Therefore, urban land
use transitions are affected by factors from different dimensions. The driving factors of
urban land use transitions can be divided into the proximate and underlying causes [53].
The proximate causes are direct human activities at a certain location, including urban
infrastructures, land intensity, labor quality, and so on, while the underlying causes act on
the proximate causes to affect urban land use transitions, including their self-conditions,
economics, and policies. These factors, through direct and potential influences, promote
the combined development of the dominant and recessive morphologies of urban land use.
The cascading driving effect of the underlying causes along the path of action through the
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proximate causes is the key to revealing the transition mechanism of urban land use. The
basic process is shown in Figure 12.

| Underlying causes Proximate causes Action mode| Rational size
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Figure 12. The roles of the factors affecting urban land use transitions.

A city is a living body with vitality and continuity, and its development has a unique
trajectory. On the one hand, cities are restricted by their own geographical locations,
being either inland or located on the coast, combined with differences in their urban
hierarchical statuses and land resources as a prerequisite for urban development, making
the infrastructural conditions, industrial patterns, and urban scales of each city different,
thus affecting the surge of the labor force. Higher labor compensation and better public
service facilities encourage young people with high academic qualifications to stay in or
move to big cities, which leads to huge differences in the allocation of land resources and
human settlements between different cities and which is also the basis for the different
degrees and paths of urban land use transitions. On the other hand, with the progress and
development of human civilization, the diversification of thoughts from all walks of life and
the rise of “a life community”, different views on the concept of land, and the emergence of
new ideas have given rise to the transition from the one-sided pursuit of land motivated by
commodity value ideas of new classical economics to the value of land utility management
and sustainable economic thought, leading to great changes in land values in terms of land
ethics and natural and ecological functions of land resources, prompting national policies
and social cognition, which attach importance to urban ecological problems and green
space construction. With economic development, the price advantage of land prices over
other factors of production, such as labor and raw materials, have gradually emerged [54],
and the scarcity of land has become increasingly serious. This has urged the market and
the state to set the goals of land use and management to focus on improving the intensity
of land use. With the continuous expansion of the urban land scale, the intensity, density,
and standardization of urban land use are also continuously improving. Furthermore, in
the face of insufficient urban development momentum and uneven urban development
between regions, the government can use macro-policy adjustments to effectively intervene
in urban development, promoting industrial development through government policies
and, thus, attracting a large number of factor inputs to promote social productivity and the
socioeconomic level, further promoting the realization of urban land use transition. Then,
with the improvement of the level of urbanization, the “invisible hand” of the market will
naturally promote the transformation and upgrading of the urban industrial structure,
updating the industrial supply chain and promoting the sound optimization of the urban
land use morphology.

Overall, this cascading effect—through the direct influence of the city’s own condition
and demographic factors, the indirect drive of its cultural factors, as well as the effective
regulation of the combined effect of the economic and policy factors—intervenes in different
regions and different types of urban systems, promoting the transition of urban land use
from extensive and low-quality to intensive and high-quality, in the direction of reasonable
urban scale, balanced structure, compact layout, efficient production, and livable and
beautiful environments.
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6.3. Path and Policy Enlightenment

In the context of comprehensively deepening reform in the new era, high-quality
economic growth, and increasingly enhanced resources and environmental constraints [26],
the core content of creating new urbanization has come to strictly control the expansion
of urban boundaries, reasonably adjust the structures of urban construction lands, build
strategies for sustainable urban development, and promote urban transition and upgrading.
From the perspective of the synchronization of the coupling effects of the dominant and
recessive morphologies, the current urban land use transition is in three states: The synergy
of the dominant and recessive morphologies of urban land use is continuously improved,
and the transition is realized; the synergy of the dominant and recessive morphologies
of urban land use first rises and then falls, such that the transition is not fully realized,
accompanied by the transition of timing and degree of difference; and the synergy of
the dominant and recessive morphologies of urban land use are continuously decreased,
moving further away from the transition. In this regard, the types and paths of urban
land use transition differ, and classification, guidance, and intervention based on the local
conditions are required. In view of the state of the transition shown, the four options for
advancing the urban land use transition in the future are as follows (Figure 13): (a) the
continuous and stable path—for cities that achieve the synchronization and continuous
maintenance of the dominant and recessive morphologies, it is necessary to continuously
innovate the land development and utilization model; to ensure the reasonable devel-
opment of the city; to build a larger spatial economic cooperation system; to spread the
city’s superior capabilities; and to accelerate the construction of a harmonious, livable,
and vibrant modern city, in order to enhance the comprehensive competitiveness of the
city and to maintain the transition results. (b) The moderately advanced path—for cities
where the dominant and recessive morphologies are synchronized but fluctuate in the
process, it is necessary to improve the efficiency of land use, to give full play to the social
benefits of land, to reduce the adverse ecological impacts of land use, and to ensure the
positive development of the dominant morphology while stabilizing the recessive in order
to improve the situation, to promote the reform of the land system, to reduce the gap
between urban and rural areas, and to strengthen inner city vitality, thus maintaining the
transition trend for good development. (c) The accelerated adjustment path—for cities that
have just achieved synchronization between the dominant and recessive morphologies and
that still have an unclear future development process, it is necessary to pay close attention
to the needs of industrial development, to promote industrial transition and upgrading,
and to promote urban land use structure balance and diversity, considering the recessive
morphology for the benign development of bedding, promoting urban intensive develop-
ment, function optimization, and quality improvement, thus providing high-quality living
spaces for residents and further stimulating the potential of urban development in order
to reduce the negative effects of future uncertain factors on the transition results. (d) A
strong reversing path. In view of the continuous decrease in synergy between the dominant
and recessive morphologies at this stage, and with the realization that synchronization
is required for a long time to achieve this kind of city, we need to rely on major national
development strategies, expanding the opening to the outside of the pattern. At the same
time, we must solve the practical problems, such as imperfect urban infrastructure and
insufficient employment opportunities, enhance the city’s own development as the core
content, strengthen the noncore functions of big cities, and facilitate industrial transfers to
improve the ecological environment, enhance the city’s self-repair capabilities, and create
conditions for the realization of the urban land use transition.
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Figure 13. Zoning map of the urban land use transition.

7. Conclusions

Based on the theory of land use transition, the urban system was divided into the
dominant morphology subsystem and the recessive morphology subsystem, in which the
six elements of scale, structure, pattern, production quality, living quality, and ecological
quality were selected, in order to construct an urban land use morphology index system.
On the basis of analyzing the transition characteristics of each subsystem, we explored the
coupling relationship between the dominant and recessive morphologies of urban land
use in the Bohai Economic Rim, as well as the paths to achieve urban land use transition
through a decoupling elastic coefficient model. Our key findings were as follows:

(1) From 2000 to 2020, both the dominant and recessive morphology indices of ur-
ban land use in the Bohai Economic Rim were on the rise. The transition patterns of
the two morphology patterns generally showed that the degree of transition in the east
was higher than that in the west, while the spatial patterns of the core cities drove the
development of the surrounding cities. Overall, the urban scale in the Bohai Economic
Rim was expanded in an orderly manner, the land-carrying capacity was continuously
improved, the proportion of urban land use structure became more balanced, the land
function was diversified, and the urban landscape layout was generally more clustered
and compact. The urban production was highly efficient and of high quality, the living
standards constantly improved, and the cities paid more attention to the improvement of
the ecological environment and the utilization of ecological lands.

(2) From 2000 to 2020, the coupling relationship of the dominant and recessive mor-
phologies of urban land use in the Bohai Economic Rim changed from complex and diverse
trends to agglomeration and optimization, experiencing a single-morphology recession
decoupling type dominated by an uncoupled state to single-morphology dominated by
a transitional state as a whole. The linking type was the main trend of the evolutional
process. More than 88% of the cities in the whole region tended to be in the transitional
state and the coupled state of positive hook. The optimization process of Beijing—-Tianjin—
Hebei had a certain degree of volatility, while Shandong Peninsula was characterized by
an economic gradient, and Liaodong Peninsula was diversified and optimized. Different
types of cities had different transition paths and degrees of fluctuations in the process
of transition. According to the characteristics of the transition types of the cities in each
period, four transition processes were drawn, targeted at cities with different levels of
economic development, which were proposed to promote the transition strategy.

(3) This study attempted to introduce the dominant morphology and recessive mor-
phology coupling relationships of urban land use in order to identify the inflection point of
urban land use transition and reveal the coupling process of urban land use transition in the
Bohai Economic Rim from 2000 to 2020. We constructed the theoretical framework of the
coupling relationship between the dominant and recessive morphologies of urban land use
from a qualitative perspective, then conducted comprehensive research from a quantitative
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perspective (e.g., through methods and indicator systems), which was of positive signifi-
cance for analyzing the urban land use transitions from the perspective of the relationship
between the land use morphologies. The theoretical framework and method setting have
universality and significance. According to the specific evaluation index system, different
types of regions can select indicators, according to their own conditions, and make appro-
priate changes. However, it should be pointed out that there are still some problems in
this paper, such as the insufficient exploration of the inflection point of urban land use
transition trends and insufficient disclosure of the internal mechanisms of transition. In the
future, facing the current rapid urbanization process, accurately grasping the mechanisms
and evolution of urban land use transitions, achieving urban land use transitions, carrying
out simulation research on the trend of urban land use transitions, providing references and
suggestions for urban construction and land management, and promoting the high-quality
green development of cities under the guidance of people-oriented policies are worthwhile
research directions to make further progress.
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Appendix A

Table Al. Abbreviations and interpretations.

Abbreviations Explanations
DRSPH Dominant and recessive synergy hook
RLPH Recessive leading positive hook
DLPH Dominant leading positive hook
DRD Dominant recession decoupling
RRD Recessive recession decoupling
DRNH Dominant and recessive negative hook
The LP path From DRND to RRD or DRD, then to RLPH or DLPH and finally to DRSPH
The MP1 path From DRND to RRD or DRD and then to DRSPH
The MP2 path From DRND to RLPH or DLPH and then to DRSPH
The MP3 path From RRD or DRD to RLPH or DLPH and then to DRSPH
The SP1 path From DRND to DRSPH

The SP2 path From RRD or DRD to DRSPH
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Table A1l. Cont.

Abbreviations Explanations
BER The Bohai Economic Rim
BTH Beijing-Tianjin-Hebei Region
LP Liaodong Peninsula
SP Shandong Peninsula
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